
100-01-1 100-01-1Identification Codes

DESCRIPTION AND OPERATION

Identification Codes
Vehicle Identification Number (VIN) Locator

Item DescriptionThe vehicle identification number (VIN) is a
17-digit combination of letters and numbers. The 1 World manufacturer identifier (WMI)
VIN is stamped on a metal tab riveted to the 2 Brake type and gross vehicle weight
instrument panel top upper left of the dash. The rating (GVWR)
VIN number is also found on the vehicle 3 Vehicle line, series and body type
certification  (VC) label.

4 Engine type

5 Check digit

6 Model year

7 Assembly plant

8 Production sequence number

Copyright  2003, Ford Motor Company
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100-01-2 100-01-2Identification Codes

DESCRIPTION AND OPERATION (Continued)

Vehicle Identification Number (VIN) • V — 8,001-8,500 pounds GVWR with driver and
front passenger air bagsWorld Manufacturer Identifier (WMI)

• N — 8,501-9,000 pounds GVWR with driver and
front passenger air bags

• S — 9,001-10,000 pounds GVWR with driver and
front passenger air bags

• W — 10,001-14,000 pounds GVWR with driver
and front passenger air bags

• X — 14,001-16,000 pounds GVWR with driver
and front passenger air bags

• A — 16,001-19,500 pounds GVWR with driver
and front passenger air bags

• H — 8,501-9,000 pounds GVWR with active
safety belts (all positions)The first three vehicle identification number (VIN)

positions are the world manufacturer identifier • J — 9,001-10,000 pounds GVWR with active
(WMI). safety belts (all positions)

• K — 10,001-14,000 pounds GVWR with active• 1FT — Ford Motor Company, USA, truck,
safety belts (all positions)completed vehicle

• L — 14,001-16,000 pounds GVWR with active• 1FM — Ford Motor Company, USA,
safety belts (all positions)multi-purpose passenger vehicle

• 1FD — Ford Motor Company, USA, incomplete Vehicle Line, Series and Body Type
vehicle

• 1FC — Ford Motor Company, USA, basic
(stripped) chassis

• 1FB — Ford Motor Company, USA, bus

Brake Type and Gross Vehicle Weight Rating
(GVWR)

Positions 5 through 7 indicate vehicle line, series
and body type.

• C35 — E-350 Super Duty chassis cab

• C45 — E-450 Super Duty chassis cab

• E11 — E-150 wagon

• E14 — E-150 vanThe fourth VIN position is the vehicle brake type
• E24 — E-250 vanand gross vehicle weight rating (GVWR) code. All

vehicles use hydraulic brakes. • E31 — E-350 wagon

• R — 6,001-7,000 pounds GVWR with driver and • E34 — E-350 van
front passenger air bags • E35 — E-350 base cutaway

• P — 7,001-8,000 pounds GVWR with driver and • E39 — E-350 stripped chassis
front passenger air bags
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100-01-3 100-01-3Identification Codes

DESCRIPTION AND OPERATION (Continued)

Vehicle Model Year• E45 — E-450 Super Duty cutaway

• E49 — E-450 Super Duty stripped chassis

• S24 — E-250 van (extended body)

• S31 — E-350 wagon (extended body)

• S34 — E-350 van (extended body)

Engine Code

The tenth VIN position is the model year code.

• 4 — 2004

Assembly Plant

The eighth VIN position is the engine displacement
and number of cylinders.

• P — 6.0L, OHV, DI Turbo, V8, Diesel

• L — 5.4L, SOHC, EFI, V8, Gas

• M — 5.4L, SOHC, V8, compressed natural gas
(CNG)

• S — 6.8L, SOHC, EFI, V10, Gas

• W — 4.6L, SOHC, EFI, V8, Gas

The eleventh VIN position is the assembly plant
Check Digit

code.

• H — Lorain (Lorain, Ohio)

Vehicle Build Sequence

The ninth VIN position is a government assigned,
computer-generated check digit.
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100-01-4 100-01-4Identification Codes

DESCRIPTION AND OPERATION (Continued)

The last six VIN positions are an alphanumeric code
for the vehicle build sequence. This is also the
vehicle serial and warranty number.

• A00001-F99999 — Ford Division

Vehicle Certification (VC) Label
Vehicle Certification (VC) Label Locator
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100-01-5 100-01-5Identification Codes

DESCRIPTION AND OPERATION (Continued)

Vehicle Certification (VC) Label — IncompleteThe vehicle certification (VC) label contains the
Vehicle (Typical)manufacturer name, the month and year of

manufacture, the certification statement, and the
VIN. It also includes gross vehicle weight ratings
(GVWR).

Vehicle Certification (VC) Codes
Exterior Paint Code

Item Description

1 Exterior paint code

2 Region code

3 Domestic special order code

4 Wheelbase code

5 Brake code

6 Interior trim code

7 Tape/paint pinstripe code

8 Radio code

9 Axle code Exterior paint codes may be listed as a two-part
10 Transmission code code. The first set of letters/numbers listed indicate

the primary body color. The second set of11 Spring code
letters/numbers listed (if applicable) indicate a

12 Powertrain calibration information
two-tone or accent color.
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100-01-6 100-01-6Identification Codes

DESCRIPTION AND OPERATION (Continued)

Interior TrimPrimary Body Color

• BY — School Bus Yellow

• C2 — Gold Ash Metallic

• CX — Dark Shadow Gray Metallic (clear coat)

• JL — Dark Toreador Red (clear coat)

• L2 — True Blue Pearl (clear coat)

• ST — Estate Green (clear coat)

• UA — Ebony (clear coat)

• YN — Silver Metallic #2 (clear coat)

• YZ — Oxford White (clear coat)

• P — PTO paint

Two-Tone/Accent Color

• CX — Dark Shadow Gray Metallic (clear coat)

• YN — Silver Metallic #2 (clear coat)

Wheelbase Code

Interior trim is listed as a two-part code. The first
character indicates the trim type. The second
character indicates the interior trim color.

Trim Type

• A — Hampton vinyl, bucket seats

• C — Stockton cloth, bucket seats

• E — Camden cloth, captains chairs

• F — Camden cloth, captains chairs

• L — G-Grain leather

• X — No trim available, seats not included

Interior Trim Color

• E — Medium Flint

• W — Medium Pebble

• X — No trim/no color

• 138 — 138-inch (3,505 mm) wheelbase

• 158 — 158-inch (4,013 mm) wheelbase

• 176 — 176-inch (4,470 mm) wheelbase
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100-01-7 100-01-7Identification Codes

DESCRIPTION AND OPERATION (Continued)

Tape/Paint Stripe Radio Code

• A — Dark Toreador Red/Titanium • 5 — Premium electronic AM/FM stereo with
compact disc• B — Light Titanium/Sandalwood

• 7 — Electronic AM/FM stereo with clock

• 9 — Electronic AM/FM stereo with cassette and
clock

• D — Radio prep package (no radio chassis), six
speakers installed

• G — Radio prep package (no radio chassis), two
speakers installed

• R — Radio prep package (no radio chassis), four
speakers installed

• S — Electronic AM/FM stereo with six-disc
compact disc (CD) changer

• Y — Radio delete
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100-01-8 100-01-8Identification Codes

DESCRIPTION AND OPERATION (Continued)

Axle Type • C4 — 3.73 ratio, limited slip (Dana)

• C5 — 4.09 ratio, limited slip (Dana)

• C9 — 3.55 ratio, limited slip (Dana)

• E2 — 4.10 ratio, limited slip (Dana), dual rear
wheels

• E6 — 4.10 ratio, limited slip (Dana)

• F2 — 4.10 ratio, limited slip (Dana), dual rear
wheels

• F3 — 4.56 ratio, limited slip (Dana), dual rear
wheels

• G4 — 4.88 ratio, limited slip (Dana)

• G5 — 5.38 ratio, limited slip (Dana)

• H9 — 3.55 ratio, limited slip (Visteon)

Transmission Code

• 19 — 3.55 ratio, non-limited slip (Visteon)

• 22 — 4.10 ratio, non-limited slip (Dana)

• 24 — 3.73 ratio, non-limited slip (Dana)

• 32 — 4.10 ratio, non-limited slip (Dana)

• 34 — 3.73 ratio, non-limited slip (Dana)

• 35 — 4.09 ratio, non-limited slip (Dana)

• 39 — 3.55 ratio, non-limited slip (Dana)

• 52 — 4.10 ratio, non-limited slip (Dana), dual
rear wheels

• 56 — 4.10 ratio, non-limited slip (Dana)

• 82 — 4.10 ratio, non-limited slip (Dana)

• 83 — 4.56 ratio, non-limited slip (Dana)

• 84 — 4.88 ratio, non-limited slip (Dana)

• 85 — 5.38 ratio, non-limited slip (Dana) • 5 — Four-speed automatic overdrive (4R75W)

• B4 — 3.73 ratio, limited slip (Dana) • B — Five-speed automatic overdrive
(5R110/Hi-Torque), diesel• C2 — 4.10 ratio, limited slip (Dana)

• E — Four-speed automatic overdrive (4R100)• 22 — 4.10 ratio, non-limited slip (Dana)
• U — Four-speed automatic overdrive (4R70W)• B2 — 4.10 ratio, limited slip (Dana)

• B4 — 3.73 ratio, limited slip (Dana)
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100-01-9 100-01-9Identification Codes

DESCRIPTION AND OPERATION (Continued)

Spring Codes • P — F2UA-5310-PA (coil)

• R — FU2A-5310-RA (coil)

• S — FU2A-5310-SA (coil)

• T — FU2A-5310-TA (coil)

• U — FU2A-5310-UA (coil)

• V — FU2A-5310-VA (coil)

• Z — FU2A-5310-ZA (coil)

Rear Springs

• 6 — F5UA-5560-VA (leaf)

• 7 — F6US-5560-AA (leaf)

• C — F5UA-5560-XA (leaf)

• G — F7UA-5560-AGA (leaf)

• N — F5UA-5560-NA (leaf)

• P — F5UA-5560-PA (leaf)

• R — F5UA-5560-RA (leaf)

• S — F5UA-5560-SB (leaf)

Powertrain Calibration Information

Spring codes are identified as a two-part code. The
first character listed identifies the front spring code.
The second character listed identifies the rear spring
code.

Front Springs

• A — F2UA-5310-AA (coil)

• B — F2UA-5310-BA (coil)

• C — F2UA-5310-CA (coil)

• D — F2UA-5310-DA (coil)

• E — F2UA-5310-EA (coil)

• F — F2UA-5310-FA (coil)

• G — F2UA-5310-GA (coil)

• H — F2UA-5310-HA (coil)

• J — F2UA-5310-JA (coil)

• K — F2UA-5310-KA (coil)

• L — F2UA-5310-LA (coil)

• M — F2UA-5310-MA (coil)

• N — F2UA-5310-NA (coil)
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100-01-10 100-01-10Identification Codes

DESCRIPTION AND OPERATION (Continued)

Protocol 2NOTE: Powertrain calibration information is limited
to a maximum of five characters per line on the
vehicle certification label. Because of this,
calibration identification consisting of more than
five characters will wrap to the second line on the
VC label.

Powertrain calibration information is printed in the
lower right corner of the vehicle certification label.
Only the base calibration information is printed.
Revision levels will not appear, however, they can
be found in On Line Automotive  Service
Information System (OASIS). For the current model
year, Ford Motor Company is using three different
protocols which describe powertrain base

Item Descriptioncalibration. These protocols are designed to provide
1 Model year (model year in whichworldwide standardization for vehicle  calibration. If

calibration strategy was firstthe electronic calibration strategy has been used
introduced)

since 1998 and carried into the current model year,
2 Engine codeProtocol 1 will be used. Refer to Protocol 1 below.
3 Transmission codeIf the electronic calibration strategy has been used

since 1999 and is carried  into the current model 4 Emission standard (designates the
year, Protocol 2 will be used. Refer to Protocol 2 specific country emission standard)
below. For electronic calibration strategies 5 Design level (design level assigned to
introduced in 2000 or later model years, use the engine)
Protocol 3. Refer to Protocol 3 below.

Protocol 3Protocol 1

Item DescriptionItem Description

1 Model year (model year in which1 Model year (model year in which
calibration strategy was firstcalibration strategy was first
introduced)introduced)

2 Vehicle code2 Engine code

3 Transmission code3 Engine revision level

4 Unique calibration (designates different
hardware to similar vehicles). Example:
tires, drive ratios, etc.
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100-01-11 100-01-11Identification Codes

DESCRIPTION AND OPERATION (Continued)

Item Description • 6 — Evaporative emissions
5 Fleet code (describes fleet to which the • 7 — MACAA

vehicle belongs). Example: 6 —
• 8 — On-board diagnostics (OBD)evaporative emissions

• 9 — Not assigned6 Certification region (lead region where
multiple regions are included in one Certification Regioncalibration). Example: A — U.S.
federal • Certification region — Lead code where multiple

regions are included in one calibration7 Revision level (will advance as
revisions occur). Not printed on label • 5 — U.S. fifty states

• A — U.S. Federal (including altitude, may
Protocol 3 include Canada or Mexico)
The following offers a more detailed explanation of

• B — U.S. California standard (includes U.S.Protocol 3.
green states)

Model Year
• C — Canada

• 0 — 2000
• D — China

• 1 — 2001
• E — European Community (Austria, Belgium,

• 2 — 2002 Denmark, Finland, France, Germany, Greece,
Ireland, Luxembourg, Netherlands, Portugal,• 3 — 2003
Spain, Sweden and United Kingdom)• 4 — 2004

• F — Extended European Community (E plusVehicle Line
Croatia, Czech Republic, Estonia, Hungary,

• E4 — E-Series Norway, Poland, Romania, Russian Federation,
Slovakia, Slovenia, Switzerland and Yugoslavia)Transmission

• G — Gulf Cooperative Council• 1 — Automatic transmission
• H — Hong KongUnique Calibration
• J — JapanThe Emission/CAFE/CO2 Compliance Department

is responsible for assigning calibration numbers. • K — Korea
Unique calibration identifications are assigned to • L — Malaysia
cover similar vehicles to differentiate tires, drive

• M — Mexicoconfigurations, final drive ratios and other
significant certification factors. • N — New Zealand

These two characters are chosen by the analyst to • P — Australia
provide identifiable information unique to each • Q — South America (Brazil)
calibration. For example, using the number 2 to

• S — Singaporedenote a two-valve engine and 4 to denote a
four-valve engine, provides an easily identifiable • T — Taiwan
difference. • U — South America (unleaded fuel)
Fleet Code • V — Vietnam

• 0 — Certification (U.S. 4K, final sale in export • X — ROW (rest of world)
markets) • Y — Military

• 1 — HDGE/Dyno • Z — Israel
• 2 — Fast AMA, U.S.

Revision Level (not printed on label)
• 3 — ADP U.S.

• 91-99 — Hardware and certification level
• 4 — Not assigned

• 01-04 — Preliminary levels
• 5 — Not assigned

• 00 — Job 1 production (initial calibration)
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100-01-12 100-01-12Identification Codes

DESCRIPTION AND OPERATION (Continued)

• 05-09 — Pre-job 1 revisions to calibrations

• 10-89 — Post-job 1 revisions to calibrations

• 0B — Durability test level

• BD — On-board diagnostics (OBD) intermediate
level (pre-05)
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100-02-1 100-02-1Jacking and Lifting

DESCRIPTION AND OPERATION

Jacking

Jacking Points

Refer to the Owner Guide.
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100-02-1 100-02-1Jacking and Lifting

Hoist, Twin-Post
DESCRIPTION AND OPERATION

Lifting Damage to the suspension or steering linkage
system components can occur when positioning the

Lifting Instructions hoist adapters. The front adapter pads should be
positioned carefully to ensure maximum contactCAUTION: Damage to the suspension or
under the center of the lower suspension arms orsteering linkage system components can occur
spring supports as near the wheels as practical. Thewhen positioning the hoist adapters. The front
rear suspension hoist adapters (forks) should beadapter pads should be positioned carefully to
placed under the spring mounting pads or the rearensure maximum contact under the center of the
axle housing tubes, but the adapters must notlower suspension arms or  spring supports as
interfere with the shock absorber mounting bracketsnear the wheels as practical. The rear suspension
or the stabilizer bar mounting brackets.hoist adapters (forks) should be placed under the

spring mounting pads or the rear axle housing CAUTION: When raising a vehicle on a
tubes, but the adapters must not interfere with twin-post hoist, care should be taken to position
the shock absorber mounting brackets or the the vehicle so that the hoisting adapters (forks)
stabilizer bar mounting brackets. do not damage the axle housing cover or contact

the rear stabilizer bar or brackets.CAUTION: When raising a vehicle on a
twin post hoist, care should be taken to position Adapters may be necessary to clear any vehicle
the vehicle so that the hoisting adapters (forks) components (front and rear) to lift the vehicle
do not damage the axle housing cover or contact safely. This will provide enough clearance to
the rear stabilizer bar or brackets. prevent damaging the lower body.

CAUTION: For correct wrecker towing Lifting Points — E-150, E-250, E-350,
procedures, refer to the vehicle Owner Guide. Cutaway, and Cargo Vehicles
Incorrect towing of a vehicle can result in Front
transmission damage. Always follow the outlined
towing procedures.

Refer to the hoist manufacturer’s operating manual
for correct lifting instructions.

Hoist, Drive-On

To prevent possible damage to the underbody, do
not drive the vehicle onto the drive-on hoist without
first checking for possible interference between the
upright flanges of the hoist rails and the underbody.
Should there be interference, the  hoist flanges
should be modified as necessary and the approach
ramps built up to provide the necessary clearance.

Rear
Hoist, Frame Contact

Adapters may be necessary to clear any vehicle
components (front and rear) to lift the vehicle
safely. This will provide enough clearance to
prevent damaging the lower body.

Hoist, Single-Post

Adapters may be necessary to clear any vehicle
components (front and rear) to lift the vehicle
safely. This will provide enough clearance to
prevent damaging the lower body.
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100-02-2 100-02-2Jacking and Lifting

DESCRIPTION AND OPERATION (Continued)

RearLifting Points — E-Super Duty Vehicles

Suspension — Front and Rear

Refer to the hoist manufacturer’s operating manual
for correct lifting instructions.

Suspension — Rear

Lifting Points — E-550
Front
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100-03-1 100-03-1Maintenance Schedule

DESCRIPTION AND OPERATION

• police and taxi vehicles — maintenance andMaintenance Schedule — Vehicles
lubrication.with Gasoline or Diesel Engines

• engine oil and Premium Gold coolant — time andNOTE:  This schedule also includes specific
mileage-based interval.maintenance interval information for 6.0L diesel

engine. For additional information, refer to General Special Operating Condition Requirements
Maintenance Information — 6.0L Diesel Engine in

When towing a trailer or using a camper or car-topthis section.
carrier:

The maintenance schedule is designed to protect
• Change engine oil and install a new oil filteragainst major repairs resulting from neglect or

every 4,800 km (3,000 miles), 3 months or 200inadequate maintenance and to prolong the life of
hours of engine operation (whichever occurs first).the vehicle.

• Change automatic transmission fluid and lubricateGeneral Maintenance Information —
4x4 front hub needle bearings (F-Super Duty)Gasoline Engine
every 48,000 km (30,000 miles).

NOTE: This is a generic maintenance schedule for
• Change transfer case fluid every 96,000 kmall Ford, Lincoln and Mercury vehicles. There may

(60,000 miles).be items listed that do not apply to all vehicles.
• Change manual transmission fluid as required.The Normal Schedule applies to operation of the
• Inspect and lubricate U-joints as required.vehicle under typical, everyday driving conditions.

The maintenance frequency in this schedule typifies During extensive idling and/or low speed driving for
what the vast majority of vehicles will require. The long distances, as in heavy commercial use such as
listed services should be carried out  at specified delivery, taxi, patrol car or livery:
mileage intervals. There are, however, additional

• Change engine oil and install a new oil filter, lubeservices that only the noted vehicles require.
front lower control arm and steering linkage ball

If the vehicle is operated in one or more of the joints with zerk fittings (if equipped) every 4,800
following Special Operating Conditions, those km (3,000 miles) or 3 months.
additional services will be required. The Special

• Inspect brake system and check battery electrolyteOperating Conditions are:
level (patrol cars) every 8,000 km (5,000 miles).

• towing or carrying heavy loads.
• Install a new fuel filter every 24,000 km (15,000

• extensive idling and/or driving at low speeds for miles).
long distances.

• Change automatic transmission fluid, lubricate 4x2
• driving in dusty conditions. wheel bearings, install new grease seals and adjust

bearings every 48,000 km (30,000 miles). If• off-road operation.
equipped, change the in-line service installed• use of E-85 fuel more than 50 percent of the time
transmission fluid filter.(flexible-fuel vehicles only).

• Install new spark plugs and change transfer caseThere are also exceptions to the Normal Operating
fluid every 96,000 km (60,000 miles).Schedule which will require more frequent

• Install a new cabin air filter as required.maintenance for some components. Those
exceptions are: When operating in dusty conditions such as unpaved

or dusty roads:• Natural Gas and propane vehicles — fuel tank
intervals. • Change engine oil and install a new oil filter

every 4,800 km (3,000 miles) or 3 months.• Natural Gas fuel filter.

• Install a new fuel filter every 24,000 km (15,000• Class A Motorhome — change the brake fluid
miles).and automatic transmission fluid every two years.

• normal vehicle axle — maintenance and
lubrication.
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100-03-2 100-03-2Maintenance Schedule

DESCRIPTION AND OPERATION (Continued)

Maximum Oil Change Interval (Normal• Change automatic transmission fluid every 48,000
Schedule)km (30,000 miles). If equipped, change the in-line

service installed transmission fluid filter. • 8,000 km (5,000 miles), 6 months or 200 hours of
• Change rear axle lubricant (F-450 and F-550 only) engine operation (whichever occurs first).

every 80,000 km (50,000 miles).
Maximum Oil Change Interval (Special

• Change transfer case fluid every 96,000 km Operating Conditions)
(60,000 miles).

• 4,800 km (3,000 miles), 3 months or 200 hours of• Install a new engine air filter as required.
engine operation (whichever occurs first).

• Install a new cabin air filter as required.
Monthly ChecksWhen operating in off-road conditions:
Check each of the following items every month:

• Lubricate 4x4 front hub needle bearings (F-Super
Duty) 24,000 km (15,000 miles). • All interior and exterior lights

• Change automatic transmission fluid every 48,000 • Tires for wear and correct air pressure
km (30,000 miles). If equipped, change the in-line • Engine oil fluid level
service installed transmission fluid filter.

• Windshield washer solvent fluid level
• Change rear axle lubricant (F-450 and F-550 only)

• Check and drain fuel/water separator (dieselevery 80,000 km (50,000 miles).
vehicles)

• Change transfer case fluid every 96,000 km
(60,000 miles). Six Month Checks

• Install a new cabin air filter as required. Check each of the following items at least every six
months:• Inspect and lubricate U-joints.

• Lap/shoulder belts and seat latches for wear and• Inspect and lubricate steering linkage ball joints
functionwith zerk fittings.

• Spare tire air pressureWhen using E-85 fuel more than 50 percent of the
time (flexible-fuel vehicles only): • Power steering fluid level

• change engine oil and install a new oil filter every • Parking brake for correct operation
4,800 km (3,000 miles) or 3 months. • Safety warning lamps (brake, ABS, air bag, safety

• install new spark plugs every 96,000 km (60,000 belt) for correct operation
miles). • Coolant system fluid level and correct strength

• Battery connections. Clean, if necessaryChecks and Services
• Clutch fluid level, if equippedCertain basic maintenance checks and inspections

should be carried out at specified intervals. Any • Check windshield washer spray, wiper operation
recognized adverse condition should be corrected as and clean all wiper blades. Install new blades as
soon as possible. required.

• Lubricate all hinges, tailgate lower pivots, latchesIn-Line, Service Installed Transmission Fluid
and outside locks. Inspect for correct operationFilter

• Lubricate door rubber weatherstrips. Inspect forSome vehicles may be equipped with an in-line,
excessive wearservice installed transmission fluid filter. This filter

is installed in the transmission fluid cooler return • Clean body and door drain holes. Inspect for
line. If equipped, install a new in-line filter during clogs and obstructions
transmission fluid change  intervals.
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100-03-3 100-03-3Maintenance Schedule

DESCRIPTION AND OPERATION (Continued)

Normal Schedule 40,000 Km (25,000 Miles)

The following checks or procedures should be • Change engine oil and install a new oil filter.
carried out for all cars, minivans, light trucks, sport

• Inspect tires for wear. Rotation recommended forutility vehicles, vans, 4x4s, natural gas, propane and
optimal tire life.diesel vehicles.

• Drain coalescent fuel filter bowl and install a new
8,000 Km (5,000 Miles) filter (NGV).
NOTE: Rotate tires and inspect for wear at 8,000

48,000 Km (30,000 Miles)km (5,000 miles), 24,000 km (15,000 miles) and
every 24,000 km (15,000 miles) thereafter. At every • Change engine oil and install a new oil filter.
other 15,000-mile interval, rotation is recommended • Inspect brake pads, shoes, brake discs, drums,
for optimal life. brake lines, hoses and parking brake system.
• Change engine oil and install a new oil filter. • Inspect wheels for end play and noise.
• Rotate tires and inspect for wear. • Inspect engine cooling system and hoses.

• Inspect exhaust system and heat shields.16,000 Km (10,000 Miles)
• Inspect steering linkage, suspension and (if• Change engine oil and install a new oil filter.

equipped) driveshaft and ball joints.
• Inspect tires for wear. Rotation recommended for

• Rotate tires and inspect for wear.optimal tire life.
• Install a new engine air filter (not required for

24,000 Km (15,000 Miles) PZEV Focus).

• Change engine oil and install a new oil filter. • Install a new fuel filter. (See ADDITIONAL
INFORMATION below.)• If equipped, inspect automatic transmission fluid

level with fluid level indicator. • If equipped, install a new cabin air filter.

• Inspect brake pads, shoes, brake discs, drums, • Change automatic transmission/transaxle fluid on
brake lines, hoses and parking brake system. all vehicles equipped with AX4S, 4F50N, 4R100,

4F27E. Inspect automatic transmission fluid level• Inspect wheels for end play and noise.
using fluid level indicator on all other vehicles, if

• Inspect engine cooling system and hoses. equipped. If equipped, change the in-line  service
• Inspect steering linkage, suspension and (if installed transmission fluid filter.

equipped) driveshaft and ball joints.
ADDITIONAL INFORMATION: If vehicle is

• Rotate tires and inspect for wear. registered in California, the California Air
Resources Board (CARB) has determined that• If equipped, install a new cabin air filter.
failure to install a new fuel filter at this interval willADDITIONAL INFORMATION: Additional checks
not nullify the emission warranty or limit recallfor light trucks, sport utility vehicles and vans at
liability  prior to completion of the vehicle’s usefulthis mileage interval include inspecting and
life. It is, however, recommended that maintenancelubricating 4x4 front axle shaft U-joints, 4x2 ball
checks be carried out and recorded at the indicatedjoints (except F-450 and F-550), and inspecting
intervals.steering linkage (E- and F-Series, Expedition,
ADDITIONAL INFORMATION: Additional checksNavigator and Excursion).
for light trucks, sport utility vehicles and vans at

32,000 Km (20,000 Miles) this mileage interval include inspecting and
lubricating 4x4 front axle shaft U-joints, 4x2 ball• Change engine oil and install a new oil filter.
joints (except F-450 and F-550), and inspecting

• Inspect tires for wear. Rotation recommended for steering linkage (E- and F-Series and Excursion).
optimal tire life.

Natural gas and propane vehicles also require
checking the fuel tanks, as well as draining
coalescent fuel filter and installing a new filter
(propane).
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100-03-4 100-03-4Maintenance Schedule

DESCRIPTION AND OPERATION (Continued)

56,000 Km (35,000 Miles) 96,000 Km (60,000 Miles)

• Change engine oil and install a new oil filter. • Change engine oil and install a new oil filter.

• Inspect tires for wear. Rotation recommended for • Inspect brake pads, shoes, brake discs, drums,
optimal tire life. brake lines, hoses and parking brake system.

• Inspect wheels for end play and noise.64,000 Km (40,000 Miles)
• Inspect engine cooling system and hoses.

• Change engine oil and install a new oil filter.
• Inspect steering linkage, suspension and, if

• Inspect tires for wear. Rotation recommended for equipped, driveshaft and ball joints.
optimal tire life.

• Rotate tires and inspect for wear.
72,000 Km (45,000 Miles) • Install a new engine air filter (not required for

PZEV Focus).• Change engine oil and install a new oil filter.
• Install a new fuel filter. (See ADDITIONAL• Inspect automatic transmission fluid level using

INFORMATION below.)fluid level indicator, if equipped.
• If equipped, install a new cabin air filter.• Inspect brake pads, shoes, brake discs, drums,

brake lines, hoses and parking brake system. • Change automatic transmission/transaxle fluid on
all vehicles equipped with AX4S, 4F50N, 4R100,• Inspect wheels for end play and noise.
4F27E. Inspect automatic transmission fluid level

• Inspect engine cooling system and hoses. using fluid level indicator on all other vehicles, if
• Inspect steering linkage, suspension and, if equipped. If equipped, change the in-line  service

equipped, driveshaft and ball joints. installed transmission fluid filter.
• Rotate tires and inspect for wear. ADDITIONAL INFORMATION: If vehicle is

registered in California, the California Air• If equipped, install a new cabin air filter.
Resources Board (CARB) has determined thatADDITIONAL INFORMATION: Additional checks
failure to install a new fuel filter at this interval willfor light trucks, sport utility vehicles and vans at
not nullify the emission warranty or limit recallthis mileage interval include inspecting and
liability  prior to completion of the vehicle’s usefullubricating 4x4 front axle shaft U-joints, 4x2 ball
life. It is, however, recommended that maintenancejoints (except F-450 and F-550), and inspecting
checks be carried out and recorded at the indicatedsteering linkage (E- and F-Series and Excursion).
intervals.

80,000 Km (50,000 Miles) Additional checks for light trucks, sport utility
vehicles and vans at this mileage interval include• Change engine oil and install a new oil filter.
inspecting and lubricating 4x2 ball joints (except

• Inspect tires for wear. Rotation recommended for F-450 and F-550), lubricating 4x4 front axle shaft
optimal life. U-joints, 4x2 wheel bearings, installing  new grease

• Drain coalescent fuel filter and install a new filter seals and adjusting bearings. Also, inspecting and
(NGV). lubricating steering linkage (E- and F-Series, and

Excursion), lubricating 4x4 front hub needle• Clean injectors by filling the coalescent fuel filter
bearings (F-Super Duty) and changing manualbowl with isopropyl alcohol.
transmission fluid.

88,000 Km (55,000 Miles) Additional checks for natural gas and propane
vehicles at this interval include inspecting fuel• Change engine oil and install a new oil filter.
tanks, as well as draining coalescent fuel filter and

• Inspect tires for wear. Rotation recommended for installing a new filter.
optimal life.
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100-03-5 100-03-5Maintenance Schedule

DESCRIPTION AND OPERATION (Continued)

104,000 Km (65,000 Miles) • Inspect exhaust system and heat shields.

• Inspect steering linkage, suspension and, if• Change engine oil and install a new oil filter.
equipped, driveshaft and ball joints.• Inspect tires for wear. Rotation recommended for

• Rotate tires and inspect for wear.optimal tire life.
• Install a new engine air filter.

112,000 Km (70,000 Miles)
• Install a new fuel filter.

• Change engine oil and install a new oil filter.
• If equipped, install a new cabin air filter.

• Inspect tires for wear. Rotation recommended for
• Change automatic transmission/transaxle fluid onoptimal tire life.

all vehicles equipped with AX4S, 4F50N, 4R100,
4F27E. Inspect automatic transmission fluid level120,000 Km (75,000 Miles)
using fluid level indicator on all other vehicles, if

• Change engine oil and install a new oil filter. equipped. If equipped, change the in-line  service
• Inspect automatic transmission fluid level using installed transmission fluid filter.

fluid level indicator. ADDITIONAL INFORMATION: Additional checks
• Inspect brake pads, shoes, brake discs, drums, for light trucks, sport utility vehicles and vans at

brake lines, hoses and parking brake system. this mileage interval include inspecting and
lubricating 4x4 front axle shaft U-joints, 4x2 ball• Inspect wheels for end play and noise.
joints (except F-450 and F-550), as well as

• Inspect engine cooling system and hoses. inspecting and lubricating steering linkage (E- and F
• Inspect steering linkage, suspension and, if Series and Excursion).

equipped, driveshaft and ball joints. Additional services for natural gas and propane
• Rotate tires and inspect for wear. vehicles include inspecting fuel tanks, as well as

draining coalescent fuel filter bowl and installing a• Install a new cabin air filter.
new filter.

ADDITIONAL INFORMATION: Additional checks
for light trucks, sport utility vehicles and vans at 152,000 Km (95,000 Miles)
this mileage interval include inspecting and

• Change engine oil and install a new oil filter.lubricating 4x4 front axle shaft U-joints, 4x2 ball
joints (except F-450 and F-550), as well as • Inspect tires for wear. Rotation recommended for
inspecting and lubricating steering linkage (E- and optimal tire life.
F-Series and Excursion).

160,000 Km (100,000 Miles)
128,000 Km (80,000 Miles)

• Change engine oil and install a new oil filter.
• Change engine oil and install a new oil filter. • Inspect accessory drive belt(s).
• Inspect tires for wear. Rotation recommended for • Inspect tires for wear. Rotation recommended for

optimal tire life. optimal life.

• Install new spark plugs.136,000 Km (85,000 Miles)
• If Premium Gold coolant has not been changed• Change engine oil and install a new oil filter.

within the last 3 years, change coolant.
• Inspect tires for wear. Rotation recommended for

• Install a new PCV on all cars and light trucksoptimal tire life.
under 6,000 pounds Gross Vehicle Weight

144,000 Km (90,000 Miles) (GVW).

• Change engine oil and install a new oil filter. 168,000 Km (105,000 Miles)
• Inspect brake pads, shoes, brake discs, drums, • Change engine oil and install a new oil filter.

brake lines, hoses and parking brake system.
• Inspect automatic transmission fluid level if

• Inspect wheels for end play and noise. equipped with fluid level indicator.
• Inspect engine cooling system and hoses.
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100-03-6 100-03-6Maintenance Schedule

DESCRIPTION AND OPERATION (Continued)

• Inspect brake pads, shoes, brake discs, drums, • Change automatic transmission/transaxle fluid on
brake lines, hoses and parking brake system. all vehicles equipped with AX4S, 4F50N, 4R100,

4F27E. Inspect automatic transmission fluid level• Inspect wheels for end play and noise.
using dipstick on all other vehicles, if equipped. If

• Inspect engine coolant system and hoses. equipped, change the in-line service  installed
• Inspect steering linkage, suspension and, if transmission fluid filter.

equipped, driveshaft and ball joints. ADDITIONAL INFORMATION: Additional checks
• Rotate tires and inspect for wear. for light trucks, sport utility vehicles and vans at

this mileage interval include changing manual• If equipped, install a new cabin air filter.
transmission fluid, lubricating wheel bearings

ADDITIONAL INFORMATION: Additional checks (except F-450 and F-550), and inspecting and
for light trucks, sport utility vehicles and vans at lubricating  4x4 front axle shaft U-joints, 4x2 ball
this interval include inspecting and lubricating 4x4 joints (except F-450 and F-550). Also includes
front axle shaft U-joints, 4x2 ball joints (except lubricating 4x4 front hub needle bearings (F-Super
F-450 and F-550), as well as inspecting and Duty) and inspecting and lubricating steering
lubricating steering linkage (E- and F-Series and linkage (E- and F-Series and Excursion).
Excursion).

Additional services for natural gas and propane
176,000 Km (110,000 Miles) vehicles include inspecting fuel tanks and installing

a new fuel filter (propane).• Change engine oil and install a new oil filter.

200,000 Km (125,000 Miles)• Inspect tires for wear. Rotation recommended for
optimal tire life. • Change engine oil and install a new oil filter.

184,000 Km (115,000 Miles) • Inspect tires for wear. Rotation recommended for
optimal tire life.• Change engine oil and install a new oil filter.

208,000 Km (130,000 Miles)• Inspect tires for wear. Rotation recommended for
optimal tire life. • Change engine oil and install a new oil filter.

192,000 Km (120,000 Miles) • Inspect tires for wear. Rotation recommended for
optimal life.• Change engine oil and install a new oil filter.

216,000 Km (135,000 Miles)• Inspect brake pads, shoes, brake discs, drums,
brake lines, hoses and parking brake system. • Change engine oil and install a new oil filter.

• Inspect wheels for end play and noise. • If equipped, inspect automatic transmission fluid
• Inspect engine cooling system and hoses. level with fluid level indicator.
• Inspect exhaust system and heat shields. • Inspect brake pads, shoes, brake discs, drums,

brake lines, hoses and parking brake system.• Inspect steering linkage, suspension and, if
equipped, driveshaft and ball joints. • Inspect wheels for end play and noise.

• Rotate tires and inspect for wear. • Inspect engine cooling system and hoses.
• Install a new engine air filter. • Inspect steering linkage, suspension and (if

equipped) driveshaft and ball joints.• Install a new fuel filter. (See ADDITIONAL
INFORMATION below.) • Rotate tires and inspect for wear.

• If equipped, install a new cabin air filter. • Install a new cabin air filter.
• Install a new PCV valve on all cars and light • Change coolant.

trucks over 6,000 pounds, except 5.4L 3V
engines.
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100-03-7 100-03-7Maintenance Schedule

DESCRIPTION AND OPERATION (Continued)

ADDITIONAL INFORMATION: Additional checks • Install new accessory drive belt(s) (if a new belt
for light trucks, sport utility vehicles and vans at has not been installed within the last 100,000
this mileage interval include lubricating wheel miles).
bearings (except F-450 and F-550), inspecting and • Install a new PCV on all cars and light trucks
lubricating 4x4 front axle shaft U-joints, 4x2 ball under 6,000 pounds gross vehicle weight (GVW).
joints (except F-450 and F-550). Also includes

ADDITIONAL INFORMATION: If vehicle isinspecting and lubricating steering linkage (E and
registered in California, the California AirF-Series and Excursion).
Resources Board (CARB) has determined that
failure to install a new fuel filter at this interval will224,000 Km (140,000 Miles)
not nullify the emission warranty or limit recall

• Change engine oil and install a new oil filter. liability  prior to completion of the vehicle’s useful
• Inspect tires for wear. Rotation recommended for life. It is, however, recommended that maintenance

optimal life. checks be carried out and recorded at the indicated
intervals.

232,000 Km (145,000 Miles)
ADDITIONAL INFORMATION: Additional checks

• Change engine oil and install a new oil filter. for light trucks, sport utility vehicles and vans at
this mileage interval include replacing 4x2 wheel• Inspect tires for wear. Rotation recommended for
bearings and seals and inspecting and lubricatingoptimal life.
4x4 front axle shaft U-joints, 4x2 ball joints

240,000 Km (150,000 Miles) (except F-450 and F-550).

Also includes lubricating 4x4 front hub needle• Change engine oil and install a new oil filter.
bearings (F-Super Duty), and inspecting and• Inspect brake pads, shoes, brake discs, drums,
lubricating steering linkage (E- and F-Series andbrake lines, hoses and parking brake system.
Excursion).

• Change 4x4 front axle fluid (except Escape).
Additional checks for 4x4 vehicles include changing

• If filled with Premium Gold coolant, change front axle lubricant and transfer case fluid.
coolant.

Additional checks for natural gas and propane
• Inspect wheels for end play and noise. vehicles include inspecting fuel tanks, as well as
• Inspect engine cooling system and hoses. draining and installing a new filter.

• Inspect exhaust system and heat shields. General Maintenance Information — 6.0L
• Inspect steering linkage, suspension and, if Diesel Engine

equipped, driveshaft and ball joints. The Normal Schedule applies to operation of the
• Rotate tires and inspect for wear. vehicle under typical, everyday driving conditions.

The maintenance frequency in this schedule typifies• Install a new engine air filter (not required on
what the vast majority of vehicles will require. ThePZEV Focus).
listed services should be carried out  at specified

• Install a new fuel filter. (See ADDITIONAL mileage intervals. There are, however, additional
INFORMATION below.) services that only the noted vehicles require.

• If equipped, install a new cabin air filter. If the vehicle is operated in one or more of the
• Change automatic transmission/transaxle fluid and following Special Operating Conditions, those

filter. If equipped, change the in-line service additional services will be required. The Special
installed transmission fluid filter. Operating Conditions are:

• Change rear axle lubricant on all rear wheel • towing or carrying heavy loads.
(RWD) vehicles.

• extensive idling and/or driving at low speeds for
long distances.
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100-03-8 100-03-8Maintenance Schedule

DESCRIPTION AND OPERATION (Continued)

• driving in dusty conditions. • Install new spark plugs and change transfer case
fluid every 96,000 km (60,000 miles).• off-road operation.

• Install a new cabin air filter as required.• short trip, cold operating conditions.
When operating in dusty conditions such as unpavedThere are also exceptions to the Normal Operating
or dusty roads:Schedule which will require more frequent

maintenance for some components. Those • Change engine oil and install a new oil filter
exceptions are: every 8,000 km (5,000 miles,) 6 months or 200

hours of engine operation (whichever occurs first).• normal vehicle axle — maintenance and
lubrication. • Install a new fuel filter every 24,000 km (15,000

miles).• police and taxi vehicles — maintenance and
lubrication. • Change rear axle lubricant (F-450 and F-550 only)

every 80,000 km (50,000 miles).• engine oil and Premium Gold coolant — time and
mileage-based interval. • Change transfer case fluid every 96,000 km

(60,000 miles).
Special Operating Condition Requirements

• Install a new engine air filter as required.
When towing a trailer or using a camper or car-top

• Install a new cabin air filter as required.carrier:
When operating in off-road conditions:

• Change engine oil and install a new oil filter
• Lubricate 4x4 front hub needle bearings (F-Superevery 8,000 km (5,000 miles), 6 months or 200

Duty) 24,000 km (15,000 miles).hours of engine operation (whichever occurs first).

• Change automatic transmission fluid every 48,000• Change automatic transmission fluid and lubricate
km (30,000 miles).4x4 front hub needle bearings (F-Super Duty)

every 48,000 km (30,000 miles). • If equipped, change the external transmission fluid
filter and in-line service installed transmission• If equipped, change the external transmission fluid
fluid filter.filter and in-line service installed transmission

fluid filter. • Change rear axle lubricant (F-450 and F-550 only)
every 80,000 km (50,000 miles).• Change transfer case fluid every 96,000 km

(60,000 miles). • Change transfer case fluid every 96,000 km
(60,000 miles).• Change manual transmission fluid as required.

• Install a new cabin air filter as required.• Inspect and lubricate U-joints as required.

• Inspect and lubricate U-joints.During extensive idling and/or low speed driving for
long distances, as in heavy commercial use such as • Inspect and lubricate steering linkage ball joints
delivery, taxi, patrol car or livery: with zerk fittings.

• Change engine oil and install a new oil filter, lube If vehicle is frequently driven on short trips in cold
front lower control arm and steering linkage ball operating conditions:
joints with zerk fittings (if equipped) every 8,000

• Change engine oil every 8,000 km (5,000 miles).km (5,000 miles), 6 months or 200 hours of
engine operation (whichever occurs first). Checks and Services

• Inspect brake system and check electrolyte level Certain basic maintenance checks and inspections
(ambulances) every 8,000 km (5,000 miles). should be carried out at specified intervals. Any

recognized adverse condition should be corrected as• Install a new fuel filter every 24,000 km (15,000
soon as possible.miles).

• Lubricate 4x2 wheel bearings, install new grease
seals and adjust bearings every 48,000 km (30,000
miles).
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100-03-9 100-03-9Maintenance Schedule

DESCRIPTION AND OPERATION (Continued)

In-Line Service Installed Transmission Fluid • Lubricate door rubber weatherstrips. Inspect for
Filter excessive wear.
Some vehicles may be equipped with an in-line, • Clean body and door drain holes. Inspect for
service installed transmission fluid filter. This filter clogs and obstructions
is installed in the transmission fluid cooler return

Normal Scheduleline. If equipped, install a new in-line filter during
transmission fluid change  intervals. The following checks or procedures should be

carried out for vehicles with 6.0L diesel engines
Maximum Oil Change Interval (Normal only.Schedule)

12,000 Km (7,500 Miles)• 12,000 km (7,500 miles), 6 months or 200 hours
of engine operation (whichever occurs first). • Change engine oil and install a new oil filter.

• Rotate tires and inspect for wear.Maximum Oil Change Interval (Special
Operating Conditions) • Check the air filter minder and reset after a new

filter is installed.• 8,000 km (5,000 miles), 6 months or 200 hours of
engine operation (whichever occurs first). 24,000 Km (15,000 Miles)

Monthly Checks • Change engine oil and install a new oil filter.
Check each of the following items every month: • Rotate tires and inspect for wear.

• All interior and exterior lights • Check the air filter minder and reset after a new
filter is installed.• Tires for wear and correct air pressure

• If equipped, install a new cabin air filter.• Engine oil fluid level
• Install new frame-mounted and engine fuel filters.• Windshield washer solvent fluid level
• Inspect and lubricate steering linkage, suspension• Check and drain fuel/water separator

and, if equipped, driveshaft and ball joints.
Six Month Checks • If equipped, inspect and lubricate 4x4 front axle
Check each of the following items at least every six shaft U-joints.
months: • Inspect wheels for end play and noise.

• Lap/shoulder belts and seat latches for wear and • Inspect engine cooling system and hoses.
function • Inspect brake pads, shoes, brake discs, drums,

• Spare tire air pressure brake lines and hoses.

• Power steering fluid level • Inspect exhaust system and heat shields.

• Parking brake for correct operation. 36,000 Km (22,500 Miles)
• Safety warning lamps (brake, ABS, air bag, safety

• Change engine oil and install a new oil filter.belt) for correct operation
• Check the air filter minder and reset after a new• Coolant system fluid level and correct strength

filter is installed.
• Battery connections. Clean if necessary.

• Rotate tires and inspect for wear.
• Clutch fluid level, if equipped

48,000 Km (30,000 Miles)• Check windshield washer spray, wiper operation
and clean all wiper blades. • Change engine oil and install a new oil filter.

• Lubricate all hinges, latches and outside locks. • Install a new engine air filter.
Inspect for correct operation.

• If equipped, install a new cabin air filter.

• Install new frame-mounted and engine fuel filters.
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100-03-10 100-03-10Maintenance Schedule

DESCRIPTION AND OPERATION (Continued)

96,000 Km (60,000 Miles)• If equipped, inspect and lubricate 4x4 front axle
shaft U-joints. • Change engine oil and install a new oil filter.

• Inspect and lubricate steering linkage, suspension • Rotate tires and inspect for wear.
and, if equipped, driveshaft and ball joints.

• Install a new engine air filter.
• Inspect wheels for end play and noise.

• If equipped, install a new cabin air filter.
• Inspect engine cooling system and hoses.

• Install new frame-mounted and engine fuel filters.
• Inspect brake pads, shoes, brake discs, drums,

• Inspect and lubricate steering linkage, suspensionbrake lines and hoses.
and, if equipped, driveshaft and ball joints.

• Inspect exhaust system and heat shields.
• If equipped, inspect and lubricate 4x4 front axle

• Change automatic transmission fluid. shaft U-joints.
• If equipped, change the external transmission fluid • Inspect wheels for end play and noise.

filter and in-line service installed transmission
• Lubricate 4x2 wheel bearings or 4x4 hub needlefluid filter.

bearings and install new wheel bearing grease
60,000 Km (37,500 Miles) seals.

• Inspect engine cooling system and hoses.• Change engine oil and install a new oil filter.
• Inspect brake pads, shoes, brake discs, drums,• Check the air filter minder and reset after a new

brake lines and hoses.filter is installed.
• Inspect exhaust system and heat shields.• Inspect tires for wear. Rotation recommended for

optimal tire life. • Change automatic transmission fluid.

• If equipped, change the external transmission fluid72,000 Km (45,000 Miles)
filter and in-line service installed transmission

• Change engine oil and install a new oil filter. fluid filter.
• Rotate tires and inspect for wear. • If equipped, change manual transmission fluid.
• Check the air filter minder and reset after a new

108,000 Km (67,500 Miles)filter is installed.
• Change engine oil and install a new oil filter.• If equipped, install a new cabin air filter.
• Check the air filter minder and reset after a new• Install new frame-mounted and engine fuel filters.

filter is installed.• Inspect and lubricate steering linkage, suspension
and, if equipped, driveshaft and ball joints. 120,000 Km (75,000 Miles)

• If equipped, inspect and lubricate 4x4 front axle • Change engine oil and install a new oil filter.
shaft U-joints.

• Rotate tires and inspect for wear.
• Inspect wheels for end play and noise.

• Check the air filter minder and reset after a new
• Inspect engine cooling system and hoses. filter is installed.
• Inspect brake pads, shoes, brake discs, drums, • If equipped, install a new cabin air filter.

brake lines and hoses.
• Install new frame-mounted and engine fuel filters.

• Inspect exhaust system and heat shields.
• Inspect and lubricate steering linkage, suspension

84,000 Km (52,500 Miles) and, if equipped, driveshaft and ball joints.

• If equipped, inspect and lubricate 4x4 front axle• Change engine oil and install a new oil filter.
shaft U-joints.• Check the air filter minder and reset after a new

• Inspect wheels for end play and noise.filter is installed.
• Inspect engine cooling system and hoses.

• Change engine coolant.
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100-03-11 100-03-11Maintenance Schedule

DESCRIPTION AND OPERATION (Continued)

• Inspect brake pads, shoes, brake discs, drums, • If equipped, install a new cabin air filter.
brake lines and hoses. • Install new frame-mounted and engine fuel filters.

• Inspect exhaust system and heat shields. • Inspect and lubricate steering linkage, suspension
and, if equipped, driveshaft and ball joints.132,000 Km (82,500 Miles)

• If equipped, inspect and lubricate 4x4 front axle
• Change engine oil and install a new oil filter. shaft U-joints.
• Check the air filter minder and reset after a new • Inspect wheels for end play and noise.

filter is installed.
• Inspect engine cooling system and hoses.

144,000 Km (90,000 Miles) • Inspect brake pads, shoes, brake discs, drums,
brake lines and hoses.• Change engine oil and install a new oil filter.

• Inspect exhaust system and heat shields.• Rotate tires and inspect for wear.

• Install a new engine air filter. 180,000 Km (112,500 Miles)
• If equipped, install a new cabin air filter. • Change engine oil and install a new oil filter.
• Install new frame-mounted and engine fuel filters. • Check the air filter minder and reset after a new
• Inspect and lubricate steering linkage, suspension filter is installed.

and, if equipped, driveshaft and ball joints.
192,000 Km (120,000 Miles)

• If equipped, inspect and lubricate 4x4 front axle
shaft U-joints. • Change engine oil and install a new oil filter.

• Inspect wheels for end play and noise. • Rotate tires and inspect for wear.

• Inspect engine cooling system and hoses. • Install a new engine air filter.

• Inspect brake pads, shoes, brake discs, drums, • If equipped, install a new cabin air filter.
brake lines and hoses. • Install new frame-mounted and engine fuel filters.

• Inspect exhaust system and heat shields. • Inspect and lubricate steering linkage, suspension
• Change automatic transmission fluid. and, if equipped, driveshaft and ball joints.

• If equipped, change the external transmission fluid • If equipped, inspect and lubricate 4x4 front axle
filter and in-line service installed transmission shaft U-joints.
fluid filter. • Inspect wheels for end play and noise.

• Lubricate 4x2 wheel bearings or 4x4 hub needle156,000 Km (97,500 Miles)
bearings.

• Change engine oil and install a new oil filter.
• Install new wheel bearing grease seals.

• Check the air filter minder and reset after a new
• Inspect engine cooling system and hoses.filter is installed.
• Change engine coolant.• Inspect accessory drive belt.
• Inspect brake pads, shoes, brake discs, drums,• Inspect engine cooling system and hoses.

brake lines and hoses.
• Change engine coolant.

• Inspect exhaust system and heat shields.
• Change rear wheel drive axle fluid (DANA axles

• Change automatic transmission fluid.using non-synthetic lubricants ONLY).
• If equipped, change the external transmission fluid

168,000 Km (105,000 Miles) filter and in-line service installed transmission
fluid filter.• Change engine oil and install a new oil filter.

• If equipped, change manual transmission fluid.• Rotate tires and inspect for wear.

• Check the air filter minder and reset after a new
filter is installed.
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100-03-12 100-03-12Maintenance Schedule

DESCRIPTION AND OPERATION (Continued)

204,000 Km (127,500 Miles) • Inspect engine cooling system and hoses.

• Change engine coolant.• Change engine oil and install a new oil filter.
• Inspect brake pads, shoes, brake discs, drums,• Check the air filter minder and reset after a new

brake lines and hoses.filter is installed.
• Inspect exhaust system and heat shields.

216,000 Km (135,000 Miles)
• Change automatic transmission fluid.

• Change engine oil and install a new oil filter.
• Change transfer case fluid, if equipped.

• Inspect tires for wear. Rotation recommended for
• If equipped, change the external transmission fluidoptimal tire life.

filter and in-line service installed transmission
• Check the air filter minder and reset after a new fluid filter.

filter is installed.
Special Operating Conditions (Severe Duty)• If equipped, install a new cabin air filter.
Schedule

• Install new frame-mounted and engine fuel filters.
The following checks or procedures should be

• If equipped, inspect and lubricate 4x4 front axle carried out for vehicles with 6.0L diesel engines
shaft U-joints. only that operate under Special Operating

Conditions (Severe Duty).• Inspect and lubricate steering linkage, suspension
and, if equipped, driveshaft and ball joints.

8,000 Km (5,000 Miles)
• Inspect wheels for end play and noise.

• Change engine oil and install a new oil filter.• Inspect engine cooling system and hoses.
• Rotate tires and inspect for wear.• Inspect brake pads, shoes, brake discs, drums,
• Check the air filter minder and reset after a newbrake lines and hoses.

filter is installed.• Inspect exhaust system and heat shields.
• Inspect brake pads, shoes, brake discs, drums,

228,000 Km (142,500 Miles) brake lines and hoses (under commercial use
conditions, as required).• Change engine oil and install a new oil filter.

• If equipped, inspect and lubricate 4x2 ball joints• Check the air filter minder and reset after a new
and steering idler arms (under off-road orfilter is installed.
commercial use conditions, as required).

240,000 Km (150,000 Miles)
16,000 Km (10,000 Miles)

• Change engine oil and install a new oil filter.
• Change engine oil and install a new oil filter.

• Inspect tires for wear.
• Inspect tires for wear.

• Install a new engine air filter.
• Check the air filter minder and reset after a new

• If equipped, install a new cabin air filter. filter is installed.
• Install a new accessory drive belt. • Inspect brake pads, shoes, brake discs, drums,
• Install new frame-mounted and engine fuel filters. brake lines and hoses (under commercial use

conditions as required).• Inspect and lubricate steering linkage, suspension
and, if equipped, driveshaft and ball joints. • If equipped, inspect and lubricate 4x2 ball joints

and steering idler arms (under off-road or• If equipped, inspect and lubricate 4x4 front axle
commercial use conditions as required).shaft U-joints.

• Inspect wheels for end play and noise. 24,000 Km (15,000 Miles)
• If equipped, lubricate 4x4 hub needle bearings. • Change engine oil and install a new oil filter.
• If equipped with loose bearings, install new 4x2 • Rotate tires and inspect for wear.

wheel bearings and install new wheel bearing
• Inspect engine air filter.grease seals.
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100-03-13 100-03-13Maintenance Schedule

DESCRIPTION AND OPERATION (Continued)

• Install new frame-mounted and engine fuel filters. • Install new frame-mounted and engine fuel filters.

• Inspect steering linkage, suspension and, if • Inspect steering linkage, suspension and, if
equipped, driveshaft and ball joints. equipped, driveshaft and ball joints.

• Inspect engine cooling system and hoses. • Inspect engine cooling system and hoses.

• Inspect brake pads, shoes, brake discs, drums, • Inspect brake pads, shoes, brake discs, drums,
brake lines and hoses. brake lines and hoses.

• If equipped, inspect and lubricate 4x2 ball joints • If equipped, inspect and lubricate 4x2 ball joints
and steering idler arms. and steering idler arms.

• If equipped, inspect and lubricate 4x4 front axle • If equipped, inspect and lubricate 4x4 front axle
shaft U-joints. shaft U-joints.

• Inspect exhaust system and heat shields. • Inspect exhaust system and heat shields.

• Inspect wheels for end play and noise. • Change automatic transmission fluid.

• If equipped, lubricate 4x4 hub needle bearings • If equipped, change the external transmission fluid
(under off-road conditions, as required). filter and in-line service installed transmission

fluid filter.• If equipped, install a new cabin air filter.
• Inspect wheels for end play and noise.

32,000 Km (20,000 Miles)
• Lubricate 4x2 wheel bearings or 4x4 hub needle

• Change engine oil and install a new oil filter. bearings (under trailer towing or off-road
conditions, as required).• Inspect tires for wear.

• Install new wheel bearing grease seals (under• Check the air filter minder and reset after a new
commercial use, as required).filter is installed.

• If equipped, install a new cabin air filter.• Inspect brake pads, shoes, brake discs, drums,
brake lines and hoses (under commercial use 56,000 Km (35,000 Miles)
conditions, as required).

• Change engine oil and install a new oil filter.• If equipped, inspect and lubricate 4x2 ball joints
and steering idler arms (under off-road or • Inspect tires for wear.
commercial use conditions, as required). • Check the air filter minder and reset after a new

filter is installed.40,000 Km (25,000 Miles)
• Inspect brake pads, shoes, brake discs, drums,

• Change engine oil and install a new oil filter. brake lines and hoses (under commercial use
• Inspect tires for wear. conditions, as required).

• Check the air filter minder and reset after a new • If equipped, inspect and lubricate 4x2 ball joints
filter is installed. and steering idler arms (under off-road or

commercial use conditions, as required).• Inspect brake pads, shoes, brake discs, drums,
brake lines and hoses (under commercial use 64,000 Km (40,000 Miles)
conditions, as required).

• Change engine oil and install a new oil filter.• If equipped, inspect and lubricate 4x2 ball joints
and steering idler arms (under off-road or • Inspect tires for wear.
commercial use conditions, as required). • Check the air filter minder and reset after a new

filter is installed.48,000 Km (30,000 Miles)
• Inspect brake pads, shoes, brake discs, drums,

• Change engine oil and install a new oil filter. brake lines and hoses (under commercial use
• Rotate tires and inspect for wear. conditions, as required).

• Check the air filter minder and reset after a new • If equipped, inspect and lubricate 4x2 ball joints
filter is installed. and steering idler arms (under off-road or

commercial use conditions, as required).
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100-03-14 100-03-14Maintenance Schedule

DESCRIPTION AND OPERATION (Continued)

72,000 Km (45,000 Miles) 92,000 Km (60,000 Miles)

• Change engine oil and install a new oil filter. • Change engine oil and install a new oil filter.

• Rotate tires and inspect for wear. • Rotate tires and inspect for wear.

• Check the air filter minder and reset after a new • Check the air filter minder and reset after a new
filter is installed. filter is installed.

• Install new frame-mounted and engine fuel filters. • Install new frame-mounted and engine fuel filters.

• Inspect steering linkage, suspension and, if • Inspect steering linkage, suspension and, if
equipped, driveshaft and ball joints. equipped, driveshaft and ball joints.

• Inspect engine cooling system and hoses. • Inspect engine cooling system and hoses.

• Inspect brake pads, shoes, brake discs, drums, • Inspect brake pads, shoes, brake discs, drums,
brake lines and hoses. brake lines and hoses.

• If equipped, inspect and lubricate 4x2 ball joints • If equipped, inspect and lubricate 4x2 ball joints
and steering idler arms. and steering idler arms.

• If equipped, inspect and lubricate 4x4 front axle • If equipped, inspect and lubricate 4x4 front axle
shaft U-joints. shaft U-joints.

• Inspect exhaust system and heat shields. • Inspect exhaust system and heat shields.

• Inspect wheels for end play and noise. • If equipped, change manual transmission fluid.

• If equipped, lubricate 4x4 hub needle bearings • Change automatic transmission fluid.
(under off-road conditions, as required). • If equipped, change the external transmission fluid

• If equipped, install a new cabin air filter. filter and in-line service installed transmission
fluid filter.

80,000 Km (50,000 Miles)
• If equipped, change transfer case fluid.

• Change engine oil and install a new oil filter. • Inspect wheels for end play and noise.
• Inspect tires for wear. • If equipped, lubricate 4x2 wheel bearings or 4x4
• Check the air filter minder and reset after a new hub needle bearings (under trailer towing or

filter is installed. off-road conditions, as required).

• Inspect brake pads, shoes, brake discs, drums, • Install new wheel bearing grease seals (under
brake lines and hoses (under commercial use commercial use, as required).
conditions, as required). • If equipped, install a new cabin air filter.

• If equipped, inspect and lubricate 4x2 ball joints
100,000 Km (65,000 Miles)and steering idler arms (under off-road or

commercial use conditions, as required). • Change engine oil and install a new oil filter.

• Inspect tires for wear.88,000 Km (55,000 Miles)
• Check the air filter minder and reset after a new• Change engine oil and install a new oil filter.

filter is installed.
• Inspect tires for wear.

• Inspect brake pads, shoes, brake discs, drums,
• Check the air filter minder and reset after a new brake lines and hoses (under commercial use

filter is installed. conditions, as required).
• Inspect brake pads, shoes, brake discs, drums, • If equipped, inspect and lubricate 4x2 ball joints

brake lines and hoses (under commercial use and steering idler arms (under off-road or
conditions, as required). commercial use conditions, as required).

• If equipped, inspect and lubricate 4x2 ball joints
and steering idler arms (under off-road or
commercial use conditions, as required).
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100-03-15 100-03-15Maintenance Schedule

DESCRIPTION AND OPERATION (Continued)

108,000 Km (70,000 Miles) 132,000 Km (85,000 Miles)

• Change engine oil and install a new oil filter. • Change engine oil and install a new oil filter.

• Inspect tires for wear. • Inspect tires for wear.

• Check the air filter minder and reset after a new • Check the air filter minder and reset after new
filter is installed. filter is installed.

• Inspect brake pads, shoes, brake discs, drums, • Inspect brake pads, shoes, brake discs, drums,
brake lines and hoses (under commercial use brake lines and hoses (under commercial use
conditions, as required). conditions, as required).

• If equipped, inspect and lubricate 4x2 ball joints • If equipped, inspect and lubricate 4x2 ball joints
and steering idler arms (under off-road or and steering idler arms (under off-road or
commercial use conditions, as required). commercial use conditions, as required).

116,000 Km (75,000 Miles) 140,000 Km (90,000 Miles)

• Change engine oil and install a new oil filter. • Change engine oil and install a new oil filter.

• Rotate tires and inspect for wear. • Rotate tires and inspect for wear.

• Check the air filter minder and reset after a new • Check the air filter minder and reset after a new
filter is installed. filter is installed.

• Install new frame-mounted and engine fuel filters. • Install new frame-mounted and engine fuel filters.

• Inspect steering linkage, suspension and, if • Inspect steering linkage, suspension and, if
equipped, driveshaft and ball joints. equipped, driveshaft and ball joints.

• Inspect engine cooling system and hoses. • Inspect engine cooling system and hoses.

• Change engine coolant. • Inspect brake pads, shoes, brake discs, drums,
brake lines and hoses.• Inspect brake pads, shoes, brake discs, drums,

brake lines and hoses. • If equipped, inspect and lubricate 4x2 ball joints
and steering idler arms.• If equipped, inspect and lubricate 4x2 ball joints

and steering idler arms. • If equipped, inspect and lubricate 4x4 front axle
shaft U-joints.• If equipped, inspect and lubricate 4x4 front axle

shaft U-joints. • Inspect exhaust system and heat shields.

• Inspect exhaust system and heat shields. • Change automatic transmission fluid.

• Inspect wheels for end play and noise. • If equipped, change the external transmission fluid
filter and in-line service installed transmission• If equipped, lubricate 4x4 hub needle bearings
fluid filter.(under off-road conditions, as required).

• Inspect wheels for end play and noise.• If equipped, install a new cabin air filter.
• If equipped, lubricate 4x2 wheel bearings or 4x4

124,000 Km (80,000 Miles) hub needle bearings (under trailer towing or
off-road conditions, as required).• Change engine oil and install a new oil filter.

• Install new wheel bearing grease seals (under• Inspect tires for wear.
commercial use, as required).• Check the air filter minder and reset after a new

• If equipped, install a new cabin air filter.filter is installed.

• Inspect brake pads, shoes, brake discs, drums, 148,000 Km (95,000 Miles)
brake lines and hoses (under commercial use

• Change engine oil and install a new oil filter.conditions, as required).
• Inspect tires for wear.• If equipped, inspect and lubricate 4x2 ball joints

and steering idler arms (under off-road or • Check the air filter minder and reset after a new
commercial use conditions, as required). filter is installed.
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100-03-16 100-03-16Maintenance Schedule

DESCRIPTION AND OPERATION (Continued)

• Inspect accessory drive belt. • If equipped, lubricate 4x4 wheel bearings or hub
needle bearings (under off-road conditions, as• Change engine coolant.
required).

• Inspect brake pads, shoes, brake discs, drums,
• If equipped, install a new cabin air filter.brake lines and hoses (under commercial use, as

required). 172,000 Km (110,000 Miles)
• If equipped, inspect and lubricate 4x2 ball joints

• Change engine oil and install a new oil filter.and steering idler arms (under off-road or
• Inspect tires for wear.commercial use conditions, as required).

• Check the air filter minder and reset after a new156,000 Km (100,000 Miles)
filter is installed.

• Change engine oil and install a new oil filter. • Inspect brake pads, shoes, brake discs, drums,
• Inspect tires for wear. brake lines and hoses (under commercial use

conditions, as required).• Check the air filter minder and reset after a new
filter is installed. • If equipped, inspect and lubricate 4x2 ball joints

and steering idler arms (under off-road or• Inspect accessory drive belt.
commercial use conditions, as required).

• Change rear wheel drive axle fluid (DANA axles
using non-synthetic lubricants ONLY). 180,000 Km (115,000 Miles)

• Inspect brake pads, shoes, brake discs, drums, • Change engine oil and install a new oil filter.
brake lines and hoses (under commercial use, as

• Inspect tires for wear.required).
• Check the air filter minder and reset after a new• If equipped, inspect and lubricate 4x2 ball joints

filter is installed.and steering idler arms (under off-road or
• Inspect brake pads, shoes, brake discs, drums,commercial use conditions, as required).

brake lines and hoses (under commercial use
164,000 Km (105,000 Miles) conditions, as required).

• Change engine oil and install a new oil filter. • If equipped, inspect and lubricate 4x2 ball joints
and steering idler arms (under off-road or• Rotate tires and inspect for wear.
commercial use conditions, as required).

• Check the air filter minder and reset after a new
filter is installed. 188,000 Km (120,000 Miles)

• Install new frame-mounted and engine fuel filters. • Change engine oil and install a new oil filter.
• Inspect steering linkage, suspension and, if • Rotate tires and inspect for wear.

equipped, driveshaft and ball joints.
• Check the air filter minder and reset after a new

• Inspect engine cooling system and hoses. filter is installed.
• Inspect brake pads, shoes, brake discs, drums, • Install new frame-mounted and engine fuel filters.

brake lines and hoses.
• Inspect steering linkage, suspension and, if

• If equipped, inspect and lubricate 4x2 ball joints equipped, driveshaft and ball joints.
and steering idler arms (under off-road or

• Inspect engine cooling system and hoses.commercial use conditions, as required).
• Inspect brake pads, shoes, brake discs, drums,• If equipped, inspect and lubricate 4x4 front axle

brake lines and hoses.shaft U-joints.
• If equipped, inspect and lubricate 4x2 ball joints• Inspect exhaust system and heat shields.

and steering idler arms.
• Inspect wheels for end play and noise.

• If equipped, inspect and lubricate 4x4 front axle
shaft U-joints.

• Inspect exhaust system and heat shields.

• If equipped, change manual transmission fluid
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100-03-17 100-03-17Maintenance Schedule

DESCRIPTION AND OPERATION (Continued)

• Change automatic transmission fluid. • Inspect engine cooling system and hoses.

• If equipped, change the external transmission fluid • Inspect brake pads, shoes, brake discs, drums,
brake lines and hoses.filter and in-line service installed transmission

fluid filter. • If equipped, inspect and lubricate 4x2 ball joints
and steering idler arms.• If equipped, change transfer case fluid.

• If equipped, inspect and lubricate 4x4 front axle• Change engine coolant.
shaft U-joints.• Inspect wheels for end play and noise.

• Inspect exhaust system and heat shields.• If equipped, lubricate 4x2 wheel bearings or 4x4
• Inspect wheels for end play and noise.hub needle bearings (under trailer towing or

off-road conditions, as required). • If equipped, lubricate 4x4 hub needle bearings
(under off-road conditions, as required).• Install new wheel bearing grease seals (under

commercial use, as required). • If equipped, install a new cabin air filter.
• If equipped, install a new cabin air filter.

220,000 Km (140,000 Miles)
196,000 Km (125,000 Miles)

• Change engine oil and install a new oil filter.
• Change engine oil and install a new oil filter. • Inspect tires for wear.
• Inspect tires for wear. • Check the air filter minder and reset after a new

filter is installed.• Check the air filter minder and reset after a new
filter is installed. • Inspect brake pads, shoes, brake discs, drums,

brake lines and hoses (under commercial use• Inspect brake pads, shoes, brake discs, drums,
conditions, as required).brake lines and hoses (under commercial use

conditions, as required). • If equipped, inspect and lubricate 4x2 ball joints
and steering idler arms (under off-road or• If equipped, inspect and lubricate 4x2 ball joints
commercial use conditions, as required).and steering idler arms (under off-road or

commercial use conditions, as required).
228,000 Km (145,000 Miles)

204,000 Km (130,000 Miles) • Change engine oil and install a new oil filter.
• Change engine oil and install a new oil filter. • Inspect tires for wear.
• Inspect tires for wear. • Check the air filter minder and reset after a new

filter is installed.• Check the air filter minder and reset after a new
filter is installed. • Inspect brake pads, shoes, brake discs, drums,

brake lines and hoses (under commercial use• Inspect brake pads, shoes, brake discs, drums,
conditions, as required).brake lines and hoses (under commercial use

conditions, as required). • If equipped, inspect and lubricate 4x2 ball joints
and steering idler arms (under off-road or• If equipped, inspect and lubricate 4x2 ball joints
commercial use conditions, as required).and steering idler arms (under off-road or

commercial use conditions, as required).
236,000 Km (150,000 Miles)

212,000 Km (135,000 Miles) • Change engine oil and install a new oil filter.
• Change engine oil and install a new oil filter. • Rotate tires and inspect for wear.
• Rotate tires and inspect for wear. • Check the air filter minder and reset after a new

filter is installed.• Check the air filter minder and reset after a new
filter is installed. • Install new frame-mounted and engine fuel filters.

• Install new frame-mounted and engine fuel filters. • Inspect steering linkage, suspension and, if
equipped, driveshaft and ball joints.• Inspect steering linkage, suspension and, if

equipped, driveshaft and ball joints.

2004 E-Series, 12/2003 



100-03-18 100-03-18Maintenance Schedule

DESCRIPTION AND OPERATION (Continued)

Normal Vehicle Axle Maintenance• Inspect engine cooling system and hoses.

Rear axles and power take off (PTO) units• Inspect brake pads, shoes, brake discs, drums,
containing synthetic lubricant, and light duty trucksbrake lines and hoses.
equipped with Ford-design axles are lubricated for• If equipped, inspect and lubricate 4x2 ball joints
life. These lubricants are not to be checked orand steering idler arms.
changed unless service is required, or if a leak  is

• If equipped, inspect and lubricate 4x4 front axle suspected or the axle assembly has been submerged
shaft U-joints. in water.

• Inspect exhaust system and heat shields. The axle and PTO should be changed anytime they
• Change automatic transmission fluid. have been submerged in water. Non-synthetic rear

axle lubricants should be replaced every 4,800 km• If equipped, change the external transmission fluid
(3,000 miles) or three months, whichever occursfilter and in-line service installed transmission
first, during extended trailer tow operation  abovefluid filter.
21°C (70°F) ambient and wide open throttle for

• If equipped, change transfer case fluid. extended periods above 45 mph.
• Inspect wheels for end play and noise. The 3,000 mile lube change interval may be waived
• If equipped, lubricate 4x4 hub needle bearings if the axle was filled with 75W140 synthetic gear

(under trailer towing or off-road conditions, as lubricant meeting Ford specification
required). WSL-M2C192-A, part number F1TZ-19B546-B or

equivalent. Add four ounces of additive friction• If equipped, install new 4x2 wheel bearings.
modifier  C8AZ-19B546-A (EST-M2C118-A) or

• Install new wheel bearing grease seals. equivalent for complete refill of Traction-Lokrear
• If equipped, install a new cabin air filter. axles.
• Change transfer case fluid, if equipped. The axle lubricant should be changed anytime an

axle has been submerged in water.
Exceptions To Normal Schedule (All
Vehicles) Police and Taxi Vehicle Axle Maintenance

Refill with new rear axle lubricant every 160,000Premium Gold Coolant
km (100,000 miles). Rear axle lubricant change may

• Change Premium Gold coolant at 5 years or be waived if the axle was filled with 75W140
100,000 miles (160,000 km) of the vehicle’s life, synthetic gear lubricant meeting Ford specification
whichever comes first. WSL-M2C192-A, part number FITZ-19580-B or

• After the initial change, change coolant every 3 equivalent. Add four ounces of additive friction
years or 80,000 km (50,000 miles) thereafter. modifier C8AZ-19B546-A (EST-M2C118-A) or

equivalent for complete refill of Traction-Lokrear
Natural Gas and Propane Vehicles axles.

• Inspect NGV fuel tanks from the date of tank The axle lubricant should be changed anytime an
manufacture every 3 years. axle has been submerged in water.

• Inspect propane fuel tanks from vehicle build date F-450 and F-550 Axle Maintenance
every 5 years.

Refill with new rear axle lubricant every 160,000
• Install new NGV fuel tanks from the date of tank km (100,000 miles) under normal driving conditions

manufacture every 15 years. on all F-450 and F-550 commercial applications.
For F-450 and F-550 trucks operated at or nearClass A Motorhome
maximum gross vehicle weights, the rear axle

• Change brake fluid every two years. lubricant should be replaced every 80,000 km
(50,000 miles).• Change automatic transmission fluid every 48,000

km (30,000 miles).
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100-03-19 100-03-19Maintenance Schedule

DESCRIPTION AND OPERATION (Continued)

In addition, this 50,000-mile schedule should be
observed when the vehicles are operated, where
noted, under the Special Operating Conditions.
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100-04-1 100-04-1Noise, Vibration and Harshness

DESCRIPTION AND OPERATION

The diagnosis and correction of noise, vibration andNoise, Vibration and Harshness (NVH)
harshness concerns requires:Noise is any undesirable sound, usually unpleasant

in nature. Vibration is any motion, shaking or • a road or system test to determine the exact
trembling, that can be felt or seen when an object nature of the concern.
moves back and forth or up and down. Harshness is • an analysis of the possible causes.
a ride quality issue where the vehicle’s  response to

• testing to verify the cause.the road transmits sharply to the customer.
• repairing any concerns found.Harshness normally describes a firmer than usual

response from the suspension system. Noise, • a road test or system test to make sure the
vibration and harshness (NVH) is a term used to concern has been corrected or brought back to
describe these conditions, which result in varying within an acceptable range.
degrees of dissatisfaction. Although, a certain level

Glossary of Termsof NVH caused by road and environmental
conditions is normal. This section is designed to aid Acceleration — Light
in the diagnosis, testing and repair of NVH An increase in speed at less than 1/2 throttle.
concerns.

Acceleration — Medium
Acceptable Noise, Vibration and An increase in speed at 1/2 to nearly full throttle,
Harshness such as 0-97 km/h (0-60 mph) in approximately 30

seconds.All internal combustion engines and drivelines
produce some noise and vibration; operating in a Acceleration — Heavy
real world environment adds noise that is not An increase in speed at 1/2 to full throttle, such as
subject to control. Vibration isolators, mufflers and 0-97 km/h (0-60 mph) in approximately 20 seconds.
dampers reduce these to acceptable levels. A  driver

Ambient Temperaturewho is unfamiliar with a vehicle can think that
The surrounding or prevailing temperature.some sounds are abnormal when actually the sounds

are normal for the vehicle type. For example, Amplitude
Traction-Lok differentials produce a slight noise

The quantity or amount of energy produced by a
on slow turns after extended highway  driving. This

vibrating component (G force). An extreme
is acceptable and has no detrimental effect on the vibration has a high amplitude. A mild vibration has
locking axle function. As a technician, it is very a low amplitude.
important to be familiar with vehicle features and

Backlashknow how they relate to NVH concerns and their
Gear teeth clearance.diagnosis. For example, if the  vehicle has

automatic overdrive, it is important to test drive the
Boom

vehicle both in and out of OVERDRIVE mode.
Low frequency or low pitched noise often
accompanied by a vibration. Also refer toDiagnostic Theory
drumming.

The shortest route to an accurate diagnosis results
from: Bound Up

An overstressed isolation (rubber) mount that
• system knowledge, including comparison with a

transmits vibration/noise instead of absorbing it.
known good system.

Brakes Applied• system history, including repair history and usage
When the service brakes are applied with enoughpatterns.
force to hold the vehicle against movement with the

• condition history, especially any relationship to transmission in gear.
repairs or sudden change.

• knowledge of possible sources.

• using a systematic diagnostic method that divides
the system into related areas.

Copyright  2003, Ford Motor Company
Last updated: 3/9/2006 2004 E-Series, 12/2003 



100-04-2 100-04-2Noise, Vibration and Harshness

DESCRIPTION AND OPERATION (Continued)

Item DescriptionBuffet/Buffeting
Strong noise fluctuations (less than 1000 Hz) caused 1 Positive caster
by gusting winds. An example would be wind gusts 2 True vertical
against the side glass.

3 Steering axis
Buzz
A low-pitched sound (200-5000 Hz) like that from a Chatter
bee. Often a metallic or hard plastic humming A pronounced series of rapidly repeating rattling or
sound. Also describes a high frequency (200-800 clicking sounds.
Hz) vibration. Vibration feels similar to an electric
razor. Chirp

A short-duration high-pitched noise associated with
Camber a slipping drive belt.
The angle of the wheel in relation to the true
vertical as measured looking from the front of the Chuckle
vehicle. Camber is positive when the wheel angle is A repetitious low-pitched sound. A loud chuckle is
offset so that the top of the wheel is positioned usually described as a knock.
away from the vehicle.

Click
A sharp, brief, non-resonant sound, similar to
actuating a ball point pen.

Clonk
A hydraulic knocking sound. Sound occurs with air
pockets in a hydraulic system. Also described as
hammering.

Clunk/Driveline Clunk
A heavy or dull, short-duration, low-frequency
sound. Occurs mostly on a vehicle that is
accelerating or decelerating abruptly. Also described
as a thunk.

Coast/DecelerationCaster
Releasing the accelerator pedal at cruise, allowingThe angle of the steering knuckle in relation to the
the engine to reduce vehicle speed without applyingtrue vertical as measured looking from the side of
the brakes.the vehicle.

Coast/Neutral Coast
Placing the transmission range selector in
NEUTRAL (N) or depressing the clutch pedal while
at cruise.

Constant Velocity (CV) Joint
A joint used to absorb vibrations caused by driving
power being transmitted at an angle.

Controlled Rear Suspension Height
The height at which a designated vehicle element
must be when driveline angle measurements are
made.

Coupling Shaft
The shaft between the transfer case and the front
drive axle or, in a 2-piece rear driveshaft, the front
section.
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100-04-3 100-04-3Noise, Vibration and Harshness

DESCRIPTION AND OPERATION (Continued)

CPS Drivetrain
Cycles per second. Same as hertz (Hz). All power transmitting components from the engine

to the wheels; includes the clutch or torque
Cracks converter, the transmission, the transfer case, the
A mid-frequency sound, related to squeak. Sound driveshaft and the front or rear drive axle.
varies with temperature conditions.

Drivetrain Damper
Creak A weight attached to the engine, the transmission,
A metallic squeak. the transfer case or the axle. It is tuned by weight

and placement to absorb vibration.Cruise
Constant speed on level ground; neither accelerating Drone
nor decelerating. A low frequency (100-200 Hz) steady sound, like a

freezer compressor. Also described as a moan.Cycle
The process of a vibrating component going through Drumming
a complete range of motion and returning to the A cycling, low-frequency (20-100 Hz), rhythmic
starting point. noise often accompanied by a sensation of pressure

on the ear drums. Also described as a low rumble,Decibel
boom or rolling thunder.A unit of measurement, referring to sound pressure

level, abbreviated dB. Dynamic Balance
The equal distribution of weight on each side of theDrive Engine Run-Up (DERU) Test
centerline, so that when the wheel and tire assemblyThe operation of the engine through the normal rpm
spins, there is no tendency for the assembly torange with the vehicle standing still, the brakes
move from side-to-side (wobble). Dynamicallyapplied and the transmission engaged. This test is
unbalanced wheel and tire assemblies can  causeused for noise and vibration checks.
wheel shimmy.

Driveline Angles
Engine ImbalanceThe differences of alignment between the
A condition in which an engine’s center mass is nottransmission output shaft, the driveshaft and the rear
concentric to the rotation center, causing excessiveaxle pinion centerline.
motion.

Engine Misfire
When combustion in one or more cylinders does not
occur or occurs at the wrong time.

Engine Shake
An exaggerated engine movement or vibration that
directly increases in frequency as the engine speed
increases. It is caused by non-equal distribution of
mass in the rotating or reciprocating components.

Flexible Coupling
A flexible joint.

FloatDriveshaft
A drive mode on the dividing line between cruiseThe shaft that transmits power to the rear axle input
and coast where the throttle setting matches theshaft (pinion shaft). In a 2-piece driveshaft, it is the
engine speed with the road speed.rearmost shaft.
Flutter
Mid to high (100-2000 Hz) intermittent sound due
to air flow. Similar to a flag flapping in the wind.
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100-04-4 100-04-4Noise, Vibration and Harshness

DESCRIPTION AND OPERATION (Continued)

Frequency Neutral Engine Run-Up (NERU) Test
The rate at which a cycle occurs within a given The operation of the engine through the normal rpm
time. range with the vehicle standing still and the

transmission disengaged. This test is used to identify
Gravelly Feel engine related vibrations.
A grinding or growl in a component, similar to the
feel experienced when driving on gravel. Neutralize/Normalize

To return to an unstressed position. Used to
Grind describe mounts. Also refer to bound up.
An abrasive sound, similar to using a grinding
wheel, or rubbing sand paper against wood. Outboard

Away from the centerline of the vehicle.
Hiss
Steady high frequency (200-800 Hz) noise. Vacuum Ping
leak sound. A short duration, high-frequency sound, which has a

slight echo.
Hoot
A steady low frequency tone (50-500 Hz), sounds Pinion Shaft
like blowing over a long neck bottle. The input shaft in a driving axle that is usually a

part of the smaller driving or input hypoid gear of a
Howl ring and pinion gearset.
A mid-range frequency (200-800 Hz) noise between
drumming and whine. Also described as a hum. Pitch

The physical quality of sound that relates to its
Hum frequency. Pitch increases as frequency increases
Mid-frequency (200-800 Hz) steady sound, like a and vice versa.
small fan motor. Also described as a howl.

Pumping Feel
Hz A slow, pulsing movement.
Hertz; a frequency measured in cycles per second.

Radial/Lateral
Imbalance Radial is in the plane of rotation; lateral is at 90
Out of balance; heavier on one side than the other. degrees to the plane of rotation.
In a rotating component, imbalance often causes
vibration.

Inboard
Toward the centerline of the vehicle.

Intensity
The physical quality of sound that relates to the
strength of the vibration (measured in decibels). The
higher the sound’s amplitude, the higher the
intensity and vice versa.

Isolate
To separate the influence of one component to
another.

Knock Item Description
A heavy, loud, repetitious sound, like a knock on 1 Lateral runout
the door.

2 Radial runout

Moan
A constant, low-frequency (100-200 Hz) tone. Also Rattle
described as a hum. A random and momentary or short duration noise.
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DESCRIPTION AND OPERATION (Continued)

Ring Gear Static Balance
The large, circular, driven gear in a ring and pinion The equal distribution of weight around the wheel.
gearset. Statically unbalanced wheel and tire assemblies can

cause a bouncing action called wheel tramp. This
Road Test condition will eventually cause uneven tire wear.
The operation of the vehicle under conditions
intended to produce the concern under investigation. Tap

A light, rhythmic, or intermittent hammering sound,
Roughness similar to tapping a pencil on a table edge.
A medium-frequency vibration. A slightly higher
frequency (20 to 50 Hz) than a shake. This type of Thump
vibration is usually related to drivetrain components. A dull beat caused by 2 items striking together.

Runout Tick
Lateral runout means measuring the movement or A rhythmic tap, similar to a clock noise.
‘‘wobble’’ of a wheel or tire at the sidewall. Radial

Tip-In Moanrunout means measuring the out-of-round at the
A light moaning noise heard during light vehicletread surface.
acceleration, usually between 40-100 km/h (25-65

Rustling mph).
Intermittent sound of varying frequency (100-2000

TIRHz), sounds similar to shuffling through leaves.
The acronym for total indicated runout is TIR.

Shake
Tire DeflectionA low-frequency vibration (5-20 Hz), usually with
The change in tire diameter in the area where thevisible component movement. Usually relates to
tire contacts the ground.tires, wheels, brake drums or brake discs if it is

vehicle speed sensitive, or engine if it is engine Tire Flat Spots
speed sensitive. Also referred to as a shimmy  or A condition commonly caused by letting the vehicle
wobble. stand while the tires cool off. This condition can be

corrected by driving the vehicle until the tires areShimmy
warm. Also, irregular tire wear patterns in the tireAn abnormal vibration or wobbling, felt as a
tread resulting from wheel-locked  skids.side-to-side motion of the steering wheel in the

driveshaft rotation. Also described as waddle. Tire Force Vibration
A tire vibration caused by variations in theShudder
construction of the tire that is noticeable when theA low-frequency vibration that is felt through the
tire rotates against the pavement. This condition cansteering wheel or seat during light brake application.
be present on perfectly round tires because of

Slap variations in the inner tire construction.  This
A resonance from flat surfaces, such as safety belt condition can occur at wheel rotation frequency or
webbing or door trim panels. twice rotation frequency.

Slip Yoke/Slip Spline Transient
The driveshaft coupling that allows length changes A noise or vibration that is momentary, a short
to occur while the suspension articulates and while duration.
the driveshaft rotates.

Two-Plane Balance
Squeak Radial and lateral balance.
A high-pitched transient sound, similar to rubbing

Vibrationfingers against a clean window.
Any motion, shaking or trembling, that can be felt

Squeal or seen when an object moves back and forth or up
A long-duration, high-pitched noise. and down.
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DESCRIPTION AND OPERATION (Continued)

Whine
A constant, high-pitched noise. Also described as a
screech.

Whistle
High-pitched noise (above 500 Hz) with a very
narrow frequency band. Examples of whistle noises
are a turbocharger or airflow around an antenna.

Wind Noise
Any noise caused by air movement in, out or
around the vehicle.

WOT
The acronym for wide open throttle is WOT. Item Description

1 EVA screenTools and Techniques
2 Frequency mode displayed in rpm or

Vibration Analyzer (EVA) Hz
The vibration analyzer (EVA) is a hand-held

3 Active sensor input (A or B)electronic scan tool which will assist in locating the
4 Current active modesource of unacceptable vibrations. The vibration

sensor can be remotely mounted anywhere in the 5 G force indicators or the strongest
frequencies in descending strength ofvehicle for testing purposes. The unit displays  the 3
each vibrationmost common vibration frequencies and their

6 Strength of each vibrationcorresponding amplitudes simultaneously. A bar
graph provides a visual reference of the relative 7 Frequency in rpm/Hz of each vibration
signal strength (amplitude) of each vibration being
displayed and its relative G force. The keypad is

The EVA allows for a systematic collection ofarranged to make the EVA simple to program and
information that is necessary to accurately diagnoseuse. Some of the functions include the ability to
and repair NVH problems. For the best results,average readings as well as record, play back and
carry out the test as follows:freeze readings. The EVA has a strobe balancing

function that can be used to detect imbalance on a. Test drive the vehicle with the vibration sensor
rotating components such as a driveshaft or engine inside the vehicle.
accessories. b. Place the sensor in the vehicle according to

feel.

— If the condition is felt through the steering
wheel, the source is most likely in the front
of the vehicle.

— A vibration that is felt in the seat or floor
only will most likely be found in the
driveline, drive axle or rear wheels and
tires.
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DESCRIPTION AND OPERATION (Continued)

c. Record the readings. Also note when the • Provide a photo-tachometer for operation of the
condition begins, when it reaches maximum driveshaft balancing function
intensity and if it tends to diminish • Provide a strobe output capable of driving a
above/below a certain speed. standard timing light
— Frequencies should be read in the • Contain a real time clock circuit that provides

‘‘average’’ mode. time and date information which is used for
— Frequencies have a range of plus or minus tagging test data

2. A reading of 10 Hz can be displayed as • Have the capability to print to an external printer
an 8 Hz through 12 Hz. and interface with a PC

— Frequencies with a reading of 0.06 Gs or • Can be powered from a variety of power sources:
less, are barely perceptible NVH levels. No cigarette lighter, AC power or the internal battery
corrective action is necessary. pack

d. Place the vibration sensor on or near the The MTS 4000 and the 4100 NVH analyzers have 4
suspect area outside the vehicle. main operating modes. The first is for vibration

e. Continue the road test, driving the vehicle at diagnosis. This mode measures data from 1 or 2
the speed the symptom occurs, and take another accelerometers simultaneously while obtaining data
reading. from the vehicle’s computer system about the

operation of the vehicle. Then it does a frequencyf. Compare the readings.
analysis on the accelerometer information and

— A match in frequency indicates the problem compares the vibration frequencies with the
component or area. frequencies associated with various rotating

— Example: A vibration is felt in the seat. components within the vehicle. The data can be
Place the sensor on the console. Record the presented in 4  different display modes: principle
readings. Place the vibration sensor on the component, bar chart, frequency spectrum or
rear axle. Compare the readings. If the waterfall. All display mode formats contain the
frequencies are the same, the axle is the same common elements, such as amplitude.
problem component. The second is for noise diagnosis. This mode

— If the 2 readings are not the same measures noise from 1 or 2 microphones
frequency, then diagnose the frequency with simultaneously. All noise measurements are in db’s.
the most significant amplitude (Gs) first. All frequency bands used for noise measurements

are the same as for the vibration measurements, upNVH Analyzer (Vetronix)
to  1000 Hz.The MTS 4000 and the MTS 4100 NVH analyzers
The third is driveshaft balancing. Driveshaftare tools to aid in the identification and isolation of
balancing is done using 1 or 2 accelerometers and aa noise, vibration or harshness concern in a vehicle.
photo-tachometer. The accelerometers measure theThey measures noise and vibration data and
vibrations at both ends of the driveshaft, while thecompare it with data obtained from the  vehicle’s
photo-tachometer measures the rotation speed  andpowertrain control module (PCM) in order to
position reference.provide possible sources. The MTS 4000 and the

4100 have the following characteristics: The fourth mode is the strobe. A strobe or standard
timing light can be connected to an analyzer, to• Interfaces with the vehicle’s computer system
provide a means for measuring rotational speed. The

• Support and store vibration data input from 1 or 2 strobe function is used for isolating the source of a
accelerometers vibration.

• Support and store noise data input from 2
microphones
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DESCRIPTION AND OPERATION (Continued)

Vibrate Software EngineEAR Basic Unit
Vibrate Software (Rotunda tool number An electronic listening device used to detect even
215-00003) is a diagnostic aid which will assist in the faintest noises, the EngineEARs can detect the
pinpointing the source of unacceptable vibrations. noise of damaged/worn bearings in generators,
The engine’s crankshaft is the point of reference for coolant pumps, A/C compressors and power steering
vibration diagnosis. Every rotating  component will pumps. They are also used to identify noisy  lifters,
have an angular velocity that is faster, slower or the exhaust manifold leaks, chipped gear teeth and for
same as the engine’s crankshaft. Vibrate Software detecting wind noise. The EngineEAR has a sensing
calculates the angular velocity of each component tip, amplifier and headphones. The directional
and graphically represents these velocities on a sensing tip is used to listen to the various
computer screen and  on a printed vibration components. Point the sensing tip at the  suspect
worksheet. The following steps outline how Vibrate component and adjust the volume with the
Software helps diagnose a vibration concern: amplifier. Placing the tip in direct contact with a

component will reveal structure-borne noise and
• Enter the vehicle information. Vibrate will do all vibrations, generated by or passing through, the

the calculations and display a graph showing tire, component. Various volume levels can reveal
driveshaft and engine vibrations. different sounds.

• Print a Vibration Worksheet graph. The printed
Ultrasonic Leak Detectorgraph is to be used during the road test.
The Ultrasonic Leak Detector is used to detect wind

• Road test the vehicle at the speed where the noises caused by leaks and gaps in areas where
vibration is most noticeable. Record the vibration there is weatherstripping or other sealing material. It
frequency (rpm) and the engine rpm on the is also used to identify A/C leaks, vacuum leaks and
worksheet graph. The point on the graph where evaporative emission noises. The  Ultrasonic Leak
the vibration frequency (rpm) reading and the Detector includes a multi-directional transmitter
engine rpm  reading intersect indicates the (operating in the ultrasonic range) and a hand-held
specific component group causing the concern. detector. The transmitter is placed inside the
— A EVA or equivalent tool capable of vehicle. On the outside of the vehicle, the hand-held

measuring vibration frequency and engine rpm detector is used to sweep the  area of the suspected
will be needed. leak. As the source of the leak is approached, a

beeping sound is produced which increases in both• Provide pictures of diagnostic procedures to aid in
speed and frequency.testing components.

Squeak and Rattle Repair KitCombination EngineEAR/ChassisEAR
The Squeak and Rattle Repair Kit (Rotunda toolAn electronic listening device used to quickly
number 164-R4900) contains lubricants andidentify noise and the location under the chassis
self-adhesive materials that can be used to eliminatewhile the vehicle is being road tested. The
interior and exterior squeaks and rattles. The kitChassisEARs can identify the noise and location of
consists of the following materials:damaged/worn wheel bearings, CV joints, brakes,

springs, axle bearings or driveshaft carrier bearings. • PVC (soft foam) tape

• Urethane (hard foam) tape

• Flocked (black fuzzy) tape

• UHMW (frosted) tape

• Squeak and rattle oil tube

• Squeak and rattle grease tube
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DESCRIPTION AND OPERATION (Continued)

Tracing Powder
Tracing powder is used to check both the uniformity
of contact and the tension of a seal against its
sealing surface. These tests are usually done when a
suspected air leak/noise appears to originate from
the seal area or during the alignment  and
adjustment of a component to a weatherstrip.
Tracing powder can be ordered from Crest
Industries as ATR Leak Trace. Carry out the tracing
powder test as follows:

a. Clean the weatherstrip.

b. Spray the tracing powder on the mating surface
only. Index Card

Place an index card or a piece of paper between thec. Close the door completely. Do not slam the
weatherstrip and the sealing surface, then close thedoor.
door. Slowly withdraw the index card or paper afterd. Open the door. An imprint is made where the
the door is closed and check the amount of pressureweatherstrip contacted the mating surface seal.
on the weatherstrip. There should  be a mediumGaps or a faint imprint will show where there
amount of resistance as it is withdrawn. Continueis poor contact with the weatherstrip.
around the entire seal area. If there is little or no
resistance, this indicates insufficient contact to form
a good seal. At these points, the door, the glass or
the weatherstrip is out  of alignment.
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DIAGNOSIS AND TESTING

Noise, Vibration and Harshness (NVH)

Special Tool(s)

ChassisEAR
107-R2102 or Equivalent

Vibration Analyzer
100-F027 (014-00344) or
Equivalent

EngineEAR
107-R2100 or Equivalent

Ultrasonic Leak Detector
134-R0135 or Equivalent

To assist the service advisor and the technician, a
Write-up Job Aid and an NVH Diagnostic Guide
are included with this material. The Write-up Job
Aid serves as a place to record all important
symptom information. The NVH Diagnostic Guide
serves as a place to record information reported on
the Write-up Job Aid as well as data from the
testing to be carried out.

To begin a successful diagnosis, fill out the NVH
Diagnostic Guide, record the reported findings, then
proceed to each of the numbered process steps to
complete the diagnosis.

Copyright  2003, Ford Motor Company
Last updated: 12/17/2004 2004 E-Series, 12/2003 
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DIAGNOSIS AND TESTING (Continued)

1: Customer Interview • Remember that the vibrating source component
(originator) may only generate a small vibration.The diagnostic process starts with the customer
This small vibration can in turn cause a largerinterview. The service advisor must obtain as much
vibration/noise to emanate from another receivinginformation as possible about the problem and take
component (reactor), due to contact with othera test drive with the customer. There are many ways
components (transfer path).a customer will describe NVH concerns and  this

will help minimize confusion arising from • Conduct the road test on a quiet street where it is
descriptive language differences. It is important that safe to duplicate the vibration/noise. The ideal
the concern is correctly interpreted and the customer testing route is an open, low-traffic area where it
descriptions are recorded. During the interview, ask is possible to operate the vehicle at the speed in
the following questions: which the condition occurs.

• If possible, lower the radio antenna in order to• When was it first noticed?
minimize turbulence. Identify anything that could• Did it appear suddenly or gradually?
potentially make noise or be a source of wind

• Did any abnormal occurrence coincide with or noise. Inspect the vehicle for add-on items that
proceed its appearance? create vibration/noise. Turn off the radio and the

heating and cooling system blower.Use the information gained from the customer to
accurately begin the diagnostic process. • The engine speed is an important factor in

arriving at a final conclusion. Therefore, connect2: Pre-Drive Check
an accurate tachometer to the engine, even if the

It is important to do a pre-drive check before road vehicle has a tachometer. Use a tachometer that
testing the vehicle. A pre-drive check verifies that has clearly defined increments of less than 50
the vehicle is relatively safe to drive and eliminates rpm.  This ensures an exact engine speed reading.
any obvious faults on the vehicle.

4: Verify the Customer ConcernThe pre-drive check consists of a brief visual
Verify the customer concern by carrying out a roadinspection. During this brief inspection, take note of
test, an engine run-up test, or both.anything that will compromise safety during the

road test and make those repairs/adjustments before The decision to carry out a road test, an engine
taking the vehicle on the road. run-up test, or both depends on the type of NVH

concern. A road test may be necessary if the3: Preparing for the Road Test
symptom relates to the suspension system or is

Observe the following when preparing for the road sensitive to torque. A drive engine run-up (DERU)
test: or a  neutral engine run-up (NERU) test identifies

noises and vibrations relating to engine and• Review the information recorded on the NVH
drivetrain rpm. Remember, a condition will notDiagnostic Guide. It is important to know the
always be identifiable by carrying out these tests,specific concern the customer has with the
however, they will eliminate many possibilities ifvehicle.
carried  out correctly.

• Do not be misled by the reported location of the
noise/vibration. The cause can actually be some
distance away.
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DIAGNOSIS AND TESTING (Continued)

5: Road Test • The Engine Accessory Test helps to locate faulty
belts and accessories that cause engineNOTE: It may be necessary to have the customer
speed-related concerns.ride along or drive the vehicle to point out the

concern. During the road test, take into • The Vehicle Cold Soak Procedure helps to
consideration the customer’s driving habits and the identify concerns occurring during initial start-up
driving conditions. The customer’s concern just may and when an extended time lapse occurs between
be an  acceptable operating condition for that vehicle usage.
vehicle.

Slow Acceleration Test
The following is a brief overview of each test in the

To carry out this test, proceed as follows:order in which it appears. A review of this
information helps to quickly identify the most • Slowly accelerate to the speed where the reported
appropriate process necessary to make a successful concern occurs. Note the vehicle speed, the engine
diagnosis. After reviewing this information,  select rpm and, if possible, determine the vibration
and carry out the appropriate test(s), proceeding to frequency.
the next step of this process.

• Attempt to identify from what part of the vehicle
• The Slow Acceleration Test is normally the first the concern is coming.

test to carry out when identifying an NVH • Attempt to identify the source of the concern.
concern, especially when a road test with the

• Proceed as necessary.customer is not possible.

• The Heavy Acceleration Test helps to determine if Heavy Acceleration Test
the concern is torque-related. To carry out this test, proceed as follows:

• The Neutral Coast Down Speed Test helps to
• Accelerate hard from 0-64 km/h (0-40 mph).determine if the concern is vehicle speed-related.
• Decelerate in a lower gear.• The Downshift Speed Test helps to determine if
• The concern is torque related if duplicated whilethe concern is engine speed-related.

carrying out this test.• The Steering Input Test helps to determine how
• Proceed as necessary.the wheel bearings and other suspension

components contribute to a vehicle speed-related
Neutral Coast Down Speed Testconcern.
To carry out this test, proceed as follows:• The Brake Test helps to identify vibrations or

noise that are brake related. • Drive at a higher rate of speed than where the
concern occurred when carrying out the Slow• The Road Test Over Bumps helps isolate a noise
Acceleration Test.that occurs when driving over a rough or bumpy

surface. • Place the transmission in NEUTRAL and coast
down past the speed where the concern occurs.• The Engine Run-Up Tests consist of the Neutral

Run-up Test and the Engine Load Test. These • The concern is vehicle speed-related if duplicated
tests help to determine if the concern is engine while carrying out this test. This eliminates the
speed-related. engine and the torque converter as sources.

• The Neutral Run-up Test is used as a follow-up • If the concern was not duplicated while carrying
test to the Downshift Speed Test when the out this test, carry out the Downshift Speed Test
concern occurs at idle. to verify if the concern is engine speed related.

• The Engine Load Test helps to identify • Proceed as necessary.
vibration/noise sensitive to engine load or torque.

Downshift Speed TestIt also helps to reproduce engine speed-related
concerns that cannot be duplicated when carrying To carry out this test, proceed as follows:
out the Neutral Run-up Test or the Neutral Coast

• Shift into a lower gear than the gear used whenDown  Test. 
carrying out the Slow Acceleration Test.
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DIAGNOSIS AND TESTING (Continued)

Neutral Engine Run-Up (NERU) Test• Drive at the engine rpm where the concern
occurs. To carry out this test, proceed as follows:

• The concern is engine speed related if duplicated • Install a tachometer.
while carrying out this test. This eliminates the

• Increase the engine rpm up from an idle totires, wheels, brakes and the suspension
approximately 4000 rpm while in PARK on frontcomponents as sources.
wheel drive vehicles with automatic transmissions,

• If necessary, repeat this test using other gears and or NEUTRAL for all other vehicles. Note the
NEUTRAL to verify the results. engine rpm and, if possible, determine the

• Proceed as necessary. vibration  frequency.

• Attempt to identify what part of the vehicle theSteering Input Test
concern is coming from.

To carry out this test, proceed as follows:
• Attempt to identify the source of the concern.

• Drive at the speed where the concern occurs,
• Proceed as necessary.while making sweeping turns in both directions.

Drive Engine Run-Up (DERU) Load Test• If the concern goes away or gets worse, the wheel
bearings, hubs, U-joints (contained in the axles of To carry out this test, proceed as follows:
4WD applications), and tire tread wear are all
possible sources. • WARNING: Block the front and rear

wheels, and apply the parking brake and the• Proceed as necessary.
service brake, or injury to personnel can result.

Brake Test
CAUTION: Do not carry out the EngineTo carry out this test, proceed as follows:

Load Test for more than five seconds or damage
• Warm the brakes by slowing the vehicle a few to the transmission or transaxle can result.

times from 80-32 km/h (50-20 mph) using light Block the front and rear wheels.
braking applications. At highway speeds of 89-97 • Apply the parking brake and the service brake.
km/h (50-60 mph), apply the brake using a light

• Install a tachometer.pedal force.
• Shift the transmission into DRIVE, and increase• Accelerate to 89-97 km/h (55-60 mph).

and decrease the engine rpm between an idle to
• Lightly apply the brakes and slow the vehicle to approximately 2000 rpm. Note the engine rpm

30 km/h (20 mph). and, if possible, determine the vibration
• A brake vibration noise can be felt in the steering frequency.

wheel, seat or brake pedal. A brake noise can be • Repeat the test in REVERSE.
heard upon brake application and diminish when

• If the vibration/noise is duplicated when carryingthe brake is released.
out this test, inspect the engine and transmission
or transaxle mounts.Road Test Over Bumps

• If the concern is definitely engine speed-related,To carry out this test, proceed as follows:
carry out the Engine Accessory Test to narrow

• Drive the vehicle over a bump or rough surface down the source.
one wheel at a time to determine if the noise is

• Proceed as necessary.coming from the front or the back and the left or
the right side of the vehicle.

• Proceed as necessary.
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DIAGNOSIS AND TESTING (Continued)

Engine Accessory Test • CAUTION: Never probe moving parts.
To carry out this test, proceed as follows: Isolate the vibration/noise by carefully listening.

Move around the vehicle while listening to find• WARNING: Block the front and rear
the general location of the vibration/noise. Then,wheels, and apply the parking brake and the
search for a more precise location by using aservice brake, or injury to personnel can result.
stethoscope or EngineEAR.

CAUTION: Limit engine running time to • Refer to Idle Noise/Vibration in the Symptom
one minute or less with belts removed or serious Chart to assist with the diagnosis.
engine damage will result.

6: Check OASIS/TSBs/Repair History
NOTE: A serpentine drive belt decreases the

After verifying the customer concern, check forusefulness of this test. In these cases, use a
OASIS reports, TSBs and the vehicle repair historyvibration analyzer, such as the vibration analyzer
for related concerns. If information relating to a(VA), to pinpoint accessory vibrations. An
diagnosis/repair is found, carry out the procedure(s)electronic listening device, such as an EngineEAR,
specified in that information.will also help  to identify noises from specific

accessories. If no information is available from these sources,
Remove the accessory drive belts. carry out the vehicle preliminary inspection to

eliminate any obvious faults.• Increase the engine rpm to where the concern
occurs. 7: Diagnostic Procedure

• If the vibration/noise is duplicated when carrying Qualifying the concern by the particular sensation
out this test, the belts and accessories are not present can help narrow down the concern. Always
sources. use the ‘‘symptom’’ to ‘‘system’’ to ‘‘component’’

• If the vibration/noise was not duplicated when to ‘‘cause’’ diagnosis technique. This diagnostic
carrying out this test, install each accessory belt, method divides the problem into related areas to
one at a time, to locate the source. correct the customer concern.

• Verify the ‘‘symptom’’.Vehicle Cold Soak Procedure
• Determine which ‘‘system(s)’’ can cause theTo carry out this procedure, proceed as follows:

‘‘symptom’’.
• Test preparations include matching customer

— If a vibration concern is vehicle speed related,conditions (if known). If not known, document the
the tire and wheel rpm/frequency or driveshafttest conditions: gear selection and engine rpm.
frequency should be calculated.Monitor the vibration/noise duration with a watch

for up to three minutes. — If a vibration concern is engine speed related,
the engine, engine accessory or engine firing• Park the vehicle where testing will occur. The
frequencies should be calculated.vehicle must remain at or below the concern

temperature (if known) for 6-8 hours. • After determining the ‘‘system’’, use the
diagnostic tools to identify the worn or damaged• Before starting the engine, conduct a visual
‘‘components’’.inspection under the hood.

• After identifying the ‘‘components’’, try to find• Turn the key on, but do not start the engine.
the ‘‘cause’’ of the failure.Listen for the fuel pump, anti-lock brake system

(ABS) and air suspension system noises. Once the concern is narrowed down to a
symptom/condition, proceed to NVH Condition and• Start the engine.
Symptom Categories.
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DIAGNOSIS AND TESTING (Continued)

NVH Condition and Symptom Categories Operating Condition — Vehicle is Moving

A good diagnostic process is a logical sequence of 1. Depends more on how the vehicle is operated
steps that lead to the identification of a causal 1 Speed related
system. Use the condition and symptom categories

X Related to vehicle speedas follows:
— Pitch increases with vehicle speed.

• Identify the operating condition that the vehicle is GO to Symptom Chart — Tire
exhibiting. Noise/Vibration.

• Match the operating condition to the symptom. — Noise occurs at specific vehicle
• Verify the symptom. speed. A high-pitched noise (whine).

GO to Symptom Chart — Driveline• Identify which category or system could cause the
Noise/Vibration.symptom.

— Loudness proportional to vehicle• Refer to the diagnostic symptom chart that is
speed. Low-frequency noise at highreferred to.
speeds, noise and loudness increase

Operating Condition — Vehicle is Not with speed. GO to Symptom Chart
Moving — Driveline Noise/Vibration.
1. Static operation — A low-pitched noise (drumming). GO

to Symptom Chart — Engine• Noise occurs during component/system
Noise/Vibration.functioning. GO to Symptom Chart —

Squeak and Rattle. — Vibration occurs at a particular speed
(mph) regardless of acceleration or2. While cranking
deceleration. GO to Symptom Chart1 Grinding or whine, differential ring gear or
— Tire Noise/Vibration.starter motor pinion noise. GO to Symptom

— Noise varies with wind/vehicle speedChart — Engine Noise/Vibration.
and direction. GO to Symptom Chart2 Rattle. Exhaust hanger, exhaust heat shield
— Air Leak and Wind Noise.or A/C line noise. GO to Symptom Chart

X Related to engine speed.— Squeak and Rattle.
— Noise varies with engine rpm. GO to3 Vibration. Acceptable condition.

Symptom Chart — Engine3. At idle
Noise/Vibration.

• Idle noise. GO to Symptom Chart — Idle
— Vibration occurs at a particular speedNoise/Vibration.

(mph) regardless of engine speed
• Idle vibration or shake. GO to Symptom (rpm).

Chart — Idle Noise/Vibration.
2 Acceleration

4. During Gear Selection
X Wide open throttle (WOT)

1 Vehicle parked on a steep incline.
— Engine induced contact betweenAcceptable noise.

components. Inspect and repair as
2 Vehicle parked on a flat surface. GO to necessary.

Symptom Chart — Driveline
— Noise is continuous throughoutNoise/Vibration.

WOT. Exhaust system or engine
3 Vehicle with a manual transmission. GO to ground out. GO to Symptom Chart

Symptom Chart — Transmission (Manual) — Engine Noise/Vibration.
and Transfer Case Noise/Vibration.

X Light/moderate acceleration

— Tip-in moan. Engine/exhaust noise.
GO to Symptom Chart — Engine
Noise/Vibration.
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DIAGNOSIS AND TESTING (Continued)

— Knock-type noise. GO to Symptom X Noise or vibration related to the
Chart — Engine Noise/Vibration. transmission (manual). GO to Symptom

Chart — Transmission (Manual) and— Driveline shudder. GO to Symptom
Transfer Case Noise/Vibration.Chart — Driveline Noise/Vibration.

7 Engaged in four-wheel drive. GO to— Engine vibration. GO to Symptom
Symptom Chart — Transmission (Manual)Chart — Engine Noise/Vibration.
and Transfer Case Noise/Vibration.

3 Turning noise. GO to Symptom Chart —
8 Cruising speedsSteering Noise/Vibration.

X Accelerator pedal vibration. GO to4 Braking
Symptom Chart — Engine

X Clicking sound is signaling ABS is Noise/Vibration.
active. Acceptable ABS sound.

X Driveline vibration. GO to Symptom
X A continuous grinding/squeal. GO to Chart — Driveline Noise/Vibration.

Symptom Chart — Brake
X A shimmy or shake. GO to SymptomNoise/Vibration.

Chart — Tire Noise/Vibration.
X Brake vibration/shudder. GO to Symptom

9 Driving at low/medium speedsChart — Brake Noise/Vibration.
X A wobble or shudder. GO to Symptom5 Clutching

Chart — Tire Noise/Vibration.
X A noise occurring during clutch

2. Depends more on where the vehicle is operatedoperation. GO to Symptom Chart —
Transmission (Manual) and Transfer Case 1 Bump/pothole, rough road or smooth road.
Noise/Vibration. GO to Symptom Chart — Suspension

Noise/Vibration.
X Vibration. GO to Symptom Chart —

Transmission (Manual) and Transfer Case X Noise is random or intermittent occurring
Noise/Vibration. from road irregularities. GO to Symptom

Chart — Squeak and Rattle.6 Shifting
X Noise or vibration changes from one road

X Noise or vibration condition related to the
surface to another. Normal soundtransmission (automatic). GO to Symptom
changes.Chart — Transmission (Automatic)

Noise/Vibration. X Noise or vibration associated with a
hard/firm ride. GO to Symptom Chart —
Suspension Noise/Vibration.

Symptom Charts

Symptom Chart — Air Leak and Wind Noise

Condition Possible Sources Action
• Air leak around door • Loose fit seal. • PINCH the seal carrier to

perimeter improve retention on the seal
flange.

• Seal installed incorrectly. • REINSTALL the seal.
• Door misaligned. • REALIGN the door. CHECK

door gaps and fit in the door
opening and ADJUST as
necessary.

• Scuff plate installed • REINSTALL the scuff plate.
incorrectly.

• Seal or seal push pins • INSTALL a new seal.
damaged.
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DIAGNOSIS AND TESTING (Continued)

Symptom Chart — Air Leak and Wind Noise (Continued)

Condition Possible Sources Action
• Air leak around glass run • Door glass misaligned. • ADJUST the door glass.

• Glass run installed • ADJUST the glass run.
incorrectly. INSERT foam in the glass

run carrier.
• Leak path behind glass run. • INSTALL foam rope behind

the glass run.
• Glass run channel spread • PINCH the glass run channel

wide. to reduce the size of the
opening.

• Blow-out clip bent or • ADJUST the blow-out clip or
contacting door glass. INSTALL a new glass

run/blow-out clip molding
assembly.

• Glass run damaged. • INSTALL a new glass run.
• Air leak at inner belt line • Belt line seal installed • ADJUST the seal. (Do not

incorrectly on flange. bend the flange.)
• Belt line seal integrated with • REINSTALL the door trim.

door trim installed incorrectly
(no glass contact).

• No contact with side glass. • ADJUST the door glass.
• No contact with glass runs at • ADJUST the belt line seal or

both ends of belt line seal. ADD foam at the seal ends.
• Belt line seal damaged. • INSTALL a new seal.

• Air leak at outer belt line • Belt line seal installed • ADJUST the seal.
incorrectly on flange (no
glass contact).

• Belt line seal does not contact • ADJUST the door glass.
the glass.

• No contact with glass runs at • ADJUST the belt line
both ends of belt line seal. seal/ADD foam at the seal

ends.
• Belt line seal damaged. • INSTALL a new seal.

• Draft at inner door • Hole in watershield. • SEAL the hole with a suitable
handle/speaker opening tape.

• Watershield misaligned. • REALIGN the watershield.
INSTALL a new watershield
if the pressure sensitive
adhesive fails.

• Exterior door handle seal • REALIGN or INSTALL a
misaligned/damaged. new seal as necessary.
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DIAGNOSIS AND TESTING (Continued)

Symptom Chart — Air Leak and Wind Noise (Continued)

Condition Possible Sources Action
• Wind noise from side view • Outside mirror housing • REALIGN with the edges

mirror misaligned. shingled correctly and no
gaps.

• Mirror sail gasket • REINSTALL with the gasket
folded/misaligned. unfolded and aligned

correctly.
• Mirror housing trim cap • REINSTALL with the edges

installed incorrectly. shingled to the air flow.
• Air leak through mirror • Fully ENGAGE the mirror

housing hinge. into its operating
position/USE foam to block
the air path through the
hinge.

• Inner sail trim installed • REINSTALL the sail
incorrectly. trim/ADJUST the door trim.

• Inner sail gasket/barrier • REINSTALL the trim cover
installed incorrectly. with the gasket/barrier aligned

correctly.
• Air path through wiring • BLOCK the air path(s) with

bundle/fastener access holes. foam/tape.
• Exposed fastener access hole • INSTALL a new cap if it is

on mirror housing/sail. missing.
• Air leak around perimeter of • Gaps in the sealant bead. • APPLY approved sealant.

fixed glass
• Air traveling up windshield • INSTALL foam rope the full

molding along A-pillar. length of the A-pillar.
• Windshield/backlite • REINSTALL the

misaligned or not installed windshield/backlite.
correctly.

• Rear hood seal at base of • REALIGN or INSTALL a
windshield new seal as necessary.
misaligned/damaged.

• Air leak at cowl • Cowl gasket • REALIGN or INSTALL a
misaligned/damaged. new seal as necessary.

• Air leak around liftgate • Loose fit seal. • PINCH the seal carrier to
perimeter improve retention on the seal

flange or INSERT foam in
the carrier.

• Seal misaligned. • REINSTALL the seal.
• Liftgate misaligned. • REALIGN the liftgate.

CHECK the liftgate fit in the
body opening and ADJUST
as necessary.

• Scuff plate misaligned. • REINSTALL the scuff plate.
• Seal or seal push pins • INSTALL a new seal.

damaged.
• Air leak around the liftgate • Loose fit seal. • PINCH the seal carrier to

flip window perimeter improve the retention to the
seal flange.

• Seal misaligned. • REINSTALL the seal.
• Glass misaligned. • REALIGN the glass.
• Seal damaged. • INSTALL a new seal.

• Wind noise from antenna • Shape of antenna. • INSTALL an antenna boot or
a spiral antenna.

• Air leak around antenna cable • INSPECT the antenna access
access hole. hole grommet. REPAIR as

necessary.
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DIAGNOSIS AND TESTING (Continued)

Symptom Chart — Air Leak and Wind Noise (Continued)

Condition Possible Sources Action
• Air leak from closed roof • Seal installed incorrectly. • REINSTALL the seal.

opening panel
• Roof opening panel • REALIGN the roof opening

glass/door misaligned. panel glass/door.
• Roof opening panel damaged. • INSTALL a new roof

opening panel.
• Buffeting from an open roof • Wind deflector • REPAIR or INSTALL a new

opening panel inoperative/damaged. wind deflector as necessary.
• Wind deflector height • ADJUST the wind deflector

incorrect. higher.
• Wind noise created by airflow • Fender splash shield • REALIGN the fender splash

over or behind body panels misaligned. shield.
• Body panel misaligned • REALIGN the appropriate

(exposed edge). body panel.
• Hood misaligned (front • CHECK hood gaps and fit.

margin). ADJUST the hood as
necessary.

• Front grille edge noise. • APPLY foam in the hollow
areas behind the louvers.

• Wind noise created by grille • Grille relationship to leading • ADJUST the grille opening
opening panel edge on hood. panel forward to eliminate

wind noise.
• Sharp edges due to material • REMOVE the sharp edges

imperfections. (no damage to visible
surface).

• Wind noise from air extractor • Air extractor housing seated • REINSTALL the air extractor
incorrectly. housing.

• Air extractor housing or flaps • INSTALL a new air
damaged. extractor.

• Air leak at top of A-pillar — • Seal at windshield header • REINSTALL the seal.
vehicles with a convertible installed incorrectly.
top

• Seal pinched. • FILL the seal with foam to
reshape it.

• Gap between side rail and • ADJUST the J-hook/vinyl
header seal at A-pillar. top.

• Air leak at rear quarter glass • No contact between front side • ADJUST the front side glass
(division bar) — vehicles glass and quarter glass regulator and the rear quarter
with a convertible top division bar. glass regulator.

• Air leak or wind noise from • Gap between side rail and • ADD additional foam tape to
top of side glass — vehicles vinyl top. seal between the side rail and
with a convertible top the vinyl top.

• Seal at windshield header • REINSTALL the seal.
installed incorrectly.

• Seal damaged between side • INSTALL a new seal.
rail and vinyl top.

• Vinyl top damaged. • INSPECT the vinyl top.
INSTALL a new vinyl top as
necessary.

• Air leak or wind noise at • Vinyl top not flush with • ADJUST the J-hook to lower
windshield header — vehicles header. the top to achieve a flush
with a convertible top condition.

• Seal at windshield header • REINSTALL the seal.
installed incorrectly.

• Header seal not flush with • REINSTALL the seal.
header.
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DIAGNOSIS AND TESTING (Continued)

Symptom Chart — Air Leak and Wind Noise (Continued)

Condition Possible Sources Action
• Convertible top flapping with • Vinyl top contacting interior • Working from front to back,

the top up headliner. INSTALL a 6.35 mm (0.25
in) foam sheet between the
headliner and the vinyl top at
the suspected area. Allow a
clearance of 50 mm (2 in) -
75 mm (3 in) away from the
roof bows and the side rails.

• Noise from roof rack • Roof rack rails or crossbars • TIGHTEN the fasteners.
loose.

• Roof rack fasteners missing. • INSTALL the approved
fasteners.

• Roof rack crossbars installed • REINSTALL the crossbars.
backward.

• Roof rack rub strips partially • REAPPLY adhesive or
lifting from roof. fasteners or INSTALL new

rub strips as necessary.
• Roof rack gaskets loose or • REINSTALL the gasket.

misaligned.
• Wind noise from bug • Turbulence created by • REMOVE per customer

shield/exterior windshield sun location and shape. direction if it is a dealer
visor installed option.

Symptom Chart — Brake Noise/Vibration

Condition Possible Sources Action
• Rattling noise • Caliper mounting bolts loose. • CHECK the caliper bolts.

TIGHTEN to specifications.
• Damaged or worn caliper pins • CHECK the caliper pins and

or retainers. retainers for lubrication and
correct fit. LUBRICATE or
INSTALL new components
as necessary. REFER to
Section 206-03 for front disc
brakes or  Section 206-04 for
rear disc brakes.

• Missing or damaged • CHECK the brake pads for
anti-rattle clips or springs. missing clips or broken

springs. INSTALL new
components as necessary.
REFER to Section 206-03 for
front disc brakes or  Section
206-04 rear disc brakes.

• Loose brake disc shield. • TIGHTEN the brake disc
shield bolts to specification.
REFER to Section 206-03.

• Clicking noise — with brakes • ABS hydraulic control unit. • Acceptable condition.
applied with ABS brakes

• Squealing noise — occurs on • Disc brake pads. • Acceptable condition. Caused
first (morning) brake by humidity and low disc
application. brake pad temperature.

• Squealing noise — a • Disc brake pads or linings • INSTALL new disc brake
continuous squeal worn below minimum pads. REFER to Section

thickness. 206-03 for front disc brakes
or Section 206-04 for rear
disc  brakes.
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DIAGNOSIS AND TESTING (Continued)

Symptom Chart — Brake Noise/Vibration (Continued)

Condition Possible Sources Action
• Squealing noise — an • Disc brake pad. • Acceptable condition.

intermittent squeal brought on
by cold, heat, water, mud or
snow

• Groaning noise — occurs at • Disc brake pads. • Acceptable condition.
low speeds with brake lightly
applied (creeping)

• Grinding noise — continuous • Disc brake pads or linings • INSPECT the disc brake
worn below minimum pads, brake discs/drums and
thickness. attaching hardware for

damage. REPAIR or
INSTALL new components
as necessary. REFER to
Section 206-03 for front disc
brakes and  Section 206-04
for rear disc brakes.

• Moaning noise • Brake linings contaminated • INSPECT the brake pads and
with grease or oil. shoes for contamination.

REPAIR or INSTALL new
components as necessary.
REFER to Section 206-03 for
front disc brakes and  Section
206-04 for rear disc brakes.

• Brake vibration/shudder — • Uneven disc or drum wear. • GO to Pinpoint Test A.
occurs when brakes are • Uneven disc brake pad or
applied lining transfer.

• Suspension components.
• Brake vibration/shudder — • Brake drag. • INSPECT the disc brake pads

occurs when the brake pedal or linings for premature wear.
is released REPAIR or INSTALL a new

caliper or wheel cylinder as
necessary. REFER to Section
206-03 for front disc brakes
and  Section 206-04 for rear
disc brakes.

2004 E-Series, 12/2003 



100-04-16 100-04-16Noise, Vibration and Harshness

DIAGNOSIS AND TESTING (Continued)

Symptom Chart — Driveline Noise/Vibration

Condition Possible Sources Action
• Axle howling or whine — • Axle lubricant low. • CHECK the lubricant level.

front or rear axle FILL the axle to
specification.

• Axle housing damage. • INSPECT the axle housing
for damage. REPAIR or
INSTALL a new axle as
necessary. REFER to Section
205-02A for Dana 60, 70 and
80 rear axles,  Section
205-02C for Ford 8.8 rear
axles or Section 205-02D for
Ford 9.75 rear axles.

• Damaged or worn wheel • CHECK for abnormal wheel
bearings or axle bearings. bearing play or roughness.

Refer to Wheel Bearing
Check in this section.
ADJUST or INSTALL new
wheel bearings as necessary.

• Damaged or worn differential • INSPECT the ring and pinion
ring and pinion. ring for abnormal wear

patterns or broken teeth.
INSTALL a new ring and
pinion as necessary. REFER
to Section 205-02A for Dana
60, 70 and 80 rear  axles,
Section 205-02C for Ford 8.8
rear axles or Section 205-02D
for Ford 9.75 rear axles.

• Damaged or worn differential • CHECK for abnormal bearing
side or pinion bearings. play or roughness. INSTALL

new bearings as necessary.
REFER to Section 205-02A
for Dana 60, 70 and 80 rear
axles,  Section 205-02C for
Ford 8.8 rear axles or Section
205-02D for Ford 9.75 rear
axles.

• Damaged or worn differential •  DISASSEMBLE the
side gears and pinion gears. differential carrier. INSPECT

the side and pinion gears for
abnormal wear patterns or
broken teeth. INSTALL new
gears as necessary. REFER to
Section 205-02A for  Dana
60, 70 and 80 rear axles,
Section 205-02C for Ford 8.8
rear axles or Section 205-02D
for Ford 9.75 rear axles.
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DIAGNOSIS AND TESTING (Continued)

Symptom Chart — Driveline Noise/Vibration (Continued)

Condition Possible Sources Action
• Driveline clunk — loud clunk • Incorrect axle lubricant level. • CHECK the lubricant level.

when shifting from reverse to FILL the axle to
drive specification.

• Excessive backlash in the • CARRY OUT a total
axle or transmission. backlash check. REFER to

Section 205-00.
• Damaged or worn pinion • CHECK for abnormal bearing

bearings. play or roughness. INSTALL
new bearings as necessary.
REFER to Section 205-02A
for Dana 60, 70 and 80 rear
axles,  Section 205-02C for
Ford 8.8 rear axles or Section
205-02D for Ford 9.75 rear
axles.

• Damaged or worn universal • INSPECT the U-joints for
joints (U-joints). wear or damage. INSTALL

new U-joints as necessary.
REFER to Section 205-01.

• Loose suspension • INSPECT the suspension for
components. damage or wear. REPAIR or

INSTALL new components
as necessary.

• Broken powertrain mounts. • INSPECT the powertrain
mounts. REFER to Section
303-01A for 4.6L and 5.4L
engines or Section 303-01B
for 6.8L  engines. INSTALL
new mounts as necessary.

• Idle speed too high. • CHECK for the correct idle
speed.

• Driveline clunk — occurs as • Worn or galled driveshaft • CLEAN and INSPECT the
the vehicle starts to move slip-yoke splines. splines of the yoke for a
forward following a stop worn or galled condition.

INSTALL a new yoke as
necessary. REFER to Section
205-01.

• Worn or galled driveshaft and • CLEAN and INSPECT the
coupling shaft splines. splines of the driveshaft and

coupling shaft for a worn or
galled condition. INSTALL a
new driveshaft assembly as
necessary. REFER to Section
205-01.

• Loose rear leaf spring • CHECK the U-bolts for loose
U-bolts. nuts. TIGHTEN to

specification. REFER to
Section 204-02.

• Driveline clunk (FWD • Damaged or worn inboard • INSPECT the inboard CV
vehicles) — occurs during constant velocity (CV) joint. joint and boot. REPAIR or
acceleration or from cruise to INSTALL a new CV joint as
coast/deceleration necessary.

• Driveline clunk (4WD • Clutch relay. • CHECK the 4WD
vehicles) — occurs during • Shift motor. engagement system. REPAIR
shift-on-the-fly engagement • Transfer case. or INSTALL new

• GEM. components as necessary.

2004 E-Series, 12/2003 



100-04-18 100-04-18Noise, Vibration and Harshness

DIAGNOSIS AND TESTING (Continued)

Symptom Chart — Driveline Noise/Vibration (Continued)

Condition Possible Sources Action
• Clicking, popping or grinding • Inadequate or contaminated • CHECK the CV boots and

— occurs while vehicle is lubrication in the (CV) joints. joints for wear or damage.
turning REPAIR or INSTALL new

components as necessary.
• Another component • CHECK the halfshafts and

contacting the halfshaft the area around the halfshafts.
REPAIR as necessary.

• Brake components. • INSPECT the front brakes for
wear or damage. REPAIR as
necessary. REFER to Section
206-03.

• Steering components. • INSPECT the drag link, inner
and outer tie-rods or idler arm
for wear or damage. REPAIR
as necessary. REFER to
Section 211-03.

• Suspension components. • INSPECT the upper and
lower ball joints for wear or
damage. REPAIR as
necessary. REFER to Section
204-01.

• Damaged or worn wheel • CHECK for abnormal wheel
bearings. bearing play or roughness.

Refer to Wheel Bearing
Check in this section.
ADJUST or INSTALL new
wheel bearings as necessary.

• Clicking or snapping — • Damaged or worn outboard • INSPECT the outboard CV
occurs when accelerating CV joint. joint and boot. REPAIR or
around a corner INSTALL a new CV joint as

necessary.
• High pitched chattering — • Incorrect or contaminated • CHECK the vehicle by

noise from the rear axle when lubricant. driving in tight circles (5
the vehicle is turning clockwise, 5

counterclockwise). FLUSH
and REFILL with the
specified rear axle lubricant
and friction modifier as
necessary.

• Damaged or worn differential • DISASSEMBLE the
(differential side gears and differential assembly.
pinion gears). INSPECT the differential

case, pin and gears for wear
or damage. REPAIR or
INSTALL a new differential
as necessary. REFER to
Section 205-02A for Dana 60,
70 and 80 rear axles, Section
205-02C for Ford 8.8 rear
axles or  Section 205-02D for
Ford 9.75 rear axles.

• Buzz — buzzing noise is the • Damaged or worn tires. • CHECK for abnormal tire
same at cruise or wear or damage. INSTALL a
coast/deceleration new tire as necessary. REFER

to Section 204-04.
• Incorrect driveline angles. • CHECK for correct driveline

angles. REPAIR as necessary.
REFER to Section 205-00.
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DIAGNOSIS AND TESTING (Continued)

Symptom Chart — Driveline Noise/Vibration (Continued)

Condition Possible Sources Action
• Rumble or boom — noise • Driveshaft is out-of-balance. • CHECK the driveshaft for

occurs at coast/deceleration, damage, missing balance
usually driveshaft speed weights or undercoating.
related and noticeable over a CHECK the driveshaft
wide range of speeds balance. CARRY OUT a

driveline vibration test.
REFER to Section 205-00.

• U-joints binding or seized. • ROTATE the driveshaft and
CHECK for rough operation
or seized U-joints. INSTALL
new U-joints as necessary.
REFER to Section 205-01.

• Excessive pinion flange • CARRY OUT a runout
runout. check. REPAIR as necessary.

REFER to Section 205-00.
• Grunting — normally • Driveshaft slip yoke binding. • CLEAN and LUBRICATE

associated with a shudder the male and female splines.
experienced during
acceleration from a dead stop

• Loose rear spring U-bolts. • INSPECT the rear suspension.
TIGHTEN the U-bolt nuts to
specification. REFER to
Section 204-02.

• Howl — can occur at various • Incorrect ring and pinion • CHECK the ring and pinion
speeds and driving conditions. contact, incorrect bearing and bearings for damage.
Affected by acceleration and preload or gear damage. INSPECT the ring and pinion
deceleration wear pattern. REFER to

Checking Tooth Contact
Pattern and Condition of the
Ring and Pinion component
test in this section. ADJUST
or INSTALL new
components as  necessary.
REFER to Section 205-02A
for Dana 60, 70 and 80 rear
axles, Section 205-02C for
Ford 8.8 rear axles or
Section 205-02D for Ford
9.75 rear axles.

• Chuckle — heard at • Incorrect ring and pinion • CHECK the ring and pinion
coast/deceleration. Also contact or by damaged teeth for damage. INSPECT the
described as a knock on the coast side of the ring ring and pinion wear pattern.

and pinion. REFER to Checking Tooth
Contact Pattern and Condition
of the Ring and Pinion
component test in this
section. ADJUST or
INSTALL new components
as necessary. REFER to
Section 205-02A for Dana 60,
70 and 80 rear axles, Section
205-02C for Ford 8.8 rear
axles or  Section 205-02D for
Ford 9.75 rear axles.
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DIAGNOSIS AND TESTING (Continued)

Symptom Chart — Driveline Noise/Vibration (Continued)

Condition Possible Sources Action
• Knock — noise occurs at • Gear tooth damage to the • CHECK the differential case

various speeds. Not affected drive side of the ring and and ring and pinion for
by acceleration or pinion. damage. INSTALL new
deceleration components as necessary.

REFER to Section 205-02A
for Dana 60, 70 and 80 rear
axles,  Section 205-02C for
Ford 8.8 rear axles or Section
205-02D for Ford 9.75 rear
axles.

• Excessive axle shaft end play. • CHECK the axle end play
(Vehicles with integral axles). using a dial indicator.

INSTALL a new axle shaft or
side gears as necessary.
REFER to Section 205-02A
for Dana 60, 70 and 80 rear
axles,  Section 205-02C for
Ford 8.8 rear axles or Section
205-02D for Ford 9.75 rear
axles.

• Scraping noise — a • Worn or damaged pinion • CHECK the pinion bearings.
continuous low pitched noise bearings. INSTALL new pinion
starting at low speeds bearings as necessary. REFER

to Section 205-02A for Dana
60, 70 and 80 rear axles,
Section 205-02C for Ford 8.8
rear axles or Section 205-02D
for Ford 9.75 rear axles.
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DIAGNOSIS AND TESTING (Continued)

Symptom Chart — Driveline Noise/Vibration (Continued)

Condition Possible Sources Action
• Driveline shudder — occurs • Rear drive axle assembly • CHECK the axle mounts and

during acceleration from a mispositioned. the rear suspension for
slow speed or stop damage or wear. REPAIR as

necessary.
• Loose rear spring U-bolts. • INSPECT the U-bolts.

TIGHTEN the U-bolt nuts to
specification. REFER to
Section 204-02.

• Incorrect or high CV joint • CHECK vehicle ride height is
operating angle. within limits. REPAIR as

necessary.
• Damaged or worn front • CHECK for a loose stabilizer

suspension components. bar, damaged or loose
strut/strut bushings or loose
or worn ball joints. INSPECT
the steering linkage for wear
or damage. REPAIR or
INSTALL new components
as necessary. REFER to
Section 204-01.

• Driveline angles out of • CHECK for correct driveline
specification. angles. REPAIR as necessary.

REFER to Section 205-00.
• U-joints binding or seized. • ROTATE the driveshaft and

CHECK for rough operation
or seized U-joints. INSTALL
new U-joints as necessary.
REFER to Section 205-01.

• Binding, damaged or galled • CLEAN and INSPECT the
splines on the driveshaft splines of the slip-yoke,
slip-yoke. driveshaft and coupling shaft

for a worn, damaged or
galled condition. INSTALL a
new slip-yoke or driveshaft
assembly as necessary.
REPAIR as necessary.
REFER to  Section 205-01. 

2004 E-Series, 12/2003 



100-04-22 100-04-22Noise, Vibration and Harshness

DIAGNOSIS AND TESTING (Continued)

Symptom Chart — Driveline Noise/Vibration (Continued)

Condition Possible Sources Action
• Driveline vibration — occurs • U-joints are worn. • CHECK for wear or incorrect

at cruising speeds seating. INSTALL new
U-joints as necessary. REFER
to Section 205-01.

• Worn or damaged driveshaft • CHECK the insulator for
center bearing support. damage or wear. ROTATE

the driveshaft and CHECK
for rough operation.
INSTALL a new center
bearing support as necessary.
REFER to Section 205-01.

• Loose axle pinion flange • INSPECT the axle pinion
bolts. flange. TIGHTEN the pinion

flange bolts to specification.
REFER to Section 205-01.

• Excessive axle pinion flange • CARRY OUT a Runout
runout. Check. REPAIR as necessary.

REFER to Section 205-01.
• Driveshaft is out-of-balance. • CHECK the driveshaft for

damage, missing balance
weights or undercoating.
CHECK driveshaft balance.
CARRY OUT a driveline
vibration test. REFER to
Section 205-00. REPAIR as
necessary.

• Binding or damaged splines • CLEAN and INSPECT the
on the driveshaft slip-yoke. splines of the slip-yoke,

driveshaft and coupling shaft
for wear or damage.
INSTALL a new slip-yoke or
driveshaft assembly as
necessary. REFER to  Section
205-01. REPAIR as
necessary.

• Driveshaft runout. • CARRY OUT a Runout
Check. REFER to Section
205-00. REPAIR as
necessary.

• Incorrect lateral and radial • INSPECT the tire and wheels.
tire/wheel runout. MEASURE tire runouts.

REPAIR or INSTALL new
components as necessary.
REFER to Section 204-04.

• Driveline angles out of • CHECK for correct driveline
specification. angles. REPAIR as necessary.

REFER to Section 205-00.
• Incorrectly seated CV joint in • CHECK the outer CV joint

the front wheel hub. for correct seating into the
hub. REPAIR as necessary.
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DIAGNOSIS AND TESTING (Continued)

Symptom Chart — Engine Noise/Vibration

Condition Possible Sources Action
• Grinding noise — occurs • Incorrect starter motor • INSPECT the starter motor

during engine cranking mounting. for correct mounting.
REPAIR as necessary.
REFER to Section 303-06A.

• Starter motor. • CHECK the starter motor.
REPAIR or INSTALL a new
starter motor as necessary.
REFER to Section 303-06A.

• Incorrect starter motor drive • INSPECT the starter motor
engagement. drive and flywheel/flexplate

for wear or damage.
INSTALL a new starter
motor drive or
flywheel/flexplate as
necessary. REFER to Section
303-06A.

• Engine ticking noise • Fuel injector. • GO to Pinpoint Test B.
• Fuel line.
• Oil pump.
• Valve lifter.
• Belt tensioner.
• Water pump.
• Obstruction of cooling fan.

• Engine drumming noise — • Powertrain mount. • CARRY OUT
normally accompanied by Powertrain/Drivetrain Mount
vibration Neutralizing in this section.

• Damaged or misaligned • INSPECT the exhaust system
exhaust system. for loose or broken clamps

and brackets. CARRY OUT
Exhaust System Neutralizing
in this section.

• Whistling noise — normally • Air intake system. • CHECK the air intake ducts,
accompanied with poor idle air cleaner, throttle body and
condition vacuum hoses for leaks and

correct fit. REPAIR or
ADJUST as necessary.
REFER to Section 303-12.

• Clunking noise • Water pump has excessive • CHECK the water pump for
end play or imbalance. excessive end play. INSPECT

the water pump with the drive
belt off for imbalance.
INSTALL a new water pump
as necessary. REFER to
Section 303-03.

• Generator has excessive end • CHECK the generator for
play. excessive end play. REPAIR

or INSTALL a new
generator. REFER to Section
414-02 for 95 and 130 amp
generators or  Section 414-02
for 7.3L diesel dual
generators.
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DIAGNOSIS AND TESTING (Continued)

Symptom Chart — Engine Noise/Vibration (Continued)

Condition Possible Sources Action
• Pinging noise • Exhaust system leak. • INSPECT the exhaust system

for leaks. REPAIR as
necessary.

• Gasoline octane too low. • VERIFY with customer the
type of gasoline used.
CORRECT as necessary.

• Knock sensor operation. • CHECK the knock sensor.
INSTALL a new knock
sensor as necessary. Section
303-14A.

• Incorrect spark timing. • CHECK the spark timing.
REPAIR as necessary.

• High operating temperature. • INSPECT cooling system for
leaks. CHECK the coolant
level. REFILL as necessary.
CHECK the coolant for the
correct mix ratio. DRAIN and
REFILL as needed. CHECK
engine operating temperature
is within specifications.
REPAIR as necessary.

• Foul-out spark plug. • CHECK the spark plugs.
REPAIR or INSTALL new
spark plugs as necessary.

• Catalytic converter. • Acceptable noise.
• Knocking noise — light • Excessive clearance between • Engine cold and at high idle.

knocking noise, also the piston and the cylinder Using an EngineEAR, pull a
described as piston slap. wall. spark plug or fuel injector
Noise is most noticeable connector until the noise goes
when engine is cold with away. CARRY OUT a
light to medium acceleration. cylinder bore clearance to
Noise disappears as engine piston check. INSTALL a
warms new piston. REFER to

Section 303-01A for 4.6L and
5.4L engines or Section
303-01B for 6.8L engines.

• Knocking noise — light • Excessive clearance between • INSTALL a new piston or
double knock or sharp rap the piston and the piston pin. piston pin. REFER to Section
sound. Occurs mostly with 303-01A for 4.6L and 5.4L
warm engine at idle or low engines or Section 303-01B
speeds in DRIVE. Increases for  6.8L engines.
in relation to engine load.
Associated with poor
lubrication history

• Knocking noise — light • Excessive clearance between • Engine warm and at idle.
knocking noise is most the connecting rod bearings Using an EngineEAR, PULL
noticeable when engine is and the crankshaft. a spark plug or fuel injector
warm. Noise tends to connector until the noise goes
decrease when vehicle is away. INSTALL new
coasting or in neutral bearings. REFER to Section

303-01A for 4.6L and  5.4L
engines or Section 303-01B
for 6.8L engines.
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DIAGNOSIS AND TESTING (Continued)

Symptom Chart — Engine Noise/Vibration (Continued)

Condition Possible Sources Action
• Knocking — deep knocking • Worn or damaged crankshaft • CARRY OUT DERU test.

noise. Noise is most main bearings. CHECK for noise with
noticeable when engine is vehicle at operating
warm, at lower rpm and temperature, during medium
under a light load and then at to heavy acceleration.
float CHECK at idle with injector

disconnected, noise does not
change. INSTALL new main
bearings. REFER to  Section
303-01A for 4.6L and 5.4L
engines or Section 303-01B
for 6.8L engines.

• Knocking noise — occurs • Spark plugs. • CHECK the spark plug for
mostly with warm engine at damage or wear. INSTALL
light/medium acceleration new spark plugs as necessary.

• Carbon accumulation in • REMOVE carbon from
combustion chamber. combustion chamber.

• Whine or moaning noise • Air intake system. • CHECK the air cleaner and
ducts for correct fit.
INSPECT the air intake
system for leaks or damage.
REPAIR as necessary.

• Generator electrical field or • CARRY OUT generator load
bearings. test. REPAIR or INSTALL a

new generator as necessary.
REFER to Section 414-02 for
95 and 130 amp generators or
Section 414-02 for 7.3L
diesel dual generators.

• Drone type noise • Exhaust system. • CARRY OUT the Exhaust
System Neutralizing in this
section. REPAIR as
necessary.

• A/C compressor. • CHECK for noise with
vehicle at constant speeds.
CYCLE the compressor on
and off and listen for a
change in pitch. REPAIR as
necessary. REFER to Section
412-03A.

• Powertrain mounts. • CARRY OUT the
Powertrain/Drivetrain Mount
Neutralizing in this section.

• Sputter type noise — noise • Damaged or worn exhaust • INSPECT the exhaust system
worse when cold, lessens or system components. for leaks or damage. REPAIR
disappears when vehicle is at as necessary. REFER to
operating temperature Section 309-00.
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DIAGNOSIS AND TESTING (Continued)

Symptom Chart — Engine Noise/Vibration (Continued)

Condition Possible Sources Action
• Rattling noise — noise from • Low oil level. • CHECK oil level. FILL as

the upper engine (valve train). necessary.
Worse when engine is cold

• Thin or diluted oil. • INSPECT the oil for
contamination. If oil is
contaminated, CHECK for the
source. REPAIR as necessary.
CHANGE the oil and filter.

• Low oil pressure. • CARRY OUT an oil pressure
test. If not within
specifications, REPAIR as
necessary. REFER to Section
303-00.

• Worn rocker arms/fulcrums or • CARRY OUT a valve train
followers. analysis. INSTALL new valve

train components as
necessary. REFER to Section
303-01A for 4.6L and 5.4L
engines or  Section 303-01B
for 6.8L engines.

• Worn valve guides. • CARRY OUT a valve train
analysis. INSTALL new valve
guides as necessary. REFER
to Section 303-01A for 4.6L
and 5.4L engines or  Section
303-01B for 6.8L engines.

• Excessive runout of valve • CARRY OUT a valve seat
seats on the valve face. runout test. INSPECT the

valve face and seat.
INSTALL new valves as
necessary. REFER to Section
303-01A for 4.6L and 5.4L
engines or  Section 303-01B
for 6.8L engines.

• Rattling noise — from the • Loose muffler shields or • CHECK the exhaust system
bottom of the vehicle catalytic converter shields. for loose exhaust shields.

REPAIR as necessary.
• Thumping noise — from the • Exhaust pipe/muffler • CHECK the exhaust system

bottom of the vehicle, worse grounded to chassis. to chassis clearance. CHECK
at acceleration the exhaust system hangers

for damage. REPAIR as
necessary. REFER to Section
309-00.

• Whoosh — occurs during • Throttling late, creating • CHECK for leaks or missing
light vehicle acceleration. turbulence transmitted seal in the dash panel.
Heard inside the vehicle through the plastic manifold.

• Engine vibration — increases • Engine out-of-balance. • CARRY OUT Neutral Engine
intensity as engine rpm is Run-Up (NERU) Test.
increased ROTATE the torque

converter, 120° for 3 bolt and
180° for 4 bolt. INSPECT the
torque converter pilot outer
diameter to crankshaft pilot
inner diameter. REPAIR as
necessary. REFER to  Section
307-01A or Section 307-01B.
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DIAGNOSIS AND TESTING (Continued)

Symptom Chart — Engine Noise/Vibration (Continued)

Condition Possible Sources Action
• Engine vibration — is felt • Strain on exhaust mounts. • CARRY OUT the Exhaust

with increases and decreases System Neutralizing
in engine rpm procedure in this section.

REPAIR as necessary.
• Damaged or worn • CHECK the

powertrain/drivetrain mounts. powertrain/drivetrain mounts
for damage. CARRY OUT
the Powertrain/Drivetrain
Mount Neutralizing in this
section. REPAIR as
necessary.

• Engine or transmission • INSPECT the
grounded to chassis. powertrain/drivetrain for

correct clearances. REPAIR
as necessary.

• Engine vibration — vibration • Excessive engine pulley • CARRY OUT Engine
felt at all times runout. Accessory Test. INSTALL a

new engine pulley as
necessary. REFER to Section
303-01A for 4.6L and 5.4L
engines or  Section 303-01B
for 6.8L engines.

• Damaged or worn accessory • CARRY OUT Engine
component. Accessory Test. REPAIR or

INSTALL a new component
as necessary.

• Accelerator pedal vibration — • Throttle cable loose or • INSPECT the throttle cable.
felt through the pedal as a misrouted. REPAIR as necessary.
buzz REFER to Section 310-02.

• Engine vibration — mostly at • Combustion instability. • CHECK the ignition system.
coast/neutral coast. Condition INSTALL new components
improves with vehicle as necessary.
accelerating

• Engine vibration or shudder • Worn or damaged spark • INSPECT the spark plugs for
— occurs with light to plugs. cracks, high resistance or
medium acceleration above broken insulator. INSTALL a
56 km/h (35 mph) new spark plug(s) as

necessary.
• Plugged fuel injector. • REPAIR or INSTALL a new

injector as necessary.
• Damaged spark plug wire. • INSPECT the spark plug

wires for damage. INSTALL
a new spark plug wire(s) as
necessary.

• Contaminated fuel. • INSPECT the fuel for
contamination. DRAIN the
fuel system and refill.

• Worn or damaged torque • CHECK the torque converter.
converter. INSTALL a new torque

converter as necessary.
REFER to Section 307-01A
or  Section 307-01B.
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DIAGNOSIS AND TESTING (Continued)

Symptom Chart — Idle Noise/Vibration

Condition Possible Sources Action
• Idle air control (IAC) valve • IAC valve is contaminated • GO to Component Tests in

moan — occurs on throttle with oil. this section.
tip-out

• Accessory drive belt chirp — • Accessory drive belt worn, or • INSPECT for loose or
occurs at idle or high idle, pulley is misaligned or loose. misaligned pulleys. CHECK
cold or hot. Most common the drive belt for wear or
occurrence is during humid damage. INSTALL new
weather pulley(s)/accessory drive

component or drive belt, as
necessary. REFER to  Section
303-05.

• Accessory drive bearing hoot • Accessory drive idler or • GO to Pinpoint Test C.
— occurs at idle or high idle tensioner pulley bearing is
in cold temperatures of experiencing stick/slip
approximately +4°C (+40°F) between ball bearings and
or colder at first start of the bearing race.
day

• Power steering moan — • High fluid viscosity, or • GO to Pinpoint Test D.
occurs at high idle and plugged reservoir screen in
possibly at idle during the power steering reservoir
first cold start of the day in starves pump causing
temperatures of approximately cavitation.
-18°C (0°F) or colder. Noise
can even be a severe screech
for less than one minute in
very cold  temperatures of
approximately -29°C (-20°F)
or colder

• Generator whine — during • Generator electrical field • Using an EngineEAR,
high electrical loads at idle or noise. PROBE near the generator
high idle, a high pitch whine housing. LISTEN for changes
or moan is emitted from the in the noise level while
generator changing electrical loads

(such as rear defrost,
headlamps, etc.). CARRY
OUT a generator load test. If
the system passes the load
test, the noise  is from the
generator bearings, INSTALL
new bearings. If the system
fails the load test, INSTALL
a new generator. REFER to
Section 414-02 for 95 and
130 amp generators. REFER
to  Section 414-02 for 7.3L
diesel dual generators.

• Engine-driven cooling fan • The viscous cooling fan • GO to Pinpoint Test E.
moan — occurs during the clutch engages until the fluid
first start of the day. It is in the clutch reaches normal
most objectionable near idle operating temperature,
speeds up to 2000 rpm. The causing the fan to fully
noise increases with rpm engage.
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DIAGNOSIS AND TESTING (Continued)

Symptom Chart — Idle Noise/Vibration (Continued)

Condition Possible Sources Action
• Drumming noise — occurs • Exhaust system vibration • GO to Pinpoint Test F.

inside the vehicle during idle excites the body resonances
or high idle, hot or cold. inducing interior noise.
Very low-frequency • Engine vibration excites the
drumming is very rpm body resonances inducing
dependent interior noise.

• Hissing noise — occurs • Vacuum leak or idle air • Use the Ultrasonic Leak
during idle or high idle that is control (IAC) valve flow Detector/EngineEAR to locate
apparent with the hood open noise. the source. Scan the air intake

system from the inlet to each
cylinder intake port.
DISCARD the leaking parts,
and INSTALL a new
component.

• Vehicles with a plastic intake • Acceptable condition. Some
manifold. plastic manifolds exhibit this

noise, which is the effect of
the plastic manifold.

• Automatic transmission buzz • Incorrect driveline angles. • CHECK for correct driveline
or hiss angles. REPAIR as necessary.

REFER to Section 205-00.
• Worn or damaged main • Using a transmission tester,

control solenoids or valves. activate the solenoids to
duplicate sound. INSTALL
new components as necessary.
REFER to Section 307-01A
or  Section 307-01B.

• Manual Transmission Clutch • Worn throw-out bearing. • INSTALL a new throw-out
throw-out bearing whine. A bearing.
change in noise pitch or
loudness while depressing the
clutch pedal

• Heating, vacuum and air • Damaged or worn HVAC • INSTALL a new blower
conditioning (HVAC) system blower bearing. motor. REFER to Section
chirp — most audible inside 412-02.
the vehicle. Listen for a
change in noise pitch or
loudness while changing the
HVAC system blower speed

• Air conditioning (A/C) clutch • Acceptable noise. • LISTEN to the clutch to
ticking — occurs when the • Incorrect air gap. determine if the noise occurs
compressor clutch engages with clutch engagement. A

small amount of noise is
acceptable. If the noise is
excessive, CHECK the A/C
clutch air gap. INSPECT the
A/C clutch for wear or
damage. INSTALL a new
clutch as  necessary. REFER
to Section 412-03A.
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DIAGNOSIS AND TESTING (Continued)

Symptom Chart — Idle Noise/Vibration (Continued)

Condition Possible Sources Action
• Intermittent rattle, or • Loose exhaust heat shield(s). • INSPECT the exhaust system

scraping/rubbing noise for loose parts using a glove
or clamps to verify cause.
REPAIR as necessary.
REFER to Section 309-00.

• Wiring, hose or other part • INSPECT accessory drive
interfering with accessory system closely verifying there
drive, drive belt or pulley. is adequate clearance to all

rotating components. REPAIR
as necessary.

• Engine ticking or knocking • Piston noise or valvetrain • GO to Pinpoint Test G.
noise — occurs during idle or noise (bled down lifter/lash
high idle during the first cold adjuster).
start of the day

• A continuous, • Piston noise or valvetrain • GO to Pinpoint Test G.
speed-dependent rattle from noise (bled down lifter/lash
the engine — occurs during adjuster).
idle or high idle during the
first cold start of the day and
disappears as the engine
warms up

• Idle vibration — a • Cylinder misfire. • Using a scan tool, CHECK
low-frequency vibration (5-20 the ignition system. CARRY
Hz) or mild shake that is felt OUT a cylinder power test.
through the seat/floorpan REFER to Section 303-00.

• Engine or torque converter • VERIFY the torque converter
out of balance. to crankshaft pilot clearance

is correct, REPAIR as
necessary. RE-INDEX the
torque converter on the
flexplate by 120° on a 3 bolt
converter or 180° for a 4 bolt
converter. REFER to  Section
307-01A or Section 307-01B.
RETEST the vehicle.

• Idle vibration — a • Exhaust system mounts bound • VERIFY concern occurs at
high-frequency vibration up. engine firing frequency.
(20-80 Hz) or buzz, that is CHECK that the exhaust
felt through the steering system vibrates at the same
wheel or seat frequency as the engine.

ADD 9-14 km (20-30 lb.) to
the tail pipe to test, CARRY
OUT  Exhaust System
Neutralizing in this section.

• Body mounts loose. • INSPECT the body mounts.
CARRY OUT a Neutral
Engine Run-Up (NERU) Test.
REPAIR as necessary

• Power steering lines grounded • INSPECT that the power
out. steering lines are not

contacting the chassis or each
other. REPAIR as necessary.

2004 E-Series, 12/2003 



100-04-31 100-04-31Noise, Vibration and Harshness

DIAGNOSIS AND TESTING (Continued)

Symptom Chart — Squeak and Rattle

Condition Possible Sources Action
• Squeak — heard inside the • Insufficient lubrication on the • LUBRICATE the hinge or

vehicle when closing/opening door hinge or check strap. check strap.
the door

• Internal door components • CHECK the inside of the
loose, rubbing or misaligned. door. TIGHTEN or ALIGN

as necessary. USE the
Rotunda Squeak and Rattle
Kit to isolate any rubbing
components.

• Squeak — heard inside the • Worn or damaged glass • REPAIR or INSTALL a new
vehicle when closing/opening run/channel. glass run/channel. REFER to
the window Section 501-11.

• Squeak — heard outside of • Exhaust shield rubbing • CHECK the exhaust system.
vehicle when closing/opening against the chassis or exhaust REPAIR as necessary.
the door pipe. REFER to Section 309-00.

• Squeak — occurs with initial • Disc brake pads. • Under certain conditions,
brake pedal application asbestos free pads can

generate a squeak noise. This
noise is normal and does not
indicate a concern.

• Squeak — a constant noise • Damaged or worn disc brake • INSPECT the pads for oil,
that occurs with brake pedal pads. grease or brake fluid
applications contamination. CHECK for

glazed linings. A brake disc
with hard spots will also
cause a squeak type noise.
REPAIR or INSTALL new
pads as necessary. REFER to
Section 206-03 for front disc
brakes or Section 206-04 for
rear disc brakes.

• Squeak — noise occurs over • Worn control arm bushings. • INSPECT the control arm
bumps or when turning bushings. Spray with lubricant

and CARRY OUT a ‘‘bounce
test’’ to determine which
bushing. REPAIR as
necessary. REFER to Section
204-01.

• Worn or damaged shock • INSPECT the shock absorber
absorber/strut. for damage. CARRY OUT a

‘‘bounce test’’ to isolate the
noise. INSTALL a new shock
absorber/strut as necessary.
REFER to Section 204-01 for
the front  shock absorber/strut
or Section 204-02 for the rear
shock absorber/strut.

• Rattle — heard when • Loose internal door • REPEAT the motion or
closing/opening the door or mechanism, bracket or CARRY OUT a ‘‘tap test’’ to
window attachment. duplicate the noise. INSPECT

the door for loose
components. TIGHTEN loose
components or USE the
Rotunda Squeak and Rattle
Kit to isolate any rattling
components.
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DIAGNOSIS AND TESTING (Continued)

Symptom Chart — Squeak and Rattle (Continued)

Condition Possible Sources Action
• Squeak or rattle — heard • Misaligned glove • ALIGN the glove

inside the vehicle over rough compartment door/hinge. compartment door.
roads/bumps

• Instrument panel trim loose or • INSPECT the instrument
misaligned. panel trim for missing or

loose clips or screws.
REPAIR as necessary.

• Loose interior component or • CARRY OUT a ‘‘touch
trim. test’’. ELIMINATE the noise

by pressing or pulling on
interior trim and components.
USE the Rotunda Squeak and
Rattle Kit to isolate any
rattling/squeaking
components.

• Squeak or rattle — noise with • Damaged or worn body • INSPECT the upper and
a vibration concern mounts. lower absorbers and washers

for damage or wear. CHECK
the body mount brackets for
damage. CHECK the nuts and
bolts are tightened to
specifications. TIGHTEN as
necessary.

• Damaged or worn sub-frame • INSPECT the upper and
mounts. lower absorbers for damage

or wear. CHECK the
sub-frame for damage.
CHECK the nuts and bolts
are tightened to specifications.
TIGHTEN as necessary.

Symptom Chart — Steering Noise/Vibration

Condition Possible Sources Action
• Steering grunt or shudder — • Steering gear or power • GO to Steering Gear

occurs when turning into or steering hoses. Grunt/Shudder Test
out of a turn at low speeds component test in this
(temperature sensitive) section.

• Steering System clonk — • Air in the steering hydraulic • CHECK for leaks in the
hydraulic knocking sound system. system. PURGE the air from

the system. REFER to
Section 211-00.
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DIAGNOSIS AND TESTING (Continued)

Symptom Chart — Steering Noise/Vibration (Continued)

Condition Possible Sources Action
• Power steering pump moan • Power steering hose grounded • INSPECT the power steering

— loud humming noise out to chassis. hoses. REPAIR as necessary.
occurs when the steering
wheel is rotated to the stop
position. Produces a 120-600
Hz frequency that changes
with rpm

• Aerated fluid. • CHECK for leaks in the
system. PURGE the air from
the system. REFER to
Section 211-00.

• Steering gear isolators. • INSPECT the isolators for
wear or damage. REPAIR as
necessary.

• Low fluid. • CHECK the fluid level.
REFILL as necessary.

• Power steering pump brackets • CHECK bolts, brackets and
loose or misaligned. bracket alignment. TIGHTEN

bolts to specification.
REPAIR or INSTALL new
brackets as necessary. REFER
to Section 211-02.

• Steering gear clunk — occurs • Steering gear. • INSPECT the steering gear
only while cornering over a for loose mounting bolts.
bump (can be temperature TIGHTEN as necessary.
sensitive) REFER to Section 211-02.

• Feedback (rattle, chuckle or • Column intermediate/flexible • INSTALL a new
knocking noise in the steering shaft joints damaged or worn. intermediate/flexible shaft.
gear) — a condition where REFER to Section 211-04.
roughness is felt in the
steering wheel when the
vehicle is driven over rough
surfaces

• Loose, damaged or worn • TIGHTEN the nuts to
tie-rod ends. specification or INSTALL

new tie-rod ends as
necessary. REFER to Section
211-03.

• Steering gear insulators or • TIGHTEN the bolts or
mounting bolts loose or INSTALL new bolts as
damaged. necessary. REFER to Section

211-02.
• Steering column intermediate • TIGHTEN the bolts to

shaft bolts are loose. specification. REFER to
Section 211-04.

• Steering column damaged or • REPAIR or INSTALL a new
worn. steering column as necessary.

REFER to Section 211-04.
• Loose suspension bushings, • INSPECT the suspension

bolts or ball joints. system. TIGHTEN or
INSTALL new components
as necessary. REFER to
Section 204-01.
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DIAGNOSIS AND TESTING (Continued)

Symptom Chart — Steering Noise/Vibration (Continued)

Condition Possible Sources Action
• Feedback (nibble at the • Lateral runout in the tire or • GO to Pinpoint Test H.

steering wheel) — a condition wheel.
where slight rotational
movement is felt in the
steering wheel when the
vehicle is driven over rough
or grooved surfaces

• Yoke spring in the steering • CHECK TSBs for revised
gear. yoke spring for applicable

vehicles.
• Accessory drive belt • Loose or worn accessory • ADJUST or INSTALL a new

squeal/chirp — when rotating drive belt. accessory belt as necessary.
the steering wheel from stop REFER to Section 303-05.
to stop

• Power steering gear hiss • Steering column • REPAIR or INSTALL a new
intermediate/flexible intermediate/flexible shaft as
shaft-to-steering gear is necessary. REFER to Section
binding or misaligned. 211-04.

• Grounded or loose steering • REPAIR as necessary.
column boot at the dash
panel.

• Damaged or worn steering • REPAIR or INSTALL a new
gear input shaft and valve. steering gear as necessary.

REFER to Section 211-02.
• Steering column rattle • Loose bolts or attaching • TIGHTEN the bolts to

brackets. specifications.
• Loose, worn or insufficiently • LUBRICATE or INSTALL

lubricated column bearings. new steering column bearings
as necessary. REFER to
Section 211-04.

• Steering shaft insulators • INSTALL new insulators.
damaged or worn. REFER to Section 211-04.

• Intermediate/flexible shaft • INSPECT the rubber spider
compressed or extended. coupling for damage.

INSTALL a new
intermediate/flexible shaft.
REFER to Section 211-04.

• Steering column squeak or • Insufficient lubricated steering • LUBRICATE the steering
cracks shaft bushings. shaft and shaft tube seals.

• Loose or misaligned steering • TIGHTEN or ALIGN the
column shrouds. steering column shrouds.

• Steering wheel rubbing • REPOSITION the steering
against steering column column shrouds.
shrouds.

• Insufficient lubricated speed • LUBRICATE the speed
control slip ring. control slip ring.

• Upper or lower bearing sleeve • REPOSITION the bearing
out of position. sleeves.
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DIAGNOSIS AND TESTING (Continued)

Symptom Chart — Steering Noise/Vibration (Continued)

Condition Possible Sources Action
• Power steering pump noisy • Incorrect assembly of • REPAIR or INSTALL a new

components. power steering pump as
• Imperfections on the outside necessary. REFER to Section

diameter or end surface of the 211-02.
power steering pump rotor.

• Damaged or worn power
steering pump rotor splines.

• A crack on the inner surface
of the power steering pump
cam.

• Interference between the
power steering pump rotor
and cam.

• Damaged or worn power
steering pump rotor and
pressure plates.

• Power steering pump swish • Power steering fluid flow into • Acceptable condition.
noise the bypass valve of the pump

valve housing with fluid
temperature below 54°C
(130°F).

• Power steering pump whine • Aerated fluid. • CHECK for a leak in the
noise system. PURGE the air from

the system. REFER to
Section 211-00.

• Damaged power steering • REPAIR or INSTALL a new
pump cam. power steering pump as

necessary. REFER to Section
211-02.

• Damaged valve cover O-ring • REPAIR or INSTALL a new
seal. power steering pump as

necessary. REFER to Section
211-02.

• Power steering pump clicking • Power steering pump rotor • REPAIR or INSTALL a new
(mechanical) noise slippers too long, excessive power steering pump as

rotor slipper-to-slot clearance necessary. REFER to Section
or damaged or worn rotor 211-02.
assembly.

• Power steering pump clatter • Damaged corners on the • REPAIR or INSTALL a new
noise outside diameter or the power power steering pump as

steering rotor or distorted necessary. REFER to Section
rotor slipper ring. 211-02.

Symptom Chart — Suspension Noise/Vibration

Condition Possible Sources Action
• Squeak or grunt — noise • Front stabilizer bar insulators. • Under these conditions, the

from the front suspension, noise is acceptable. CHECK
occurs more in cold ambient TSBs for applicable vehicle.
temperatures. More noticeable
over rough roads or when
turning

• Clunk — noise from the front • Loose front struts or shocks. • INSPECT for loose nuts or
suspension, occurs in and out bolts. TIGHTEN to
of turns specifications. REFER to

Section 204-01.
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DIAGNOSIS AND TESTING (Continued)

Symptom Chart — Suspension Noise/Vibration (Continued)

Condition Possible Sources Action
• Clunk — noise from the rear • Loose rear suspension • INSPECT for loose or

suspension, occurs when components. damaged rear suspension
shifting from reverse to drive components. REPAIR or

INSTALL new components
as necessary. REFER to
Section 204-02.

• Click or pop — noise from • Worn or damaged ball joints. • CARRY OUT a ball joint
the front suspension. More inspection. INSTALL new
noticeable over rough roads ball joints or control arms as
or over bumps necessary. REFER to Section

204-01.
• Click or pop (FWD vehicles) • Worn or damaged ball joints. • CARRY OUT a ball joint

— noise occurs when vehicle inspection. INSTALL new
is turning ball joints or control arms as

necessary.
• Click or snap — occurs when • Damaged or worn outboard • INSPECT the outboard CV

accelerating around a corner CV joint. joint and boot. REPAIR or
INSTALL a new CV joint as
necessary.

• Front suspension noise — a • Steering components. • GO to Pinpoint Test H.
squeak, creak or rattle noise. • Loose or bent front struts or
Occurs mostly over bumps or shock absorbers.
rough roads • Damaged spring or spring

mounts.
• Damaged or worn

control/radius arm bushings.
• Worn or damaged stabilizer

bar bushings or links.
• Rear suspension noise — a • Loose or bent rear shock • GO to Pinpoint Test I.

squeak, creak or rattle noise. absorbers.
Occurs mostly over bumps or • Damaged spring or spring
rough roads mounts.

• Damaged or worn control arm
bushings.

• Worn or damaged stabilizer
bar bushings or links.

• Shudder — occurs during • Rear drive axle assembly • CHECK the axle mounts and
acceleration from a slow mispositioned. the rear suspension for
speed or stop damage or wear. REPAIR as

necessary.
• Incorrect or high CV joint • CHECK vehicle ride height is

operating angle. within limits. REPAIR as
necessary.

• Damaged or worn front • CHECK for a loose stabilizer
suspension components. bar, damaged or loose

strut/strut bushings or loose
or worn ball joints. INSPECT
the steering linkage for wear
or damage. REPAIR or
INSTALL new components
as necessary.

• Shimmy — most noticeable • Excessive positive caster. • CHECK the caster alignment
on coast/deceleration. Also angle. CORRECT as
hard steering condition necessary. REFER to Section

204-00.
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DIAGNOSIS AND TESTING (Continued)

Symptom Chart — Tire Noise/Vibration

Condition Possible Sources Action
• Tire noise — hum/moan at • Abnormal wear patterns. • SPIN the tire and CHECK for

constant speeds tire wear. INSTALL a new
tire as necessary. INSPECT
for damaged/worn suspension
components. CARRY OUT
wheel alignment.

• Tire noise — noise tone • Out-of-balance tire. • BALANCE the tire and road
lowers as the vehicle speed is test. INSTALL a new tire as
lowered necessary. REFER to Section

204-04.
• Tire noise — ticking noise, • Nail puncture or stone in tire • INSPECT the tire. REPAIR

changes with speed tread. as necessary.
• Wheel and tire — vibration • Damaged or worn tire. • GO to Pinpoint Test J.

and noise concern is directly
related to vehicle speed and is
not affected by acceleration,
coasting or decelerating

• Tire wobble or shudder — • Damaged wheel bearings. • SPIN the tire and CHECK for
occurs at lower speeds abnormal wheel bearing play

or roughness. ADJUST or
INSTALL new wheel
bearings as necessary. REFER
to Section 204-01.

• Damaged wheel. • INSPECT the wheel for
damage. INSTALL a new
wheel as necessary. REFER
to Section 204-01.

• Damaged or worn suspension • INSPECT the suspension
components. components for wear or

damage. REPAIR as
necessary.

• Loose wheel nuts. • CHECK the wheel nuts.
TIGHTEN to specification.
REFER to Section 204-04.

• Damaged or uneven tire wear. • SPIN the tire and CHECK for
abnormal tire wear or
damage. INSTALL a new tire
as necessary. REFER to
Section 204-04.
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DIAGNOSIS AND TESTING (Continued)

Symptom Chart — Tire Noise/Vibration (Continued)

Condition Possible Sources Action
• Tire shimmy or shake — • Wheel/tire out of balance. • BALANCE the wheel/tire

occurs at lower speeds assembly.
• Uneven tire wear. • CHECK for abnormal tire

wear. INSTALL a new tire as
necessary. REFER to Section
204-04.

• Excessive radial runout of • CARRY OUT a radial runout
wheel or tire. test of the wheel and tire.

INSTALL a new tire as
necessary. REFER to Section
204-04.

• Worn or damaged wheel • INSPECT the wheel studs
studs or elongated stud holes. and wheels. INSTALL new

components as necessary.
REFER to Section 204-01 for
the front wheels or  Section
204-02 for the rear wheels.

• Excessive lateral runout of • CARRY OUT a lateral runout
the wheel or tire. test of the wheel and tire.

CHECK the wheel, tire and
hub. REPAIR or INSTALL
new components as necessary.
REFER to Section 204-04.

• Foreign material between the • CLEAN the mounting
brake disc and hub or in the surfaces of the brake disc and
brake disc fins. hub. CHECK the brake disc

fins for material.
• High speed shake or shimmy • Excessive wheel hub runout. • GO to Pinpoint Test K.

— occurs at high speeds • Damaged or worn tires.
• Damaged or worn wheel

bearings.
• Worn or damaged suspension

or steering linkage
components.

• Brake disc or drum
imbalance.

Symptom Chart — Transmission (Manual) and Transfer Case Noise/Vibration

Condition Possible Sources Action
• Clutch rattling noise — • Flywheel bolts, clutch • TIGHTEN the bolts to

occurs with clutch engaged, housing bolts or clutch specifications. CHECK the
noise changes/disappears with pressure plate bolts loose. bolts for damage. 
clutch pedal depressed

• Clutch squeaking noise — • Pilot bearing seized or • INSTALL a new pilot
noise is heard when the damaged. bearing.
clutch is operated. Vehicle
moves slowly or creeps when
the clutch is disengaged. Can
also be difficult to shift into
first and reverse gear

• Clutch squeaking noise — • Worn clutch pedal shaft or • INSPECT the clutch pedal for
occurs with clutch pedal bushings. wear or damage. REPAIR as
depressed/released necessary.

• Clutch whirring/rattle noise • Worn, damaged or misaligned • INSTALL a new clutch
— occurs when clutch pedal clutch release bearing. release bearing.
is depressed

2004 E-Series, 12/2003 



100-04-39 100-04-39Noise, Vibration and Harshness

DIAGNOSIS AND TESTING (Continued)

Symptom Chart — Transmission (Manual) and Transfer Case Noise/Vibration (Continued)

Condition Possible Sources Action
• Clutch grating/grinding noise • Clutch pressure plate fingers • INSPECT the clutch pressure

— occurs when clutch pedal bent or worn. plate release fingers.
is depressed INSTALL a new pressure

plate as necessary.
• Contact surface of clutch • INSTALL a new clutch

release bearing worn or release bearing.
damaged.

• Clutch chatter — a small • Clutch engagement. • Acceptable operating
amount of noise when clutch condition.
pedal is released at initial
take-off

• Clutch chatter/grabs — in • Damaged or worn • INSPECT the
some cases a shudder is felt. powertrain/driveline mounts. powertrain/drivetrain mounts.
Occurs with clutch pedal INSTALL new mounts as
depressed/released necessary.

• Binding or dragging plunger • CHECK the master and slave
of the clutch master cylinder cylinder operation. INSPECT
or slave cylinder. the components for damage

or wear. INSTALL a new
master or slave cylinder as
necessary.

• Grease or oil on the clutch • CHECK the input shaft seal
disc facing. and rear main oil seal.

REPAIR as necessary.
INSTALL a new clutch disc.

• Clutch disc surface glazed or • INSPECT the clutch disc
damaged. surface for a glazed, hardened

or damage condition. CARRY
OUT a disc check. INSTALL
a new clutch disc as
necessary.

• Damaged or worn clutch • INSPECT the clutch pressure
pressure plate. plate for wear or damage.

INSTALL a new clutch
pressure plate as necessary.

• Flywheel surface damaged or • INSPECT the flywheel for
glazed. damage or wear. CARRY

OUT a flywheel runout
check. INSTALL a new
flywheel as necessary.

• Clutch chatter noise — noise • Pilot bearing worn, damaged • INSPECT the clutch pressure
when clutch pedal is released or not correctly aligned in plate release fingers for
at initial take-off. Clutch is bore. uneven wear, clutch
hard to engage and disengage components burnt or a seized

pilot bearing. INSTALL a
new pilot bearing as
necessary.

• Clutch vibration • Loose flywheel bolts. • GO to Pinpoint Test L.
• Damaged or loose clutch

pressure plate.
• Excessive flywheel runout.
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DIAGNOSIS AND TESTING (Continued)

Symptom Chart — Transmission (Manual) and Transfer Case Noise/Vibration (Continued)

Condition Possible Sources Action
• Transmission • Gearshift lever joint worn or • INSTALL a new gearshift

rattling/clattering noise — damaged. lever.
noise at idle or on light
acceleration from a stop. Gear
selection difficult

• Gearshift lever loose. • TIGHTEN the bolts to
specification.

• Gearshift linkage rods worn • CHECK the linkage bushings
or damaged. for wear. INSTALL new

linkage rods as necessary.
• Transmission • Incorrect fluid level or fluid • CHECK that the transmission

rattling/clattering noise — quality. is filled to the correct level
occurs in neutral or in gear, and with the specified fluid.
at idle

• Transmission • Worn or rough reverse idler • CHECK the reverse idler
rattling/clattering noise — gear. gear. REPAIR as necessary.
noise at idle in neutral

• Rough running engine, • CHECK the ignition system.
cylinder misfire. CARRY OUT a cylinder

power test.
• Excessive backlash in gears. • CHECK the gear backlash.

ADJUST as necessary.
• Worn countershaft gears. • REPAIR as necessary.

• Transmission whine — a mild • Rotating gears/geartrain. • Acceptable noise.
whine at extreme speeds or
high rpm

• Transmission whine — a high • Transmission gears are worn • Result of normal gear wear.
pitched whine, also described (high mileage vehicle). REPAIR as necessary.
as a squeal

• Mismatched gear sets. • INSPECT the gear sets for an
uneven wear pattern on the
face of the gear teeth.
REPAIR as necessary.

• Damaged or worn • INSPECT the transmission
transmission bearing. bearings. INSTALL new

bearings as necessary.
• Transmission • Gear is cracked, chipped or • INSPECT the transmission

growling/humming — noise rough. gears for damage or wear.
occurs in the forward gears. INSTALL new gears as
The noise is more prominent necessary. 
when the gear is loaded. The
problem gear can be located
as the noise occurs in a
specific gear position

• Transmission hissing — noise • Damaged or worn bearings. • INSPECT the transmission
in neutral or in forward gears. bearings. INSTALL new
As bearings wear or break up, bearings as necessary.
the noise changes to a
thumping noise

• Transmission • Bearings with damaged balls • INSPECT the transmission
knocking/thudding — noise at or rollers or with pitted and bearings. INSTALL new
low speeds in forward gears spalled races. bearings as necessary.
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DIAGNOSIS AND TESTING (Continued)

Symptom Chart — Transmission (Manual) and Transfer Case Noise/Vibration (Continued)

Condition Possible Sources Action
• Transmission rumble/growl • Incorrect driveline angle. • CHECK the driveline angle.

— noise at higher speeds in REPAIR as necessary.
forward gears, more
pronounced in a
coast/deceleration condition

• Driveshaft out of balance or • CHECK the driveshaft for
damaged. damage, missing balance

weights or undercoating.
Using the vibration analyzer
(VA), CHECK the driveshaft
balance. CARRY OUT a
driveline vibration test.
REPAIR as necessary.

• Transmission rumble/growl • Damaged or worn • CHECK transmission fluid
— noise at all speeds in transmission bearing or gears for excessive metal particles.
forward gears, more (high mileage vehicles). REPAIR as necessary.
pronounced in a heavy
acceleration condition

• Transfer case whine — noise • Incorrect fluid level or fluid • CHECK that the transfer case
at all ranges quality. is filled to the correct level

and with the specified fluid.
• Worn oil pump. • DISASSEMBLE the transfer

case. CHECK the oil pump
for wear or damage. REPAIR
as necessary.

• Under-inflated or oversized • CONFIRM that the tires and
tires. wheels are correct for the

vehicle. CHECK that the tire
inflation pressures are correct.

• Transfer case growl/rumble • Damaged or worn bearings or • DISASSEMBLE the transfer
— noise at all ranges (A planetary gear. case. CHECK the bearings or
small amount of planetary planetary gear for wear or
noise can be heard when the damage. REPAIR as
transfer case is operated in necessary.
low range.)

• Transfer case scraping/grating • Excessively stretched drive • DISASSEMBLE the transfer
— noise at all ranges chain hitting the case. case. CHECK the drive chain

for wear or damage. REPAIR
as necessary.

• Transfer case howl/hum — • Worn or damaged sun (input) • DISASSEMBLE the transfer
noise at all ranges or high gear, clutch pack case. CHECK the gears for
range only (intermediate) gear or output wear or damage. REPAIR as

shaft gear. necessary.
• Transfer case howl/hum — • Worn or damaged • DISASSEMBLE the transfer

noise at low range only intermediate gear and sliding case. CHECK the gears for
gears (clutch pack). wear or damage. REPAIR as

necessary.
• Transfer case vibration — • Transfer case mounting. • GO to Pinpoint Test M.

vibration felt with vehicle in • Driveshaft out of balance.
4WD • Excessive pinion flange

runout.
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DIAGNOSIS AND TESTING (Continued)

Symptom Chart — Transmission (Automatic) Noise/Vibration

Condition Possible Sources Action
• Rattle — occurs at idle or at • Damaged engine or • CHECK the

light acceleration from a stop transmission mounts. powertrain/drivetrain mounts
for damage. REFER to
Section 303-01A for 4.6L and
5.4L engines,  Section
303-01B for 6.8L engines,
Section 307-01A or  Section
307-01B.

• A loose front exhaust pipe • REPAIR or INSTALL a new
heat shield. exhaust heat shield as

necessary.
• Loose inspection plate or dust • CHECK for loose bolts.

cover plate. TIGHTEN to specifications.
REFER to Section 307-01A
or Section 307-01B.

• Loose flexplate to converter • CHECK for loose nuts.
nuts. TIGHTEN to specifications.

REFER to Section 307-01A
or Section 307-01B.

• Whine — pitch increases with • Damaged or worn low • INSPECT the transmission
vehicle speed. Starts in first one-way clutch. for wear or damage. REPAIR
and second gear, decreases or • Damaged or worn or INSTALL new
goes away at higher gears intermediate one-way clutch. components as necessary.

• Friction elements. REFER to Section 307-01A
• Damaged or worn planetary or  Section 307-01B.

or sun gear.
• Whine — the pitch changes • A worn or damaged accessory • CARRY OUT the Engine

with engine speed drive component. Accessory Test. REPAIR or
INSTALL new components
as necessary.

• Incorrect fluid level. • CHECK that the transmission
is filled to the correct level.
ADD fluid as necessary.
REFER to Section 307-01A
or  Section 307-01B.

• Partially blocked filter. • INSPECT the filter. CLEAN
or INSTALL a new filter as
necessary. REFER to Section
307-01A or Section 307-01B.

• Worn or damaged torque • CARRY OUT the torque
converter. converter service and

replacement check. REFER to
Section 307-01A or Section
307-01B.

• Worn or damaged front • INSPECT the front pump.
pump. INSTALL a new front pump

as necessary. REFER to
Section 307-01A or Section
307-01B.

• Whine — pitch changes with • Speedometer cable or gears. • REPAIR or INSTALL new
vehicle speed cables or gears as necessary.
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DIAGNOSIS AND TESTING (Continued)

Symptom Chart — Transmission (Automatic) Noise/Vibration (Continued)

Condition Possible Sources Action
• Whine/moan type noise — • Damaged engine or • CHECK the

pitch increases or changes transmission mount. powertrain/drivetrain mounts
with vehicle speed for damage. REFER to

Section 303-01A for 4.6L and
5.4L engines or  Section
303-01B for 6.8L engines,
Section 307-01A or  Section
307-01B.

• U-joints worn or damaged. • INSPECT the U-joints for
wear or damage. INSTALL
new U-joints as necessary.
REFER to Section 205-01.

• Damaged or worn differential • INSPECT the differential ring
ring and pinion. and pinion for damage.

CARRY OUT the Checking
Tooth Contact Pattern and
Condition of the Ring and
Pinion component test in this
section. REPAIR or
INSTALL a new differential
ring and pinion as necessary.
REFER to  Section 205-02A
for Dana 60, 70 and 80 rear
axles, Section 205-02C for
Ford 8.8 rear axles or
Section 205-02D for Ford
9.75 rear axles.

• Planetary gears nicked or • CHECK the planetary gears
chipped. for damage. INSTALL new

components as necessary.
REFER to Section 307-01A
or  Section 307-01B.

• Whistle — noise is high • Hydraulic pressure in the • INSPECT the main control.
pitched, constant. Changes in main control. REPAIR or INSTALL new
pitch with throttle position components as necessary.

REFER to Section 307-01A
or  Section 307-01B.

• Incorrect band/clutch apply • CARRY OUT the line
pressure. pressure tests. REPAIR or

INSTALL components as
necessary. REFER to Section
307-01A or  Section
307-01B.

• Worn or damaged torque • CARRY OUT the torque
converter. converter service and

replacement check. REFER to
Section 307-01A or Section
307-01B.
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DIAGNOSIS AND TESTING (Continued)

Symptom Chart — Transmission (Automatic) Noise/Vibration (Continued)

Condition Possible Sources Action
• Clunk — occurs when • Damaged powertrain mounts. • INSPECT the powertrain

shifting from PARK to a mounts for damage.
drive or reverse position INSTALL new mounts as

necessary. REFER to Section
307-01A or  Section
307-01B.

• Damaged or worn pinion • CHECK for abnormal bearing
bearings. play or roughness. INSTALL

new bearings as necessary.
REFER to Section 205-02A
for Dana 60, 70 and 80 rear
axles,  Section 205-02C for
Ford 8.8 rear axles or Section
205-02D Ford 9.75 rear axles.

• Worn or galled driveshaft slip • CLEAN and INSPECT the
yoke splines. splines of the yoke.

INSTALL a new slip yoke as
necessary. REFER to Section
205-01.

• Worn friction elements or • INSPECT the transmission
excessive clutch pack end for wear. CHECK that all end
plate play. play and clearances are within

specification. REPAIR or
INSTALL new components
as necessary. REFER to
Section 307-01A or  Section
307-01B.

• Bump — occurs when • Initial gear engagement. • Acceptable condition.
shifting from PARK to a
drive or reverse position.
Similar to Clunk but with no
sound

• Buzz or hiss • Incorrect driveline angles. • CHECK for correct driveline
angles. REPAIR as necessary.
REFER to Section 205-00.

• Worn or damaged main • Using a transmission tester,
control solenoids or valves. ACTIVATE the solenoids to

duplicate sound. INSTALL
new components as necessary.
REFER to Section 307-01A
or  Section 307-01B.

• Vibration — a high frequency • Transmission cooler lines • CHECK the transmission
(20-80 Hz) that is felt through grounded out. cooler lines. REPAIR as
the seat or gear shifter. necessary.
Changes with engine speed

• Flexplate to torque converter • CHECK the flexplate nuts.
nuts loose. TIGHTEN to specification.

REFER to Section 307-01A
or Section 307-01B.

• Fluid filler tube grounded out. • CHECK the fluid filler tube.
REPAIR as necessary.

• Shift cable incorrectly routed, • CHECK the shift cable.
grounded out or loose. REPAIR as necessary.

Section 307-05.
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DIAGNOSIS AND TESTING (Continued)

Symptom Chart — Transmission (Automatic) Noise/Vibration (Continued)

Condition Possible Sources Action
• Shutter or chatter — occurs • Electrical inputs/outputs. • CARRY OUT a Torque

with light to medium • Vehicle wiring harness. Converter Clutch Operation
acceleration from low speeds • Incorrect inputs/outputs from Test. RUN on-board
or a stop the powertrain control module diagnostics or self-test.

(PCM), digital transmission REFER to Section 307-01A
range (TR) sensor, brake or  Section 307-01B. CLEAR
pedal position (BPP) sensor, the DTC’s, road test and
throttle position (TP) sensor, rerun on-board diagnostics or
transmission speed sensor self-test.
(TSS), output speed shaft
(OSS) sensor or the  torque
converter clutch (TCC).

Pinpoint Tests

The pinpoint tests are a step-by-step diagnostic
process designed to determine the cause of a
condition. It may not always be necessary to follow
a pinpoint test to its conclusion. Carry out only the
steps necessary to correct the condition.  Then, test
the system for normal operation. Sometimes, it is
necessary to remove various vehicle components to
gain access to the component requiring testing. For
additional information, REFER to the appropriate
Workshop Manual section for removal  and
installation procedures. Reinstall all components
after verifying system operation is normal.

PINPOINT TEST A: BRAKE VIBRATION/SHUDDER

Test Step Result / Action to Take
A1 ROAD TEST THE VEHICLE — LIGHT BRAKING

• Check that the wheel and tires are correct for the vehicle.
Inspect the tires for abnormal wear patterns.

• Road test the vehicle. Warm the brakes by slowing the vehicle a
few times from 80-32 km/h (50-20 mph) using light braking Yesapplications. At highway speeds of 89-97 km/h (55-60 mph), GO to A4.apply the brake using a light pedal force.

• Is there a vibration/shudder felt in the steering wheel, seat No
or brake pedal? GO to A2.

A2 ROAD TEST THE VEHICLE — MODERATE TO HEAVY
BRAKING
• Road test the vehicle. At highway speeds of 89-97 km/h (55-60 Yes

mph), apply the brake using a moderate to heavy pedal force. For vehicles with ABS, GO to A3.
• Is there a vibration/shudder? For vehicles with standard brakes, GO to

A4.
No
Vehicle is OK. VERIFY condition with
customer. TEST the vehicle for normal
operation.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST A: BRAKE VIBRATION/SHUDDER (Continued)

Test Step Result / Action to Take
A3 NORMAL ACTUATION OF THE ABS SYSTEM DIAGNOSIS

• During moderate to heavy braking, noise from the hydraulic
control unit (HCU) and pulsation in the brake pedal can be
observed. Pedal pulsation coupled with noise during heavy
braking or on loose gravel, bumps, wet or snowy surfaces is
acceptable and indicates correct functioning of the ABS system. YesPedal pulsation or steering wheel nibble (frequency is GO to A5.proportioned to the vehicle speed) indicates a concern with a
brake or suspension component. No

• Is the vibration/shudder vehicle speed sensitive? The brake system is operating correctly.
A4 APPLICATION OF THE PARKING BRAKE

• NOTE: Begin at the front of the vehicle unless the vibration or
shudder has been isolated to the rear.
This test is not applicable to vehicles with drum-in-hat type
parking brakes. For vehicles with drum-in-hat parking brakes,
proceed to the next test. For all other vehicles, apply the parking
brake to identify if the problem is in the front or  rear brake. At Yeshighway speeds of 89-97 km/h (55-60 mph), lightly apply the GO to A7.parking brake until the vehicle slows down. Release the parking
brake immediately after the test. No

• Is there a vibration/shudder? GO to A5.
A5 CHECK THE FRONT WHEEL BEARINGS

• Check the front wheel bearings. Refer to Wheel Bearing Check Yes
in this section. GO to A6.

• Are the wheel bearings OK? No
INSPECT the wheel bearings. ADJUST or
REPAIR as necessary. TEST the system
for normal operation.

A6 CHECK THE FRONT SUSPENSION
• Check the front suspension for:

• Broken or loose bolts. Yes• Damaged springs. GO to A7.• Worn or damaged upper and lower control arm bushings.
• Loose or rough front bearings. No
• Uneven tire wear. REPAIR or INSTALL new components as

• Are all the suspension components in satisfactory necessary. TEST the system for normal
condition? operation.

A7 RESURFACE THE FRONT BRAKE DISCS

• CAUTION: Do not use a bench lathe to machine brake
discs.
NOTE: Follow the manufacturer’s instructions to machine the
brake discs. After machining, make sure the brake disc meets

Yesthe thickness specification.
GO to A8.Resurface the front brake discs. Refer to Brake Disc Machining

in this section. Road test the vehicle. No
• Is the vibration/shudder present? Vehicle is OK.

A8 CHECK THE REAR SUSPENSION
• Check the rear suspension for:

• Broken or loose bolts.
• Damaged or worn springs or spring bushings. Yes• Worn or damaged upper and lower control arm bushings. GO to A9.• Worn or damaged trailing arms.
• Loose or rough rear bearings. No
• Uneven tire wear. REPAIR or INSTALL new components as

• Are all the suspension components in satisfactory necessary. TEST the system for normal
condition? operation.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST A: BRAKE VIBRATION/SHUDDER (Continued)

Test Step Result / Action to Take
A9 RESURFACE THE REAR BRAKE DISC OR DRUM

• CAUTION: Do not use a bench lathe to machine brake
discs. Yes

CHECK the front suspension for wear orNOTE: Follow the manufacturers instructions to machine the
damage. RESURFACE the front brakebrake discs. After machining, make sure the brake disc meets
discs. TEST the system for normalthe thickness specification.
operation.Resurface the rear brake discs or drums. REFER to Brake Disc

Machining in this section. Road test the vehicle. No
• Is the vibration/shudder present? Vehicle is OK.

PINPOINT TEST B: ENGINE TICKING NOISE

Test Step Result / Action to Take
B1 CHECK FOR TICKING NOISE AT THE FUEL RAIL

• Disconnect the first fuel line clip. Yes
• Is the ticking noise gone? CHECK for TSB for applicable vehicle.

REPAIR as necessary. TEST the system
for normal operation.
No
GO to B2.

B2 CHECK FOR TICKING NOISE AT THE FUEL INJECTOR
• Using an EngineEAR, listen at the fuel injectors by placing a Yes

probe on each injector. To isolate the faulty injector, disconnect INSTALL a new fuel injector. TEST the
the injector electrical connector and listen for the noise. system for normal operation.

• Is the fuel injector the source of the ticking noise? No
GO to B3.

B3 CHECK THE BELT TENSIONER FOR TICKING NOISE
• Inspect the accessory drive. Check for the belt tensioner Yes

bottoming at end of travel or not at end of stroke. INSTALL a new belt tensioner. TEST the
• Using an EngineEAR, listen at the belt tensioner. system for normal operation.
• Is the belt tensioner the source of the noise? No

GO to B4.
B4 CHECK THE WATER PUMP FOR TICKING NOISE

• Using an EngineEAR, listen at the water pump for ticking noise. Yes
• Is the water pump the source of the noise? INSTALL a new water pump. REFER to

Section 303-03. TEST the system for
normal operation.
No
GO to B5.

B5 CHECK FOR AN OBSTRUCTION OF THE COOLING FAN
• Inspect the cooling fan for obstructions. Yes
• Check the cooling fan and shroud for wear or damage. REPAIR or INSTALL a new cooling fan.
• Was there an obstruction or does the cooling fan show REFER to Section 303-03. TEST the

signs of damage? system for normal operation.
No
GO to B6.

B6 CHECK THE OIL PUMP FOR TICKING NOISE
• Check the oil pump using EngineEARs and probe at the oil filter Yes

adapter to verify the oil pump as a source. INSTALL a new oil pump. REFER to
• Is the oil pump the source of the noise? Section 303-01A for 4.6L and 5.4L

engines or Section 303-01B for 6.8L
engines.  TEST the system for normal
operation.
No
GO to B7.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST B: ENGINE TICKING NOISE (Continued)

Test Step Result / Action to Take
B7 CHECK VALVE LIFTERS OR LASH ADJUSTERS FOR

CORRECT OPERATION
• Check valve lifter/lash adjuster for correct operation, using Yes

EngineEARs. VERIFY customer concern. CONDUCT a
• Are the valve lifters/lash adjusters operating correctly? diagnosis of other suspect components.

No
INSTALL a new valve lifter/lash
adjuster(s). TEST the system for normal
operation.

PINPOINT TEST C: ACCESSORY DRIVE BEARING HOOT

Test Step Result / Action to Take
C1 CHECK THE ACCESSORY DRIVE IDLER AND TENSIONER

PULLEY BEARINGS
• Carry out the Vehicle Cold Soak Procedure in this section. Yes
• Key in START position. INSTALL a new pulley/idler. CARRY OUT
• Place an EngineEAR probe directly on the pulley center post or the Vehicle Cold Soak Procedure and

bolt to verify which bearing is making the noise. TEST the system for normal operation.
• Key in OFF position. No• Is either bearing making the noise? CONDUCT a diagnosis on other suspect

accessory drive components.

PINPOINT TEST D: POWER STEERING MOAN

Test Step Result / Action to Take
D1 CHECK THE POWER STEERING SYSTEM

• Carry out the Vehicle Cold Soak Procedure in this section.
• Key in START position. Yes• Turn the steering wheel while the noise is occurring and listen GO to D2.for changes in sound pitch or loudness.
• Key in OFF position. No
• Does the sound pitch or loudness change while turning the CONDUCT a diagnosis on other suspect

steering wheel? accessory drive components.
D2 VERIFY THE SOURCE

• Key in START position. Yes
• Place an EngineEAR probe near the power steering VERIFY that the supply tube to the pump

pump/reservoir while the noise is occurring. While an assistant is unobstructed. CHECK the fluid condition
turns the steering wheel, listen for changes in sound pitch or and level. DRAIN the fluid and REFILL.
loudness. CARRY OUT the Vehicle Cold Soak

• Key in OFF position. Procedure and TEST the system for
• Does the sound pitch or loudness change while turning the normal operation.

steering wheel? No
Normal system operation.

PINPOINT TEST E: ENGINE DRIVEN COOLING FAN MOAN

Test Step Result / Action to Take
E1 CHECK THE ENGINE DRIVEN COOLING FAN AFTER A COLD

SOAK
• Carry out the Vehicle Cold Soak Procedure in this section. Yes• Key in START position. TEST the fan for normal operation. If the• Assess the airflow. fan tests normal, GO to E2. Otherwise,• Raise the engine speed to 1500 rpm while listening for the moan REPAIR as necessary.to increase in proportion to the airflow.
• Key in OFF position. No
• Does the moan increase in proportion to the airflow? Normal system operation.

E2 CHECK THE ENGINE DRIVEN COOLING FAN AT NORMAL
OPERATING TEMPERATURE
• Key in START position. Yes
• Run the engine to normal operating temperature while listening Normal clutch operation.

for the moan to stop. No• Key in OFF position. INSTALL a new fan clutch. TEST the• Does the moan stop? system for normal operation.
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST F: DRUMMING NOISE

Test Step Result / Action to Take
F1 CHECK THE EXHAUST SYSTEM

• Key in START position.
• Increase the engine rpm until the noise is the loudest. Note the

engine rpm.
• Key in OFF position.
• Add approximately 9 kg (20 lb) of weight to the exhaust system.

First place the weight at the tail pipe and test, then at the front
pipe.

• Key in START position.
• Increase the engine rpm and listen for the drumming noise. Note Yesthe engine rpm if the noise occurs. CARRY OUT Exhaust System Neutralizing• Key in OFF position. in this section. TEST the system for• Using a vibration analyzer (VA), determine the amount of normal operation.vibration that occurs with the drumming noise.
• Is the noise/vibration reduced or eliminated, or does the No

noise/vibration occur at a different rpm? GO to F2.
F2 POWERTRAIN/DRIVETRAIN MOUNT NEUTRALIZING

• Carry out Powertrain/Drivetrain Mount Neutralizing in this Yes
section. Test the system for normal operation. Vehicle OK. TEST the system for normal

• Is the noise reduced or eliminated? operation.
No
CONDUCT diagnosis of other suspect
components.

PINPOINT TEST G: ENGINE TICKING, KNOCKING OR CONTINUOUS RATTLE

Test Step Result / Action to Take
G1 CHECK FOR NOISE AT THE VALVE COVERS AND THE FRONT

COVERS (OHC ENGINES)
• Carry out the Vehicle Cold Soak Procedure in this section.
• Key in START position.

Yes• NOTE: For a short-duration ticking noise, multiple engine starts
REMOVE the appropriate cover andmay be necessary.
INSPECT for loose, worn/brokenUsing an EngineEAR, listen closely at the valve covers and the components. REPAIR as necessary. TESTfront covers (OHC engines) by placing the probe near the the system for normal operation.surface of the valve cover and then on the surface front cover.

• Key in OFF position. No
• Is the noise source apparent? GO to G2.

G2 CHECK FOR NOISE AT THE CYLINDER BLOCK
• Key in START position. Yes
• Using an EngineEAR, listen closely at the cylinder block by REPAIR or INSTALL new components as

placing a probe on or near each freeze plug. necessary.
• Key in OFF position. No• Is the noise source apparent? GO to G3.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST G: ENGINE TICKING, KNOCKING OR CONTINUOUS RATTLE (Continued)

Test Step Result / Action to Take
G3 CHECK FOR NOISE WHILE DISCONNECTING EACH FUEL

INJECTOR ELECTRICAL CONNECTOR, ONE AT A TIME
• Key in START position. Yes
• Disconnect each fuel injector electrical connector, one at a time, INSTALL a new fuel injector. TEST the

to decrease piston force and listen for the noise. system for normal operation.
• Key in OFF position. No• Is the noise reduced or eliminated? INSPECT front engine accessory drive

(FEAD) or the transmission as a possible
source.

PINPOINT TEST H: FRONT SUSPENSION NOISE

Test Step Result / Action to Take
H1 ROAD TEST THE VEHICLE

• Test drive the vehicle.
Yes• NOTE: An assistant will be needed for this road test.
GO to H2.During the road test, drive the vehicle over a rough road. Using

ChassisEARs, determine from which area/component the noise No
is originating. The suspension system is OK. CONDUCT

• Is there a squeak, creak or rattle noise? a diagnosis on other suspect systems.
H2 INSPECT THE STEERING SYSTEM

• WARNING: The electrical power to the air suspension
system must be shut off prior to hoisting, jacking or towing
an air suspension vehicle. This can be accomplished by
turning off the air suspension switch. Failure to do so can
result in unexpected  inflation or deflation of the air springs,
which can result in shifting of the vehicle during these
operations.

YesRaise and support the vehicle. REPAIR the steering system. INSTALL• Check the steering system for wear or damage. Carry out a new components as necessary. TEST thesteering linkage test. Refer to Section 211-00. system for normal operation.• Inspect the tire wear pattern. Refer to Tire Wear Patterns chart
in this section. No

• Are the steering components worn or damaged? GO to H3.
H3 FRONT SHOCK ABSORBER/STRUT CHECK

• Check the front shock absorber/strut mounts for loose bolts or Yes
nuts. TIGHTEN to specifications if loose.

• Check the front shock absorbers/struts for wear or damage. INSTALL new front shock absorbers/struts
Carry out a ‘‘bounce test’’. if damaged. TEST the system for normal

• Are the front shock absorbers/struts loose or damaged? operation.
No
GO to H4.

H4 CHECK THE FRONT SPRINGS
• Check the front spring and front spring mounts/brackets for wear Yes

or damage. REPAIR or INSTALL new components as
• Are the front springs or spring mounts/brackets worn or necessary. TEST the system for normal

damaged? operation.
No
GO to H5.

H5 CHECK THE CONTROL ARMS/RADIUS ARMS
• Inspect the control arm bushings for wear or damage. Yes
• Inspect for twisted or bent control arm/radius arm. REPAIR or INSTALL new components as
• Are the control arms/radius arms damaged or worn? necessary. TEST the system for normal

operation.
No
GO to H6.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST H: FRONT SUSPENSION NOISE (Continued)

Test Step Result / Action to Take
H6 CHECK THE STABILIZER BAR/TRACK BAR

• Check the stabilizer bar/track bar bushings and links for damage Yes
or wear. REPAIR or INSTALL new components as

• Check the stabilizer bar/track bar for damage. necessary. TEST the system for normal
• Check for loose or damaged stabilizer bar isolators or brackets. operation.
• Are the stabilizer bar/track bar components loose, worn or Nodamaged? Suspension system OK. CONDUCT

diagnosis on other suspect systems.

PINPOINT TEST I: REAR SUSPENSION NOISE

Test Step Result / Action to Take
I1 ROAD TEST THE VEHICLE

• Test drive the vehicle.
Yes• NOTE: An assistant will be needed for this road test.
GO to I2.During the road test, drive the vehicle over a rough road. Using

ChassisEARs, determine from which area/component the noise No
is originating. The suspension system is OK. CONDUCT

• Is there a squeak, creak or rattle noise? a diagnosis on other suspect systems.
I2 REAR SHOCK ABSORBER/STRUT CHECK

• WARNING: The electrical power to the air suspension
system must be shut off prior to hoisting, jacking or towing
an air suspension vehicle. This can be accomplished by
turning off the air suspension switch. Failure to do so can
result in unexpected  inflation or deflation of the air springs,
which can result in shifting of the vehicle during these

Yesoperations.
TIGHTEN to specifications if loose.Raise and support the vehicle. INSTALL new rear shock absorber if• Check the rear shock absorber/strut mounts for loose bolts or damaged. TEST the system for normalnuts. operation.• Check the rear shock absorbers/struts for damage. Carry out a

‘‘bounce test’’. No
• Are the rear shock absorbers/struts loose or damaged? GO to I3.

I3 CHECK THE REAR SPRINGS
• Check the rear springs and rear spring mounts/brackets for wear Yes

or damage. REPAIR or INSTALL new components as
• Are the rear springs or spring mounts/brackets worn or necessary. TEST the system for normal

damaged? operation.
No
GO to I4.

I4 CHECK THE CONTROL ARMS/TRAILING ARMS
• Inspect the control arm/trailing arm bushings for wear or Yes

damage. Check for loose control arm/trailing arm bolts. REPAIR or INSTALL new components as
• Inspect for twisted or bent control arms/trailing arms. necessary. TEST the system for normal
• Are the control arms/trailing arms loose, damaged or worn? operation.

No
GO to I5.

I5 CHECK THE STABILIZER BAR/TRACK BAR
• Check the stabilizer bar/track bar bushings and links for damage Yes

or wear. REPAIR or INSTALL new components as
• Check the stabilizer bar/track bar for damage. necessary. Test the system for normal
• Check for loose or damaged stabilizer bar isolators or brackets. operation.
• Are the stabilizer bar/track bar components loose, worn or Nodamaged? Suspension system OK. CONDUCT

diagnosis on other suspect systems.
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST J: WHEEL AND TIRE

Test Step Result / Action to Take
J1 ROAD TEST THE VEHICLE

• NOTE: Wheel or tire vibrations felt in the steering wheel are
most likely related to the front wheel or tire. Vibration felt
through the seat are most likely related to the rear wheel or tire.
This may not always be true, but it can help to isolate  the
problem to the front or rear of the vehicle.

YesTest drive the vehicle at different speed ranges. GO to J2.• During the road test, if the vibration can be eliminated by placing
the vehicle in neutral or is affected by the speed of the engine, No
the cause is not the wheels or tires. The wheel and tires are OK. CONDUCT a

• Is there a vibration and noise? diagnosis on other suspect systems.
J2 CHECK THE FRONT WHEEL BEARINGS

• Check the front wheel bearings. Refer to Wheel Bearing Check Yes
in this section. GO to J3.

• Are the wheel bearings OK? No
INSPECT the wheel bearings. ADJUST or
REPAIR as necessary. TEST the system
for normal operation.

J3 INSPECT THE TIRES
• Check the tires for missing weights. Yes
• Check the wheels for damage. CORRECT the condition that caused the
• Inspect the tire wear pattern. Refer to the Tire Wear Patterns abnormal wear. INSTALL new tire(s).

chart in this section. TEST the system for normal operation.
• Do the tires have an abnormal wear pattern? No

GO to J4.
J4 TIRE ROTATION DIAGNOSIS

• Spin the tires slowly and watch for signs of lateral runout.

• Spin the tires slowly and watch for signs of radial runout.

Yes
GO to J5.
No
CHECK the wheel and tire balance.
CORRECT as necessary. TEST the

• Are there signs of visual runout? system for normal operation.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST J: WHEEL AND TIRE (Continued)

Test Step Result / Action to Take
J5 RADIAL RUNOUT CHECK ON THE TIRE

• Measure the radial runout of the wheel and tire assembly. A
typical specification for total radial runout is 1.14 mm (0.045
inch).

Yes
GO to J8.
No

• Is the radial runout within specifications? GO to J6.
J6 RADIAL RUNOUT CHECK ON THE WHEEL

• Measure the radial runout of the wheel. A typical specification Yes
for total radial runout is 1.14 mm (0.045 inch). INSTALL a new tire. TEST the system for

• Is the radial runout within specifications? normal operation.
No
GO to J7.

J7 CHECK THE HUB/BRAKE DISC OR DRUM PILOT RUNOUT OR
BOLT CIRCLE RUNOUT
• Measure the pilot or bolt circle runout. A typical specification for Yes

radial runout is: INSTALL a new wheel. TEST the system
for normal operation.• Pilot runout — less than 0.15 mm (0.006 inch).
No• Bolt circle runout — less than 0.38 mm (0.015 inch). REPAIR or INSTALL new components as• Is the radial runout within specifications? necessary. REFER to Section 204-01 for
the front wheels orSection 204-02 for  the
rear wheels.

J8 LATERAL RUNOUT CHECK ON THE TIRE
• Measure the lateral runout of the wheel and tire assembly. A

typical specification for total lateral runout is 1.14 mm (0.045
inch).

Yes
Wheel and tires OK. CONDUCT diagnosis
on other suspect systems.
No

• Is the lateral runout within specifications? GO to J9.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST J: WHEEL AND TIRE (Continued)

Test Step Result / Action to Take
J9 LATERAL RUNOUT CHECK ON THE WHEEL

• Measure the lateral runout of the wheel. A typical specification Yes
for total radial runout is 1.14mm (0.045 inch. INSTALL a new tire. TEST the system for

• Is the lateral runout within specifications? normal operation.
No
GO to J10.

J10 CHECK THE FLANGE FACE LATERAL RUNOUT
• Measure the flange face lateral runout. A typical specification for Yes

lateral runout is: INSTALL a new wheel. TEST the system
for normal operation.• Hub/brake disc — less than 0.13 mm (0.005 inch).
No• Axle shaft — less than 0.25 mm (0.010 inch). REPAIR or INSTALL new components as• Is the lateral runout within specifications? necessary. REFER to Section 204-01 for
the front wheels orSection 204-02 for  the
rear wheels.

PINPOINT TEST K: HIGH SPEED SHAKE OR SHIMMY DIAGNOSIS

Test Step Result / Action to Take
K1 CHECK FOR FRONT WHEEL BEARING ROUGHNESS

• Chock the rear wheels. Yes• Raise and support the front end of the vehicle so that the front INSPECT the wheel bearings. REPAIR aswheel and tire assemblies can spin. Refer to the appropriate necessary. TEST the system for normalworkshop manual for the service procedures. operation.• Spin the front tires by hand. Refer to Wheel Bearing Check in
this section. No

• Do the wheel bearings feel rough? GO to K2.
K2 CHECK THE END PLAY OF THE FRONT WHEEL BEARINGS

• Check the end play of the front wheel bearings. Refer to Section Yes
204-00. GO to K3.

• Is the end play OK? No
ADJUST or REPAIR as necessary. TEST
the system for normal operation.

K3 MEASURE THE LATERAL RUNOUT AND THE RADIAL RUNOUT
OF THE FRONT WHEELS ON THE VEHICLE
• Measure the lateral runout and the radial runout of the front Yes

wheels on the vehicle. Refer to Pinpoint Test J. GO to K4.
• Are the measurements within specifications? No

INSTALL new wheels as necessary and
BALANCE the assembly. TEST the
system for normal operation.

K4 MEASURE THE LATERAL RUNOUT OF THE FRONT TIRES ON
THE VEHICLE
• Measure the lateral runout of the front tires on the vehicle. Refer Yes

to Pinpoint Test J. GO to K5.
• Is the runout within specifications? No

INSTALL new tires as necessary and
BALANCE the assembly. TEST the
system for normal operation.

K5 MEASURE THE RADIAL RUNOUT OF THE FRONT TIRES ON
THE VEHICLE
• Measure the radial runout of the front tires on the vehicle. Refer Yes

to Pinpoint Test J. BALANCE the front wheel and tire
• Is the runout within specifications? assemblies. If any tire cannot be balanced,

INSTALL a new tire. TEST the system for
normal operation.
No
GO to K6.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST K: HIGH SPEED SHAKE OR SHIMMY DIAGNOSIS (Continued)

Test Step Result / Action to Take
K6 MATCH MOUNT THE TIRE AND WHEEL ASSEMBLY

• Mark the high runout location on the tire and also on the wheel. Yes
Break the assembly down and rotate the tire 180 degrees BALANCE the assembly. TEST the
(halfway around) on the wheel. Inflate the tire and measure the system for normal operation.
radial runout. No• Is the runout within specifications? If the high spot is not within 101.6 mm (4

inches) of the first high spot on the tire,
GO to K7.

K7 MEASURE THE WHEEL FLANGE RUNOUT
• Dismount the tire and mount the wheel on a wheel balancer.

Measure the runout on both wheel flanges. Refer to Section
204-04.

Yes
LOCATE and MARK the low spot on the
wheel. INSTALL the tire, matching the
high spot on the tire with the low spot on
the wheel. BALANCE the assembly. TEST
the system for normal operation. If the
condition  persists,GO to K8.
No
INSTALL a new wheel. CHECK the runout
on the new wheel. If the new wheel is
within limits, LOCATE and MARK the low
spot. INSTALL the tire, matching the high
spot on the tire with the low spot on the
wheel. BALANCE the assembly. TEST the
system  for normal operation. If the

• Is the runout within specifications? condition persists, GO to K8.
K8 CHECK FOR VIBRATION FROM THE FRONT OF THE VEHICLE

WARNING: If only one drive wheel is allowed to rotate,
speed must be limited to 55 km/h (34 mph) using the
speedometer reading, since actual wheel speed will be twice
that indicated on the speedometer. Exceeding a speed of 55
km/h (34 mph) or allowing  the drive wheel to hang
unsupported can result in tire disintegration or differential

Yesfailure, which can cause serious personal injury and extensive
SUBSTITUTE known good wheel and tirevehicle damage.
assemblies as necessary. TEST the• Spin the front wheel and tire assemblies with a wheel balancer system for normal operation.while the vehicle is raised on a hoist. Feel for vibration in the

front fender or while seated in the vehicle. No
• Is the vibration present? GO to K9.

K9 CHECK FOR VIBRATION FROM THE REAR OF THE VEHICLE

WARNING: If only one drive wheel is allowed to rotate,
speed must be limited to 55 km/h (34 mph) using the
speedometer reading, since actual wheel speed will be twice
that indicated on the speedometer. Exceeding a speed of 55
km/h (34 mph) or allowing  the drive wheel to hang
unsupported can result in tire disintegration or differential
failure, which can cause serious personal injury and extensive
vehicle damage.
• Chock the front wheels.
• Raise and support the rear end of the vehicle so that the rear

wheel and tire assemblies can spin. Refer to the appropriate Yesworkshop manual for the service procedures. GO to K10.• Engage the drivetrain and carefully accelerate the drive wheels
while checking for vibration. No

• Is the vibration present? TEST the system for normal operation.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST K: HIGH SPEED SHAKE OR SHIMMY DIAGNOSIS (Continued)

Test Step Result / Action to Take
K10 CHECK THE DRIVETRAIN

WARNING: If only one drive wheel is allowed to rotate,
speed must be limited to 55 km/h (34 mph) using the
speedometer reading, since actual wheel speed will be twice
that indicated on the speedometer. Exceeding a speed of 55
km/h (34 mph) or allowing  the drive wheel to hang
unsupported can result in tire disintegration or differential

Yesfailure, which can cause serious personal injury and extensive
CHECK/TEST the drivetrain and drivelinevehicle damage.
components. TEST the system for normal• Remove the rear wheel and tire assemblies. Refer to Section operation.204-04.

• Secure the brake drums (if so equipped), by installing wheel hub No
bolt nuts, reversed. SUBSTITUTE known good wheel and tire

• Carefully accelerate the drivetrain while checking for vibration. assemblies as necessary. TEST the
• Is the vibration present? system for normal operation.

PINPOINT TEST L: CLUTCH VIBRATION

Test Step Result / Action to Take
L1 CHECK ENGINE COMPONENTS FOR GROUNDING

• NOTE: Make sure the clutch is the cause of the vibration
concern. The vibration should occur during clutch operation. The
clutch can also be difficult to engage or disengage. Eliminate all
related systems before checking the clutch components.
NOTE: Check the driveline angles and driveshaft runout before

Yesdisassembling the clutch system. Refer to the appropriate
REPAIR as necessary. TEST the systemworkshop manual for the correct driveline angle specifications.
for normal operation.Check the powertrain/drivetrain mounts, exhaust manifolds or

other engine components for grounding on the chassis. No
• Are any mounts or engine components grounded? GO to L2.

L2 CHECK THE ACCESSORY DRIVE BELT
• Remove the accessory drive belt. Yes
• Does the vibration stop with the accessory drive belt DIAGNOSE the accessory drive

removed? components.
No
GO to L3.

L3 CHECK FOR LOOSE CLUTCH PRESSURE PLATE BOLTS
• Check for loose clutch pressure plate bolts. Inspect the clutch Yes

pressure plate for damage or for material between the pressure TIGHTEN the bolts to specifications or if
plate and flywheel. damaged, INSTALL a new clutch pressure

• Are there any loose bolts or damage? plate. TEST the system for normal
operation.
No
GO to L4.

L4 CHECK THE CLUTCH DISC SPRINGS
• Check for worn, broken or loose clutch disc springs. Yes
• Are the clutch springs worn, broken or loose? INSTALL a new clutch disc. TEST the

system for normal operation.
No
GO to L5.

L5 CHECK THE CLUTCH DISC SPLINES
• Inspect the clutch disc splines for damage or wear. Yes
• Is there damage or wear? INSTALL a new clutch disc. TEST the

system for normal operation.
No
GO to L6.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST L: CLUTCH VIBRATION (Continued)

Test Step Result / Action to Take
L6 CHECK THE FLYWHEEL BOLTS

• Check for loose flywheel bolts. Yes
• Are the bolts loose? TIGHTEN the bolts to specifications. TEST

the system for normal operation.
No
GO to L7.

L7 CHECK THE FLYWHEEL SURFACE
• Inspect the flywheel surface for wear or damage. Check the Yes

flywheel runout. INSTALL a new flywheel. TEST the
•  Is there any damage or excessive wear? system for normal operation.

No
Clutch system normal. CONDUCT a
diagnosis on other suspect systems.

PINPOINT TEST M: TRANSFER CASE VIBRATION

Test Step Result / Action to Take
M1 INSPECT THE TRANSFER CASE

• WARNING: The electrical power to the air suspension
system must be shut off prior to hoisting, jacking or towing
an air suspension vehicle. This can be accomplished by
turning off the air suspension switch. Failure to do so can
result in unexpected  inflation or deflation of the air springs,

Yeswhich can result in shifting of the vehicle during these
TIGHTEN to specifications or INSTALLoperations.
new bolts as necessary. TEST the systemInspect the transfer case for loose or missing mounting bolts. for normal operation.Check for fluid seepage between the transfer case and the

transmission. No
• Are the mounting bolts missing or loose? GO to M2.

M2 INSPECT THE REAR DRIVESHAFT
• NOTE: Verify that the driveshaft and pinion flange index marks

are aligned.
Inspect the driveshaft for missing weights, damage or Yesundercoating. REPAIR or INSTALL a new driveshaft as• Inspect the U-joints for freedom of movement. necessary. TEST the system for normal• Check driveshaft runout and, if necessary, check the pinion operation.flange runout.

• Is the driveshaft or U-joints worn or damaged or No
misaligned? GO to M3.

M3 CHECK THE DRIVELINE ANGLES
• Measure the rear driveshaft and pinion angles. Yes
• Measure the front driveshaft and pinion angles. REPAIR as necessary. TEST the system
• Are the driveline angles incorrect? for normal operation.

No
GO to M4.

M4 INSPECT THE FRONT DRIVESHAFT
• NOTE: Verify that the driveshaft and pinion flange index marks

are aligned.
YesInspect the front driveshaft for missing weights, damage or REPAIR or INSTALL a new driveshaft asundercoating. necessary. TEST the system for normal• Inspect the U-joints and slip yoke for freedom of movement. operation.• Check driveshaft runout and, if necessary, check the pinion

flange runout. No
• Is the driveshaft or U-joints worn or damaged? GO to M5.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST M: TRANSFER CASE VIBRATION (Continued)

Test Step Result / Action to Take
M5 ROAD TEST WITH THE FRONT DRIVESHAFT ONLY

• NOTE: Index mark the driveshaft to the pinion flange and to the
output shaft before removal.

YesRemove the rear driveshaft.
INSTALL and BALANCE the rear• Plug the transfer case with an output shaft seal plug.
driveshaft. TEST the system for normal• NOTE: Shift the transfer case into 4WD high so the vehicle is
operation.driven by the front driveshaft only.

Test drive the vehicle. No
• Is the vibration gone? GO to M6.

M6 ROAD TEST WITH THE REAR DRIVESHAFT ONLY
• NOTE: Index mark the front driveshaft to the pinion flange. Yes

INSTALL and BALANCE the frontRemove the front driveshaft.
driveshaft. TEST the system for normal• Test drive the vehicle.
operation.• Is the vibration gone?
No
GO to M7.

M7 TRANSFER CASE TAIL SHAFT INSPECTION
• Inspect the splines of the output shaft for wear or damage. Yes
• Inspect the splines of the driveshaft slip yoke for wear or REPAIR or INSTALL new components as

damage. necessary. TEST the system for normal
• Are the splines worn or damaged? operation.

No
The transfer case is OK. CONDUCT a
diagnosis on other suspect systems.

Component Tests 2. Set engine idle speed to 1200 rpm.

3. CAUTION: Do not hold the steeringIdle Air Control (IAC) Valve
wheel against the stops for more than three1. Open the hood.
to five seconds at a time. Damage to the

2. NOTE: Key symptom is elevated idle speed power steering pump will occur.
while noise is occurring.

Rotate the steering wheel to the RH stop, then
NOTE: ‘‘Snapping’’ the throttle can induce the turn the steering wheel 90° back from that
noise. position. Turn the steering wheel slowly in a
Verify the condition by operating the vehicle 15° to 30° arc.
for a short time. 4. Turn the steering wheel another 90°. Turn the

3. Inspect the IAC valve. If physical evidence of steering wheel slowly in a 15° to 30° arc.
contamination exists, install a new IAC valve. 5. Repeat the test with power steering fluid at

4. While the noise is occurring, either place an different temperatures.
EngineEAR probe near the IAC valve and the 6. If a light grunt is heard or a low (50-200 Hz)
inlet tube, or create a 6.35 mm (0.25 in)-12.7 shudder is present, this is a normal steering
mm (0.50 in) air gap between the inlet tube and system condition.
the clean air tube. If the IAC valve is making

7. If a loud grunt is heard, or strong shudder isthe noise,  install a new IAC valve.
felt, fill and purge the power steering system.

5. Test the vehicle for normal operation.

Steering Gear Grunt/Shudder Test

1. Start and run the vehicle to operating
temperature.
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DIAGNOSIS AND TESTING (Continued)

Checking Tooth Contact Pattern and
Condition of the Ring and Pinion

There are two basic types of conditions that will
produce ring and pinion noise. The first type is a
howl or chuckle produced by broken, cracked,
chipped, scored or forcibly damaged gear teeth and
is usually quite audible over the entire speed  range.
The second type of ring and pinion noise pertains to
the mesh pattern of the gear pattern. This gear noise
can be recognized as it produces a cycling pitch or
whine. Ring and pinion noise tends to peak in a
narrow speed range or ranges, and  will tend to
remain constant in pitch. 5. In the following steps, the movement of the

contact pattern along the length is indicated as1. Raise and support the vehicle. For additional
toward the‘‘ heel’’ or ‘‘toe’’ of the differentialinformation, refer to Section 100-02.
ring gear.2. Drain the axle lubricant. Refer to Section

205-02A for Dana 60, 70 and 80 rear axles,
Section 205-02C for Ford  8.8 rear axles or
Section 205-02D for Ford 9.75 rear axles.

3. Remove the carrier assembly or the axle
housing cover depending on the axle type.
Refer to Section 205-02A for Dana 60, 70 and
80 rear axles,  Section 205-02C for Ford 8.8
rear axles or Section 205-02D Ford 9.75 rear
axles.

4. Inspect the gear set for scoring or damage.

Item Description

1 Heel

2 Toe

6. Apply a marking compound to a third of the
gear teeth on the differential ring gear. Rotate
the differential ring gear several complete turns
in both directions until a good, clear tooth
pattern is obtained. Inspect the contact patterns
on the  ring gear teeth.
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DIAGNOSIS AND TESTING (Continued)

7. A good contact pattern should be centered on 9. A high, thin contact pattern that is worn toward
the tooth. It can also be slightly toward the toe. the toe.
There should always be some clearance

• Tooth contact pattern shown on the drive sidebetween the contact pattern and the top of the
of the gear teeth.tooth.

• The drive pinion depth is correct. Increase the
• Tooth contact pattern shown on the drive side differential ring gear backlash.

of the gear teeth.

10. A contact pattern that is worn in the center of
8. A high, thick contact pattern that is worn more the differential ring gear tooth toward the heel.

toward the toe.
• Tooth contact pattern shown on the drive side

• Tooth contact pattern shown on the drive side of the gear teeth.
of the gear teeth.

• The low contact pattern indicates that the
• The high contact pattern indicates that the drive pinion is installed too deep into the

drive pinion is not installed deep enough into carrier.
the carrier.

• The differential ring gear backlash is correct.
• The differential ring gear backlash is correct, A thicker drive pinion shim is needed.

a thinner drive pinion shim is needed. A
decrease will move the drive pinion toward
the differential ring gear.
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DIAGNOSIS AND TESTING (Continued)

11. A contact pattern that is worn at the top of the
differential ring gear tooth toward the heel.

• Tooth contact pattern shown on the drive side
of the gear teeth.

• The pinion gear depth is correct. Decrease the
differential ring gear backlash.
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DIAGNOSIS AND TESTING (Continued)

Tire Wear Patterns and frequency calculations
Tire Wear Chart
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DIAGNOSIS AND TESTING (Continued)

Wheel and tire NVH concerns are directly related to For a vibration concern, use the vehicle speed to
vehicle speed and are not generally affected by determine tire/wheel frequency and rpm. Calculate
acceleration, coasting or decelerating. Also, tire and wheel rpm and frequency by carrying out
out-of-balance wheel and tires can vibrate at more and following:
than one speed. A vibration that is affected by  the

• Measure the diameter of the tire.engine rpm, or is eliminated by placing the
• Record the speed at which the vibration occurs.transmission in NEUTRAL is not related to the tire

and wheel. As a general rule, tire and wheel • Obtain the corresponding tire and wheel rpm and
vibrations felt in the steering wheel are related to frequency from the Tire Speed and Frequency
the front tire and wheel assemblies. Vibrations felt Chart.
in the seat or floor are related to the rear tire and — If the vehicle speed is not listed, divide the
wheel assemblies. This can initially isolate a vehicle speed at which the vibration occurs by
concern to the front or rear. 16 km/h (10 mph). Multiply that number by
Careful attention must be paid to the tire and 16 km/h (10 mph) tire rpm listed for that tire
wheels. There are several symptoms that can be diameter in the chart. Then divide that number
caused by damaged or worn tire and wheels. Carry by 60. For  example: a 40 mph vibration with
out a careful visual inspection of the tires and wheel 835 mm (33 in) tires. 40 ÷ 10 = 4. Multiply 4
assemblies. Spin the tires slowly and watch  for by 105 = 420 rpm. Divide 420 rpm by 60
signs of lateral or radial runout. Refer to the tire seconds = 7 Hz at 40 mph.
wear chart to determine the tire wear conditions and
actions.

Tire Speed and Frequency Chart

Tire Diameter Tire RPM/Hz Tire RPM/Hz Tire RPM/Hz Tire RPM/Hz

mm (inch) @ 16 km/h (10 mph) @ 80 km/h (50 mph) @ 97 km/h (60 mph) @ 113 km/h (70
mph)

483 (19) 182 910/15 1092/18 1274/21

508 (20) 173 865/14 1038/17 1211/20

533 (21) 165 825/14 990/16 1155/19

560 (22) 158 790/13 948/16 1106/18

585 (23) 151 755/13 906/15 1057/18

610 (24) 145 725/12 870/14 1015/17

635 (25) 139 695/12 834/14 973/16

660 (26) 134 670/11 804/13 938/16

685 (27) 129 645/11 774/13 903/15

710 (28) 124 620/10 744/12 868/14

735 (29) 119 595/10 714/12 833/14

760 (30) 115 575/10 690/11 805/13

785 (31) 111 555/9 666/11 777/13

810 (32) 108 540/9 648/11 756/13

835 (33) 105 525/9 630/10 735/12

864 (34) 102 510/8 612/10 714/12
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GENERAL PROCEDURES

3. Remove the brake caliper and the brake caliperBrake Disc Machining
anchor plate. Refer to the appropriate section in
Group 206 for the procedure.Special Tool(s)

Gauge, Clutch Housing 4. Inspect the brake linings. Install new brake
308-021 (T75L-4201-A) linings if below specification. For additional

information, refer to the appropriate brake
section.

5. Measure and record the brake disc thickness.
Install a new brake disc if the thickness after

Dial Indicator Gauge with machining will be at or below specification.
Holding Fixture The specification is molded into the brake disc.
100-002 (TOOL-4201-C) or

• Do not machine a new brake disc.equivalent

6. For vehicles with a 2-piece hub and brake disc
assembly:

• Match-mark before disassembly.
Material • Remove the brake disc.

Item Specification • Clean the hub and brake disc mounting
surfaces with metal surface cleaner.Motorcraft Metal Surface WSE-M5B392-A

Cleaner • Using a die grinder with a mild abrasive
ZC-21

(Scotch Brite type), remove any rust or
High Temperature Nickel ESE-M12A4-A corrosion from the hub and brake disc
Anti-Seize Lubricant

mounting surfaces.XL-2 (US); CXG-2-B
(Canada); or equivalent • Align the match-marks and reinstall the

brake disc on the hub.
WARNING: The electrical power to the air

suspension system must be shut off prior to 7. CAUTION: Do not use a bench lathe
hoisting, jacking or towing an air suspension to machine brake discs.
vehicle. This can be accomplished by turning off

NOTE: The depth of cut must be between 0.10the air suspension switch. Failure to do so can
and 0.20 mm (0.004 and 0.008 inch). Lighterresult in unexpected  inflation or deflation of the
cuts will cause heat and wear. Heavier cuts willair springs, which can result in shifting of the
cause poor brake disc surface finish.vehicle during these operations.
Using an on-car brake lathe, machine the brake
discs. Follow the manufacturer’s instructions.CAUTION: Do not install brake discs that
After machining, make sure the brake disc stillare less than the minimum thickness specified.
meets the thickness specification.Do not machine a brake disc below the minimum

thickness specification.
8. Using the special tools, verify that the brake

disc lateral runout is now within specification.1. Check wheel bearing end-play and correct as
For additional information, refer to Sectionnecessary.
206-00.

2. NOTE: Begin at the front of the vehicle unless
9. Remove the special tool hub adapter.the vibration has been isolated to the rear.

Remove the tire and wheel assembly.
10. Remove any remaining metal chips from the

machining operation.
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GENERAL PROCEDURES (Continued)

11. For vehicles with a 2-piece hub and brake disc 12. Install the brake caliper anchor plate and the
assembly: brake caliper.

• Remove the brake disc from the hub.
13. Install the tire and wheel assembly.

• Remove any remaining metal chips from
hub and brake disc mounting surfaces and 14. Test the system for normal operation.
from the ABS sensor.

• Apply a liberal amount of lubricant to the
hub flange, pilot area and to the brake
disc-to-hub mounting surface.

• Using the match marks, mount the brake
disc on the hub.
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GENERAL PROCEDURES

3. Lower the vehicle.Powertrain/Drivetrain Mount
Neutralizing

4. CAUTION: Do not twist or strain the
powertrain/drivetrain mounts.

WARNING: The electrical power to the air
Move the vehicle in FORWARD andsuspension system must be shut off prior to
REVERSE 0.6-1.2 meters (2-4 ft).hoisting, jacking or towing an air suspension

vehicle. This can be accomplished by turning off
5. With the vehicle in NEUTRAL, position it on athe air suspension switch. Failure to do so can

hoist. For additional information, refer toresult in unexpected  inflation or deflation of the
Section 100-02.air springs, which can result in shifting of the

vehicle during these operations.
6. Tighten the powertrain/drivetrain mount

fasteners.1. With the vehicle in NEUTRAL, position it on a
hoist. For additional information, refer to

7. Lower the vehicle.Section 100-02.

8. Test the system for normal operation.2. Loosen, but do not remove, the
powertrain/drivetrain mount fasteners.
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GENERAL PROCEDURES

5. Tighten the muffler connection.Exhaust System Neutralizing

6. Tighten all the exhaust hanger clamps and
WARNING: Exhaust gases contain carbon flanges (tighten the exhaust manifold flange

monoxide, which is harmful to health and joint last).
potentially lethal. Repair exhaust system leaks

• Verify there is adequate clearance to preventimmediately. Never operate the engine in an
grounding at any point in the system. Makeenclosed area.
sure that the catalytic converter and heat
shield do not contact the frame rails.WARNING: Exhaust system components

• After neutralization, the rubber in theare hot.
exhaust hangers should show some

NOTE: Neutralize the exhaust system to relieve flexibility when movement is applied to the
strain on mounts which can be sufficiently bound up exhaust system.
to transmit vibration as if grounded. • With the exhaust system installed securely

and cooled, the rear hanger should be angled
1. WARNING: The electrical power to forward.

the air suspension system must be shut off
prior to hoisting, jacking or towing an air 7. Lower the vehicle.
suspension vehicle. This can be accomplished
by turning off the air suspension switch. 8. Test the exhaust system for normal operation.
Failure to do so can result in unexpected
inflation or deflation of the air springs,
which can result in shifting of the vehicle
during these operations.

CAUTION: Make sure the system is
warmed up to normal operating temperature,
as thermal expansion can be the cause of a
strain problem.

With the vehicle in NEUTRAL, position it on a
hoist. For additional information, refer to
Section 100-02.

2. Loosen all exhaust hanger attachments and
reposition the hangers until they hang free and
straight.

3. Loosen all exhaust flange joints.

4. Place a stand to support the muffler parallel to
the vehicle frame with the muffler pipe bracket
free of stress.
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GENERAL PROCEDURES

Wheel Bearing Check

1. WARNING: The electrical power to
the air suspension system must be shut off
prior to hoisting, jacking or towing an air
suspension vehicle. This can be accomplished
by turning off the air suspension switch.
Failure to do so can result in unexpected
inflation or deflation of the air springs,
which can result in shifting of the vehicle
during these operations.

Raise the vehicle until the front tires are off the
floor.

• Make sure the wheels are in a straight
forward position.

2. NOTE: Make sure the wheel rotates freely and
that the brake pads are retraced sufficiently to
allow free movement of the tire and wheel
assembly.

Spin the tire by hand to check the wheel
bearings for roughness.

3. Grip each front tire at the top and bottom and
move the wheel inward and outward while
lifting the weight of the tire off the front wheel
bearing.
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GENERAL PROCEDURES (Continued)

4. If the tire and wheel (hub) is loose on the
spindle, does not rotate freely, or has a rough
feeling when spun, carry out one of the
following:

1 On vehicles with inner and outer bearings,
inspect the bearings and cups for wear or
damage. Adjust or install new bearings and
cups as necessary.

2 On vehicles with one sealed bearing, install
a new wheel hub.
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204-00-1 204-00-1Suspension System — General Information

Alignment Specifications (Continued)
SPECIFICATIONS

Total/
Alignment Specifications Item LH RH Split

Total/ Camber 0.5° ± 0.5° ± 0° ±
Item LH RH Split 0.5° 0.5° 0.5°

E-150 Toe (Positive value is — — 0.06° ±
toe-in, negative value 0.25°Caster 4.0° ± 4.5° ± -0.5° ±
is toe-out)2.75° 2.75° 1.0°

Camber 0.25° ± 0.25° ± 0° ±
0.5° 0.5° 0.5° General Specifications

Toe (Positive value is — — 0.06° ± Item Specification
toe-in, negative value 0.25°

Dogtracking — maximum 30 mm (1.25 in.)is toe-out)
(centerline of front tires

E-250 and E-350 compared to centerline of
Caster 4.0° ± 4.5° ± -0.5° ± rear tires)

2.75° 2.75° 1.0° Clear Vision
Camber 0.5° ± 0.5° ± 0° ± Clear vision (negative 0° ± 3°

0.5° 0.5° 0.5° value is counterclockwise)
Toe (Positive value is — — 0.06° ± Ball Joint Deflection
toe-in, negative value 0.25°

Lower 0-1.0 mm (0-0.040 in.)is toe-out)

Upper 0-0.6 mm (0-0.024 in.)E-Super Duty

Vehicle Lean (Side-to-Side Height Differences)Caster 4.0° ± 4.5° ± -0.5° ±
2.75° 2.75° 1.0° Front wheel opening — 15 mm (5/8 in.)

maximum

Rear wheel opening — 20 mm (3/4 in.)
maximum

Camber/Caster Service Adjuster

LH Axle RH Axle

Camber Caster Camber CasterPosition Slot
Change Change Change ChangeService Adjuster in Axle

(Degrees) (Degrees) (Degrees) (Degrees)Type (Degrees) (Degrees)

1/2 0 -0.5 0 +0.5 0

1 0 -1.0 0 +1.0 0

1-1/2 0 -1.5 0 +1.5 0

1/2 45 -0.25 +0.25 +0.25 +0.25

1 45 -0.75 +0.75 +0.75 +0.75

1-1/2 45 -1.0 +1.0 +1.0 +1.0

1/2 90 0 +0.5 0 +0.5

1 90 0 +1.0 0 +1.0

1-1/2 90 0 +1.5 0 +1.5

1/2 135 +0.25 +0.25 -0.25 +0.25

1 135 +0.75 +0.75 -0.75 +0.75

1-1/2 135 +1.0 +1.0 -1.0 +1.0

Copyright  2003, Ford Motor Company
Last updated: 5/26/2005 2004 E-Series, 12/2003 
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SPECIFICATIONS (Continued)

Camber/Caster Service Adjuster (Continued)

LH Axle RH Axle

Camber Caster Camber CasterPosition Slot
Change Change Change ChangeService Adjuster in Axle

(Degrees) (Degrees) (Degrees) (Degrees)Type (Degrees) (Degrees)

1/2 180 +0.5 0 -0.5 0

1 180 +1.0 0 -1.0 0

1-1/2 180 +1.5 0 -1.5 0

1/2 225 +0.25 -0.25 -0.25 -0.25

1 225 +0.75 -0.75 -0.75 -0.75

1-1/2 225 +1.0 -1.0 -1.0 -1.0

1/2 270 0 -0.5 0 -0.5

1 270 0 -+1.0 0 -1.0

1-1/2 270 0 -1.5 0 -1.5

1/2 315 -0.25 -0.25 +0.25 -0.25

1 315 -0.75 -0.75 +0.75 -0.75

1-1/2 315 -1.0 -1.0 +1.0 -1.0

Torque Specifications Torque Specifications (Continued)

Description Nm lb-ft Description Nm lb-ft

Pinch bolt at upper ball joint 87-119 64-88 Adjusting sleeve nuts and 49 36
bolts
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DESCRIPTION AND OPERATION
ToeWheel Alignment Angles
Positive Toe (Toe In)Econoline caster and camber correction requirements

are factory-determined. Adjusters are available to
correct a caster/camber measurement that does not
meet specification. Before changing the production
caster/camber adjuster, thoroughly  inspect the
suspension system to locate worn or damaged
components that may have caused the setting to
change.

Camber
Negative and Positive Camber

Negative Toe (Toe Out)

Camber is the vertical tilt of the wheel (1007) when
viewed from the front. Camber can be positive or
negative and has a direct effect on tire wear.

Caster The vehicle toe setting:
Caster and Frame Angle (Positive Caster Shown) • affects tire wear and directional stability.

• must be checked after adding aftermarket
equipment, such as a snowplow or body.

Caster is the deviation from vertical of an imaginary
line drawn through the ball joints when viewed
from the side. The caster specifications in this
section will give the vehicle the best directional
stability characteristics when loaded and  driven.
The caster setting is not related to tire wear.
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DESCRIPTION AND OPERATION (Continued)

Wheel Track Shimmy

Shimmy, as observed by the driver, is large,
consistent, rotational oscillations of the steering
wheel resulting from large, side-to-side (lateral)
tire/wheel movements.

Shimmy is usually experienced near 64 km/h (40
mph), and can begin or be amplified when the tire
contacts pot holes or irregularities in the road
surface.

Nibble

Sometimes confused with shimmy, nibble is a
condition resulting from tire and wheel imbalance. It
is observed by the driver as small rotational

Item Part Number Description
oscillations of the steering wheel.

1 — Front track
Poor Returnability/Sticky Steering2 — Rear track

Poor returnability and sticky steering is used to
Dogtracking described the poor return of the steering wheel to

center after a turn or the steering correction is
completed.

Drift/Pull

Pull is a tugging sensation, felt by the hands on the
steering wheel, that must be overcome to keep the
vehicle going straight.

Drift describes what a vehicle with this condition
does with hands off the steering wheel.

• A vehicle-related drift/pull, on a flat road, will
cause a consistent deviation from the
straight-ahead path and require constant steering
input in the opposite direction to counteract theItem Part Number Description
effect. 1 — Front track

• Drift/pull may be induced by conditions external2 — Rear track dogtracking
to the vehicle (i.e., wind, road camber). 

Dogtracking is the condition in which the rear axle
is not square to the chassis. Heavily crowned roads
can give the illusion of dogtracking.

Wander

Wander is the tendency of the vehicle to require
frequent, random left and right steering wheel
(3600) corrections to maintain a straight path down
a level road.
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DESCRIPTION AND OPERATION (Continued)

Poor Groove Feel
Poor groove feel is characterized by little or no
buildup of turning effort felt in the steering wheel
as the wheel is rocked slowly left and right within
very small turns around center or straight-ahead
(under 20 degrees of steering wheel  turn). Efforts
may be said to be ‘‘light or low on center.’’

• In the diagnosis of a roadability problem, it is
important to understand the difference between
wander and poor groove feel. 
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204-00-1 204-00-1Suspension System — General Information

DIAGNOSIS AND TESTING

4. Inspect for aftermarket equipment.Suspension System
• Check for aftermarket changes to theInspection and Verification steering, suspension, wheel and tire

1. Road test. components (such as competition, heavy
duty, etc.). The specifications shown in this• Verify the customer’s concern by
manual do not apply to vehicles equippedperforming a road test on a smooth road. If
with aftermarket equipment.any vibrations are apparent, refer to Section

100-04.
Visual Inspection Chart

2. Inspect tires.
Mechanical

• Check the tire pressure with all normal
• Front wheel bearing(s)loads in the vehicle and the tires cold. For
• Loose or damaged front or rear suspension

additional information, refer to the vehicle components
certification (VC) label. • Loose, damaged or missing suspension fastener(s)

• Loose or damaged shackle(s)• Verify that all tires are sized to
• Incorrect spring usagespecification. • Damaged or sagging spring(s)
• Damaged or leaking shock absorber(s)• Inspect the tires for incorrect wear and
• Worn or damaged suspension bushing(s)damage.
• Loose, worn or damaged steering system components

3. Inspect chassis and underbody. • Damaged axle components

• Remove any excessive accumulation of
mud, dirt or road deposits from the chassis 5. If an obvious cause for an observed or reported
and underbody. condition is found, correct the cause (if

possible) before proceeding to the next step.

6. If the fault is not visually evident, determine
the symptom. GO to Symptom Chart.

Symptom Chart

Symptom Chart

Condition Possible Sources Action
• Dogtracking • Excessive rear thrust angle. • CHECK the wheel alignment.

ADJUST as necessary.
• Front or rear suspension • INSPECT the front and rear

components. suspension systems. REPAIR
or INSTALL new as
necessary. REFER to Section
204-01 or  Section 204-02.

• Drive axle damaged. • REPAIR as necessary. Refer
to the appropriate section in
Group 205 for the procedure.

• Drift/pull • Unequal tire pressure. • ADJUST tire pressure.
• Unevenly loaded or • NOTIFY the customer of

overloaded vehicle. incorrect vehicle loading.
• Tire forces. • GO to Pinpoint Test A.
• Excessive side-to-side

difference in caster or
camber.

• Steering components. • REFER to Section 211-00.
• Brake drag. • REFER to Section 206-00.
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DIAGNOSIS AND TESTING (Continued)

Symptom Chart (Continued)

Condition Possible Sources Action
• Front bottoming or riding low • Sagging spring(s). • CHECK the ride height.

INSTALL new front spring(s)
as necessary. REFER to
Section 204-01.

• Incorrect spring(s). • NOTE the part number on the
spring(s). NOTE the spring
code on the vehicle
certification (VC) label.
REFER to Section 100-01 to
convert the spring code to a
part number. VERIFY  that
the part numbers match.
INSTALL new spring(s) with
the correct part number if
necessary. REFER to Section
204-01.

• Front suspension bumper(s). • INSTALL new as necessary.
REFER to Section 204-01.

• Incorrect tire wear • Incorrect tire pressure (rapid • ADJUST tire pressure.
center rib or inner and outer REFER to the VC label.
edge wear).

• Excessive front or rear toe • CHECK the wheel alignment.
(rapid inner or outer edge ADJUST as necessary.
wear).

• Excessive negative or positive • CHECK the wheel alignment.
camber (rapid inner or outer ADJUST as necessary.
edge wear).

• Tires out of balance (tires • BALANCE tires.
cupped or dished).

• Rear spring squeak • Rear spring(s). • INSTALL new rear spring
anti-squeak inserts.

• Shackle bushing(s). • INSTALL new as necessary.
• Rough ride • Shock absorber(s). • INSTALL new shock

absorbers as necessary.
• Weak or sagging spring(s). • INSTALL new as necessary.

REFER to Section 204-01 or
Section 204-02.

• Incorrect spring(s). • NOTE the part number on the
spring(s). NOTE the spring
code on the vehicle
certification (VC) label.
REFER to Section 100-01 to
convert the spring code to a
part number. VERIFY  that
the part numbers match.
INSTALL new spring(s) with
the correct part number if
necessary. REFER to Section
204-01 or  Section 204-02.
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DIAGNOSIS AND TESTING (Continued)

Symptom Chart (Continued)

Condition Possible Sources Action
• Shimmy or wheel tramp • Loose wheel nut(s). • TIGHTEN to specification.

REFER to Section 204-04.
• Loose front suspension • TIGHTEN to specification.

fasteners. REFER to Section 204-01.
• Front wheel bearing • REFER to Wheel Bearing

adjustment. Inspection in this section.
• Wheel or tire concerns. • REFER to Section 204-04.
• Springs. • INSTALL new as necessary.

REFER to Section 204-01 or
Section 204-02.

• Incorrect spring(s). • NOTE the part number on the
spring(s). NOTE the spring
code on the vehicle
certification (VC) label.
REFER to Section 100-01 to
convert the spring code to a
part number. VERIFY  that
the part numbers match.
INSTALL new spring(s) with
the correct part number if
necessary. REFER to Section
204-01 or  Section 204-02.

• Loose, worn or damaged ball • GO to the Ball Joint
joints. Inspection component test in

this section.
• Loose, worn or damage • REFER to Section 211-00.

steering components.
• Front wheel alignment. • CHECK the wheel alignment.

ADJUST as necessary.
• Sticky steering, poor • Ball joints. • GO to the Ball Joint

returnability Inspection component test in
this section.

• Steering components. • REFER to Section 211-00.
• Front wheel alignment. • CHECK the wheel alignment.

ADJUST as necessary.
• Steering wheel off-center • Unequal front or rear toe • CHECK the wheel alignment.

settings (side-to-side). ADJUST as necessary.
• Steering components. • REFER to Section 211-00.
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204-00-4 204-00-4Suspension System — General Information

DIAGNOSIS AND TESTING (Continued)

Symptom Chart (Continued)

Condition Possible Sources Action
• Sway or roll • Overloaded, unevenly or • NOTIFY the customer of

incorrectly loaded vehicle. incorrect vehicle loading.
• Loose wheel nut(s). • TIGHTEN to specification.

REFER to Section 204-04.
• Shock absorber(s). • INSTALL new shock

absorbers as necessary.
• Loose stabilizer assembly. • TIGHTEN to specification.

REFER to Section 204-01 or
Section 204-02.

• Worn stabilizer assembly • INSTALL new as necessary.
bushing(s). REFER to Section 204-01 or

Section 204-02.
• Weak spring(s). • INSTALL new as necessary.

REFER to Section 204-01 or
Section 204-02.

• Incorrect spring(s). • NOTE the part number on the
spring(s). NOTE the spring
code on the vehicle
certification (VC) label.
REFER to Section 100-01 to
convert the spring code to a
part number. VERIFY  that
the part numbers match.
INSTALL new spring(s) with
the correct part number if
necessary. REFER to Section
204-01 or  Section 204-02.

• Vehicle leans to one side • Unevenly loaded or • NOTIFY the customer of
overloaded vehicle. incorrect vehicle loading.

• Front or rear suspension • INSPECT the front and rear
components. suspension systems. REPAIR

or INSTALL new as
necessary. REFER to Section
204-01 or  Section 204-02.

• Sagging spring(s). • INSTALL new spring(s) or
components as necessary.
REFER to Section 204-01 or
Section 204-02.

• Incorrect spring(s). • NOTE the part number on the
spring(s). NOTE the spring
code on the vehicle
certification (VC) label.
REFER to Section 100-01 to
convert the spring code to a
part number. VERIFY  that
the part numbers match.
INSTALL new spring(s) with
the correct part number if
necessary. REFER to Section
204-01 or  Section 204-02.

• Incorrect ride height. Lateral • CHECK the ride height.
tilt out of specification. CORRECT the ride height as

necessary.
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204-00-5 204-00-5Suspension System — General Information

DIAGNOSIS AND TESTING (Continued)

Symptom Chart (Continued)

Condition Possible Sources Action
• Vibration/noise • Tires and wheel concerns. • REFER to Section 100-04. 

• Wheel bearings.
• Wheel hubs.
• Brake components.
• Suspension components.
• Steering components.

• Wander • Unevenly loaded or • NOTIFY the customer of
overloaded vehicle. improper vehicle loading.

• Ball joint(s). • GO to the Ball Joint
Inspection component test in
this section.

• Loose, worn or damaged • REFER to Wheel Bearing
front wheel bearing(s). Inspection in this section.

• Loose, worn or damaged • INSTALL new as necessary.
suspension component(s). REFER to Section 204-01.

• Loose suspension fasteners. • TIGHTEN to specification.
REFER to Section 204-01.

• Steering components. • REFER to Section 211-00.
• Wheel alignment (excessive • CHECK the wheel alignment.

total front toe out). ADJUST as necessary.

Pinpoint Tests

PINPOINT TEST A: DRIFT LEFT OR RIGHT

Test Step Result / Action to Take
A1 CHECK FOR TIRE PULL

• Rotate the front wheel and tire assemblies side-to-side. Refer to Yes
Section 204-04. If vehicle pulls in opposite direction, GO to

• Carry out a road test on a smooth road. A2.
• Does the vehicle drift/pull? If vehicle pulls in original direction, GO to

A3.
No
Concern has been corrected.

A2 ROTATE WHEEL AND TIRE ASSEMBLIES FRONT-TO-REAR
• Rotate the front wheel and tire assemblies front-to-rear. Refer to Yes

Section 204-04. GO to A3.
• Carry out a road test on a smooth road. No• Does the vehicle drift/pull? Concern has been corrected.

A3 CHECK WHEEL ALIGNMENT
NOTE: The vehicle will tend to pull toward the side with the least Yes
positive caster and the most positive camber. ADJUST alignment angles to eliminate the

split. DO NOT exceed specifications.• Using a suitable alignment system, measure the wheel
TEST the system for normal operation.alignment settings. Refer to General Specifications.

• Does the vehicle have a side-to-side caster or camber split? No
ADJUST alignment angles to add a caster
split. DO NOT exceed specifications.
TEST the system for normal operation.

Component Tests 2. Raise and support the vehicle by the frame or
by the axle beams.

Ball Joint Inspection

1. Prior to inspecting the ball joints for wear,
inspect the wheel bearings. For additional
information, refer to Section 100-04.
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204-00-6 204-00-6Suspension System — General Information

DIAGNOSIS AND TESTING (Continued)

3. Inspect the ball joint and ball joint boot for • If relative movement is found, continue with
damage. Step 5.

• If the ball joint or ball joint boot is
damaged, install a new ball joint. For
additional information, refer to Section
204-01.

NOTE: Carry out Steps 4-6 to inspect the lower
ball joint. Carry out Steps 7-9 to inspect the upper
ball joint.

4. CAUTION: Do not use any tools or
equipment to move the wheel and tire
assembly or suspension components while
checking for relative movement. Suspension
damage can occur. The use of tools or
equipment will also create relative movement
that may not  exist when using hand force.
Relative movement must be measured using
hand force only.

NOTE: To avoid lateral movement of the
steering linkage and steering components, make
sure to apply hand force only at the 12 o’clock
and 6 o’clock positions of the wheel and tire
assembly.

Inspect the ball joint for relative movement by
alternately pulling outward and pushing inward
on the wheel and tire assembly at the 12
o’clock and 6 o’clock positions, by hand. Note
any relative movement between the wheel
knuckle and the axle  at the lower ball joint.

• If relative movement is not felt or seen, the
ball joint is OK. Do not install a new ball
joint.
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204-00-7 204-00-7Suspension System — General Information

DIAGNOSIS AND TESTING (Continued)

5. NOTE: In order to obtain an accurate
measurement, the dial indicator should be
aligned as close as possible with the center line
of the ball joint.

To measure ball joint deflection, attach a
suitable dial indicator with a flexible arm
between the axle and the wheel knuckle at the
lower ball joint.

6. Measure the ball joint deflection while an • If the deflection meets the specification,
assistant alternately pulls outward and pushes continue with the procedure.
inward on the wheel and tire assembly at the 12
o’clock and 6 o’clock positions, by hand.

• If the deflection exceeds the specification, a
new lower ball joint must be installed. For
additional information, refer to Section
204-01.
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204-00-8 204-00-8Suspension System — General Information

DIAGNOSIS AND TESTING (Continued)

• If relative movement is found, continue with7. CAUTION: Do not use any tools or
Step 8.equipment to move the wheel and tire

assembly or suspension components while 8. NOTE: In order to obtain an accurate
checking for relative movement. Suspension measurement, the dial indicator should be
damage can occur. The use of tools or aligned as close as possible with the center line
equipment will also create relative movement of the ball joint.
that may not  exist when using hand force. To measure ball joint deflection, attach a
Relative movement must be measured using suitable dial indicator with a flexible arm
hand force only. between the axle and the wheel knuckle at the
NOTE: To avoid lateral movement of the upper ball joint.
steering linkage and steering components, make
sure to apply hand force only at the 12 o’clock
and 6 o’clock positions of the wheel and tire
assembly.

Inspect the ball joint for relative movement by
alternately pulling outward and pushing inward
on the wheel and tire assembly at the 12
o’clock and 6 o’clock positions, by hand. Note
any relative movement between the wheel
knuckle and the axle  at the upper ball joint.

• If relative movement is not felt or seen, the
ball joint is OK. Do not install a new ball
joint.
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204-00-9 204-00-9Suspension System — General Information

DIAGNOSIS AND TESTING (Continued)

9. Measure the ball joint deflection while an • If the deflection meets the specification, no
assistant alternately pulls outward and pushes further action is required.
inward on the wheel and tire assembly at the 12
o’clock and 6 o’clock positions, by hand.

• If the deflection exceeds the specification, a
new upper ball joint must be installed. For
additional information, refer to Section
204-01.
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204-00-1 204-00-1Suspension System — General Information

GENERAL PROCEDURES

Wheel Bearing Inspection

1. Raise and support the vehicle. For additional
information, refer to Section 100-02.

2. NOTE: Make sure that the wheel rotates freely
and the brake pads are retracted sufficiently to
allow movement of the wheel and tire
assembly.

Grasp the tire at the top and bottom and move
the wheel inward and outward. If the wheel hub
is loose on the spindle, carry out steps 4
through 8. 7. Loosen the spindle nut.

3. Remove the grease cap, cotter pin and the
retainer nut.

4. Rotate the brake disc hub while adjusting front
wheel bearing end play. Tighten the spindle nut.

8. Tighten the spindle nut.

5. Loosen the spindle nut two turns.

6. Tighten the spindle nut while rotating the brake
disc counterclockwise.
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204-00-2 204-00-2Suspension System — General Information

GENERAL PROCEDURES (Continued)

9. If looseness still exits or the brake disc does
not rotate freely, remove and inspect the wheel
bearings. For additional information, refer to
Section 204-01.
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204-00-1 204-00-1Suspension System — General Information

GENERAL PROCEDURES

Camber and Caster Adjustment

1. CAUTION: Do not bend axles or
radius arms to change alignment. 

Using an alignment rack and manufacturer’s
instructions, measure the caster and camber.

• For additional information, refer to
Alignment Specifications in the
Specifications portion of this section for
optimal alignment settings.

• Note any difference between the actual
measurements and the specification. This
information will be used to select the correct
service adjuster.

2. Remove the front wheel(s). For additional
information, refer to Section 204-04.

3. Check the type and orientation of the installed
adjuster.

• Production adjusters have a round flange, a
side tab and the amounts of caster and
camber stamped in the top of the adjuster.

X The first number is the amount of caster;
the second number is the amount of
camber in degrees if the adjuster is
installed in the right-hand axle position.

X If the adjuster is in the left-hand axle, the
caster number is the opposite sign of the
number shown. For example, a positive
amount in the right-hand axle is a
negative amount in the left axle, and a
negative amount in the right-hand is a
positive in the left-hand position.

• Service adjusters have a hex flange, no side
tab and the adjustment amount of the caster
and camber stamped into the top.
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204-00-2 204-00-2Suspension System — General Information

GENERAL PROCEDURES (Continued)

4. NOTE: The assembly plant sometimes builds 6. Install the new service adjuster. Orient the slot
vehicles with adjusters that are not 0-degree as noted in Step 5.
type to control alignment. 1 Position the new adjuster as specified in the
Select a new service adjuster and its orientation chart.
in the axle to obtain the optimum 2 Install the pinch bolt.
caster/camber. Refer to the Camber/Caster
Service Adjuster chart in the Specifications
portion of this section. This chart shows the
alignment changes that will  occur if the vehicle
was originally built with 0-degree adjusters

• Note that the caster change or camber
change required to obtain the optimum
settings must be added to amounts of
caster/camber in the old or production
adjuster.

• Use this example as a guide. If caster must
be reduced 1 degree and camber increased
+0.75 degree at the LH wheel, and the
existing adjuster has +0.25-degree caster as

7. Install the front wheel. For additionalinstalled, select the 1-degree service adjuster
information, refer to Section 204-04.and orient the  slot 225 degrees from the

straight-ahead position. In all cases, select 8. Check the alignment. If not at optimal
the adjuster and orientation that will bring caster/camber specification, additional
the alignment closest to the optimal settings. adjustment of the rotational orientation of the

adjuster is required.5. Remove the pinch bolt and if necessary, use a
suitable puller to remove the adjuster from the 9. Once optimal caster/camber has been achieved,
axle. reset the toe and clear vision to optimal

settings.
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204-00-1 204-00-1Suspension System — General Information

GENERAL PROCEDURES

Toe Adjustment

1. Start the engine and center the steering wheel.

5. Position the RH adjusting sleeve clamp opening
downward within 45 degrees of vertical.
Tighten the nuts.

2. Turn the engine off, and hold the steering
wheel in the ‘‘straight forward’’ position using
a suitable holding device.

3. Loosen the nuts.

• Clean and lubricate the steering linkage and
tie rod end threads.

4. Rotate the adjusting sleeves to obtain the
correct toe setting.
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204-00-2 204-00-2Suspension System — General Information

GENERAL PROCEDURES (Continued)

6. Position the LH adjusting sleeve clamp opening 7. Recheck the toe settings and adjust if necessary.
upward within 45 degrees of vertical. Tighten
the nuts.
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204-01-1 204-01-1Front Suspension

Torque Specifications (Continued)
SPECIFICATIONS

Description Nm lb-ft lb-in
Torque Specifications

Radius arm-to-rear 133 98 —
Description Nm lb-ft lb-in bracket nut

Axle pivot nut (tighten 176 130 — Shock absorber lower 80 59 —
with vehicle weight on nut
the suspension)

Shock absorber upper 40 30 —
Axle-to-radius arm nut 300 221 — nut

Caster/camber insert 104 77 — Tie-rod end-to-spindle 90 66 —
pinch bolt nut

Lower ball joint nut 176 130 — Stabilizer bar bracket 25 18 —
boltFront spring upper 30 22 —

retainer bolt

Copyright  2003, Ford Motor Company
Last updated: 08/27/2003 2004 E-Series, 12/2003 



204-01-1 204-01-1Front Suspension

DESCRIPTION AND OPERATION
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204-01-2 204-01-2Front Suspension

DESCRIPTION AND OPERATION (Continued)

Front Suspension

WARNING: All vehicles are equipped with
gas-pressurized shock absorbers which will
extend unassisted. Do not apply heat or flame to
the shock absorbers during removal or
component servicing.

CAUTION: All front suspension fasteners
are important attaching parts because they can
affect the performance of vital parts and systems
and can result in major service expense. Install a
new part with one of the same part number or
with an exact  equivalent part if replacement
becomes necessary. Do not use a replacement
part of lesser quality or substitute design. Torque
values must be used as specified during assembly
to maintain correct retention of this part. Never
attempt to heat, quench  or straighten any front
suspension part. Install a new part.
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204-01-3 204-01-3Front Suspension

DESCRIPTION AND OPERATION (Continued)

Item Part Number Description Item Part Number Description

7 3006 Front axle (RH)1 18124 Shock absorber

8 548 Front stabilizer bar2 531 Front coil spring

9 N806590-S2 Upper ball joint pinch bolt3 3405 Radius arm

10 3B404 Caster/camber insert4 310 Front wheel spindle

11 383489-S100 Lower ball joint nut5 3A13 Tie-rod end

12 N800895-S56 Tie-rod end-to-spindle nut6 3007 Front axle (LH)
(Continued)
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204-01-4 204-01-4Front Suspension

DESCRIPTION AND OPERATION (Continued)

Item Part Number Description Item Part Number Description

8 3B203 Radius arm rear insulator1 N806246-S150 Shock absorber upper nut

9 3B243 Radius arm rear bracket2 N802455-S2 Front spring upper retainer
screw 10 3B244 Radius arm spacer

3 N806591-S100 Radius arm-to-front axle bolt, 11 3B203 Radius arm front insulator
E150

12 3B186 Radius arm front insulator
4 N806592-S150 Radius arm-to-front axle bolt, washer

E250, E350, E-Super Duty
13 3405 Radius arm

5 N806085-S8 Shock absorber lower nut
14 N805028-S100 Radius arm-to-front axle nut

6 34992-S2 Radius arm-to-rear bracket
15 5414 Front spring insulatornut
16 5A349 Front spring lower retainer7 379572-S2 Radius arm rear insulator

washer 17 N802455-S2 Jounce bumper screw
(Continued)
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204-01-1 204-01-1Front Suspension

DIAGNOSIS AND TESTING

Front Suspension
Refer to Section 204-00.
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204-01-1 204-01-1Front Suspension

REMOVAL AND INSTALLATION

Wheel Studs

Removal and Installation

1. Remove the brake disc and hub. For additional
information, refer to Section 206-03.

2. Using a suitable press, remove the wheel stud
from the brake disc and hub.

3. To install, reverse the removal procedure.
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204-01-1 204-01-1Front Suspension

REMOVAL AND INSTALLATION

Radius Arm

Removal and Installation

1. Remove the front coil spring. For additional
information, refer to Spring in this section.

2. Loosen the shock absorber upper nut.

3. Remove the shock absorber lower nut, then
slide the shock absorber off the radius arm.

5. Remove the radius arm.

1 Remove the nut.

2 Remove the washer and rear insulator.

3 Pull the radius arm from the bracket, and
remove the spacer, insulator and washer.

4. Remove the spring insulator.

1 Remove the radius arm-to-axle nut and bolt.

2 Remove the spring retainer and insulator.
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204-01-2 204-01-2Front Suspension

REMOVAL AND INSTALLATION (Continued)

6. NOTE: Inspect the bushings and install new
bushings as necessary.

To install, reverse the removal procedure.
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204-01-1 204-01-1Front Suspension

REMOVAL AND INSTALLATION

Stabilizer Bar

Removal and Installation

1. Remove the wheel and tire assembly. For
additional information, refer to Section 204-04.

2. Remove the four bolts and the stabilizer bar.

3. To install, reverse the removal procedure.
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204-01-1 204-01-1Front Suspension

REMOVAL AND INSTALLATION
RemovalStabilizer Bar Bushing

1. Remove the stabilizer bar. For additionalSpecial Tool(s)
information, refer to Stabilizer Bar in this

Adapter for 204-S059 section.
204-061 (T80T-5638-A2)

2. Using the special tools, remove the stabilizer
bar bushing from the I-beam axle.

Adapter for 204-S030
204-031 (T78P-5638-A1)

Adapter for 204-S059
204-060 (T80T-5638-A1)

Installation

1. Using the special tools, install the stabilizer bar
bushing.Adapter for 204-S030

204-034 (T78P-5638-A4)

Adapter for 204-S030
204-033 (T78P-5638-A3)

Installer, Twin I-Beam Pivot
Bushing
204-091 (T85T-5638-A2)
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204-01-2 204-01-2Front Suspension

REMOVAL AND INSTALLATION (Continued)

2. Install the stabilizer bar. For additional
information, refer to Stabilizer Bar in this
section.
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204-01-1 204-01-1Front Suspension

REMOVAL AND INSTALLATION

Axle Pivot Bushing

Special Tool(s)

Adapter for 204-S059
204-061 (T80T-5638-A2)

Adapter for 204-S030
204-033 (T78P-5638-A3)

3. Using the special tools, remove the axle pivot
bushing.

Adapter for 204-S030
204-031 (T78P-5638-A1)

Adapter for 204-S030
204-034 (T78P-5638-A4)

Removal

1. Remove the coil spring. For additional
information, refer to Spring in this section.

2. NOTE: In order to obtain clearance for pivot
bolt removal when servicing the RH front axle,
it may be necessary to raise the LH side of the
vehicle to relieve the weight on the suspension.

Remove the bolt and lower the pivot end of the
front axle.
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204-01-2 204-01-2Front Suspension

REMOVAL AND INSTALLATION (Continued)

Installation 3. Position the front axle, bolt and nut into the
pivot bracket. Tighten the nut hand-tight.

1. CAUTION: The new pivot bushing
must be free of grease, oil or other
contamination.

Position the new pivot bushing.

• NOTE: The flanged end of the pivot
bushing faces the front of the vehicle.

Position the special tools and the new pivot
bushing on the front axle.

4. Install the front coil spring. For additional
information, refer to Spring in this section.

5. Lower the vehicle and, with the vehicle weight
on the suspension, tighten the axle pivot nut.

2. Press the new pivot bushing into the front axle,
leaving the specified clearance between the
pivot bushing flange and the front axle.
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204-01-1 204-01-1Front Suspension

REMOVAL AND INSTALLATION

Wheel Spindle

Special Tool(s)

Remover, Steering Arm
211-003 (T64P-3590-F)

Removal and Installation

4. Using the special tool, disconnect the tie-rod
1. Remove the brake disc. For additional end.

information, refer to Section 206-03.

5. Remove and discard the cotter pin and the nut.

2. Remove the wheel speed sensor. For additional
information, refer to Section 206-09.

3. Remove and discard the cotter pin and nut.
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204-01-2 204-01-2Front Suspension

REMOVAL AND INSTALLATION (Continued)

6. Remove the caster/camber insert pinch bolt.

8. To install, reverse the removal procedure.

• Check and, if necessary, align the front end.
7. CAUTION: To prevent damage to the For additional information, refer to Section

ball joint seal and the ball joint socket, do 204-00.
not use a pickle fork-type remover to loosen
the ball joints.

Remove the front wheel spindle.

1 Strike the lower end of the front axle to
loosen the ball joint.

2 Remove the front wheel spindle.
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204-01-1 204-01-1Front Suspension

REMOVAL AND INSTALLATION

Ball Joint

Special Tool(s)

Installer/Remover, C-Frame and
Screw
205-086 (T74P-4635-C)

Ball Joint Remover
204-D015 (D89P-3010-A) or
equivalent

3. CAUTION: To avoid damage to the
components, do not use heat to aid ball joint
removal.

Using the special tool and suitable receiver cup,
remove the lower ball joint from the front

Ball Joint Replacer
wheel spindle.204-D016 (D89P-3010-B) or

equivalent

Receiving Cup
211-D006 (D84P-3395-A4) or
equivalent

Removal
4. Using the special tool and suitable receiver cup,

remove the upper ball joint.
1. Remove the wheel spindle assembly. For

additional information, refer to Wheel Spindle
in this section.

2. Position the front wheel spindle in a vise, and
remove the snap ring from the lower ball joint.
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204-01-2 204-01-2Front Suspension

REMOVAL AND INSTALLATION (Continued)

Installation

1. CAUTION: To avoid damage to
components, do not use heat to aid
installation.

NOTE: Clean the wheel knuckle ball joint
bores.

NOTE: The lower ball joint must be installed
first.

Using the special tool with suitable receiver
cups, install the lower ball joint.

3. Install the snap ring in the groove at the bottom
of the ball joint.

2. Using the special tool with suitable receiver
cups, install the upper ball joint.

4. Install the front wheel spindle. For additional
information, refer to Wheel Spindle in this
section.
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204-01-1 204-01-1Front Suspension

REMOVAL AND INSTALLATION

Spring

Removal and Installation

1. Remove the stabilizer bar. For additional
information, refer to Stabilizer Bar in this
section.

2. CAUTION: The axle must be
supported throughout the procedure to
prevent strain on the front brake hose.

Using a suitable jack, support the front axle.
5. NOTE: It may be necessary to loosen the

3. Loosen the shock absorber upper nut. radius arm-to-axle nut to remove the spring.

• Loosen the nut to the top of the threads. Lower the jack supporting the front axle, then
remove the front coil spring from the lower
retainer.

• Using a suitable spray lubricant, spray the
lower spring and spring retainer. Rotate the
spring 180 degrees counterclockwise, tilt the
spring outward and remove.

4. Remove the front spring upper retainer bolt and
the upper spring retainer.

6. To install, reverse the removal procedure.
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204-01-1 204-01-1Front Suspension

REMOVAL AND INSTALLATION

Axle

Special Tool(s)

Remover, Steering Arm
211-003 (T64P-3590-F)

Removal and Installation

5. Remove the shock absorber lower nut, then
1. Remove the spindle. For additional information, slide the shock absorber off the radius arm.

refer to Wheel Spindle in this section.

2. Using a suitable jack, support the axle.

3. Remove the four bolts and the stabilizer bar.

6. Remove the front spring upper retainer bolt and
the upper spring retainer.

4. Loosen the shock absorber upper nut.
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204-01-2 204-01-2Front Suspension

REMOVAL AND INSTALLATION (Continued)

7. NOTE: It may be necessary to loosen the
radius arm-to-axle nut to remove the spring
from the lower retainer.

Lower the jack supporting the axle, then
remove the front coil spring from the lower
retainer.

• Using a suitable spray lubricant, spray the
lower spring and spring retainer. Rotate the
spring 180 degrees counterclockwise, tilt the
spring outward and remove.

8. Remove the spring insulator.

1 Remove the radius arm-to-axle nut and bolt.
9. Remove the radius arm.

2 Remove the spring retainer and insulator.
1 Remove the nut.

2 Remove the washer and rear insulator.

3 Remove the radius arm from the bracket,
and remove the spacer, insulator and
washer.
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204-01-3 204-01-3Front Suspension

REMOVAL AND INSTALLATION (Continued)

10. NOTE: In order to obtain clearance for the
pivot bolt removal when servicing the RH front
axle, it may be necessary to raise the LH side
of the vehicle to relieve the weight on the
suspension.

Remove the pivot nut and bolt and remove the
axle.

11. To install, reverse the removal procedure.

12. Check and, if necessary, align the front end.
For additional information, refer to Section
204-00.
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Torque Specifications (Continued)
SPECIFICATIONS

Description Nm lb-ft
Torque Specifications

Leaf spring shackle-to-frame 150 111
Description Nm lb-ft bracket nut and bolt

(E250-E450)Jounce bumper to frame nut 40 30
Shock absorber-to-axle nut 70 52Leaf spring-to-axle U-bolt nut
and bolt (E150-E450)

E150 115 85
Shock absorber-to-frame nut 40 30E250-E450 176 130
(E150-E450)

Leaf spring-to-front bracket
Stabilizer bar link-to-frame 81 60bolt
bolt (E150-E450)

E150 200 148
Stabilizer bar-to-axle bolts 40 30E250-E450 400 295
Stabilizer bar link-to-stabilizer 28 21Leaf spring-to-rear shackle 115 85
bar nutnut and bolt (E150-E450)

Leaf spring shackle-to-frame 133 98
bracket nut and bolt (E-150)
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DESCRIPTION AND OPERATION
Suspension FastenersRear Suspension
These fasteners are important parts that can affect

Rear Axle Bumpers the performance of vital components and systems
The rear axle bumpers are used to prevent and result in major vehicle damage. New fasteners
metal-to-metal contact between the rear axle and the must be installed if the old fasteners are loosened or
frame. removed. They must be installed with  the same

part number or an equivalent part if installation is
Rear Spring necessary. Do not install a part of lesser quality or
Semi-elliptic, leaf-type rear springs are used for the substitute design. The specified torque value must
rear suspension. be used during assembly to make sure of correct

part retention.
Shock Absorbers

Rear LeanThe rear shock absorbers provide the necessary
suspension dampening control. A side-to-side lean at the rear of the vehicle can be

adjusted approximately 10 mm (3/8 inch) by
Stabilizer Bar And Links installing a shim between the rear spring and the
The stabilizer bar transmits forces to control vehicle rear axle on the low side of the vehicle. A ‘‘low at
roll during cornering. the rear’’ vehicle can be raised approximately  10

mm (3/8 inch) by installing a shim on each side of
the vehicle.
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DIAGNOSIS AND TESTING

Rear Suspension
Refer to Section 204-00.
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REMOVAL AND INSTALLATION

Wheel Studs — Full-Floating Axle

Special Tool(s)

Installer/Remover C-Frame and
Screw
211-023 (T74P-3044-A1)

Removal

Installation
CAUTION: Never use a hammer to remove

the wheel stud or damage to the axle flange, CAUTION: Do not use air tools to install
wheel bearing or hub bearing can occur. wheel studs or damage to the serrations can

occur.Vehicles with single rear wheels

Vehicles with dual rear wheels
1. Remove the wheel hub. For additional

information, refer to Section 205-02B. 1. Position the wheel stud in the flange making
sure that the serrations are aligned with those

2. Using the special tool, remove and discard the made by the original wheel stud.
wheel stud.

2. NOTE: Do not use a wheel nut that was
removed from the vehicle.

Install washers and a wheel nut on the wheel
stud and tighten the wheel nut until the wheel
stud seats against the flange.

Vehicles with dual rear wheels

3. With the vehicle in NEUTRAL, position it on a
hoist. For additional information, refer to
Section 100-02.

Vehicles with single rear wheels
4. Using the special tool, remove and discard the

wheel stud.
3. Position the wheel stud in the flange making

sure that the serrations are aligned with those
made by the original wheel stud.
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REMOVAL AND INSTALLATION (Continued)

4. Using the special tool, install the wheel stud. 5. Install the wheel hub. For additional
information, refer to Section 205-02B.
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REMOVAL AND INSTALLATION

Wheel Studs — Semi-Floating Axle

Special Tool(s)

Installer/Remover C-Frame and
Screw
211-023 (T74P-3044-A1)

Removal

4. Remove the parking brake shoe adjusting screw.
CAUTION: Never use a hammer to remove

the wheel stud or damage to the axle flange,
wheel bearing or hub bearing can occur.

All semi-floating axles

1. Remove the rear disc brake caliper anchor
plate. For additional information, refer to
Section 206-04.

2. Index-mark and remove the rear brake disc.

All semi-floating axles

5. Using the special tool, remove and discard the
wheel stud.

Dana 60 semi-floating axles

3. Remove the parking brake shoe adjusting screw
spring.
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REMOVAL AND INSTALLATION (Continued)

Installation

CAUTION: Do not use air tools to install
wheel studs or damage to the serrations can
occur.

All semi-floating axles

1. Position the wheel stud in the flange making
sure that the serrations are aligned with those
made by the original wheel stud.

2. NOTE: Do not use a wheel nut that was
Dana 60 semi-floating axles

removed from the vehicle.

Install washers and a wheel nut on the wheel
3. Install the parking brake shoe adjusting screw.stud and tighten the wheel nut until the wheel

stud seats against the flange. 4. Install the parking brake shoe adjusting screw
spring.

All semi-floating axles

5. Install the rear brake disc.

6. Install the rear disc brake caliper anchor plate.
For additional information, refer to Section
206-04.
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REMOVAL AND INSTALLATION

Stabilizer Bar and Link

Removal and Installation

1. Remove the rear stabilizer bar.

1 Remove the lower nut, washer and
insulator.

2 Remove the upper bolt and washer.

3 Remove the rear stabilizer bar.

3. To install, reverse the removal procedure.

2. Remove the bolt and the stabilizer bar.

• Discard the bolts.
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REMOVAL AND INSTALLATION

Spring

Removal and Installation

1. Remove the wheel and tire assembly. For
additional information, refer to Section 204-04.

2. Using a suitable jack, support the rear axle.

5. Remove the nuts, bolts and the rear spring.

• Discard the nuts.

3. Remove the nut and bolt.

• Discard the nut.

4. Remove the nuts, plate and U-bolts.

• Discard the nuts and U-bolts.

6. To install, reverse the removal procedure.
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Tire Runout Specifications
SPECIFICATIONS

Max. Radial Max. Lateral
General Specifications Type Wheel Runout Runout

Item Specification Aluminum 1.27 mm 1.27 mm
 (0.050 inch)  (0.050 inch)Tires See Safety Certification

Sticker Located on Driver Steel 1.27 mm 1.27 mm
Door Jamb.  (0.050 inch)  (0.050 inch)

Cleaners — Wheel

Custom Bright Metal ESR-M5B194-B Torque Specifications
Cleaner

Description Nm lb-ft 8A-19522-A

E-150, 5-Lug Wheel 1/2-20 100-180 74-133

E-250, E-350, E-Super Duty, 170-230 126-170Wheel Rim Runout
8-Lug Wheel 9/16-18

Max. Radial Max. Lateral
Type Wheel Runout Runout

Aluminum 1.143 mm 1.143 mm
 (0.045 inch)  (0.045 inch)

Steel 1.143 mm 1.143 mm
 (0.045 inch)  (0.045 inch)
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DESCRIPTION AND OPERATION
WARNING: Always wear safety goggles or

Wheels And Tires a face shield when performing any work with
tire and wheel assemblies.

WARNING: Do not mix different types of
tires, such as radial, bias, or bias-belted, on the CAUTION: Do not clean aluminum wheels
same vehicle except in emergencies. Vehicle with steel wool, abrasive-type cleaners or strong
handling can be seriously affected and can result detergents. Use Custom Bright Metal Cleaner
in loss of control. 8A-19522-A or equivalent meeting Ford

specifications ESR-M5B194-B.Factory-installed tires and wheels are designed to
operate satisfactorily with loads up to and including CAUTION: Reduce the air pressure as
full-rated load capacity when inflated to much as possible by pushing the valve core
recommended inflation pressures. plunger in prior to removing the valve core.

Avoid working in a position in which the face orTire and Wheel Runout
body is directly over a tire in which there is

Excessive radial and lateral runout of a wheel and pressure.
tire assembly can cause roughness, vibration, wheel

When carrying out any inspection or repairtramp, tire wear, and steering wheel tremor.
procedures on wheels (1007) and tires, follow the

Before checking runout, and to avoid false readings preceding safety precautions.
caused by temporary flat spots in the tires, check

CAUTION and SAFETY FIRST are bywords whenrunout only after the vehicle has been driven far
handling truck tires. Careful attention to the safetyenough to warm the tires. For additional
precautions that follow can prevent crippling injuriesinformation, refer to  Section 100-04.
or even death. Make it a rule to respect the terrific
force contained in an inflated tire.Safety Precautions — E-150 — E-450
Wheels must be correctly maintained. IncorrectlyWARNING: Never run the engine with one
maintained wheels can adversely affect the life ofwheel off the ground, for example, when
the tire and the wheel. When inflated, a tire ischanging a tire. The wheel(s) resting on the
potentially very destructive. Accidents are caused byground could cause the vehicle to move.
careless handling and inexperience.

WARNING: The tire and wheel must Follow the safety precautions in this section and
always be correctly matched. It is very important obtain safety literature from your wheel and rim
to determine the size of each component before distributor, wheel and rim manufacturer, NHTSA or
any assembly operations commence. Failure to OSHA. For additional questions, consult the
adhere to these instructions can result in an distributor or manufacturer directly.
explosive separation and cause  serious bodily

The load carrying requirements of each vehicleinjury or death.
should be determined before selecting the correct

WARNING: Aftermarket aerosol tire tire/wheel combination. Always remember that the
sealants are extremely flammable. Always weakest weight carrying component of the vehicle
question the customer to make sure these (tire, wheel, axle, bearings, etc.) determines  the
products have not been used. overall maximum and safe load carrying capacity

for the vehicle.WARNING: Aftermarket wheel assemblies
may not be compatible with the vehicle. Use of WARNING: Each individual axle, wheel
incompatible wheel assemblies can result in and tire has its own maximum weight and
equipment failure and possible injury. Use only inflation rating. Do not overinflate or overload
approved wheel assemblies. beyond the capacity of the lowest rated

component of the system.WARNING: Use only wheels and wheel
Rims and wheels are designed to sustain their ratednuts that have been designed for current model
load using the maximum tire size recommended foryear Ford trucks. Aftermarket wheels or wheel
that rim width by the Tire and Rim Association.nuts may not fit or function correctly, and can

cause personal injury or damage the vehicle.
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DESCRIPTION AND OPERATION (Continued)

WARNING: An inflated tire and wheel can
be very dangerous if misused or worn out. Many
accidents, some fatal, have resulted from
incorrect handling and operation of truck wheels
and tires. It is of the utmost importance that the
precautions described on  these pages be
carefully followed, by all persons servicing truck
wheels, to avoid personal injuries and costly
damage.

WARNING: The tire and wheel must
always be correctly matched. It is very important
to determine the size of each component before
any assembly operations commence. Failure to
adhere to these instructions can result in an
explosive separation and cause  serious bodily
injury or death.

WARNING: Never mount a smaller
diameter tire on a larger diameter wheel. When
installing new tires, always match the tire size to
the wheel size. Incorrect matching can cause the
tire bead to break during mounting or inflation
propelling both the tire  and wheel into the air
with enough force to inflict property damage,
serious injury or death.

When installing new tires, use the same size, load WARNING: Excessively corroded or
range and construction type as originally installed cracked wheels can be dangerous. Deflate tires
on the vehicle. When installing new wheels, use on corroded or cracked wheels prior to removal
original equipment manufacturer’s wheels or of wheels from the vehicle.
equivalent available from the Ford dealer with

WARNING: Never position body in frontequivalent capacity, width, offset and mounting
of the wheel during deflation. Always keep eyesconfiguration as those originally installed on the
away from the valve when deflating tires.vehicle. Use of incorrect tires and wheels can

adversely affect ride, handling, load carrying Deflating a tire correctly is very important for
capacity, bearing life, tire clearance to body and safety. First, reduce the pressure as much as
chassis components, vehicle ground clearance, possible by depressing the valve core plunger. Only
vehicle width and brake cooling. then should the valve core be removed to

completely deflate the tire before removal from thePrepare for any tire repair operation in a safe and
vehicle or disassembly. On dual wheels, deflate bothefficient way. In servicing all tires, use caution not
tires completely.to drop them (or the wheels) on the feet, hands or

body, or heavily on the floor. Truck tires are heavy Demounting tires from the wheels requires special
and a wheel jack such as Rotunda  Heavy Duty care. Use only standard tire mounting tools and
Wheel Dolly 014-00030 or equivalent should be equipment. The use of makeshift tools to force tires
used to maneuver tires. on or off the wheels is dangerous and must be

avoided.

Always lubricate tire beads to make sure the tire
beads seal on the rim correctly.
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DESCRIPTION AND OPERATION (Continued)

Make sure all the air is out before removing the WARNING: Avoid hammering with a steel
tires from the wheels. Use special care when using hammer; you can damage the rim. Any
tire irons. Grip the tire irons firmly and keep them hammering can dislodge particles. Never hammer
free of oil and grease. They can slip and fly with on an inflated assembly.
tremendous force.

WARNING: Always inflate the tire in
WARNING: When painting used wheels, Rotunda Inflation Chamber 104-00104 or

do not use excessive amounts of paint. This can equivalent, or use an OSHA-approved portable
cause the wheel nuts to loosen, which can lead to tire safety cage. This is an important safeguard
premature failure or loose wheels, resulting in against incorrect assembly, inadvertently
serious, perhaps fatal, injury. mismatched parts and other assembly  errors.

Remember, an inflated tire contains potentiallyWARNING: When painting any wheel,
explosive energy and assemblies can be propelledalways allow the paint to dry thoroughly. If the
if there is a sudden release of air. In emergencypaint is not dry when the wheels are mounted,
situations, where a safety cage or a portabletorque values will not be maintained because of
safety device is not available, use the  vehicle’sthe paint being forced out. Excess paint thickness
spare wheel and tire assembly.will cause the wheels to  loosen. Retighten the

wheel nuts after 80-160 km (50-100 miles) when WARNING: Stand clear when using a
newly painted wheels are installed on the vehicle. safety cage or an OSHA-approved restraining

device. Always use a clip-on air chuck with aWARNING: Always wear safety goggles or
remote valve and pressure gauge. Do not resta face shield when carrying out any work with
any part of the body against the device duringtire and wheel assemblies.
inflation. If the components are not  seated

WARNING: Always wear safety goggles or correctly and an explosive separation occurs, the
a face shield when carrying out any buffing air blast or movement of the restraining device
operation. can cause injury.
Tires and wheels often require a buffing operation Place the wheel and tire assembly in the safety cage
before being mounted, once the regular service has and inflate to a maximum of ten pounds. Check to
been completed. see that the beads are correctly seated. Continue to

inflate to recommended pressure.

Use only accurate, tested gauges to make sure air
pressure is correct. Check all gauges regularly with
a master gauge.

Never attempt to short-cut the above procedures.

WARNING: Correct precautions should
always be taken when jacking a vehicle up to
prevent personal injury or damage to the vehicle:

a. Always block one axle with wheel chocks to
prevent unexpected movement.

b. Always use correct heavy-duty jack stands.

c. Manually cage parking brake chambers
when working on the rear axle.

d. Apply the parking brake when working on
the front axle.
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DESCRIPTION AND OPERATION (Continued)

WARNING: Do not exceed maximum tire WARNING: Aftermarket aerosol tire
inflation pressures. This is determined by the size sealants are extremely flammable. Always
and ply rating of the tire, but is not to exceed question the customer to make sure these
the maximum cold inflation pressure listed for products have not been used.
the wheel even if the tire is approved for a

WARNING: Aftermarket wheel assemblieshigher load or  inflation. It is also important to
may not be compatible with the vehicle. The usemaintain uniform inflation so that weight is
of incompatible wheel assemblies can result inequally sustained.
equipment failure and possible injury. Use only

WARNING: Do not run the vehicle on one approved wheel assemblies.
tire of a dual assembly. When there is loss of air

WARNING: Use only wheels and wheelin a dual tire, the carrying capacity is reduced
nuts that have been designed for current modeland the load must be sustained by the other tire.
year Ford vehicles. Aftermarket wheels or wheelInflate both tires to balanced, recommended
nuts may not fit or function correctly, and canpressures before  further operation.
cause personal injury or damage the vehicle.

WARNING: Thumping or simply looking
CAUTION: Do not clean aluminum wheelsat the tire does not give an accurate pressure

with steel wool, abrasive-type cleaners or strongreading. Periodically check your air pressure
detergents. Use Custom Bright Metal Cleanergauge for accuracy and use it to check tire
8A-19522-A or equivalent meeting Fordpressure.
specification ESR-M5B194-B.

WARNING: Never run the engine with one When carrying out any inspection or repair
wheel off the ground, for example, when procedures on wheels and tires, follow the preceding
changing a tire. The wheel(s) resting on the safety precautions.
ground could cause the vehicle to move.
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Use of any other tire size or type can seriously
DIAGNOSIS AND TESTING

affect:Wheels And Tires
• ride.Inspection and Verification
• handling.

WARNING: A vehicle equipped with a
• speedometer/odometer calibration.Traction-Lok differential will always have both

wheels driving. If, while the vehicle is being • vehicle ground clearance.
serviced, only one wheel is raised off the floor • tire clearance between the body and chassis.
and the rear axle is driven by the engine, the

• wheel bearing life.wheel on the floor  could drive the vehicle off the
• brake cooling.stand or jack. Be sure both rear wheels are off

the floor. Wheels need to be replaced when:

WARNING: Never run the engine with one • bent.
wheel off the ground, for example, when

• cracked.changing a tire. The wheel(s) resting on the
• dented.ground could cause the vehicle to move.
• heavily rusted.WARNING: Do not balance the wheels and
• leaking.tires while they are mounted on the vehicle.

Possible tire disintegration or differential failure • they have elongated wheel hub bolt holes.
could result, causing personal injury and

• they have excessive lateral or radial runout.extensive component damage. Use off-vehicle
Wheel and tire assemblies are attached by eightwheel and tire balancer only.
integral two-piece swiveling wheel nuts.Be sure to follow the warnings when performing
It is mandatory to use only the tire sizesinspection and verification.
recommended on the tire chart attached to the

Road Test vehicle. Larger or smaller tires can damage the
vehicle, affect durability, and require changing theVerify the customer concern by performing a road
speedometer calibration. Make sure wheel size andtest on a smooth road. If any vibrations are
offsets match those recommended for the tire in use.apparent, go to Section 100-04.
1. Inspect for signs of uneven wear that mayTo maximize tire performance, inspect for signs of

indicate a need for balancing, rotation, frontimproper inflation and uneven wear, which may
suspension alignment, damaged tie rod, orindicate a need for balancing, rotation, or front
steering components.suspension alignment.

2. Check tires for:Correct tire pressure and driving techniques have an
important influence on tire life. Heavy cornering, • cuts.
excessively rapid acceleration and unnecessary sharp • stone bruises.
braking increases tire wear.

• abrasions.
Replacement tires must follow the recommended:

• blisters.
• tire sizes.

• embedded objects.
• speed rating.

3. Tread wear indicators are molded into the
• load range. bottom of the tread grooves. Install a new tire

when the indicator bands become visible.• radial construction type.
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DIAGNOSIS AND TESTING (Continued)

Symptom Chart

SYMPTOM CHART

Condition Possible Sources Action
• Tires Show Excess Wear on • Underinflated tires. • ADJUST air pressure in tires.

Edge of Tread
• Vehicle overloaded. • RETURN vehicle —

NOTIFY customer of
overload condition.

• High-speed cornering. • RETURN vehicle —
NOTIFY customer of cause
of condition.

• Incorrect wheel alignment. • SET toe to specification.
REFER to Section 204-00.

• Tires Show Excess Wear in • Tires overinflated. • ADJUST air pressure.
Center of Tread

• Other Excessive Tire Wear • Incorrect tire pressure. • ADJUST pressure.
Problems

• Loose or leaking shock • TIGHTEN or INSTALL new
absorbers. as necessary.

• Front end out of alignment. • ALIGN front end. REFER to
Section 204-00.

• Front wheel bearings out of • REFER to Section 204-00
adjustment. for inspection procedure.

• Loose, worn or damaged • REFER to Section 204-00.
suspension components.

• Wheel and tire assembly out • BALANCE wheel and tire
of balance. assembly.

• Excessive lateral or radial • REFER to Section 100-04.
runout of wheel or tire.

• Incorrect tire rotation • ADVISE customer of
intervals. condition.

• Wobble or Shimmy • Damaged wheel bearings. • REFER to Section 204-00.
• Loose or damaged suspension • INSTALL new as necessary.

components.
• Bent wheel. • INSTALL new as necessary.
• Damaged tire. • INSTALL new as necessary.
• Loose wheel nuts. • TIGHTEN to specification.

• High-Speed Shake • Wheel hub face/pilot/bolt • REFER to Section 100-04.
circle runout.

• Tires/wheels.
• Wheel bearings.
• Suspension/steering linkage.
• Engine.
• Transmission.
• Brake rotor.

• Vehicle Vibration • Driveline — engine. • REFER to Section 100-04.
• Tires.
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3. Turn the wheel until one lug nut is at the top of
REMOVAL AND INSTALLATION

the wheel hub bolt circle. Tighten the lug nutWheel and Tire — Single
until snug. In a crisscross-type pattern, tighten
the remaining lug nuts until snug to minimizeRemoval
runout.

1. Remove the wheel cover (1130), if so equipped. 4. Lower the vehicle.

2. CAUTION: Do not use heat to loosen a 5. CAUTION: Failure to tighten the lug
seized lug nut. Heat can damage the wheel nuts in a star pattern can result in high
and wheel bearings. rotor runout, which will speed up the
NOTE: Do not remove the lug nuts (1012) at development of brake roughness, shudder
this time. and vibration.

With the weight of the vehicle still on the tires, Tighten the lug nuts to specification.
loosen the lug nuts.

3. Raise the vehicle until the wheel and tire
assembly clears the floor. For additional
information, refer to Section 100-02.

4. Remove the lug nuts.

5. Remove the wheel and tire assembly.

Installation

1. WARNING: When a wheel is installed,
always remove any corrosion, dirt or foreign
material present on the mounting surfaces of 6. CAUTION: Failure to tighten the
the wheel or the surface of the front disc wheel nuts in a star pattern can result in
brake hub and rotor that contacts the wheel. high brake disc runout, which will speed up
Installing wheels without proper the development of brake roughness, shudder
metal-to-metal contact at the wheel mounting and vibration.
surfaces can cause the lug nuts to loosen and Tighten the wheel nuts to specification.
the wheel to come off while the vehicle is in
motion, resulting in loss of control. 7. Install the wheel cover, if so equipped.
Position the wheel and tire assembly on the
vehicle.

2. Install the lug nuts loosely. Make sure the cone
ends of the lug nut face inward.
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REMOVAL AND INSTALLATION
WARNING: Aftermarket wheel assemblies

Wheel and Tire — Dual Rear Wheels may not be compatible with the vehicle. Use of
incompatible wheel assemblies can result in
equipment failure and possible injury. Use onlyRemoval
approved wheel assemblies.

WARNING: Use only integral two-piece
swiveling lug nuts on vehicles equipped with dual
rear wheels. Do not attempt to use cone-shaped
one-piece lug nuts on these vehicles. If used,
cone-shaped one-piece lug nuts can come loose in
vehicle operation. Do  not attempt to use past
model wheels, which have cone-shaped wheel hub
bolt nut seats, on this vehicle. Do not attempt to
use present design wheels and lug nuts on past
model wheel hubs. Attempted use of intermixed
wheels can lead to damage to the  wheel
mounting system and could result in wheels
coming loose.

1. Remove the wheel cover (1130), if so equipped.

2. CAUTION: Do not use heat to loosen a
seized lug nut. Heat can damage the wheel
and wheel bearings.

NOTE: Do not remove the lug nuts at this
time.

With the weight of the vehicle still on the tires,
loosen the lug nuts.

3. Raise the vehicle until the wheel and tire
assembly clears the floor. For additionalItem Part Number Description
information, refer to Section 100-02.

1 1007 Outside Wheel

2 — Locating Pin (Part of 1007) 4. Remove the lug nuts. Remove the inner and
3 — Alignment Pin (Part of 1109) outer wheel and tire assemblies from the rear
4 1126 Brake Drum hub (1109).
5 1007 Inside Wheel

6 — Alignment Pin (Part of 1007)

7 1012 Lug Nut—, Integral
Two-Piece Swiveling
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REMOVAL AND INSTALLATION (Continued)

Installation 7. Lower the vehicle. For additional information,
refer to Section 100-02.

1. WARNING: When a wheel is installed,
8. CAUTION: Failure to tighten thealways remove any corrosion, dirt or foreign

wheel nuts in the sequence shown can resultmaterial present on the mounting surfaces of
in high wheel and tire runout, which willthe wheels or the surfaces of the rear hub
speed up the development of brakethat contact the wheel. Installing wheels
roughness, shudder and vibration.without proper metal-to-metal contact at  the

wheel mounting surfaces can cause the lug Tighten the lug nuts to specification.
nut to loosen and the wheel to come off while
the vehicle is in motion, resulting in loss of
control.

Mount the inner wheel on the rear hub with the
wheel dish facing inboard.

2. Align the wheel with the small indexing hole,
located in the wheel between the wheel hub
bolt holes, with the alignment pin in the hole in
the rear hub. Refer to the illustration at the
beginning of the removal procedure.

3. Make sure the wheel is flush with the rear
wheel hub mounting surface so there is no gap
between the rear hub and the wheel. 9. CAUTION: Failure to tighten the

wheel nuts in the sequence shown can result
4. Install the outer rear wheel flush against the in high wheel and tire runout, which will

inner wheel with the hub alignment locating pin speed up the development of brake
protruding through the wheel index hole. roughness, shudder and vibration.

Tighten the wheel nuts to specification.
5. Install the lug nuts and tighten until snug.

10. Install the wheel cover, if so equipped.
6. With the lug nuts loosely installed, turn the

wheel until one lug nut is at the top of the
wheel hub bolt circle. Tighten the swiveling lug
nut until snug. In a crisscross-type pattern,
tighten the remaining lug nuts until snug to
minimize  runout.
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General Specifications (Continued)
SPECIFICATIONS

Item Specification
General Specifications

Clearance Specifications
Item Specification

Maximum spread of 0.38 mm (0.015 inch)
Lubricants and Sealants differential housing

Additive Friction Modifier EST-M2C118-A a For a complete refill on Model 60 axles equipped
XL-3 with a limited-slip differential, add 21 C.L. (7
SAE 75W-140 High WSL-M2C192-A ounces) of Additive Friction Modifier XL-3 or
Performance Rear Axle equivalent meeting Ford specification
Lubricant EST-M2C118-A.
XY-75W140-QL (Trailer b For axles subject to frequent trailer towing,
Towing) particularly in a hot or hilly area, use SAE

75W-140 High Performance Rear Axle LubricantSAE 80W-90 Premium WSP-M2C197-A
XY-75W140-QL or equivalent meeting FordRear Axle Lubricant
specification WSL-M2C192-A. For all otherXY-80W90-QL (Model
applications, use SAE 80W-90 Premium Rear Axle60/70TR axles)
Lubricant XY-80W90-QL or equivalent meeting

Premium Long-Life ESA-M1C75-B Ford specification WSP-M2C197-A.
Grease XG-1-C c For a complete refill on Model 70 axles equipped

with a limited-slip differential, add 0.163 L (5.5Ultra Silicone Sealant —
ounces) of Additive Friction Modifier XL-3 orF7TZ-19554-AA
equivalent meeting Ford specification

Threadlock and Sealer WSK-M2G351-A5 EST-M2C118-A.
E0AZ-19554-AA

Hypoid Gear Oil ESW-M2C105-A Torque Specifications
C6AZ-19580-E (Model
60) Description Nm lb-ft lb-in

Lubricant Fill Level Checks Differential pinion 27 20 —
shaft lock screw60-1Ua 3.0 L (6.3 pints)a

Differential housing 47 35 —70-2Ub 3.1 L (6.6 pints)c

cover bolt (Grade 5)
70HDb 3.5 L (7.4 pints)c

Differential housing 61 45 —
Backlash Specifications cover bolt (Grade 8)

Backlash between 0.13-0.20 mm Bearing cap bolt 108 80 —
differential ring gear and (0.005-0.008 inch)

Pinion nut 339 250 —pinion
Stabilizer bar clamp 23-32 17-24 —Backlash maximum 0.05 mm (0.002 inch)
boltvariation between

checkpoints Axle U-bolt nut 221 130 —

Rotational Torque Ranges Axle vent 3 — 27

Pinion bearing preload 2.26-5.09 Nm (20-45 Center bracket bolt 17 13 —
(with new bearings) lb-in) Lower shock absorber 79 58 —
Total (pinion plus For Model 60 or Model nut
differential) preload with 70 with 3.54 and 3.73 Brake caliper anchor 173 128 —
new bearings axle ratios, add 0.9 Nm (8 plate bolt

lb-in). For Model 60 or
Driveshaft flange 112 83 —Model 70 with 4.10 and
yoke-to-pinion flange4.56 axle ratios or Model
bolt70TR with 4.63 and 5.13

axle ratios, add 0.8 Nm (7 Differential ring gear 176 130 —
lb-in). bolt (Grade 8)

Differential ring gear 298 220 —
bolt (Grade 9)

Copyright  2003, Ford Motor Company
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205-02A-2 205-02A-2Rear Drive Axle/Differential — Dana 60 and 70

SPECIFICATIONS (Continued)

Torque Specifications (Continued)

Description Nm lb-ft lb-in

Oil filler plug 27-41 20-30 —

Differential case bolt 92 68 —
(except Grade 9/180)

Differential case bolt 129 95 —
(Grade 9/180)
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205-02A-1 205-02A-1Rear Drive Axle/Differential — Dana 60 and 70

DESCRIPTION AND OPERATION

Rear Drive Axle and Differential

Axle
The Model 60-1U, Model 70-2U and Model 70TR
rear axles feature the following:

• Semi-floating or full-floating axle shafts on Model
60-1U rear axles

• Full floating axle shafts on Model 70-2U and
Model 70TR rear axles

• An integral-type differential housing consisting of
a cast center section with two steel tubes

• A stamped differential housing cover

• A hypoid-design differential ring gear and pinion
with the centerline of the pinion set below the
centerline of the differential ring gear

• Drive pinion bearing preload shims to maintain
pinion bearing preload

• A selective outboard spacer, located between the
differential bearing cups and the differential
housing and a selective differential bearing shim
located between the differential bearings and the
differential case to adjust differential bearing
preload and differential ring gear backlash

• Conventional or limited-slip differential
assemblies on Model 60-1U and Model 70-2U
rear axles

• A conventional differential assembly on Model
70TR rear axles

• An embossed metal tag identification tag, bolted
to the differential housing cover

Copyright  2003, Ford Motor Company
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205-02A-2 205-02A-2Rear Drive Axle/Differential — Dana 60 and 70

DESCRIPTION AND OPERATION (Continued)

Axle Identification

Item Description

1 Model 60-1U semi-floating axle

2 Model 60-1U and 70-2U full-floating
axles

3 Model 70TR full-floating axle

2004 E-Series, 12/2003 



205-02A-3 205-02A-3Rear Drive Axle/Differential — Dana 60 and 70

DESCRIPTION AND OPERATION (Continued)

Rear Axle — Semi-Floating, Model 60-1U, Conventional and Limited-Slip Differentials — Exploded View

Item Part Number Description Item Part Number Description

9 4851 Pinion flange1 1107 Wheel bolt

10 354845-5A Lock nut2 4234 Axle shaft

11 1124 Washer3 1177 Wheel bearing oil seal

12 — Dust shield (part of 4851)4 1225 Rear wheel bearing

13 4670 Oil slinger5 4010 Differential housing

14 4616 Pinion bearing cup (outer)6 — Speed sensor location

15 4663 Drive pinion bearing preload7 4621 Pinion bearing (outer)
shim8 4676 Pinion seal

16 4628 Pinion bearing cup (inner)(Continued)
(Continued)
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205-02A-4 205-02A-4Rear Drive Axle/Differential — Dana 60 and 70

DESCRIPTION AND OPERATION (Continued)

Item Part Number Description Item Part Number Description

17 4630 Pinion bearing (inner) 28 4K067 Outboard spacer (selective)
(one per side)18 — Drive pinion position shim

(part of 4209) 29 4222 Differential bearing cup

19 4209 Drive pinion (matched set) 30 4211 Differential pinion shaft

20 4209 Differential ring gear 31 4N237 U-washer
(matched set) 32 4228 Differential side gear thrust

21 4B409 Anti-lock speed sensor ring washer

22 4241 Differential pinion shaft lock 33 4236 Differential side gear
screw 34 4215 Differential pinion gear

23 4204 Differential case 35 4230 Differential pinion thrust
24 4033 Differential housing cover washer

25 353031 Filler plug 36 4558 Differential ring gear bolt

26 4346 Cover bolt 37 4067 Differential bearing shim
(selective) (one per side)27 4221 Differential bearing

(Continued)
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205-02A-5 205-02A-5Rear Drive Axle/Differential — Dana 60 and 70

DESCRIPTION AND OPERATION (Continued)

Full-Floating — Models 60-1U, 70-2U and 70TR, Exploded View

Item Part Number Description Item Part Number Description

8 4221 Differential bearing1 4346 Cover bolt

9 4067 Differential bearing shim2 353031 Filler plug
(selective) (one per side)3 4033 Differential housing cover

10 4241 Differential pinion shaft lock4 4209 Differential ring gear
pin(matched set)

11 4204 Differential case5 4B409 Anti-lock speed sensor ring
12 4558 Differential ring gear bolt6 4K067 Outboard spacer (selective)
13 4010 Differential housing(one per side)

14 4022 Differential housing vent7 4222 Differential bearing cup
(Continued)(Continued)
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205-02A-6 205-02A-6Rear Drive Axle/Differential — Dana 60 and 70

DESCRIPTION AND OPERATION (Continued)

Item Part Number Description Item Part Number Description

15 4228 Differential side gear thrust 28 4663 Drive pinion bearing preload
washer shim

16 4236 Differential side gear 29 46176 Pinion preload spacer (Model
70 only)17 4230 Differential pinion thrust

washer 30 2248 Bolt

18 4215 Differential pinion gear 31 4234 Axle shaft

19 4211 Differential pinion shaft 32 4A140 Axle shaft bolt

20 — Rear brake anti-lock sensor 33 1001 Rear axle shaft gasket
location 34 4209 Drive pinion

21 4616 Pinion bearing cup 35 — Drive pinion position shim
22 4670 Oil slinger/thrust washer (part of 4209)

23 354845 Lock nut and washer 36 4630 Pinion bearing

24 4851 Pinion flange 37 4628 Pinion bearing cup

25 — Dust shield (part of 4851) 38 — Bolt and bearing cap (part of
4010)26 4676 Pinion seal

27 4621 Pinion bearing
(Continued)

Differential — Dana Limited-Slip
Two-Pinion Limited-Slip Differential — Model 60-1U Trac-Lok (Full-Floating Axle), Exploded View

Item Part Number Description Item Part Number Description

6 4215 Differential pinion gear1 4204 Differential case

7 — Plate preload spacer (part of2 4241 Differential pinion shaft lock
4880)pin

8 — Clutch disc (part of 4880)3 4236 Differential side gear

9 — Clutch plate (part of 4880)4 — Retainer clip (part of 4880)

10 4211 Differential pinion shaft5 4230 Differential pinion thrust
washer

(Continued)
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205-02A-7 205-02A-7Rear Drive Axle/Differential — Dana 60 and 70

DESCRIPTION AND OPERATION (Continued)

Powr-Lok Differential — Model 70, Exploded View

Limited-Slip Differential Power Flow with BothItem Part Number Description Wheels Driving — Cutaway
1 4204 Differential case (flange half)

2 — Side gear ring (part of 4880)

3 4236 Differential side gear

4 4215 Differential pinion gear

5 4204 Differential case (button half)

6 — Body differential case bolt
(part of 4204)

7 4211 Differential pinion shaft

8 — Clutch plate (part of 4880)

9 — Dished clutch disc (part of
4880)

Item Part Number Description

1 4209 Drive pinion

2 4215 Differential pinion gear
(Continued)
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205-02A-8 205-02A-8Rear Drive Axle/Differential — Dana 60 and 70

DESCRIPTION AND OPERATION (Continued)

Item Part Number Description Item Part Number Description

3 — Side gear ring (part of 4880) 3 — Clutch plate (part of 4880)

4 4880 Differential clutch pack 4 4204 Differential case
(right) 5 4234 Axle shaft

5 4236 Differential side gear 6 — Clutch disc (part of 4880)
6 4880 Differential clutch pack (left) 7 4236 Differential side gear
7 4204 Differential case

8 4209 Differential ring gear

Limited-Slip Differential — Model 70-2U Powr-Lok
— Cutaway

Item Part Number Description

1 4215 Differential pinion gear

2 — Side gear ring (part of 4880)
(Continued)
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205-02A-9 205-02A-9Rear Drive Axle/Differential — Dana 60 and 70

DESCRIPTION AND OPERATION (Continued)

Differential Clutch Pack — Model 60-1U Trac-Lok — Exploded View

Each differential clutch pack is premeasured toItem Part Number Description
assure correct stack height. Do not separate the1 4236 Differential side gear
differential clutch packs and intermix the clutch

2 — Plate preload spacer (part of plates and clutch discs from other differential clutch4880)
packs.

3 — Clutch disc (part of 4880)
In diagnosis of vehicle operator complaints, two4 — Clutch plate (part of 4880)
things must be recognized:

The Model 60 differential clutch packs have clutch
• If, with unequal traction, both wheels slip, thediscs with concentric grooves and clutch plates with

limited-slip has done all it can possibly do.radial grooves. The Model 70 Powr-Lok
• In extreme cases of differences in traction, thedifferential has paper-coated clutch packs. Prior to

wheel with the least traction may spin after theassembly, soak the clutch packs for 20  minutes in
limited-slip has transferred as much torque asAdditive Friction Modifier XL-3 or equivalent
possible to the non-slipping wheel.meeting Ford specification EST-M2C118-A.

Arrangement of these plates and discs is at the
option of the vehicle manufacturer. During
disassembly, note the arrangement of these
components to  maintain their order during
assembly.
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205-02A-1 205-02A-1Rear Drive Axle/Differential — Dana 60 and 70

DIAGNOSIS AND TESTING

X type of road.Rear Drive Axle and Differential
X drive mode.

Special Tool(s)
X temperature.

Dial Indicator Gauge with
X vehicle loaded or unloaded.Holding Fixture

100-002 (TOOL-4201-C) or 6 Is the condition constant or intermittent?
equivalent Can the concern be duplicated at any time?

7 Check for TSBs, SSM and OASIS
messages.

2. NOTE: If the inspection reveals an obvious
concern, repair the vehicle.Inspection and Verification
Do a preliminary investigation. Visually inspectThe technician should have a thorough knowledge
for obvious signs of damage.of driveline system operation and accepted general

driveline guidelines to detect any problems. 1 Inspect the driveshaft:
A gear driven unit will produce a certain amount of X for buildup of any foreign material.
noise. Some noise is acceptable and audible at

X for damage, such as a bent tube or
certain speeds or under various driving conditions.

missing weights.
Certain conditions, such as road conditions and

X U-joints or flex couplers for wear orweather, will amplify normal vehicle noise.
damage.

Certain rear axle and driveline concern symptoms
2 Inspect the axle:are also common to the engine, transmission, rear

wheel bearings and tire. For this reason, be sure the X for signs of leakage at the drain or fill
cause of the concern is in the axle before repairing plug, differential seal, vent or halfshaft
or installing any axle components. seals.

The following is a guide to diagnose a driveline — a plugged vent will cause a leak.
concern:

X for damage, such as cracks, bent
halfshafts or dented rear cover.• Verify and document the customer concern.

X for missing fasteners.• Carry out a preliminary investigation.
3 Inspect other suspect components/systems:• Road test the vehicle.

X inspect the halfshaft assemblies for• Find the cause of the problem.
damaged CV joints or torn CV boots.

• Inspect the components.
X inspect the suspension for broken springs,

1. Verify and document the customer concern.
damaged shock absorbers and worn

1 When was it first noticed? suspension bushings.
2 Did it appear suddenly or gradually? X inspect the rear brake components —

lines, cables and calipers.3 Did anything unusual occur that would
coincide with it or precede it? X inspect the tires; are they in good

condition and do they match?4 Has the driveline system been repaired
before or new components installed? 3. NOTE: A road test is necessary for any

customer concern of noise or vibration.X Check the vehicle service record. Note
any repairs other than driveline, such as Road test the vehicle.
brakes or suspension.

1 During the road test, use the following
5 Are there any special conditions affecting driving methods to diagnose the problem. Is

the concern or will alter the concern? For the concern most noticeable:
example:

X from a stop?
X road speed.

Copyright  2003, Ford Motor Company
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205-02A-2 205-02A-2Rear Drive Axle/Differential — Dana 60 and 70

DIAGNOSIS AND TESTING (Continued)

Diagnostic Routine Chart (Continued)X on shifts from REVERSE to DRIVE?

Condition ActionX on turns?
• Axle noise (tick/click)a • GO to Diagnostic— sweeping type turn.

in all or more than one Routine — Noise
— tight turn (to the stop). drive mode (DRIVE, (Tick/Click) In All Or

CRUISE, COAST) More Than One DriveX in DRIVE?
Modes

— accelerating the vehicle, definite
• Axle noise • GO to Diagnosticthrottle depression, applying engine (howl/moan)a in all or Routine — Noise

torque? more than one drive (Howl/Moan) In All Or
mode (DRIVE, More Than One DriveX in CRUISE?
CRUISE, COAST) Modes

— maintain a constant speed with the
• Axle noise (clunk)a on • GO to Diagnosticthrottle applied? changes in speed or Routine — Noise

direction of power (Clunk) On Changes InX in COAST?
Speed Or Direction Of

— decelerating with the throttle closed? Power
2 Record when the concern occurs. Write • Vibration • For driveline vibration

down the kph (mph) range at which the diagnostics, REFER to
Section 100-04 noise/vibration occurs.

4. Find the cause of the problem.
a. Refer to Section 100-04 for a glossary of1 Compare the inspection and road test results noise-related terms.

with the following chart.
5. NOTE: If the conclusion of the road test points2 Use the following diagnostic routine chart

to an axle center section (ring and pinion orto identify the probable cause and know
differential case) concern, carry out a visualwhat corrective actions should be taken to
inspection of the axle.repair the component/vehicle, and to prevent

a reoccurrence. Inspect the axle components.

1 Remove the differential housing cover.Diagnostic Routine Chart
Drain the axle lubricant through a white

Condition Action cloth. Check the fluid for:
• Fluid loss • GO to Diagnostic X any foreign material.

Routine — Fluid Loss
X metal particles.

• Noise louder on turns • GO to Diagnostic
X burnt odor.(sweeping turn) Routine — Noise

Louder On Turns 2 NOTE: When inspecting the axle, do not
(Sweeping)

clean the components immediately. Cleaning
• Axle noise (growl)a in • GO to Diagnostic may remove diagnostic evidence.

tight turn Routine — Noise
Inspect the axle components.(Growl) In Tight Turn

• Axle noise • GO to Diagnostic X Look for:
(chatter/shudder)a in Routine — Noise — loose fasteners.tight turn, limited slip (Chatter/Shudder) In
differential Tight Turns, Limited — notches or visible steps or grooves

Slip Differential created by wear.
• Axle noise (whine)a in • GO to Diagnostic — pitting or cracking along gear contact

all or more than one Routine — Noise lines.drive mode (Whine) In All Or More
Than One Drive Modes — scuffing or deformations.

— discolorations.

— nicks or ridges on gear teeth.
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205-02A-3 205-02A-3Rear Drive Axle/Differential — Dana 60 and 70

DIAGNOSIS AND TESTING (Continued)

X Clean the axle components for inspection. — scuffing or deformations.

— Remove as much lubricant as — discolorations.
possible with clean solvent. Wipe the — nicks or ridges on gear teeth.
components or blow them dry with

X Check backlash and carry out a ring andcompressed air.
pinion pattern test. Refer to Checking

X Re-inspect for: Differential Ring Gear Backlash and
— loose fasteners. Checking Tooth Contact Pattern and

Condition of the Ring and Pinion in this— notches or visible steps or grooves
section.created by wear.

— pitting or cracking along gear contact
lines.

Diagnostic Routines

Diagnostic Routine — Fluid Loss

Possible Component Reference/Action

• Vent • CLEAN the axle vent.

• Overfilled axle • CHECK the lubricant level for specific amount. 

• Fill plug • CLEAN the area around the plug. REMOVE the plug.
APPLY pipe sealant and INSTALL the plug. 

• Halfshaft oil seal • INSTALL a new halfshaft oil seal. 

• Pinion seal • INSTALL a new pinion seal. 

• Differential housing cover • RESEAL the differential housing cover. 

Diagnostic Routine — Noise Louder On Turns (Sweeping)

Possible Component Reference/Action

• Wheel end bearing • CHECK the wheel end bearing for wear or damage.
INSTALL a new bearing.

Diagnostic Routine — Noise (Growl) In Tight Turn, Conventional Differential

Possible Component Reference/Action

• Differential side gears and differential pinion gears • DISASSEMBLE the differential carrier. INSPECT the
differential case assembly. INSTALL new side gears
and differential pinion gears or case assembly.

Diagnostic Routine — Noise (Chatter/Shudder) In Tight Turns, Limited Slip Differential

Possible Component Reference/Action

• Clutch pack • VERIFY the condition. With the vehicle in cold startup,
MAKE SURE that the vehicle is in 2WD, to isolate the
rear axle. TURN the wheel fully right (or fully left) and
then ACCELERATE the vehicle. If the condition is
verified to be in the rear  axle, REMOVE and
INSTALL new clutch packs.
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205-02A-4 205-02A-4Rear Drive Axle/Differential — Dana 60 and 70

DIAGNOSIS AND TESTING (Continued)

Diagnostic Routine — Noise (Whine) In All Or More Than One Drive Modes

Possible Component Reference/Action

• Axle ring and pinion • REMOVE and INSTALL a new ring gear, pinion and
bearings. 

Diagnostic Routine — Noise (Tick/Click) In All Or More Than One Drive Modes

Possible Component Reference/Action

• Axle ring and pinion • REMOVE and INSTALL a new ring gear, pinion and
bearings. 

Diagnostic Routine — Noise (Howl/Moan) In All Or More Than One Drive Modes

Possible Component Reference/Action

• Axle bearings • INSPECT differential and pinion bearings. INSTALL
new bearings.

Diagnostic Routine — Noise (Clunk) On Changes In Speed Or Direction Of Power

Possible Component Reference/Action

• Axle and pinion system • MEASURE total backlash. If end play and total
backlash are within specification, INSTALL a new
differential case assembly. 

• Differential pinion shaft • INSTALL a new differential pinion shaft and pin. 

• Pinion bearings • INSTALL new pinion and differential bearings and
bearing cups. 

Diagnostic Routine — Vibration

Possible Component Reference/Action

• For additional information on driveline vibration, REFER to Section 100-04.

Checking Differential Ring Gear
Backlash
1. Remove the differential housing cover.

2. Using a suitable dial indicator and the special
tool, measure and record the differential ring
gear backlash in 4 opposing points on the ring
gear.
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205-02A-5 205-02A-5Rear Drive Axle/Differential — Dana 60 and 70

DIAGNOSIS AND TESTING (Continued)

Checking Tooth Contact Pattern and Good Contact Pattern
Condition of the Ring and Pinion Pattern inspection allows the technician to detect
There are 2 basic types of conditions that will gross errors in set up prior to complete assembly of
produce ring and pinion noise. The first type is a the differential assembly. Pattern contact should be
howl or chuckle produced by broken, cracked, within the primary area of the ring gear tooth
chipped, scored or forcibly damaged gear teeth and section. Avoid narrow or hard contact  with the
is usually quite audible over the entire speed  range. outer perimeter of the ring gear tooth. Pattern
The second type of ring and pinion noise pertains to inspection should be on the drive side of the tooth.
the mesh pattern of the gear pattern. This gear noise Correct assembly of the drive pattern will result in
can be recognized as it produces a constant pitch or satisfactory coast performance.
whine. Ring and pinion noise tends to peak in a NOTE: If a gross pattern error is detected with the
narrow speed range or ranges and  will tend to correct backlash, check the pinion shim selection.
remain constant in pitch.

Good Contact PatternNOTE: In the following steps, the movement of the
contact pattern along the length is indicated as
toward the ‘‘heel’’ or ‘‘toe’’ of the differential ring
gear.

Low Contact Pattern That Is Contacting
More Toward the Heel
Gross Pattern Error

Item Description

1 Heel

2 Toe

Apply a marking compound to 1/3 of the gear teeth
on the differential ring gear. Rotate the differential
ring gear several complete turns in both directions
until a good, clear tooth pattern is obtained.
Compare the contact patterns on the ring  gear teeth
with the following illustrations.
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205-02A-6 205-02A-6Rear Drive Axle/Differential — Dana 60 and 70

DIAGNOSIS AND TESTING (Continued)

High, Thin Contact Pattern In the Center Of Thick Contact Pattern That Is Contacting
the Tooth Tooth Toward the Toe
Gross Pattern Error Gross Pattern Error

Thick Contact Pattern That Is Contacting
Tooth Toward the Heel
 Gross Pattern Error
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205-02A-1 205-02A-1Rear Drive Axle/Differential — Dana 60 and 70

GENERAL PROCEDURES
Special Tool(s)Differential Case and Pinion Set Up

Step Plate (Model 60)
205-D012 (D80L-630-1) orSpecial Tool(s)
equivalent

Gauge, Clutch Housing
308-021 (T75L-4201-A)

Step Plate (Model 70)
205-D019 (D80L-630-8) or
equivalent

Dial Indicator Gauge with
Holding Fixture
100-002 (TOOL-4201-C)

Differential Case End Play Check

Installer, Differential Carrier 1. Install the outboard spacers in the side from
Bearing which they were removed.
205-D044 (D81T-4221-A) or
equivalent

Set, Dummy Bearing (Model
60/70)
205-D047 (D81T-4222-DR) or
equivalent

Set, Dummy Bearing (Model
70TR)
205-D048 (D81T-4222-ER) or
equivalent

(Continued)

Copyright  2003, Ford Motor Company
Last updated: 08/27/2003 2004 E-Series, 12/2003 



205-02A-2 205-02A-2Rear Drive Axle/Differential — Dana 60 and 70

GENERAL PROCEDURES (Continued)

2. NOTE: Remove all nicks, burrs, dirt, etc., from 4. NOTE: Repeat this step and the following step
the differential case hubs, to allow the bearings until the same reading appears on the indicator
to rotate freely. each time. Record the reading. This is the total

differential bearing shim thickness required, lessPlace the special tool on the differential case
preload. The final calculation occurs laterhubs and position the assembly into the
during  assembly.differential housing.
Force the differential case as far as possible• For Model 60/70 axles, use tool 205-D047.
toward the indicator. With force still applied,

• For Model 70TR axles, use tool 205-D048. set the indicator at 0.

3. NOTE: Use a Dial Indicator with a minimum 5. Force the differential case as far as it will go in
travel capability of 5.08 mm (0.200 in). the opposite direction. Record the total
NOTE: The rear axle uses a combination of differential case end play reading.
differential bearing shims and selective outboard
spacers to control differential case end play.
The old outboard spacers provide a good
starting point when setting end play. However,
if additional shimming  is necessary, beyond
what the hardened differential bearing shims
can provide, select and install different
thickness outboard spacers.

Mount the special tools as shown. Locate the
tip of special tool 308-021 on a flat surface of
one of the bolts.
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205-02A-3 205-02A-3Rear Drive Axle/Differential — Dana 60 and 70

GENERAL PROCEDURES (Continued)

6. After making sure the reading is correct, NOTE: Use the gear contact pattern method to
remove the special tools and the differential verify the final pinion position is valid. For
from the differential housing. Do not remove additional information, refer to Section 205-00.
the Dummy Bearings from the differential case

1. Shim the pinion as follows:at this time.

• Etched on the button end of each pinion is a
zero (0), or a plus (+) or minus (-) with a
number. This number indicates the best
running position for each particular
differential ring gear. On Model 60/70 axles,
shimming behind the inner pinion  bearing
controls this dimension.

2. If reusing the old differential ring gear and
pinion, proceed as follows:

• On Model 60/70 axles, measure and record
the old drive pinion position shim thickness
and select a new shim of the same
dimension.

Pinion Ring Gear Variation Number • To change the pinion adjustment, drive
pinion position shims are available in the

NOTE: If so equipped, install a new pinion shaft thickness of 0.08, 0.13 and 0.25 mm (0.003,
oil slinger if bent or mutilated. 0.005 and 0.010 in). Measure each shim

separately with a micrometer.
NOTE: The differential ring gear and pinion is only
available in a matched set. Matching numbers
etched on both the differential ring gear and pinion
are for verification. If installing a new differential
ring gear and pinion, verify these numbers  match
before proceeding with assembly. The end of the
pinion with the etched figures is the ‘‘button’’ end.
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205-02A-4 205-02A-4Rear Drive Axle/Differential — Dana 60 and 70

GENERAL PROCEDURES (Continued)

3. If installing a new differential ring gear and
pinion, notice the (+) or (-) etching on both the
old and new pinion and adjust the new shim
thickness to compensate for the difference of
these two figures. If so equipped, include the
oil slinger  thickness in the total measurement
to correctly set pinion depth.

• For example, a pinion etched with m+8 (+3)
requires 0.08 mm (0.003 in) less shimming
than a pinion etched ‘‘0’’. This means to
increase the mounting distance by the
amount etched in the pinion, subtract 0.08
mm (0.003 in) from the drive pinion
position shim selected for installation. A
pinion etched m-8 (-3), requires 0.08 mm
(0.003 in) more shimming than a pinion
etched ‘‘0’’. In this instance, add 0.08 mm
(0.003 in) to the drive pinion position shim
selected for installation to decrease  the
pinion mounting distance by the amount
etched in the pinion.

New Pinion Conversion Chart (Metric)

New Pinion Marking (Metric)Old Pinion
-10 -8 -5 -3 0 +3 +5 +8 +10Marking

+10 +.20 +.18 +.15 +.13 +.10 +.08 +.05 +.03 0

+8 +.18 +.15 +.13 +.10 +.08 +.05 +.03 0 -0.3

+5 +.15 +.13 +.10 +.08 +.05 +.03 0 -.03 -.05

+3 +.13 +.10 +.08 +.05 +.03 0 -.03 -.05 -.08

0 +.10 +.08 +.05 +.03 0 -.03 -.05 -.08 -.10

-3 +.08 +.05 +.03 0 -.03 -.05 -.08 -.10 -.13

-5 +.05 +.03 0 -.03 -.05 -.08 -.10 -.13 -.15

-8 +.03 0 -.03 -.05 -.08 -.10 -.13 -.15 -.18

-10 0 -.03 -.05 -.08 -.10 -.13 -.15 -.18 -0.20

Ring Gear and Pinion Backlash

1. Install the outboard spacers in the side from
which they were removed.
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205-02A-5 205-02A-5Rear Drive Axle/Differential — Dana 60 and 70

GENERAL PROCEDURES (Continued)

2. Place the differential assembly with the special
tool in the differential housing.

• For Model 60/70 axles, use tool 205-D047.

• For Model 70TR axles, use tool 205-D048.

5. Force the differential ring gear into mesh with
the pinion, to obtain an indicator reading.
Record the reading.

3. Install the special tools. Locate the tip of
special tool 308-021 on a flat surface of one of
the bolts.

6. Remove the special tools and the differential
case from the differential housing.

4. NOTE: Repeat this step and the following step
until the same reading appears on the indicator
each time. This is the differential bearing shim
thickness necessary between the differential
case and the differential bearing on the
differential ring  gear side of the differential
case.

Force the differential case (differential ring
gear) away from the drive pinion. With force
still applied, set the indicator at 0.

7. Remove the Dummy Bearings from the
differential case.
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205-02A-6 205-02A-6Rear Drive Axle/Differential — Dana 60 and 70

GENERAL PROCEDURES (Continued)

8. Place one shim, of the necessary thickness, as 10. Determine the correct shim thickness and place
determined from the previous measurement, on it on the differential case hub on the drive
the differential ring gear side of the differential pinion side.
case. If additional shimming is necessary, • To determine the correct shim thickness,
beyond what the hardened differential bearing first, subtract the reading of the previous
shim can  provide, select and install a different measurement from the total differential case
thickness outboard spacer. end play reading obtained under Differential

Case End Play Check in this section. Then,
9. Using the special tool, install the differential add 0.25 mm (0.010 in) to  this amount.

bearing on the differential ring gear side of the This is the correct thickness shim to place
differential case. on the hub. If additional shimming is

necessary, beyond what the hardened
differential bearing shim can provide, select
and install a different thickness outboard
spacer.

11. Using the special tools, install the differential
bearing.

1 Place the special tool on the differential
bearing to protect it during the installation
of the opposite bearing.

2 Using the special tool, drive the differential
bearing onto the hub.
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205-02A-7 205-02A-7Rear Drive Axle/Differential — Dana 60 and 70

GENERAL PROCEDURES (Continued)
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205-02A-1 205-02A-1Rear Drive Axle/Differential — Dana 60 and 70

IN-VEHICLE REPAIR

Axle Shaft — Semi-Floating Axle 5. CAUTION: The differential assembly
is equipped with either a Loctite coated
differential pinion shaft lock screw or aMaterial
differential pinion shaft lock screw with

Item Specification
torque prevailing threads. The Loctite

Ultra Silicone Sealant — treated differential pinion shaft  lock screw
F7TZ-19554-AA has a 5/32-inch hexagram socket head.
Additive Friction Modifier EST-M2C118-A Never, under any circumstance, reuse a
XL3 Loctite coated screw after removing it.
SAE 75W-140 High WSL-M2C192-A Always discard the screw and install a new
Performance Rear Axle one. The torque prevailing differential pinionLubricant

shaft lock screw has a  12-point drive head.XY-75W140-QL (Model
This type of screw is reusable for no more70 Trailer Towing axles)
than four installations. When in doubt about80W-90 Premium Rear WSP-M2C197-A
the number of installations of a torqueAxle Lubricant

XY-80W90-QL (Model prevailing differential pinion shaft lock
60/70 axles) screw, discard it and install a new screw.

Remove the lock screw.Removal

1. Raise the vehicle on a hoist or raise the rear
end of the vehicle with a jack. Install safety
stands under the frame rails and lower the jack
or hoist enough to allow the rear axle to drop
into the rebound position for working clearance.
For  additional information, refer to Section
100-02.

2. Remove the rear wheel and tire assembly. For
additional information, refer to Section 204-04.

3. Remove the brake disc. For additional
information, refer to Section 206-04.

6. Remove the differential pinion shaft.

• The pinion shaft is a slip-fit design and is4. Remove the differential housing cover and drain
removable by hand.the lubricant.

• Clean the gasket material from the
differential housing cover and the
differential housing.
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205-02A-2 205-02A-2Rear Drive Axle/Differential — Dana 60 and 70

IN-VEHICLE REPAIR (Continued)

7. Push the flanged end of the axle shaft toward
the center of the axle and remove the U-washer.

Installation

1. Remove the lock screw and the differential
pinion shaft.8. CAUTION: Do not damage the wheel

bearing oil seal when removing the axle
shaft.

CAUTION: Do not rotate the
differential side gears when removing the
axle shaft. Rotating the differential side gears
causes the differential pinion gears and
differential pinion thrust washers to turn to
the differential case opening and fall out of
the differential case.

Remove the axle shaft.

2. CAUTION: Do not damage the wheel
bearing oil seal when installing the axle
shaft.

Push the axle shaft into the axle tube and
engage the differential side gear with the shaft
splines.

9. CAUTION: Install the differential
pinion shaft and the old lock screw
(finger-tight) to prevent the differential side
gears and differential pinion gears from
rotating and falling out of the differential
case.

Install the differential pinion shaft and the old
lock screw in the differential case.
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205-02A-3 205-02A-3Rear Drive Axle/Differential — Dana 60 and 70

IN-VEHICLE REPAIR (Continued)

3. Push the axle shaft toward the center of the 6. CAUTION: Clean the mounting
axle and install the U-washer. Pull the axle surface on the differential housing cover and
shaft outward until the U-washer locks into the the differential housing with a suitable
differential side gear. solvent to remove all traces of oil film.

CAUTION: The differential housing
cover uses silicone rubber sealant material as
a gasket. Install the differential housing
cover within 15 minutes of applying the
silicone or it will be necessary to apply new
sealant.

Apply a continuous bead of silicone sealant to
the differential housing cover mounting surface.

4. Align the differential pinion shaft lock screw
hole with the hole in the differential case.
Correctly position the differential pinion thrust
washers. Install the differential pinion shaft.

7. Assemble two bolts into the differential housing
cover at the eight o’clock and two o’clock
positions. Using the two bolts as a guide,
position the differential housing cover on the
differential housing.

8. Install the remaining bolts. Tighten the bolts
alternately and evenly.

• Tighten Grade 5 bolts to 47 Nm (35 lb-ft).
5. NOTE: The threads in the differential case and

• Tighten Grade 8 bolts to 61 Nm (45 lb-ft).on the lock screw must be free of dirt and oil.

Install the new lock screw.
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205-02A-4 205-02A-4Rear Drive Axle/Differential — Dana 60 and 70

IN-VEHICLE REPAIR (Continued)

10. Install the brake disc. For additional9. CAUTION: Allow 1 hour cure time
information, refer to Section 206-04.before filling the axle with the correct

amount of specified lubricant and operating
11. Install the wheel and tire assembly. Forthe vehicle.

additional information, refer to Section 204-04.
CAUTION: For limited-slip axles, first

fill the axle with 21 C.L. (7 ounces) of 12. Lower the vehicle.
friction modifier.

Fill the differential housing with 3.0L (6.3
pints) of the specified rear axle lubricant. For
additional information, refer to Specifications in
this section.
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205-02A-1 205-02A-1Rear Drive Axle/Differential — Dana 60 and 70

IN-VEHICLE REPAIR
Special Tool(s)Rear Wheel Bearing and Axle Shaft

Remover/Installer, Front WheelOil Seal — Semi-Floating Axle
Hub
204-069 (T81P-1104-C)

Special Tool(s)

Adapter for 303-224 (Handle)
205-153 (T80T-4000-W)

Step Plate
205-D012 (D80L-630-1) or
equivalent

Adapter, Threaded Stud (Metric)
204-068 (T81P-1104-B)

Material

Item Specification

SAE 75W-140 High WSL-M2C192-A
Installer, Rear Axle Bearing Performance Rear Axle
205-154 (T80T-4000-X) Lubricant

F1TZ-19580-B (Model 70
Trailer Towing axles)

80W-90 Premium Rear WSP-M2C197-A
Axle Lubricant
XY-80W90-QL (Model
60/70 axles)

Installer, Rear Axle Oil Seal
Premium Long-Life ESA-M1C75-B205-155 (T80T-4000-Y)
Grease
XG-1-C

Removal

1. Remove the axle shaft. For additional
Remover, Axle Bearing information, refer to Axle Shaft —
205-170 (T81T-1225-A) Semi-Floating Axle in this section.

2. CAUTION: It is not necessary to
remove the rear wheel bearing if only
installing a new wheel bearing oil seal. To
remove only the wheel bearing oil seal, pry it

(Continued) from the axle tube. Do not damage the seal
seating surface. If removing the rear wheel
bearing and the oil seal, proceed to the
following step.

Remove the wheel bearing oil seal from the
axle tube. Discard the seal.
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205-02A-2 205-02A-2Rear Drive Axle/Differential — Dana 60 and 70

IN-VEHICLE REPAIR (Continued)

3. WARNING: Make sure protective
eyewear is in place. Failure to follow these
instructions may result in personal injury.

Using the special tools, remove the rear wheel
bearing and the wheel bearing oil seal as a unit.
Discard the seal and the bearing.

3. CAUTION: Do not cock the wheel
bearing oil seal in the axle tube.

NOTE: The following step shows an alternate
method for installing the wheel bearing oil seal.

Using the special tools, install the new wheel
bearing oil seal.

4. CAUTION: The bearing and seal
seating surfaces must be free from burrs,
nicks, and spalling.

Clean and inspect the bore in the axle tube.

• Wipe the bore in the axle tube with emery
cloth to smooth the surface. Clean the bore
with a standard metal-cleaning solvent. Wipe
the bore with a soft, lint free cloth to
remove any foreign material.

Installation

1. If removed, lubricate the new rear wheel
bearing with the specified axle lubricant.

2. CAUTION: Install the rear wheel
bearing with the identification numbers
facing outward.

CAUTION: Do not cock the rear wheel
bearing in the axle tube.

Using the special tools, install the rear wheel
bearing.
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205-02A-3 205-02A-3Rear Drive Axle/Differential — Dana 60 and 70

IN-VEHICLE REPAIR (Continued)

5. Lubricate the cavity between the wheel bearing4. CAUTION: Do not cock the wheel
oil seal lips and the rear wheel bearing withbearing oil seal in the axle tube bore.
grease.

NOTE: This step is an alternate method for
installing the wheel bearing oil seal. Carry out 6. Install the axle shaft. For additional
this step if wheel bearing oil seal installation information, refer to Axle Shaft —
was not done in the previous step. Semi-Floating Axle in this section.
Using the special tools, install the new wheel
bearing oil seal.
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205-02A-1 205-02A-1Rear Drive Axle/Differential — Dana 60 and 70

IN-VEHICLE REPAIR
RemovalDrive Pinion Flange and Drive Pinion

Seal
1. Raise the vehicle on a hoist or raise the rear

end of the vehicle with a jack. Install safetySpecial Tool(s)
stands under the frame rails and lower the jack

2-Jaw Puller or hoist enough to allow the rear axle to drop
205-D026 (D80L-1002-L) or into the rebound position for working clearance.
equivalent

For  additional information, refer to Section
100-02.

2. Index-mark the driveshaft flange and the pinion
flange to maintain driveline balance during

Holding Fixture, Drive Pinion assembly.
Flange
205-126 (T78P-4851-A)

Remover, Bushing
307-001 (TOOL-1175-AC) or
equivalent

Slide Hammer
3. Remove the four bolts.100-001 (T50T-100-A)

Material

Item Specification

SAE 75W-140 High WSL-M2C192-A
Performance Rear Axle
Lubricant
F1TZ-19580-B (Model 70
Trailer Towing axles)

80W-90 Premium Rear WSP-M2C197-A
Axle Lubricant
XY-80W90-QL (Model
60/70 axles)

Threadlock and Sealer WSK-M2G351-A5
E0AZ-19554-AA

Copyright  2003, Ford Motor Company
Last updated: 08/27/2003 2004 E-Series, 12/2003 



205-02A-2 205-02A-2Rear Drive Axle/Differential — Dana 60 and 70

IN-VEHICLE REPAIR (Continued)

6. Using the special tool, remove the pinion4. CAUTION: The driveshaft flange fits
flange.tightly on the pinion flange pilot. Never

hammer on the driveshaft or any of its
components to disconnect the driveshaft
flange from the pinion flange. Pry only in the
area shown, with a suitable tool, to
disconnect  the driveshaft flange from the
pinion flange.

Using a suitable tool as shown, disconnect the
driveshaft flange yoke from the pinion flange
and position the driveshaft aside.

7. Using the special tools, remove and discard the
pinion seal.

5. CAUTION: Index-mark the pinion
flange to the pinion shaft prior to removal.

Use the special tool to prevent the flange from
turning while removing the lock nut and
washer.

8. Clean the pinion seal seat.

Installation

1. Lubricate the pinion seal rubber lips with the
specified lubricant.
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205-02A-3 205-02A-3Rear Drive Axle/Differential — Dana 60 and 70

IN-VEHICLE REPAIR (Continued)

2. Using the suitable driver, install the pinion seal. 6. CAUTION: Install the driveshaft with
new bolts. If new bolts are not available,• After installation, verify that the garter
apply threadlock to the threads of thespring did not pop out of the seal. If the
original bolts.garter spring popped out, install a new

pinion seal. CAUTION: The driveshaft flange fits
tightly on the pinion flange pilot. To make
sure that the driveshaft flange seats squarely
on the pinion flange, tighten the bolts evenly
in a cross pattern as shown.

Position the driveshaft flange on the pinion
flange with the index marks aligned, and install
the bolts.

3. Coat the inside of the pinion flange with a
small amount of the specified lubricant.

4. Install the pinion flange.

5. CAUTION: Always install a new
washer and lock nut.

Use the special tool to prevent the flange from 7. Check, and as necessary, fill the axle with the
turning while installing the new washer and specified type and amount of lubricant. For
lock nut. additional information, refer to Specifications in
• Tighten the nut to 339 Nm (250 lb-ft). this section.

8. Lower the vehicle.
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205-02A-1 205-02A-1Rear Drive Axle/Differential — Dana 60 and 70

IN-VEHICLE REPAIR
InstallationDifferential Housing Cover

Material 1. CAUTION: Clean the mounting
surface on the differential housing cover andItem Specification
the differential housing with a suitable

Ultra Silicone Sealant — solvent to remove all traces of oil film.F7TZ-19554-AA

Additive Friction Modifier EST-M2C118-A CAUTION: The differential housing
XL-3 cover uses silicone rubber sealant material as
SAE 75W-140 High WSL-M2C192-A a gasket. Install the differential housing
Performance Rear Axle cover within 15 minutes of applying the
Lubricant silicone or it will be necessary to apply new
XY-75W140-QL (Model sealant.70 Trailer Towing axles)

Apply a continuous bead of silicone to the80W-90 Premium Rear WSP-M2C197-A
differential housing cover mounting surface.Axle Lubricant

XY-80W90-QL (Model
60/70 axles)

Removal

1. Raise the vehicle on a hoist or raise the rear
end of the vehicle with a jack. Install safety
stands under the frame rails and lower the jack
or hoist enough to allow the rear axle to drop
into the rebound position for working clearance.
For  additional information, refer to Section
100-02.

2. Remove the differential housing cover and drain
the lubricant. 2. Assemble two bolts into the differential housing

cover at the eight o’clock and two o’clock• Clean the gasket material from the
positions. Using these two bolts as a guide,differential housing cover and the
position the differential housing cover on thedifferential housing.
differential housing.
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205-02A-2 205-02A-2Rear Drive Axle/Differential — Dana 60 and 70

IN-VEHICLE REPAIR (Continued)

3. Install the remaining bolts. Tighten the bolts 4. CAUTION: Allow 1-hour cure time
alternately and evenly. before filling the axle with the correct

amount of specified lubricant and operating• Tighten Grade 5 bolts to 47 Nm (35 lb-ft).
the vehicle.• Tighten Grade 8 bolts to 61 Nm (45 lb-ft).
Fill the differential housing with the specified
type and amount of lubricant. For additional
information, refer to Specifications in this
section.

5. Lower the vehicle.
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205-02A-1 205-02A-1Rear Drive Axle/Differential — Dana 60 and 70

IN-VEHICLE REPAIR
Special Tool(s)Differential Ring And Pinion — Dana

Gauge Tube60
205-D033 (D80T-4020-F48) or
equivalent (for use on model 60

Special Tool(s) axles)

2-Jaw Puller
205-D026 (D80L-1002-L) or
equivalent

Gauge, Disc
205-125 (T78P-4020-A15)

Adapter for 205-S156
205-159 (T80T-4020-F42)

Dial Indicator Gauge with
Holding Fixture
100-002 (TOOL-4201-C)

Plate, Bearing/Oil Seal
205-090 (T75L-1165-B)

Dial Indicator Gauge with
Holding Fixture
100-D002 (D78P-4201-B) or
equivalent

Adapter for 205-S127
205-111 (T76P-4020-A11)

Gauge, Clutch Housing
308-021 (T75L-4201-A)

Adapter for 205-S156
205-160 (T80T-4020-F43)

Handle
205-D055 (D81L-4000-A) or
equivalent

Alignment Adapter
205-105 (T76P-4020-A3)

Holding Fixture, Drive Pinion
Flange
205-126 (T78P-4851-A)

(Continued)

(Continued)
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205-02A-2 205-02A-2Rear Drive Axle/Differential — Dana 60 and 70

IN-VEHICLE REPAIR (Continued)

Special Tool(s) Special Tool(s)

Installer, Drive Pinion Bearing Master Bearing Set
Cup 205-047 (D81T-4222-DR) or
205-014 (T60K-4616-A) equivalent

Installer, Rear Axle Bearing/Oil Slide Hammer
Seal (Model 60) 100-001 (T50T-100-A)
205-092 (T75T-1165-DA)

Puller, Drive Pinion/Differential Spreader, Differential Carrier
Carrier 205-001 (TOOL-4000-E)
205-D036 (D81L-4220-A) or
equivalent

Remover, Bushing
Material307-001 (TOOL-1175-AC)

Item Specification

Ultra Silicone Sealant —
F7TZ-19554-AA

Additive Friction Modifier EST-M2C118-A
C8AZ-19B546-A

Remover/Installer, Bearing Cup SAE 75W-140 High WSL-M2C192-A
205-D051 (D81T-4628-A) or Performance Rear Axle
equivalent Lubricant

XY-75W140-QL (vehicles
with the trailer towing
option or 4:10 ratio)

80W-90 Premium Rear WSP-M2C197-A
Axle Lubricant

Remover/Installer, Bearing Cup XY-80W90-QL (Model
205-D054 (D81T-4628-D) or 60/70 axles)
equivalent Threadlock and Sealer WSK-M2G351-A5

E0AZ-19554-AA

1. Remove the differential carrier assembly. For
additional information, refer to Differential
Carrier — Dana 60 in this section.(Continued)
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205-02A-3 205-02A-3Rear Drive Axle/Differential — Dana 60 and 70

IN-VEHICLE REPAIR (Continued)

2. CAUTION: Mark or tag the outboard
spacers indicating from which side they were
removed.

Remove the outboard spacers.

• Inspect the spacers for nicks, bending and
grooved conditions. Discard them if
necessary.

6. Tap each bolt head alternately with a rawhide
or plastic hammer to loosen the ring gear.
Remove the bolts and the ring gear.

3. Using the special tools, remove the differential
bearings.

• Place the left and right differential bearing
shims with the respective outboard spacers.

7. If required, remove the anti-lock speed sensor
ring with a soft-faced hammer. Discard the
anti-lock speed sensor ring.

4. NOTE: Use a vise with brass jaws or wood
blocks.

Place the differential case in a vise.

5. NOTE: Whenever removing the ring gear bolts,
always install new bolts upon assembly. Use
grade 9 bolts for service replacement for all
Dana rear axles.

Remove the bolts on the ring gear. Leave 4
bolts loosely assembly, 90 degrees apart.
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205-02A-4 205-02A-4Rear Drive Axle/Differential — Dana 60 and 70

IN-VEHICLE REPAIR (Continued)

8. To maintain driveline balance, index-mark the
driveshaft flange yoke and the pinion flange.

11. CAUTION: Index-mark the pinion
flange to the pinion shaft prior to removal.

Use the special tool to prevent the flange from9. Remove the 4 bolts.
turning while removing the lock nut and
washer.

10. CAUTION: The driveshaft flange yoke
fits tightly on the pinion flange yoke. Never 12. Using the special tool, remove the pinion
hammer on the driveshaft or any of its flange.
components to disconnect the yoke from the
flange. Pry only in the area shown, with a
suitable tool, to disconnect the yoke from the
flange.

Using a suitable tool as shown, disconnect the
driveshaft flange yoke from the pinion flange
and support the driveshaft using mechanic’s
wire.
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205-02A-5 205-02A-5Rear Drive Axle/Differential — Dana 60 and 70

IN-VEHICLE REPAIR (Continued)

13. NOTE: There are drive pinion bearing preload
shims on the spline-end of the pinion. These
shims and can stick to the pinion, the pinion
bearing, or they can fall out of the differential
housing. Collect and keep the shims for
reassembly.

Using a soft-face hammer, tap the pinion out of
the pinion bearing cup and remove it through
the rear of the differential housing.

17. Using the special tools, remove the inner pinion
bearing cup.

• For semi-float axles, use tools 205-D051
and 205-D055.

14. Using the special tools, remove and discard the
pinion seal.

18. Using the special tool, remove the inner pinion
bearing.

15. Remove the oil slinger and the pinion bearing.

16. CAUTION: Do not nick the differential
housing bore.

Using the special tools, remove the outer pinion
bearing cup.

• For semi-float axles, use tools 205-D054
and 205-D055. 19. NOTE: Discard the drive pinion position shim

if bent or nicked. If discarding the shim,
measure and record the shim thickness.

Remove the drive pinion position shim.
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205-02A-6 205-02A-6Rear Drive Axle/Differential — Dana 60 and 70

IN-VEHICLE REPAIR (Continued)

20. Position the inner and outer pinion bearing cups
and the special tools in their respective
differential housing bores.

1 After placing the inner and outer pinion
bearing cups in their bores, place the special
tool (inner) on the inner pinion bearing cup.

2 Place the special tool (outer) on the outer
pinion bearing cup.

3 Install the special tool.

23. NOTE: The tab on the anti-lock speed sensor
ring must be aligned with the slot in the
differential case.

Install the anti-lock speed sensor ring if
removed.

• Align the tab in the anti-lock speed sensor
ring with the slot in the differential case.
Start the 2 ring gear bolts through the
differential case flange into the ring gear to
make sure the differential case and the ring
gear bolt hole align.21. Tighten the special tool to seat the pinion

bearing cups into their bores.

22. NOTE: If the feeler gauge can fit between a
cup and the bottom of its bore at any point
around the cup, remove and reseat the cup.

Check that the cups have seated correctly in
their bores.
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205-02A-7 205-02A-7Rear Drive Axle/Differential — Dana 60 and 70

IN-VEHICLE REPAIR (Continued)

24. Press the anti-lock speed sensor ring on the 28. NOTE: Remove all nicks, burrs and dirt from
differential case. The differential case flange the differential case hubs, to allow the bearings
acts as a pilot for the anti-lock speed sensor to rotate freely.
ring. Place the special tool on the differential case

hubs and position the assembly into the
differential housing.

• For semi-float axles, use tool 205-D047.

25. Apply threadlock to the new ring gear bolts.

26. Install and tighten the grade 9 ring gear bolts
alternately and evenly.

29. NOTE: Use a dial indicator with a minimum
• Tighten to 176 Nm (130 lb-ft). travel capability of 5.08 mm (0.200 in).

NOTE: The rear axle uses a combination of
differential bearing shims and selective outboard
spacers to control differential case end play.
The old outboard spacers provide a good
starting point when setting end play. However,
if additional shimming  is necessary, beyond
what the hardened differential bearing shims
can provide, select and install different
thickness outboard spacers.

Mount the special tools as shown. Locate the
tip of special tool 308-021 on a flat surface on
one of the bolts.

27. Install the outboard spacers in the side from
which they were removed.
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205-02A-8 205-02A-8Rear Drive Axle/Differential — Dana 60 and 70

IN-VEHICLE REPAIR (Continued)

30. NOTE: Repeat this step and the following step
until the same reading appears on the indicator
each time. Record the reading. This is the total
differential bearing shim thickness required, less
preload. The final calculation occurs later
during  assembly.

Force the differential case as far as possible
toward the indicator. With force still applied,
set the indicator at 0.

33. CAUTION: If any of the gauge
surfaces have nicks in them, remove the high
spots with a medium India oilstone to
prevent erroneous readings.

NOTE: Apply only a light oil film on the
pinion bearings before assembling the tools.

Assemble and position the following in the
differential housing.

1 Position the special tool.
31. Force the differential case as far as it will go in 2 Position the special tool.

the opposite direction. Record the total
3 Position the inner pinion bearing.differential case end play reading.
4 Position the special tool.

5 Position the special tool.

6 Position the outer pinion bearing.

7 Thread on the special tool.

32. After making sure the reading is correct,
remove the special tools and the differential
from the differential housing. Do not remove
the master bearings from the differential case at
this time.
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205-02A-9 205-02A-9Rear Drive Axle/Differential — Dana 60 and 70

IN-VEHICLE REPAIR (Continued)

34. NOTE: This step simulates pinion bearing
preload.

Using a Nm (inch-pound) torque wrench,
tighten the special tool to specification.

37. CAUTION: Follow the drive pinion
bearing preload shim and drive pinion
position shim assembly sequence as directed
or unit failure can result.

Install the correct thickness drive pinion
35. Install the special tool. position shim on the pinion.

1 Position the special tool.
38. NOTE: Always use the same new inner pinion

X For semi-float axles, use tool 205-D033.
bearing installed when taking the measurement

2 Install the bearing caps. for drive pinion shim selection.
3 Install the bolts. Using the special tool and a suitable press,

install the pinion bearing.• Tighten to 108 Nm (80 lb-ft).

36. NOTE: Use a feeler gauge or flat, clean drive
pinion position shims as a measuring devise.

NOTE: Do not attempt to force the gauge or
shim between the special tools. A slight drag
indicates a correct selection.

Using a feeler gauge or flat, clean drive pinion
position shims, measure between the special
tools. Record the measurement. Refer to Pinion
Ring Gear Variation Number in this section for
shim selection information.

• Remove the special tools after making the
correct shim selection.
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205-02A-10 205-02A-10Rear Drive Axle/Differential — Dana 60 and 70

IN-VEHICLE REPAIR (Continued)

39. NOTE: Use the thickness of the old drive
pinion bearing preload shims as a starting point
for setting pinion bearing preload. 

Inspect the drive pinion bearing preload shims
for damage. Discard them if necessary. New
shims are available in the thickness shown in
the following chart.

Available Drive Pinion Bearing Preload Shims 

mm inches

0.36 0.014

0.38 0.015

0.41 0.016

0.46 0.018

0.51 0.020

0.53 0.021

0.56 0.022

0.58 0.023

0.76 0.030

40. If the pinion bearing preload is within
specification and the pinion position shim has
changed, change the drive pinion bearing
preload shims by the same amount. 41. Assemble the drive pinion bearing preload

shims onto the pinion and install the pinion into• The direction arrow pointing toward the
the differential housing.pinion flange indicates that by removing the

drive pinion position shim, the distance from
42. Install the outer pinion bearing.the centerline of the tubes to the pinion

backface increases, giving a plus (+)
43. Install the pinion flange.reading. The drive pinion bearing  preload

shim pack does not affect the pinion depth 44. Use the special tool to prevent the flange from
setting. However, if the pinion position is turning while installing the old washer and the
changed, the pinion preload will change and locknut.
may require adjustment to bring the

• Tighten to 339 Nm (250 lb-ft).torque-to-rotate within specification. Arrows
on the ring gear illustrate  the method to
increase or decrease backlash and
differential bearing preload.

2004 E-Series, 12/2003 



205-02A-11 205-02A-11Rear Drive Axle/Differential — Dana 60 and 70

IN-VEHICLE REPAIR (Continued)

45. Using an inch-pound torque wrench, rotate the 48. Lubricate the pinion seal rubber lips.
pinion. The torque must read as specified. • Use rear axle lubricant.
• To increase the preload, remove drive pinion

49. Using a suitable driver, install the pinion seal.bearing preload shims. To decrease the
preload, add shims. • After installation, verify that the garter

spring did not pop out of the seal. If the
garter spring popped out, install a new
pinion seal.

46. With the drive pinion at the correct preload as
determined earlier in this procedure, remove
and discard the locknut and the washer. Use the
special tool to prevent the flange from turning. 50. Coat the inside of the pinion flange with a

small amount of lubricant.

• For semi-float axles, use rear axle lubricant.

51. Install the pinion flange.

52. CAUTION: Always install a new
washer and locknut.

Use the special tool to prevent the flange from
turning while installing the new washer and
locknut.

• Tighten to 339 Nm (250 lb-ft).

47. Using the special tool, remove the pinion
flange.
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205-02A-12 205-02A-12Rear Drive Axle/Differential — Dana 60 and 70

IN-VEHICLE REPAIR (Continued)

53. Position the differential carrier assembly with
the master bearings in the axle housing. Install
the special tools and locate the tip of special
tool 308-021 on a flat surface.

56. Remove the special tools and the differential
case from the differential housing.

54. NOTE: Repeat this step and the following step
until the same reading appears on the indicator
each time. This is the differential bearing shim
thickness necessary between the differential
case and the differential bearing on the
differential ring  gear side of the differential
case.

Force the differential case away from the drive
pinion. With force still applied, set the indicator
at 0.

57. Remove the master bearings from the
differential case.

58. Place one shim, of the necessary thickness, as
determined from the previous measurement, on
the LH side of the differential case. If
additional shimming is necessary, beyond what
the hardened differential bearing shim can
provide, select and  install a different thickness
outboard spacer.

55. Force the differential ring gear into mesh with
the pinion, to obtain an indicator reading.
Record the reading.
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205-02A-13 205-02A-13Rear Drive Axle/Differential — Dana 60 and 70

IN-VEHICLE REPAIR (Continued)

59. Using the special tool, install the differential 61. Using the special tools, install the differential
bearing on the LH side of the differential case. bearing.

1 Place the special tool on the differential
bearing to protect it during the installation
of the opposite bearing.

2 Using the special tool, drive the differential
bearing onto the hub.

60. Determine the correct shim thickness and place
it on the differential case hub on the RH side.

• To determine the correct shim thickness,
first, subtract the reading of the previous
measurement from the total differential case
end play reading. Then, add 0.25 mm (0.010 62. Assemble the differential bearing cups to the
in) to this amount. This is the correct differential bearings.
thickness shim to place on the  hub. If
additional shimming is necessary, beyond
what the hardened differential bearing shim
can provide, select and install a different
thickness outboard spacer.
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205-02A-14 205-02A-14Rear Drive Axle/Differential — Dana 60 and 70

IN-VEHICLE REPAIR (Continued)

65. Confirm the total preload.63. CAUTION: Do not spread the
differential housing more than specified. • Using an inch-pound torque wrench, check

the torque to rotate the pinion. The readingCAUTION: Avoid nicking the ring
must be higher than the initial readinggear teeth and the anti-lock speed sensor
(taken without the differential case installed)ring during assembly.
with new bearings installed as recommended

Using the special tools, spread the differential by the following:
housing to the specification.

X 3.54 and 3.73 = 0.9 Nm (8 lb-in)
• Use a rawhide hammer to seat the

X 4.10 and 4.56 = 0.8 Nm (7 lb-in)differential into the differential housing
X 4.63 and 5.13 = 0.8 Nm (7 lb-in)pocket.

• If the total preload is too high, remove anX Remove the special tools.
equal amount of differential bearing shims
from each differential case hub. If the total
preload is too low, add an equal amount of
differential bearing shims to each differential
case hub.

64. CAUTION: Match the mating letters
as noted during disassembly.

Install the bearing caps and bolts, aligning the
letters with those on the differential housing.

• Tighten to 108 Nm (80 lb-ft). 66. Using the special tools, measure the differential
ring gear and pinion backlash at three equally
spaced points.

67. Carry out the tooth contact pattern check to
verify the final pinion position is correct. For
additional information, refer to Rear Drive Axle
and Differential in this section.
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205-02A-15 205-02A-15Rear Drive Axle/Differential — Dana 60 and 70

IN-VEHICLE REPAIR (Continued)

68. Install the axle shafts. For additional
information, refer to Axle Shaft —
Semi-Floating Axle in this section.

69. CAUTION: The driveshaft flange yoke
fits tightly on the pinion flange pilot. To
make sure that the yoke seats squarely on
the flange, tighten the bolts evenly in a cross
pattern as shown.

CAUTION: Install the driveshaft with
new bolts. If new bolts are not available,
apply sealer to the threads of the original
bolts. 71. Place 2 bolts into the differential housing cover

at the 8 o’clock and 2 o’clock positions. InstallPosition the driveshaft flange yoke on the
the differential housing cover.pinion flange with the index marks aligned and

install the new bolts. • Use the 2 bolts to position the differential
housing cover on the differential housing.• Tighten to 112 Nm (83 lb-ft).

72. Install the remaining bolts. Tighten the bolts
alternately and evenly.

• Tighten grade 5 bolts to 47 Nm (35 lb-ft).

• Tighten grade 8 bolts to 61 Nm (45 lb-ft).

• Allow a one-hour cure time before filling
the axle with the correct amount of specified
lubricant.

70. CAUTION: Clean both flat surfaces
(differential housing and differential housing
cover) with a suitable solvent to remove all
traces of oil film.

CAUTION: Install the differential
housing cover within 15 minutes of applying
the silicone, or it will be necessary to apply
new sealant.

73. Fill the axle with the specified type and amountNOTE: The differential housing cover uses
of lubricant. For additional information, refer tosilicone rubber sealant as a gasket.
Specifications in this section.

Apply a continuous bead of silicone sealant, of
the specified thickness, to the differential
housing cover.
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205-02A-1 205-02A-1Rear Drive Axle/Differential — Dana 60 and 70

IN-VEHICLE REPAIR
Special Tool(s)Differential Bearings — Dana 60

Gauge Tube
205-D033 (D80T-4020-F48) orSpecial Tool(s)
equivalent

2-Jaw Puller
205-D026 (D80L-1002-L) or
equivalent

Gauge, Disc
205-125 (T78P-4020-A15)

Adapter for 205-S156
205-159 (T80T-4020-F42)

Dial Indicator Gauge with
Holding Fixture
100-002 (TOOL-4201-C)

Plate, Bearing/Oil Seal
205-090 (T75L-1165-B)

Dial Indicator Gauge with
Holding Fixture
100-D002 (D78P-4201-B) or
equivalentAdapter for 205-S127

205-111 (T76P-4020-A11)

Gauge, Clutch Housing
308-021 (T75L-4201-A)

Adapter for 205-S156
205-160 (T80T-4020-F43)

Handle
205-D055 (D81L-4000-A) or
equivalent

Alignment Adapter
205-105 (T76P-4020-A3)

Holding Fixture, Drive Pinion
Flange
205-126 (T78P-4851-A)

(Continued)

(Continued)
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205-02A-2 205-02A-2Rear Drive Axle/Differential — Dana 60 and 70

IN-VEHICLE REPAIR (Continued)

Special Tool(s) Special Tool(s)

Installer, Drive Pinion Bearing Remover/Installer, Bearing Cup
Cup 205-D054 (D81T-4628-D) or
205-014 (T60K-4616-A) equivalent

Installer, Rear Axle Bearing/Oil Slide Hammer
Seal (Model 60) 100-001 (T50T-100-A)
205-092 (T75T-1165-DA)

Puller, Drive Pinion/Differential Spreader, Differential Carrier
Carrier 205-001 (TOOL-4000-E)
205-D036 (D81L-4220-A) or
equivalent

Remover, Bushing
Material307-001 (TOOL-1175-AC)

Item Specification

Ultra Silicone Sealant —
F7TZ-19554-AA

Additive Friction Modifier EST-M2C118-A
C8AZ-19B546-A

Master Bearing Set SAE 75W-140 High WSL-M2C192-A
205-047 (D81T-4222-DR) or Performance Rear Axle
equivalent Lubricant

XY-75W140-QL (vehicles
with the trailer towing
option or 4:10 ratio)

80W-90 Premium Rear WSP-M2C197-A
Axle Lubricant

Remover/Installer, Bearing Cup XY-80W90-QL (Model
205-D051 (D81T-4628-A) or 60/70 axles)
equivalent Threadlock and Sealer WSK-M2G351-A5

E0AZ-19554-AA

1. Remove the differential carrier assembly. For
additional information, refer to Differential
Carrier — Dana 60 in this section.(Continued)
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205-02A-3 205-02A-3Rear Drive Axle/Differential — Dana 60 and 70

IN-VEHICLE REPAIR (Continued)

2. NOTE: Wire tag the removed outboard spacers. 5. CAUTION: The driveshaft flange yoke
Note from which side they were removed. fits tightly on the pinion flange yoke. Never

hammer on the driveshaft or any of itsUsing the special tools, remove the differential
components to disconnect the yoke from thebearings.
flange. Pry only in the area shown, with a• Place the left and right differential bearing
suitable tool, to disconnect the yoke from theshims with the respective outboard spacers.
flange.

Using a suitable tool as shown, disconnect the
driveshaft flange yoke from the pinion flange
and support the driveshaft using mechanic’s
wire.

3. To maintain driveline balance, index-mark the
driveshaft flange yoke and the pinion flange.

6. CAUTION: Index-mark the pinion
flange to the pinion shaft prior to removal.

Use the special tool to prevent the flange from
turning while removing the locknut and washer.

4. Remove the 4 bolts.
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205-02A-4 205-02A-4Rear Drive Axle/Differential — Dana 60 and 70

IN-VEHICLE REPAIR (Continued)

7. Using the special tool, remove the pinion
flange.

10. Remove the oil slinger and the pinion bearing.

11. CAUTION: Do not nick the differential
8. NOTE: There are drive pinion bearing preload housing bore.

shims on the spline-end of the pinion. These
Using the special tools, remove the outer pinionshims and spacer can stick to the pinion, the
bearing cup.pinion bearing, or they can fall out of the
• For semi-float axles, use tools 205-D054differential housing. Collect and keep the shims

and 205-D055.for reassembly.

Using a soft-face hammer, tap the pinion out of
the pinion bearing cup and remove it through
the rear of the differential housing.

12. Using the special tools, remove the inner pinion
bearing cup.

• For semi-float axles, use tools 205-D051
and 205-D055.9. Using the special tools, remove and discard the

pinion seal.
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205-02A-5 205-02A-5Rear Drive Axle/Differential — Dana 60 and 70

IN-VEHICLE REPAIR (Continued)

13. Using the special tool, remove the inner pinion
bearing.

17. NOTE: If the feeler gauge can fit between a
cup and the bottom of its bore at any point
around the cup, remove and reseat the cup.

14. NOTE: Discard the drive pinion position shim Check that the cups have seated correctly in
if bent or nicked. If discarding the shim, their bores.
measure and record the shim thickness.

Remove the drive pinion position shim.

15. Position the inner and outer pinion bearing cups
and the special tools in their respective
differential housing bores.

1 After placing the inner and outer pinion
bearing cups in their bores, place the special
tool (inner) on the inner pinion bearing cup.

2 Place the special tool (outer) on the outer
pinion bearing cup.

3 Install the special tool.

18. Install the outboard spacers in the side from
which they were removed.

16. Tighten the special tool to seat the pinion
bearing cups into their bores.
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205-02A-6 205-02A-6Rear Drive Axle/Differential — Dana 60 and 70

IN-VEHICLE REPAIR (Continued)

19. NOTE: Remove all nicks, burrs and dirt from 21. NOTE: Repeat this step and the following step
the differential case hubs, to allow the bearings until the same reading appears on the indicator
to rotate freely. each time. Record the reading. This is the total

differential bearing shim thickness required, lessPlace the special tool on the differential case
preload. The final calculation occurs laterhubs and position the assembly into the
during  assembly.differential housing.
Force the differential case as far as possible• For semi-float axles, use tool 205-D047.
toward the indicator. With force still applied,
set the indicator at 0.

20. NOTE: Use a dial indicator with a minimum
travel capability of 5.08 mm (0.200 in).

22. Force the differential case as far as it will go in
NOTE: The rear axle uses a combination of the opposite direction. Record the total
differential bearing shims and selective outboard differential case end play reading.
spacers to control differential case end play.
The old outboard spacers provide a good
starting point when setting end play. However,
if additional shimming  is necessary, beyond
what the hardened differential bearing shims
can provide, select and install different
thickness outboard spacers.

Mount the special tools as shown. Locate the
tip of special tool 308-021 on a flat surface on
one of the bolts.
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205-02A-7 205-02A-7Rear Drive Axle/Differential — Dana 60 and 70

IN-VEHICLE REPAIR (Continued)

23. After making sure the reading is correct, 25. Install the special tool.
remove the special tools and the differential 1 Position the special tool.
from the differential housing. Do not remove

X For semi-float axles, use tool 205-D033.the master bearings from the differential case at
2 Install the bearing caps.this time.

3 Install the bolts.

• Tighten to 108 Nm (80 lb-ft).

24. CAUTION: If any of the gauge
surfaces have nicks in them, remove the high
spots with a medium India oilstone to 26. NOTE: Use a feeler gauge or flat, clean drive
prevent erroneous readings. pinion position shims as a measuring devise.
NOTE: Apply only a light oil film on the NOTE: Do not attempt to force the gauge or
pinion bearings before assembling the tools. shim between the special tools. A slight drag
Assemble and position the following in the indicates a correct selection.
differential housing. Using a feeler gauge or flat, clean drive pinion
1 Position the special tool. position shims, measure between the special

tools. Record the measurement. Refer to Pinion2 Position the special tool.
Ring Gear Variation Number in this section for

3 Position the inner pinion bearing. shim selection information.
4 Position the special tool. • Remove the special tools after making the
5 Position the special tool. correct shim selection.

6 Position the outer pinion bearing.

7 Thread on the special tool.
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205-02A-8 205-02A-8Rear Drive Axle/Differential — Dana 60 and 70

IN-VEHICLE REPAIR (Continued)

29. NOTE: Always use the same new inner pinion27. CAUTION: Follow the drive pinion
bearing installed when taking the measurementbearing preload shim and drive pinion
for drive pinion shim selection.position shim assembly sequence as directed

or unit failure can result. Using the special tool and a suitable press,
install the pinion bearing.Install the correct thickness drive pinion

position shim on the pinion. • For semi-float axles, use tool 205-092.

28. If the pinion bearing preload is within
specification and the pinion position shim has
changed, change the drive pinion bearing
preload shims by the same amount.

• The direction arrow pointing toward the
pinion flange indicates that by removing the
drive pinion position shim, the distance from
the centerline of the tubes to the pinion
backface increases, giving a plus (+)
reading. The drive pinion bearing  preload
shim pack does not affect the pinion depth
setting. However, if the pinion position is
changed, the pinion preload will change and

30. NOTE: Use the thickness of the old drivemay require adjustment to bring the
pinion bearing preload shims as a starting pointtorque-to-rotate within specification. Arrows
for setting pinion bearing preload. on the ring gear illustrate  the method to

increase or decrease backlash and Inspect the drive pinion bearing preload shims
differential bearing preload. for damage. Discard them if necessary. New

shims are available in the thickness shown in
the following chart.

Available Drive Pinion Bearing Preload Shims 

mm inches

0.36 0.014

0.38 0.015

0.41 0.016

0.46 0.018

0.51 0.020

0.53 0.021

0.56 0.022

0.58 0.023

0.76 0.030

31. Assemble the drive pinion bearing preload
shims onto the pinion and install the pinion into
the differential housing.

32. Install the outer pinion bearing.

33. Install the pinion flange.
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205-02A-9 205-02A-9Rear Drive Axle/Differential — Dana 60 and 70

IN-VEHICLE REPAIR (Continued)

34. Use the special tool to prevent the flange from
turning while installing the old washer and the
locknut.

• Tighten to 339 Nm (250 lb-ft).

37. NOTE: Repeat this step and the following step
until the same reading appears on the indicator
each time. This is the differential bearing shim
thickness necessary between the differential
case and the differential bearing on the
differential ring  gear side of the differential35. Using an inch-pound torque wrench, rotate the
case.pinion. The torque must read as specified.
Force the differential case away from the drive• To increase the preload, remove drive pinion
pinion. With force still applied, set the indicatorbearing preload shims. To decrease the
at 0.preload, add shims.

38. Force the differential ring gear into mesh with36. Position the differential carrier assembly with
the pinion, to obtain an indicator reading.the master bearings in the axle housing. Install
Record the reading.the special tools and locate the tip of special

tool 308-021 on a flat surface.
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205-02A-10 205-02A-10Rear Drive Axle/Differential — Dana 60 and 70

IN-VEHICLE REPAIR (Continued)

39. Remove the special tools and the differential
case from the differential housing.

40. Remove the master bearings from the
differential case.

41. Place one shim, of the necessary thickness, as
determined from the previous measurement, on
the LH side of the differential case. If
additional shimming is necessary, beyond what
the hardened differential bearing shim can
provide, select and  install a different thickness
outboard spacer.

43. Determine the correct shim thickness and place42. Using the special tool, install the differential
it on the differential case hub on the RH side.bearing on the LH side of the differential case.
• To determine the correct shim thickness,

first, subtract the reading of the previous
measurement from the total differential case
end play reading. Then, add 0.25 mm (0.010
in) to this amount. This is the correct
thickness shim to place on the  hub. If
additional shimming is necessary, beyond
what the hardened differential bearing shim
can provide, select and install a different
thickness outboard spacer.
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205-02A-11 205-02A-11Rear Drive Axle/Differential — Dana 60 and 70

IN-VEHICLE REPAIR (Continued)

44. Using the special tools, install the differential
bearing.

1 Place the special tool on the differential
bearing to protect it during the installation
of the opposite bearing.

2 Using the special tool, drive the differential
bearing onto the hub.

47. CAUTION: Match the mating letters
as noted during disassembly.

Install the bearing caps and bolts, aligning the
letters with those on the differential housing.

• Tighten to 108 Nm (80 lb-ft).

45. Assemble the differential bearing cups to the
differential bearings.

46. CAUTION: Do not spread the
differential housing more than specified.

CAUTION: Avoid nicking the ring
gear teeth and the anti-lock speed sensor
ring during assembly.

Using the special tools, spread the differential
housing to the specification.

• Use a rawhide hammer to seat the
differential into the differential housing
pocket.

X Remove the special tools.
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205-02A-12 205-02A-12Rear Drive Axle/Differential — Dana 60 and 70

IN-VEHICLE REPAIR (Continued)

48. Confirm the total preload. 50. Carry out the tooth contact pattern check to
verify the final pinion position is correct. For• Using an inch-pound torque wrench, check
additional information, refer to Rear Drive Axlethe torque to rotate the pinion. The reading
and Differential in this section.must be higher than the initial reading

(taken without the differential case installed)
51. Install the axle shafts. For additionalwith new bearings installed as recommended

information, refer to Axle Shaft —by the following:
Semi-Floating Axle in this section.

X 3.54 and 3.73 = 0.9 Nm (8 lb-in)

X 4.10 and 4.56 = 0.8 Nm (7 lb-in) 52. CAUTION: The driveshaft flange yoke
fits tightly on the pinion flange pilot. ToX 4.63 and 5.13 = 0.8 Nm (7 lb-in)
make sure that the yoke seats squarely on• If the total preload is too high, remove an
the flange, tighten the bolts evenly in a crossequal amount of differential bearing shims
pattern as shown.from each differential case hub. If the total

preload is too low, add an equal amount of CAUTION: Install the driveshaft with
differential bearing shims to each differential new bolts. If new bolts are not available,
case hub. apply sealer to the threads of the original

bolts.

Position the driveshaft flange yoke on the
pinion flange with the index marks aligned and
install the new bolts.

• Tighten to 112 Nm (83 lb-ft).

49. Using the special tools, measure the differential
ring gear and pinion backlash at three equally
spaced points.
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205-02A-13 205-02A-13Rear Drive Axle/Differential — Dana 60 and 70

IN-VEHICLE REPAIR (Continued)

54. Place 2 bolts into the differential housing cover53. CAUTION: Clean both flat surfaces
at the 8 o’clock and 2 o’clock positions. Install(differential housing and differential housing
the differential housing cover.cover) with a suitable solvent to remove all

traces of oil film. • Use the 2 bolts to position the differential
housing cover on the differential housing.CAUTION: Install the differential

housing cover within 15 minutes of applying 55. Install the remaining bolts. Tighten the bolts
the silicone, or it will be necessary to apply alternately and evenly.
new sealant.

• Tighten grade 5 bolts to 47 Nm (35 lb-ft).
NOTE: The differential housing cover uses

• Tighten grade 8 bolts to 61 Nm (45 lb-ft).silicone rubber sealant as a gasket.
• Allow a one-hour cure time before fillingApply a continuous bead of silicone sealant, of

the axle with the correct amount of specifiedthe specified thickness, to the differential
lubricant.housing cover.

56. Fill the axle with the specified type and amount
of lubricant. For additional information, refer to
Specifications in this section.

2004 E-Series, 12/2003 



205-02A-1 205-02A-1Rear Drive Axle/Differential — Dana 60 and 70

IN-VEHICLE REPAIR
Special Tool(s)Differential Ring And Pinion — Dana

Dial Indicator Gauge with70
Holding Fixture
100-002 (TOOL-4201-C)

Special Tool(s)

2-Jaw Puller
205-D026 (D80L-1002-L) or
equivalent

Dial Indicator Gauge with
Holding Fixture
100-D002 (D78P-4201-B) or
equivalent

Adapter for 205-S156
205-159 (T80T-4020-F42)

Gauge, Clutch Housing
308-021 (T75L-4201-A)

Adapter for 205-S127
205-111 (T76P-4020-A11)

Gauge Disc
205-D037 (D81T-4020-F50) or
equivalent

Adapter for 205-S156
205-160 (T80T-4020-F43)

Gauge Tube
205-D038 (D81T-4020-F51) or
equivalent

Alignment Adapter
205-D031 (D85T-4020-F46) or
equivalent

Handle
205-D055 (D81L-4000-A) or
equivalent

Gauge, Disc
205-D030 (D80T-4020-F45) or
equivalent

Holding Fixture, Drive Pinion
Flange
205-126 (T78P-4851-A)

(Continued)

(Continued)
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205-02A-2 205-02A-2Rear Drive Axle/Differential — Dana 60 and 70

IN-VEHICLE REPAIR (Continued)

Special Tool(s) Special Tool(s)

Installer, Drive Pinion Bearing Slide Hammer
Cone 100-001 (T50T-100-A)
205-005 (T53T-4621-C)

Installer, Drive Pinion Bearing Spreader, Differential Carrier
Cup 205-001 (TOOL-4000-E)
205-014 (T60K-4616-A)

Puller, Drive Pinion/Differential
MaterialCarrier

205-D036 (D81L-4220-A) or Item Specification
equivalent

Ultra Silicone Sealant —
F7TZ-19554-AA

Additive Friction Modifier EST-M2C118-A
C8AZ-19B546-A

Remover, Bushing SAE 75W-140 High WSL-M2C192-A
307-001 (TOOL-1175-AC) Performance Rear Axle

Lubricant
XY-75W140-QL (vehicles
with the trailer towing
option or 4:10 ratio)

80W-90 Premium Rear WSP-M2C197-A
Axle Lubricant

Remover/Installer, Bearing Cup XY-80W90-QL
205-D052 (D81T-4628-B) or Threadlock and Sealer WSK-M2G351-A5
equivalent E0AZ-19554-AA

1. Remove the differential carrier assembly. For
additional information, refer to Differential
Carrier — Dana 70 in this section.

Remover/Installer, Bearing Cup
205-D054 (D81T-4628-D) or
equivalent

(Continued)
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205-02A-3 205-02A-3Rear Drive Axle/Differential — Dana 60 and 70

IN-VEHICLE REPAIR (Continued)

2. CAUTION: Mark or tag the outboard
spacers indicating from which side they were
removed.

Remove the outboard spacers.

• Inspect the spacers for nicks, bending and
grooved conditions. Discard them if
necessary.

6. Tap each bolt head alternately with a rawhide
or plastic hammer to loosen the ring gear.
Remove the bolts and the ring gear.

3. Using the special tools, remove the differential
bearings.

• Place the left and right differential bearing
shims with the respective outboard spacers.

7. If required, remove the anti-lock speed sensor
ring with a soft-faced hammer. Discard the
anti-lock speed sensor ring.

4. NOTE: Use a vise with brass jaws or wood
blocks.

Place the differential case in a vise.

5. NOTE: Whenever removing the ring gear bolts,
always install new bolts upon assembly. Use
grade 9 bolts for service replacement for all
Dana rear axles.

Remove the bolts on the ring gear. Leave 4
bolts loosely assembly, 90 degrees apart.
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205-02A-4 205-02A-4Rear Drive Axle/Differential — Dana 60 and 70

IN-VEHICLE REPAIR (Continued)

8. To maintain driveline balance, index-mark the
driveshaft flange yoke and the pinion flange.

11. CAUTION: Index-mark the pinion
flange to the pinion shaft prior to removal.

Use the special tool to prevent the flange from9. Remove the 4 bolts.
turning while removing the lock nut and
washer.

10. CAUTION: The driveshaft flange yoke
fits tightly on the pinion flange yoke. Never 12. Using the special tool, remove the pinion
hammer on the driveshaft or any of its flange.
components to disconnect the yoke from the
flange. Pry only in the area shown, with a
suitable tool, to disconnect the yoke from the
flange.

Using a suitable tool as shown, disconnect the
driveshaft flange yoke from the pinion flange
and support the driveshaft using mechanic’s
wire.
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205-02A-5 205-02A-5Rear Drive Axle/Differential — Dana 60 and 70

IN-VEHICLE REPAIR (Continued)

13. NOTE: There are drive pinion bearing preload
shims and a preload spacer on the spline-end of
the pinion. These shims and spacer can stick to
the pinion, the pinion bearing, or they can fall
out of the differential housing. Collect and keep
the shims  and spacer for reassembly.

Using a soft-face hammer, tap the pinion out of
the pinion bearing cup and remove it through
the rear of the differential housing.

17. Using the special tools, remove the inner pinion
bearing cup.

• Use tools 205-D052 and 205-D055.

14. Using the special tools, remove and discard the
pinion seal.

18. Using the special tool, remove the inner pinion
bearing.

15. Remove the oil slinger and the pinion bearing.

16. CAUTION: Do not nick the differential
housing bore.

Using the special tools, remove the outer pinion
bearing cup.

• For Model 70 axles, use tools 205-D054 and 19. NOTE: Discard the drive pinion position shim
205-D055. if bent or nicked. If discarding the shim,

measure and record the shim thickness.

Remove the drive pinion position shim.
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205-02A-6 205-02A-6Rear Drive Axle/Differential — Dana 60 and 70

IN-VEHICLE REPAIR (Continued)

20. Position the inner and outer pinion bearing cups
and the special tools in their respective
differential housing bores.

1 After placing the inner and outer pinion
bearing cups in their bores, place the special
tool (inner) on the inner pinion bearing cup.

2 Place the special tool (outer) on the outer
pinion bearing cup.

3 Install the special tool.

23. NOTE: The tab on the anti-lock speed sensor
ring must be aligned with the slot in the
differential case.

Install the anti-lock speed sensor ring if
removed.

• Align the tab in the anti-lock speed sensor
ring with the slot in the differential case.
Start the 2 ring gear bolts through the
differential case flange into the ring gear to
make sure the differential case and the ring
gear bolt hole align.21. Tighten the special tool to seat the pinion

bearing cups into their bores.

22. NOTE: If the feeler gauge can fit between a
cup and the bottom of its bore at any point
around the cup, remove and reseat the cup.

Check that the cups have seated correctly in
their bores.
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205-02A-7 205-02A-7Rear Drive Axle/Differential — Dana 60 and 70

IN-VEHICLE REPAIR (Continued)

24. Press the anti-lock speed sensor ring on the 28. NOTE: Remove all nicks, burrs and dirt from
differential case. The differential case flange the differential case hubs, to allow the bearings
acts as a pilot for the anti-lock speed sensor to rotate freely.
ring. Place the special tool on the differential case

hubs and position the assembly into the
differential housing.

• For Model 70 axles, use tool 205-D048.

25. Apply threadlock to the new ring gear bolts.

26. Install and tighten the grade 9 ring gear bolts
alternately and evenly.

29. NOTE: Use a dial indicator with a minimum
• Tighten to 176 Nm (130 lb-ft). travel capability of 5.08 mm (0.200 in).

NOTE: The rear axle uses a combination of
differential bearing shims and selective outboard
spacers to control differential case end play.
The old outboard spacers provide a good
starting point when setting end play. However,
if additional shimming  is necessary, beyond
what the hardened differential bearing shims
can provide, select and install different
thickness outboard spacers.

Mount the special tools as shown. Locate the
tip of special tool 308-021 on a flat surface on
1 of the bolts.

27. Install the outboard spacers in the side from
which they were removed.
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205-02A-8 205-02A-8Rear Drive Axle/Differential — Dana 60 and 70

IN-VEHICLE REPAIR (Continued)

30. NOTE: Repeat this step and the following step
until the same reading appears on the indicator
each time. Record the reading. This is the total
differential bearing shim thickness required, less
preload. The final calculation occurs later
during  assembly.

Force the differential case as far as possible
toward the indicator. With force still applied,
set the indicator at 0.

31. Force the differential case as far as it will go in
the opposite direction. Record the total
differential case end play reading.

33. NOTE: This step simulates pinion bearing
preload.

Using a Nm (inch-pound) torque wrench,
tighten the special tool to specification.

32. After making sure the reading is correct,
remove the special tools and the differential
from the differential housing. Do not remove
the Master Bearings from the differential case
at this time.
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205-02A-9 205-02A-9Rear Drive Axle/Differential — Dana 60 and 70

IN-VEHICLE REPAIR (Continued)

36. Install the special tool.

1 Position the special tool.

X For Model 70TR axles, use tool
205-D038.

2 Install the bearing caps.

3 Install the bolts.

34. NOTE: This step simulates pinion bearing
preload.

Using a Nm (inch-pound) torque wrench,
tighten the special tool to specification.

37. NOTE: Use a feeler gauge or flat, clean drive
pinion position shims as a measuring devise.

NOTE: Do not attempt to force the gauge or
shim between the special tools. A slight drag
indicates a correct selection.

Using a feeler gauge or flat, clean drive pinion
position shims, measure between the special
tools. Record the measurement. Refer to Pinion
Ring Gear Variation Number in this section for
shim selection information.35. NOTE: Offset the special tool as shown to
• Remove the special tools after making theobtain an accurate reading.

correct shim selection.Rotate the special tool several half-turns to seat
the pinion bearings and position the special tool
as shown.
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205-02A-10 205-02A-10Rear Drive Axle/Differential — Dana 60 and 70

IN-VEHICLE REPAIR (Continued)

Available Drive Pinion Bearing Preload Shims38. CAUTION: Follow the drive pinion  (Continued)
bearing preload shim and drive pinion

mm Inchesposition shim assembly sequence as directed
or unit failure can result. 0.41 0.016

0.46 0.018Install the correct thickness drive pinion
position shim on the pinion. 0.51 0.020

0.53 0.021
39. NOTE: Always use the same new inner pinion

0.56 0.022bearing installed when taking the measurement
0.58 0.023for drive pinion shim selection.
0.76 0.030Using the special tool, an axle bearing/seal

plate and a suitable press, install the pinion
bearing.

41. CAUTION: The pinion preload spacer• For Model 70 axles, use tool 205-005.
must always go on the pinion before the
drive pinion bearing preload shims.

Assemble the pinion preload spacer onto the
pinion.

42. Assemble the drive pinion bearing preload
shims onto the pinion and install the pinion into
the differential housing.

43. Install the outer pinion bearing.

44. Install the pinion flange.

45. Use the special tool to prevent the flange from
turning while installing the old washer and the40. NOTE: Use the thickness of the old drive
lock nut.pinion bearing preload shims as a starting point

for setting pinion bearing preload. On Model 70 • Tighten to 339 Nm (250 lb-ft).
axles, add the thickness of the pinion preload
spacer to the thickness of the old drive pinion
bearing preload  shims.

Inspect the drive pinion bearing preload shims
for damage. Discard them if necessary. New
shims are available in the thickness shown in
the following chart.

Available Drive Pinion Bearing Preload Shims 

mm Inches

0.36 0.014

0.38 0.015

2004 E-Series, 12/2003 



205-02A-11 205-02A-11Rear Drive Axle/Differential — Dana 60 and 70

IN-VEHICLE REPAIR (Continued)

46. Using an inch-pound torque wrench, rotate the 49. Lubricate the pinion seal rubber lips.
pinion. The torque must read as specified. • Use Premium Rear Axle Lubricant.
• To increase the preload, remove drive pinion

50. Using a suitable driver, install the pinion seal.bearing preload shims. To decrease the
preload, add shims. • After installation, verify that the garter

spring did not pop out of the seal. If the
garter spring popped out, install a new
pinion seal.

47. With the drive pinion at the correct preload as
determined earlier in this procedure, remove
and discard the lock nut and the washer. Use
the special tool to prevent the flange from 51. Coat the inside of the pinion flange with a
turning. small amount of lubricant.

• For Model 70 axles, use Premium Rear Axle
Lubricant.

52. Install the pinion flange.

53. CAUTION: Always install a new
washer and lock nut.

Use the special tool to prevent the flange from
turning while installing the new washer and
lock nut.

• Tighten to 339 Nm (250 lb-ft).

48. Using the special tool, remove the pinion
flange.
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205-02A-12 205-02A-12Rear Drive Axle/Differential — Dana 60 and 70

IN-VEHICLE REPAIR (Continued)

54. Position the differential carrier assembly with
the Master Bearings in the axle housing. Install
the special tools and locate the tip of special
tool 308-021 on a flat surface.

57. Remove the special tools and the differential
case from the differential housing.

55. NOTE: Repeat this step and the following step
until the same reading appears on the indicator
each time. This is the differential bearing shim
thickness necessary between the differential
case and the differential bearing on the
differential ring  gear side of the differential
case.

Force the differential case away from the drive
pinion. With force still applied, set the indicator
at 0.

58. Remove the Master Bearings from the
differential case.

59. Place one shim, of the necessary thickness, as
determined from the previous measurement, on
the LH side of the differential case. If
additional shimming is necessary, beyond what
the hardened differential bearing shim can
provide, select and  install a different thickness
outboard spacer.

56. Force the differential ring gear into mesh with
the pinion, to obtain an indicator reading.
Record the reading.
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205-02A-13 205-02A-13Rear Drive Axle/Differential — Dana 60 and 70

IN-VEHICLE REPAIR (Continued)

60. Using the special tool, install the differential 62. Using the special tools, install the differential
bearing on the LH side of the differential case. bearing.

1 Place the special tool on the differential
bearing to protect it during the installation
of the opposite bearing.

2 Using the special tool, drive the differential
bearing onto the hub.

61. Determine the correct shim thickness and place
it on the differential case hub on the RH side.

• To determine the correct shim thickness,
first, subtract the reading of the previous
measurement from the total differential case
end play reading. Then, add 0.25 mm (0.010 63. Assemble the differential bearing cups to the
in) to this amount. This is the correct differential bearings.
thickness shim to place on the  hub. If
additional shimming is necessary, beyond
what the hardened differential bearing shim
can provide, select and install a different
thickness outboard spacer.
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205-02A-14 205-02A-14Rear Drive Axle/Differential — Dana 60 and 70

IN-VEHICLE REPAIR (Continued)

66. Confirm the total preload.64. CAUTION: Do not spread the
differential housing more than specified. • Using an inch-pound torque wrench, check

the torque to rotate the pinion. The readingCAUTION: Avoid nicking the ring
must be higher than the initial readinggear teeth and the anti-lock speed sensor
(taken without the differential case installed)ring during assembly.
with new bearings installed as recommended

Using the special tools, spread the differential by the following:
housing to the specification.

X 3.54 and 3.73 = 0.9 Nm (8 lb-in)
• Use a rawhide hammer to seat the

X 4.10 and 4.56 = 0.8 Nm (7 lb-in)differential into the differential housing
X 4.63 and 5.13 = 0.8 Nm (7 lb-in)pocket.

• If the total preload is too high, remove anX Remove the special tools.
equal amount of differential bearing shims
from each differential case hub. If the total
preload is too low, add an equal amount of
differential bearing shims to each differential
case hub.

65. CAUTION: Match the mating letters
as noted during disassembly.

Install the bearing caps, aligning the letters with
those on the differential housing.

• Tighten to 108 Nm (80 lb-ft). 67. Using the special tools, measure the differential
ring gear and pinion backlash at three equally
spaced points.

68. Carry out the tooth contact pattern check to
verify the final pinion position is correct. For
additional information, refer to Rear Drive Axle
and Differential in this section.
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205-02A-15 205-02A-15Rear Drive Axle/Differential — Dana 60 and 70

IN-VEHICLE REPAIR (Continued)

69. Install the axle shafts. For additional
information, refer to Section 205-02B.

70. CAUTION: The driveshaft flange yoke
fits tightly on the pinion flange pilot. To
make sure that the yoke seats squarely on
the flange, tighten the bolts evenly in a cross
pattern as shown.

CAUTION: Install the driveshaft with
new bolts. If new bolts are not available,
apply sealer to the threads of the original
bolts.

72. Place 2 bolts into the differential housing coverPosition the driveshaft flange yoke on the
at the 8 o’clock and 2 o’clock positions. Installpinion flange with the index marks aligned and
the differential housing cover.install the new bolts.

• Use the 2 bolts to position the differential• Tighten to 112 Nm (83 lb-ft).
housing cover on the differential housing.

73. Install the remaining bolts. Tighten the bolts
alternately and evenly.

• Tighten grade 5 bolts to 47 Nm (35 lb-ft).

• Tighten grade 8 bolts to 61 Nm (45 lb-ft).

• Allow 1-hour cure time before filling the
axle with the correct amount of specified
lubricant.

71. CAUTION: Clean both flat surfaces
(differential housing and differential housing
cover) with a suitable solvent to remove all
traces of oil film.

CAUTION: Install the differential
housing cover within 15 minutes of applying
the silicone, or it will be necessary to apply
new sealant.

NOTE: The differential housing cover uses
74. Fill the axle with the specified type and amountsilicone rubber sealant as a gasket.

of lubricant. For additional information, refer to
Apply a continuous bead of silicone sealant, of Specifications in this section.
the specified thickness, to the differential
housing cover.
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205-02A-1 205-02A-1Rear Drive Axle/Differential — Dana 60 and 70

IN-VEHICLE REPAIR
Special Tool(s)Differential Bearings — Dana 70

Gauge Disc
205-D037 (D81T-4020-F50) orSpecial Tool(s)
equivalent

2-Jaw Puller
205-D026 (D80L-1002-L) or
equivalent

Gauge Tube
205-D038 (D81T-4020-F51) or
equivalent

Adapter for 205-S156
205-159 (T80T-4020-F42)

Dial Indicator Gauge with
Holding Fixture
100-002 (TOOL-4201-C) or
equivalentAdapter for 205-S127

205-111 (T76P-4020-A11)

Dial Indicator Gauge with
Holding Fixture
100-D002 (D78P-4201-B) or
equivalentAdapter for 205-S156

205-160 (T80T-4020-F43)

Gauge, Clutch Housing
308-021 (T75L-4201-A)

Alignment Adapter
205-D031 (D85T-4020-F46) or
equivalent

Handle
205-D055 (D81L-4000-A) or
equivalent

Gauge, Disc
205-D030 (D80T-4020-F45) or
equivalent

Holding Fixture, Drive Pinion
Flange
205-126 (T78P-4851-A)

(Continued)

(Continued)
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205-02A-2 205-02A-2Rear Drive Axle/Differential — Dana 60 and 70

IN-VEHICLE REPAIR (Continued)

Special Tool(s) Special Tool(s)

Installer, Drive Pinion Bearing Slide Hammer
Cone (Model 70) 100-001 (T50T-100-A)
205-005 (T53T-4621-C)

Installer, Drive Pinion Bearing Spreader, Differential Carrier
Cup 205-001 (TOOL-4000-E) or
205-014 (T60K-4616-A) equivalent

Puller, Drive Pinion/Differential
MaterialCarrier

205-D036 (D81L-4220-A) or Item Specification
equivalent

Ultra Silicone Sealant —
F7TZ-19554-AA

Additive Friction Modifier EST-M2C118-A
XL-3

Remover, Bushing SAE 75W-140 High WSL-M2C192-A
307-001 (TOOL-1175-AC) or Performance Rear Axle
equivalent Lubricant

XY-75W140-QL (Model
70 Trailer Towing axles)

80W-90 Premium Rear WSP-M2C197-A
Axle Lubricant
XY-80W90-QL (Model

Remover/Installer, Bearing Cup 60/70 axles)
(Model 70) Threadlock and Sealer WSK-M2G351-A5
205-D052 (D81T-4628-B) or E0AZ-19554-AA
equivalent

1. Remove the differential carrier assembly. For
additional information, refer to Differential
Carrier — Dana 70 in this section.

Remover/Installer, Bearing Cup
(Model 60/70)
205-D054 (D81T-4628-D) or
equivalent

(Continued)
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205-02A-3 205-02A-3Rear Drive Axle/Differential — Dana 60 and 70

IN-VEHICLE REPAIR (Continued)

2. CAUTION: Mark or tag the outboard
spacers indicating from which side they were
removed.

Remove the outboard spacers.

• Inspect the spacers for nicks, bending and
grooved conditions. Discard them if
necessary.

5. Remove the four bolts.

3. Using the special tools, remove the differential
bearings.

• Place the left and right differential bearing
shims with the respective outboard spacers.

6. CAUTION: The driveshaft flange yoke
fits tightly on the pinion flange yoke. Never
hammer on the driveshaft or any of its
components to disconnect the yoke from the
flange. Pry only in the area shown, with a
suitable tool, to disconnect the yoke from the
flange.

Using a suitable tool as shown, disconnect the
driveshaft flange yoke from the pinion flange
and support the driveshaft using mechanic’s
wire.

4. To maintain driveline balance, index-mark the
driveshaft flange yoke and the pinion flange.
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205-02A-4 205-02A-4Rear Drive Axle/Differential — Dana 60 and 70

IN-VEHICLE REPAIR (Continued)

10. NOTE: There are drive pinion bearing preload7. CAUTION: Index-mark the pinion
shims and a preload spacer on the spline-end offlange to the pinion shaft prior to removal.
the pinion. These shims and spacer can stick to

Use the special tool to prevent the flange from the pinion, the pinion bearing, or they can fall
turning while removing the lock nut and out of the differential housing. Collect and keep
washer. the shims  and spacer for reassembly.

Using a soft-face hammer, tap the pinion out of
the pinion bearing cup and remove it through
the rear of the differential housing.

8. Index-mark the pinion flange and the drive
pinion stem for correct alignment during
installation.

11. Using the special tools, remove and discard the
pinion seal.

9. Using the special tool, remove the pinion
flange.

12. Remove the oil slinger and the pinion bearing.

2004 E-Series, 12/2003 



205-02A-5 205-02A-5Rear Drive Axle/Differential — Dana 60 and 70

IN-VEHICLE REPAIR (Continued)

16. NOTE: Discard the drive pinion position shim13. CAUTION: Do not nick the differential
if bent or nicked. If discarding the shim,housing bore.
measure and record the shim thickness.

Using the special tools, remove the outer pinion
Remove the drive pinion position shim.bearing cup.

• Use tools 205-D054 and 205-D055. 17. Position the inner and outer pinion bearing cups
and the special tools in their respective
differential housing bores.

1 After placing the inner and outer pinion
bearing cups in their bores, place the special
tool (inner) on the inner pinion bearing cup.

2 Place the special tool (outer) on the outer
pinion bearing cup.

3 Install the special tool.

14. Using the special tools, remove the inner pinion
bearing cup.

• Use tools 205-D052 and 205-D055.

18. Tighten the special tool to seat the pinion
bearing cups into their bores.

15. Using the special tool, remove the inner pinion
bearing.

2004 E-Series, 12/2003 



205-02A-6 205-02A-6Rear Drive Axle/Differential — Dana 60 and 70

IN-VEHICLE REPAIR (Continued)

19. NOTE: If the feeler gauge can fit between a
cup and the bottom of its bore at any point
around the cup, remove and reseat the cup.

Check that the cups have seated correctly in
their bores.

22. NOTE: Use a dial indicator with a minimum
travel capability of 5.08 mm (0.200 in).

NOTE: The rear axle uses a combination of
differential bearing shims and selective outboard
spacers to control differential case end play.
The old outboard spacers provide a good

20. Install the outboard spacers in the side from starting point when setting end play. However,
which they were removed. if additional shimming  is necessary, beyond

what the hardened differential bearing shims
can provide, select and install different
thickness outboard spacers.

Mount the special tools as shown. Locate the
tip of special tool 308-021 on a flat surface on
one of the bolts.

21. NOTE: Remove all nicks, burrs and dirt from
the differential case hubs, to allow the bearings
to rotate freely.

Place the special tool on the differential case
hubs and position the assembly into the
differential housing.

• Use tool 205-D048.
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205-02A-7 205-02A-7Rear Drive Axle/Differential — Dana 60 and 70

IN-VEHICLE REPAIR (Continued)

23. NOTE: Repeat this step and the following step
until the same reading appears on the indicator
each time. Record the reading. This is the total
differential bearing shim thickness required, less
preload. The final calculation occurs later
during  assembly.

Force the differential case as far as possible
toward the indicator. With force still applied,
set the indicator at 0.

24. Force the differential case as far as it will go in
the opposite direction. Record the total
differential case end play reading.

26. NOTE: This step simulates pinion bearing
preload.

Using a Nm (inch-pound) torque wrench,
tighten the special tool to specification.

25. After making sure the reading is correct,
remove the special tools and the differential
from the differential housing. Do not remove
the Master Bearings from the differential case
at this time.
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205-02A-8 205-02A-8Rear Drive Axle/Differential — Dana 60 and 70

IN-VEHICLE REPAIR (Continued)

27. NOTE: Offset the special tool as shown to 29. NOTE: Use a feeler gauge or flat, clean drive
obtain an accurate reading. pinion position shims as a measuring devise.

Rotate the special tool several half-turns to seat NOTE: Do not attempt to force the gauge or
the pinion bearings and position the special tool shim between the special tools. A slight drag
as shown. indicates a correct selection.

Using a feeler gauge or flat, clean drive pinion
position shims, measure between the special
tools. Record the measurement. Refer to Pinion
Ring Gear Variation Number in this section for
shim selection information.

• Remove the special tools after making the
correct shim selection.

28. Install the special tool.

1 Position the special tool.

X For Model 70TR axles, use tool
205-D038.

2 Install the bearing caps.

3 Install the bolts.

30. CAUTION: Follow the drive pinion
bearing preload shim and drive pinion
position shim assembly sequence as directed
or unit failure can result.

Install the correct thickness drive pinion
position shim on the pinion.
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205-02A-9 205-02A-9Rear Drive Axle/Differential — Dana 60 and 70

IN-VEHICLE REPAIR (Continued)

31. NOTE: Always use the same new inner pinion 33. CAUTION: The pinion preload spacer
bearing installed when taking the measurement must always go on the pinion before the
for drive pinion shim selection. drive pinion bearing preload shims.
Using the special tool, an axle bearing/seal Assemble the pinion preload spacer onto the
plate and a suitable press, install the pinion pinion.
bearing.

34. Assemble the drive pinion bearing preload• For Model 70 axles, use tool 205-005.
shims onto the pinion and install the pinion into
the differential housing.

35. Install the outer pinion bearing.

36. Install the pinion flange.

37. Use the special tool to prevent the flange from
turning while installing the old washer and the
lock nut.

• Tighten to 339 Nm (250 lb-ft).

32. NOTE: Use the thickness of the old drive
pinion bearing preload shims as a starting point
for setting pinion bearing preload. On Model 70
axles, add the thickness of the pinion preload
spacer to the thickness of the old drive pinion
bearing preload  shims.

Inspect the drive pinion bearing preload shims
for damage. Discard them if necessary. New
shims are available in the thickness shown in
the following chart.

38. Using an inch-pound torque wrench, rotate theAvailable Drive Pinion Bearing Preload Shims 
pinion. The torque must read as specified.

mm Inches
• To increase the preload, remove drive pinion

0.36 0.014
bearing preload shims. To decrease the

0.38 0.015 preload, add shims.
0.41 0.016

0.46 0.018

0.51 0.020

0.53 0.021

0.56 0.022

0.58 0.023

0.76 0.030
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205-02A-10 205-02A-10Rear Drive Axle/Differential — Dana 60 and 70

IN-VEHICLE REPAIR (Continued)

39. With the drive pinion at the correct preload as
determined earlier in this procedure, remove
and discard the lock nut and the washer. Use
the special tool to prevent the flange from
turning.

43. Coat the inside of the pinion flange with a
small amount of lubricant.

• For Model 70 axles, use Premium Rear Axle
Lubricant.

44. Install the pinion flange.
40. Using the special tool, remove the pinion

• Align the index-marks of the pinion flangeflange.
and pinion stem.

45. CAUTION: Always install a new
washer and lock nut.

Use the special tool to prevent the flange from
turning while installing the new washer and
lock nut.

• Tighten to 339 Nm (250 lb-ft).

41. Lubricate the pinion seal rubber lips.

• Use Premium Rear Axle Lubricant.

42. Using a suitable driver, install the pinion seal.

• After installation, verify that the garter
spring did not pop out of the seal. If the
garter spring popped out, install a new
pinion seal.
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205-02A-11 205-02A-11Rear Drive Axle/Differential — Dana 60 and 70

IN-VEHICLE REPAIR (Continued)

46. Position the differential carrier assembly with
the Master Bearings in the axle housing. Install
the special tools and locate the tip of special
tool 308-021 on a flat surface.

49. Remove the special tools and the differential
case from the differential housing.

47. NOTE: Repeat this step and the following step
until the same reading appears on the indicator
each time. This is the differential bearing shim
thickness necessary between the differential
case and the differential bearing on the
differential ring  gear side of the differential
case.

Force the differential case away from the drive
pinion. With force still applied, set the indicator
at 0.

50. Remove the Master Bearings from the
differential case.

51. Place one shim, of the necessary thickness, as
determined from the previous measurement, on
the LH side of the differential case. If
additional shimming is necessary, beyond what
the hardened differential bearing shim can
provide, select and  install a different thickness
outboard spacer.

48. Force the differential ring gear into mesh with
the pinion, to obtain an indicator reading.
Record the reading.
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205-02A-12 205-02A-12Rear Drive Axle/Differential — Dana 60 and 70

IN-VEHICLE REPAIR (Continued)

52. Using the special tool, install the differential 54. Using the special tools, install the differential
bearing on the LH side of the differential case. bearing.

1 Place the special tool on the differential
bearing to protect it during the installation
of the opposite bearing.

2 Using the special tool, drive the differential
bearing onto the hub.

53. Determine the correct shim thickness and place
it on the differential case hub on the RH side.

• To determine the correct shim thickness,
first, subtract the reading of the previous
measurement from the total differential case
end play reading. Then, add 0.25 mm (0.010 55. Assemble the differential bearing cups to the
in) to this amount. This is the correct differential bearings.
thickness shim to place on the  hub. If
additional shimming is necessary, beyond
what the hardened differential bearing shim
can provide, select and install a different
thickness outboard spacer.
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205-02A-13 205-02A-13Rear Drive Axle/Differential — Dana 60 and 70

IN-VEHICLE REPAIR (Continued)

58. Confirm the total preload.56. CAUTION: Do not spread the
differential housing more than specified. • Using an inch-pound torque wrench, check

the torque to rotate the pinion. The readingCAUTION: Avoid nicking the ring
must be higher than the initial readinggear teeth and the anti-lock speed sensor
(taken without the differential case installed)ring during assembly.
with new bearings installed as recommended

Using the special tools, spread the differential by the following:
housing to the specification.

X 3.54 and 3.73 = 0.9 Nm (8 lb-in)
• Use a rawhide hammer to seat the

X 4.10 and 4.56 = 0.8 Nm (7 lb-in)differential into the differential housing
X 4.63 and 5.13 = 0.8 Nm (7 lb-in)pocket.

• If the total preload is too high, remove anX Remove the special tools.
equal amount of differential bearing shims
from each differential case hub. If the total
preload is too low, add an equal amount of
differential bearing shims to each differential
case hub.

57. CAUTION: Match the mating letters
as noted during disassembly.

Install the bearing caps, aligning the letters with
those on the differential housing.

• Tighten to 108 Nm (80 lb-ft). 59. Using the special tools, measure the differential
ring gear and pinion backlash at three equally
spaced points.

60. Carry out the tooth contact pattern check to
verify the final pinion position is correct. For
additional information, refer to Rear Drive Axle
and Differential in this section.
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205-02A-14 205-02A-14Rear Drive Axle/Differential — Dana 60 and 70

IN-VEHICLE REPAIR (Continued)

61. Install the axle shafts. For additional
information, refer to Axle Shaft —
Semi-Floating Axle in this section.

62. CAUTION: The driveshaft flange yoke
fits tightly on the pinion flange pilot. To
make sure that the yoke seats squarely on
the flange, tighten the bolts evenly in a cross
pattern as shown.

CAUTION: Install the driveshaft with
new bolts. If new bolts are not available,
apply sealer to the threads of the original
bolts. 64. Place 2 bolts into the differential housing cover

at the 8 o’clock and 2 o’clock positions. InstallPosition the driveshaft flange yoke on the
the differential housing cover.pinion flange with the index marks aligned and

install the new bolts. • Use the 2 bolts to position the differential
housing cover on the differential housing.• Tighten to 112 Nm (83 lb-ft).

65. Install the remaining bolts. Tighten the bolts
alternately and evenly.

• Tighten grade 5 bolts to 47 Nm (35 lb-ft).

• Tighten grade 8 bolts to 61 Nm (45 lb-ft).

• Allow 1-hour cure time before filling the
axle with the correct amount of specified
lubricant.

63. CAUTION: Clean both flat surfaces
(differential housing and differential housing
cover) with a suitable solvent to remove all
traces of oil film.

CAUTION: Install the differential
housing cover within 15 minutes of applying
the silicone, or it will be necessary to apply
new sealant.

66. Fill the axle with the specified type and amountNOTE: The differential housing cover uses
of lubricant. For additional information, refer tosilicone rubber sealant as a gasket.
Specifications in this section.

Apply a continuous bead of silicone sealant, of
the specified thickness, to the differential
housing cover.
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205-02A-1 205-02A-1Rear Drive Axle/Differential — Dana 60 and 70

REMOVAL AND INSTALLATION

Axle Housing

Removal and Installation

CAUTION: Suspension fasteners are
critical parts because they affect performance of
vital components and systems and their failure
can result in major service expense. A new part
with the same part number or an equivalent part
must be installed, if  installation is necessary. Do
not use a part of lesser quality or substitute
design. Torque values must be used as specified
during installation to make sure of correct 7. Disconnect the anti-lock brake sensor (RABS)
retention of these parts. connector. Position the harness aside.

1. Release the tension on the parking brake cables.
For additional information, refer to Section
206-05.

2. Raise and support the vehicle. For additional
information, refer to Section 100-02.

3. Remove the rear tire and wheel assemblies. For
additional information, refer to Section 100-04.

4. Remove the drive pinion. For additional
information, refer to Drive Pinion Flange and
Drive Pinion Seal in this section.

8. Disconnect the axle vent tube.5. Remove the bolt.

6. Disconnect the parking brake cable from the
parking brake. Repeat for the opposite side.
Position the cables aside.

Copyright  2003, Ford Motor Company
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205-02A-2 205-02A-2Rear Drive Axle/Differential — Dana 60 and 70

REMOVAL AND INSTALLATION (Continued)

9. Remove the axle vent.

13. Position the brake tube, harness and cable out
of the way.

10. Remove the bolt.

14. WARNING: Strap the axle securely to
11. Remove the bolt. the jack.

Use a suitable transmission jack to support the
axle.

12. Remove the bolts retaining the anchor plate to
the axle. Position the rear brake caliper aside.
Repeat for the opposite side.

• Use mechanic’s wire to position the rear
brake calipers out of the way.
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205-02A-3 205-02A-3Rear Drive Axle/Differential — Dana 60 and 70

REMOVAL AND INSTALLATION (Continued)

15. Remove the nut and bolt retaining shock
absorber to the axle. Repeat for the opposite
side.

17. WARNING: Watch for obstructions
while lowering and raising the axle.

Lower the axle from the vehicle.

16. Remove the nuts and the axle U-bolts.
18. To install, reverse the removal procedure.
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205-02A-1 205-02A-1Rear Drive Axle/Differential — Dana 60 and 70

REMOVAL AND INSTALLATION
RemovalDifferential Carrier — Dana 60

1. Remove the axle shafts. For additionalSpecial Tool(s)
information, refer to Axle Shaft —

Dial Indicator Gauge with Semi-Floating Axle in this section.
Holding Fixture
100-002 (TOOL-4201-C)

2. CAUTION: Note the positions of the
mating letters stamped vertically and
horizontally on the bearing caps and the
differential housing before removing the
bearing caps. Matching the letters is

Dial Indicator Gauge with important at the time of installation.Holding Fixture
100-D002 (D78P-4201-B) or To ease removal of the differential assembly,
equivalent loosen the bolts, then pry the differential case,

bearing cups and outboard spacers outward until
they are loose in the differential housing.

Gauge, Clutch Housing
308-021 (T75L-4201-A)

Spreader, Differential Carrier
205-001 (TOOL-4000-E)

3. Remove the bolts and the bearing caps.

Material 4. CAUTION: Do not spread the
differential housing more than specified.Item Specification
Using the special tools, spread the differentialUltra Silicone Sealant —
housing to the specification. Remove specialF7TZ-19554-AA
tool 100-D002 after spreading the housing.Additive Friction Modifier EST-M2C118-A

C8AZ-19B546-A

SAE 75W-140 High WSL-M2C192-A
Performance Rear Axle
Lubricant
XY-75W140-QL (vehicles
with the trailer towing
option or 4:10 ratio)

80W-90 Premium Rear WSP-M2C197-A
Axle Lubricant
XY-80W90-QL (Model
60/70 axles)

Copyright  2003, Ford Motor Company
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205-02A-2 205-02A-2Rear Drive Axle/Differential — Dana 60 and 70

REMOVAL AND INSTALLATION (Continued)

5. CAUTION: It will be necessary to use 2. CAUTION: Do not spread the
large pry bars to remove the differential differential housing more than specified.
carrier from the differential housing. Do not

CAUTION: Avoid nicking the ringdamage the differential ring rear when
gear teeth and the anti-lock speed sensorcarrying out this step.
ring during assembly.

CAUTION: Mark or tag the Using the special tools, spread the differential
differential bearing cups, indicating from housing to the specification.
which side they were removed.

• Use a rawhide hammer to seat the
Remove the differential assembly with the differential and outboard spacers into the
bearing cups. differential housing pocket.

X Remove the special tools.

6. CAUTION: Mark or tag the outboard
spacers indicating from which side they were

3. CAUTION: Match the mating lettersremoved.
as noted during removal.

Remove the outboard spacers.
Install the bearing caps, aligning the letters with
those on the differential housing. Tighten the
bolts to specification.

Installation

1. Assemble the differential bearing cups to the
differential bearings.
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205-02A-3 205-02A-3Rear Drive Axle/Differential — Dana 60 and 70

REMOVAL AND INSTALLATION (Continued)

4. Using the special tools, measure the differential 5. Install the axle shafts. For additional
ring gear and pinion backlash at three equally information, refer to Axle Shaft —
spaced points. Semi-Floating Axle in this section.
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205-02A-1 205-02A-1Rear Drive Axle/Differential — Dana 60 and 70

REMOVAL AND INSTALLATION

1. Raise the vehicle on a hoist or raise the rearDifferential Carrier — Dana 70
end of the vehicle with a jack. Install safety
stands under the frame rails and lower the jackSpecial Tool(s)
or hoist enough to allow the rear axle to drop

Dial Indicator Gauge with into the rebound position for working clearance.
Holding Fixture For  additional information, refer to Section
100-002 (TOOL-4201-C)

100-02.

2. Remove the differential housing cover and drain
the lubricant.

• Clean the gasket material from the
Dial Indicator Gauge with differential housing cover and the
Holding Fixture

differential housing.100-D002 (D78P-4201-B) or
equivalent

3. Remove the axle shafts. For additional
information, refer to Axle Shaft —
Semi-Floating Axle in this section.

Gauge, Clutch Housing 4. CAUTION: Note the positions of the
308-021 (T75L-4201-A)

mating letters stamped vertically and
horizontally on the bearing caps and the
differential housing before removing the
bearing caps. Matching the letters is
important at the time of assembly.

To ease removal of the differential assembly,Spreader, Differential Carrier
loosen the bolts, then pry the differential case,205-001 (TOOL-4000-E)
bearing cups and outboard spacers outward until
they are loose in the differential housing.

Material

Item Specification

Ultra Silicone Sealant —
F7TZ-19554-AA

Additive Friction Modifier EST-M2C118-A
XL-3

SAE 75W-140 High WSL-M2C192-A
Performance Rear Axle
Lubricant
XY-75W140-QL (Model

5. Remove the bolts and the bearing caps.70 Trailer Towing axles)

80W-90 Premium Rear WSP-M2C197-A
Axle Lubricant
XY-80W90-QL
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205-02A-2 205-02A-2Rear Drive Axle/Differential — Dana 60 and 70

REMOVAL AND INSTALLATION (Continued)

6. CAUTION: Do not spread the 8. CAUTION: Mark or tag the outboard
differential housing more than specified. spacers indicating from which side they were

removed.Using the special tools, spread the differential
housing to the specification. Remove special Remove the outboard spacers.
tool 100-D002 after spreading the housing. • Inspect the spacers for nicks, bending and

grooved conditions. Discard them if
necessary.

7. CAUTION: It will be necessary to use
large pry bars to remove the differential
assembly from the differential housing. Do 9. Assemble the differential bearing cups to the
not damage the differential ring rear when differential bearings.
carrying out this step.

10. CAUTION: Mark or tag the outboardCAUTION: Mark or tag the
spacers indicating from which side they weredifferential bearing cups, indicating from
removed.which side they were removed.
Install the outboard spacers in their originalRemove the differential assembly with the
positions.bearing cups.

• Inspect the differential bearing cups for deep
scores, galling and spalling. Discard them if
necessary.
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205-02A-3 205-02A-3Rear Drive Axle/Differential — Dana 60 and 70

REMOVAL AND INSTALLATION (Continued)

11. CAUTION: Do not spread the
differential housing more than specified.

CAUTION: Avoid nicking the ring
gear teeth and the anti-lock speed sensor
ring during assembly.

Using the special tools, spread the differential
housing to the specification.

• Use a rawhide hammer to seat the
differential into the differential housing
pocket.

X Remove the special tools.

14. Carry out the Tooth Contact Pattern Check to
verify the final pinion position is correct. For
additional information, refer to Rear Drive Axle
and Differential in this section.

15. Install the axle shafts. For additional
information, refer to Axle Shaft —
Semi-Floating Axle in this section.

16. CAUTION: Clean both flat surfaces
(differential housing and differential housing
cover) with a suitable solvent to remove all
traces of oil film.

CAUTION: Install the differential12. CAUTION: Match the mating letters
housing cover within 15 minutes of applyingas noted during disassembly.
the silicone, or it will be necessary to apply

Install the bearing caps, aligning the letters with new sealant.
those on the differential housing. Tighten the

NOTE: The differential housing cover usesbolts to specification.
silicone rubber sealant as a gasket.

Apply a continuous bead of silicone sealant, of
the specified thickness, to the differential
housing cover.

13. Using the special tools, measure the differential
ring gear and pinion backlash at three equally
spaced points.
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205-02A-4 205-02A-4Rear Drive Axle/Differential — Dana 60 and 70

REMOVAL AND INSTALLATION (Continued)

17. Place two bolts into the differential housing
cover at the 8 o’clock and 2 o’clock positions.
Install the differential housing cover.

• Use the two bolts to position the differential
housing cover on the differential housing.

18. Install the remaining bolts. Tighten the bolts
alternately and evenly.

• Tighten Grade 5 bolts to 47 Nm (35 lb-ft).

• Tighten Grade 8 bolts to 61 Nm (45 lb-ft).

• Allow 1-hour cure time before filling the
axle with the correct amount of specified

19. Fill the axle with the specified type and amountlubricant.
of lubricant. For additional information, refer to
Specifications in this section.
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205-02A-1 205-02A-1Rear Drive Axle/Differential — Dana 60 and 70

DISASSEMBLY AND ASSEMBLY
Special Tool(s)Axle Assembly

Gauge Tube (Model 70TR)
205-D038 (D81T-4020-F51) orSpecial Tool(s)
equivalent

2-Jaw Puller
205-D026 (D80L-1002-L) or
equivalent

Handle
205-D055 (D81L-4000-A) or
equivalent

Depth Gauge, Drive Pinion
205-S156 (T80T-4020-A)

Holding Fixture, Drive Pinion
Flange
205-126 (T78P-4851-A)

Dial Indicator Gauge with
Holding Fixture
100-002 (TOOL-4201-C) or
equivalent

Installer, Drive Pinion Bearing
Cone (Model 70)
205-005 (T53T-4621-C)

Dial Indicator Gauge with
Holding Fixture
100-D002 (D78P-4201-B) or
equivalent

Installer, Drive Pinion Bearing
Cup
205-014 (T60K-4616-A)

Gauge, Clutch Housing
308-021 (T75L-4201-A)

Installer, Rear Axle Bearing/Oil
Seal (Model 60)
205-092 (T75T-1165-DA)

Gauge Disc (Model 70TR)
205-D037 (D81T-4020-F50)

Puller, Drive Pinion/Differential
Carrier
205-D036 (D81L-4220-A) or

(Continued) equivalent

(Continued)

Copyright  2003, Ford Motor Company
Last updated: 8/24/2004 2004 E-Series, 12/2003 



205-02A-2 205-02A-2Rear Drive Axle/Differential — Dana 60 and 70

DISASSEMBLY AND ASSEMBLY (Continued)

Special Tool(s) Material

Remover, Bushing Item Specification
307-001 (TOOL-1175-AC) or Ultra Silicone Sealant —
equivalent F7TZ-19554-AA

Additive Friction Modifier EST-M2C118-A
XL-3

SAE 75W-140 High WSL-M2C192-A
Performance Rear Axle
LubricantRemover/Installer, Bearing Cup
XY-75W140-QL (Model(Model 60)
70 Trailer Towing axles)205-D051 (D81T-4628-A) or

equivalent 80W-90 Premium Rear WSP-M2C197-A
Axle Lubricant
XY-80W90-QL (Model
60/70 axles)

Threadlock and Sealer WSK-M2G351-A5
Remover/Installer, Bearing Cup E0AZ-19554-AA
(Model 70)
205-D052 (D81T-4628-B) or Disassembly
equivalent

1. Raise the vehicle on a hoist or raise the rear
end of the vehicle with a jack. Install safety
stands under the frame rails and lower the jack

Remover/Installer, Bearing Cup or hoist enough to allow the rear axle to drop
(Model 60/70) into the rebound position for working clearance.
205-D054 (D81T-4628-D) or For  additional information, refer to Section
equivalent 100-02.

2. Remove the differential housing cover and drain
the lubricant.

Slide Hammer • Clean the gasket material from the
100-001 (T50T-100-A) differential housing cover and the

differential housing.

Spreader, Differential Carrier
205-001 (TOOL-4000-E) or
equivalent
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205-02A-3 205-02A-3Rear Drive Axle/Differential — Dana 60 and 70

DISASSEMBLY AND ASSEMBLY (Continued)

3. NOTE: An inspection can find the cause of the
concern and determine the resolution. 

Carry out the following before disassembly.

• Remove all the lubricant from the internal
parts of the differential assembly. Visually
inspect the parts for wear and damage.

• Rotate the differential assembly to check for
any roughness, indicating damaged bearings
or gears.

• Check the differential ring gear and pinion
teeth for signs of scoring, abnormal wear,
nicks and chips.

5. Remove the axle shafts. For additional
• Use a magnet to search for heavy metal information, refer to Section 205-02B for

particles indicating component damage. full-floating axle shafts, or refer to  Axle Shaft
— Semi-Floating Axle in this section.

6. To maintain driveline balance, index-mark the
driveshaft flange yoke and the pinion flange.

4. CAUTION: The differential ring gear
and pinion must be clean and dry to obtain
an accurate reading.

Using the special tools, measure the differential
7. Remove the four bolts.ring gear and pinion backlash at three equally

spaced points.

• The backlash tolerance is 0.13-0.20 mm
(0.005-0.008 inch) and cannot vary more
than 0.05 mm (0.002 inch) between points
checked. A backlash variation of more than
0.05 mm (0.002 inch) indicates gear/case
runout.

• Make corrections for high or low backlash
during assembly by changing the differential
bearing selective shim thickness.
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205-02A-4 205-02A-4Rear Drive Axle/Differential — Dana 60 and 70

DISASSEMBLY AND ASSEMBLY (Continued)

10. Remove the bolts and the bearing caps.8. CAUTION: The driveshaft flange yoke
fits tightly on the pinion flange yoke. Never

11. CAUTION: Do not spread thehammer on the driveshaft or any of its
differential housing more than specified.components to disconnect the yoke from the

flange. Pry only in the area shown, with a Using the special tools, spread the differential
suitable tool, to disconnect the yoke from the housing to the specification. Remove special
flange. tool 100-D002 after spreading the housing.
Using a suitable tool as shown, disconnect the
driveshaft flange yoke from the pinion flange
and support the driveshaft using mechanic’s
wire.

12. CAUTION: It will be necessary to use
large pry bars to remove the differential
assembly from the differential housing. Do
not damage the differential ring rear when
carrying out this step.9. CAUTION: Note the positions of the

mating letters stamped vertically and CAUTION: Mark or tag the
horizontally on the bearing caps and the differential bearing cups, indicating from
differential housing before removing the which side they were removed.
bearing caps. Matching the letters is

Remove the differential assembly with theimportant at the time of assembly.
bearing cups.

To ease removal of the differential assembly,
• Inspect the differential bearing cups for deeploosen the bolts, then pry the differential case,

scores, galling and spalling. Discard them ifbearing cups and outboard spacers outward until
necessary.they are loose in the differential housing.
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205-02A-5 205-02A-5Rear Drive Axle/Differential — Dana 60 and 70

DISASSEMBLY AND ASSEMBLY (Continued)

13. CAUTION: Mark or tag the outboard
spacers indicating from which side they were
removed.

Remove the outboard spacers.

• Inspect the spacers for nicks, bending and
grooved conditions. Discard them if
necessary.

17. If required, remove the anti-lock speed sensor
ring with a soft-faced hammer. Discard the
anti-lock speed sensor ring.

14. NOTE: Use a vise with brass jaws or wood
blocks.

Place the differential case in a vise.

15. NOTE: Whenever removing the ring gear bolts,
always install new bolts upon assembly. Use
Grade 9 bolts for service replacement for all
Dana rear axles.

18. NOTE: Special tool removed for clarity.Remove the bolts on the ring gear. Leave four
Install the differential case.bolts loosely assembly, 90 degrees apart.
1 Position the differential case assembly,

including bearing clips and shims, in the
differential housing.

2 Install the differential bearing caps.

3 Install the differential bearing bolts.

X Loosen the special tool.

16. Tap each bolt head alternately with a rawhide
or plastic hammer to loosen the ring gear.
Remove the bolts and the ring gear.

2004 E-Series, 12/2003 



205-02A-6 205-02A-6Rear Drive Axle/Differential — Dana 60 and 70

DISASSEMBLY AND ASSEMBLY (Continued)

19. Position the special tool. 21. Remove the differential assembly with the
bearing cups.1 Rotate the differential case to make sure the

differential bearings are correctly seated.
22. CAUTION: Index-mark the pinion2 Install the special tool.

flange to the pinion shaft prior to removal.

Use the special tool to prevent the flange from
turning while removing the lock nut and
washer.

20. NOTE: If runout is within specification, install
a new ring gear and pinion. If runout exceeds
specification, the ring gear is true and the
concern is due to either a damaged differential

23. Using the special tool, remove the pinioncase or differential bearings. Inspect the
flange.differential  bearings. If the differential bearings

are not damaged, install a new differential case
and the differential bearings.

Measure the differential case runout without the
ring gear.

1 Rotate the differential case.

2 Check and note the differential case runout.
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205-02A-7 205-02A-7Rear Drive Axle/Differential — Dana 60 and 70

DISASSEMBLY AND ASSEMBLY (Continued)

24. NOTE: There are drive pinion bearing preload
shims and, on Model 70 axles, a preload spacer
on the spline-end of the pinion. These shims
and spacer can stick to the pinion, the pinion
bearing, or they can fall out of the differential
housing. Collect  and keep the shims and spacer
for reassembly.

Using a soft-face hammer, tap the pinion out of
the pinion bearing cup and remove it through
the rear of the differential housing.

28. Using the special tools, remove the inner pinion
bearing cup.

• For Model 60 axles, use tools 205-D051 and
205-D055.

• For Model 70 axles, use tools 205-D052 and
205-D055.

25. Using the special tools, remove and discard the
pinion seal.

29. Using the special tool, remove the inner pinion
bearing.

26. Remove the oil slinger and the pinion bearing.

27. CAUTION: Do not nick the differential
housing bore.

Using the special tools, remove the outer pinion
bearing cup.

• For Model 60/70 axles, use tools 205-D054
and 205-D055.
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205-02A-8 205-02A-8Rear Drive Axle/Differential — Dana 60 and 70

DISASSEMBLY AND ASSEMBLY (Continued)

30. NOTE: Discard the drive pinion position shim
if bent or nicked. If discarding the shim,
measure and record the shim thickness.

Remove the drive pinion position shim.

31. Carry out the following after disassembling the
axle:

• Thoroughly clean all parts.

• Inspect all parts for damage and wear.

• Clean the inside of the differential case
before assembly.

X Thoroughly clean the differential housing
if the gears have scores/chips in them.

Assembly

1. NOTE: The tab on the anti-lock speed sensor
ring must be aligned with the slot in the
differential case.

Install the anti-lock speed sensor ring if
removed.

• Align the tab in the anti-lock speed sensor
ring with the slot in the differential case.
Start the two ring gear bolts through the
differential case flange into the ring gear to 2. Press the anti-lock speed sensor ring on the
make sure the differential case and the ring differential case. The differential case flange
gear bolt hole align. acts as a pilot for the anti-lock speed sensor

ring.

3. Apply Threadlock to the new ring gear bolts.
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205-02A-9 205-02A-9Rear Drive Axle/Differential — Dana 60 and 70

DISASSEMBLY AND ASSEMBLY (Continued)

4. Install and tighten the Grade 9 ring gear bolts 7. Tighten the special tool to seat the pinion
alternately and evenly. bearing cups into their bores.

5. Carry out the Differential Case End Play Check 8. CAUTION: Always install new pinion
in the General Procedures portion of this bearings when installing new bearing cups.
section.

NOTE: If the feeler gauge can fit between a
cup and the bottom of its bore at any point6. Position the inner and outer pinion bearing cups
around the cup, remove and reseat the cup.and the special tools in their respective
Check that the cups have seated correctly indifferential housing bores.
their bores.1 After placing the inner and outer pinion

bearing cups in their bores, place the special
tool (inner) on the inner pinion bearing cup.

2 Place the special tool (outer) on the outer
pinion bearing cup.

3 Install the special tool.
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205-02A-10 205-02A-10Rear Drive Axle/Differential — Dana 60 and 70

DISASSEMBLY AND ASSEMBLY (Continued)

9. CAUTION: If any of the gauge
surfaces have nicks in them, remove the high
spots with a medium India oilstone to
prevent erroneous readings.

NOTE: Apply only a light oil film on the
pinion bearings before assembling the tools.

Assemble and position the following in the
differential housing.

1 Position the special tool.

2 Position the special tool.

3 Position the inner pinion bearing.
10. NOTE: This step simulates pinion bearing4 Position the special tool.

preload.5 Position the special tool.
Using a Nm (inch-pound) torque wrench,6 Position the outer pinion bearing.
tighten the special tool to specification.

7 Thread on the special tool.

11. NOTE: Offset the special tool as shown to
obtain an accurate reading.

Rotate the special tool several half-turns to seat
the pinion bearings and position the special tool
as shown.
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205-02A-11 205-02A-11Rear Drive Axle/Differential — Dana 60 and 70

DISASSEMBLY AND ASSEMBLY (Continued)

12. Install the special tool. 14. CAUTION: Follow the drive pinion
bearing preload shim and drive pinion1 Position the special tool.
position shim assembly sequence as directed

X For Model 60/70 axles, use tool
or unit failure can result.205-D033.
Install the correct thickness drive pinion

X For Model 70TR axles, use tool
position shim on the pinion.205-D038.

2 Install the bearing caps. 15. NOTE: Always use the same new inner pinion
bearing installed when taking the measurement3 Install the bolts.
for drive pinion shim selection.

Using the special tool, an axle bearing/seal
plate, and a suitable press, install the pinion
bearing.

• For Model 60 axles, use tool 205-092.

• For Model 70 axles, use tool 205-005.

13. NOTE: Use a feeler gauge or flat, clean drive
pinion position shims as a measuring devise.

NOTE: Do not attempt to force the gauge or
shim between the special tools. A slight drag
indicates a correct selection.

Using a feeler gauge or flat, clean drive pinion
position shims, measure between the special 16. NOTE: Use the thickness of the old drive
tools. Record the measurement. Refer to Pinion pinion bearing preload shims as a starting point
Ring Gear Variation Number in this section for for setting pinion bearing preload. On Model 70
shim selection information. axles, add the thickness of the pinion preload

spacer to the thickness of the old drive pinion• Remove the special tools after making the
bearing preload  shims.correct shim selection.

Inspect the drive pinion bearing preload shims
for damage. Discard them if necessary. New
shims are available in the thickness shown in
the following chart.

Available Drive Pinion Bearing Preload Shims
(Model 60/70)

mm Inches

0.36 0.014

0.38 0.015

0.41 0.016

0.46 0.018

0.51 0.020
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205-02A-12 205-02A-12Rear Drive Axle/Differential — Dana 60 and 70

DISASSEMBLY AND ASSEMBLY (Continued)

Available Drive Pinion Bearing Preload Shims 22. Using an inch-pound torque wrench, rotate the
(Model 60/70) (Continued) pinion. The torque must read as specified.

mm Inches • To increase the preload, remove drive pinion
0.53 0.021 bearing preload shims. To decrease the

preload, add shims.0.56 0.022

0.58 0.023

0.76 0.030

17. CAUTION: The pinion preload spacer
must always go on the pinion before the
drive pinion bearing preload shims.

On Model 70 axles, assemble the pinion
preload spacer onto the pinion.

18. Assemble the drive pinion bearing preload
shims onto the pinion, and install the pinion
into the differential housing.

19. Install the outer pinion bearing.

20. Install the pinion flange.

21. Use the special tool to prevent the flange from
turning while installing the old washer and the
lock nut.

• Tighten the nut to 339 Nm (250 lb-ft).
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205-02A-13 205-02A-13Rear Drive Axle/Differential — Dana 60 and 70

DISASSEMBLY AND ASSEMBLY (Continued)

23. If the pinion bearing preload is within
specification, and the pinion position shim has
changed, change the drive pinion bearing
preload shims by the same amount.

• The direction arrow pointing toward the
pinion flange indicates that by removing the
drive pinion position shim, the distance from
the centerline of the tubes to the pinion
backface increases, giving a plus (+)
reading. The drive pinion bearing  preload
shim pack does not affect the pinion depth
setting. However, if the pinion position is
changed, the pinion preload will change and

25. Using the special tool, remove the pinionmay require adjustment to bring the
flange.torque-to-rotate within specification. Arrows

on the ring gear illustrate  the method to
increase or decrease backlash and
differential bearing preload.

26. Lubricate the pinion seal rubber lips.

• Use Premium Rear Axle Lubricant.

27. Using a suitable driver, install the pinion seal.

• After installation, verify that the garter
spring did not pop out of the seal. If the
garter spring popped out, install a new
pinion seal.

24. With the drive pinion at the correct preload as
determined earlier in this procedure, remove
and discard the lock nut and the washer. Use
the special tool to prevent the flange from
turning.
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205-02A-14 205-02A-14Rear Drive Axle/Differential — Dana 60 and 70

DISASSEMBLY AND ASSEMBLY (Continued)

28. Coat the inside of the pinion flange with a
small amount of lubricant.

• For Model 60/70 axles, use Premium Rear
Axle Lubricant.

29. Install the pinion flange.

30. CAUTION: Always install a new
washer and lock nut.

Use the special tool to prevent the flange from
turning while installing the new washer and
lock nut.

• Tighten the nut to 339 Nm (250 lb-ft). 34. CAUTION: Match the mating letters
as noted during disassembly.

Install the bearing caps, aligning the letters with
those on the differential housing. Tighten the
bolts to specification.

31. Carry out the Ring Gear and Pinion Backlash
procedure in the General Procedures portion of
this section.

32. Assemble the differential bearing cups to the
differential bearings.

33. CAUTION: Do not spread the
differential housing more than specified.

CAUTION: Avoid nicking the ring
gear teeth and the anti-lock speed sensor
ring during assembly.

Using the special tools, spread the differential
housing to the specification.

• Use a rawhide hammer to seat the
differential into the differential housing
pocket.

X Remove the special tools.
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205-02A-15 205-02A-15Rear Drive Axle/Differential — Dana 60 and 70

DISASSEMBLY AND ASSEMBLY (Continued)

35. Using the special tools, measure the differential
ring gear and pinion backlash at three equally
spaced points.

• The backlash tolerance is 0.13-0.203 mm
(0.005-0.008 inch) and cannot vary more
than 0.05 mm (0.002 inch) between points
checked. A backlash variation of more than
0.05 mm (0.002 inch) indicates gear/case
runout.

• Move the differential ring gear toward the
pinion to correct high backlash.

• Move the differential ring gear away from
the pinion to correct low backlash. 37. Carry out the Tooth Contact Pattern Check to

verify the final pinion position is correct. For• Moving a specified amount of differential
additional information, refer to Section 205-00.bearing shims from one side of the

differential to the other makes these
38. Install the axle shafts. For additionalcorrections.

information, refer to Section 205-02B for
full-floating axle shafts, or refer to  Axle Shaft
— Semi-Floating Axle in this section.

39. CAUTION: The driveshaft flange yoke
fits tightly on the pinion flange pilot. To
make sure that the yoke seats squarely on
the flange, tighten the bolts evenly in a cross
pattern as shown.

CAUTION: Install the driveshaft with
new bolts. If new bolts are not available,
apply sealer to the threads of the original
bolts.

Position the driveshaft flange yoke on the36. Confirm the total preload.
pinion flange with the index marks aligned and

• Using an inch-pound torque wrench, check install the new bolts.
the torque to rotate the pinion. The reading
must be higher than the initial reading
(taken without the differential case installed)
by the amount shown, with new bearings
installed as recommended.

• If the total preload is too high, remove an
equal amount of differential bearing shims
from each differential case hub. If the total
preload is too low, add an equal amount of
differential bearing shims to each differential
case hub.
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205-02A-16 205-02A-16Rear Drive Axle/Differential — Dana 60 and 70

DISASSEMBLY AND ASSEMBLY (Continued)

42. Install the remaining bolts. Tighten the bolts40. CAUTION: Clean both flat surfaces
alternately and evenly.(differential housing and differential housing

cover) with a suitable solvent to remove all • Tighten Grade 5 bolts to 47 Nm (35 lb-ft).
traces of oil film. • Tighten Grade 8 bolts to 61 Nm (45 lb-ft).

CAUTION: Install the differential • Allow 1-hour cure time before filling the
housing cover within 15 minutes of applying axle with the correct amount of specified
the silicone, or it will be necessary to apply lubricant.
new sealant.

NOTE: The differential housing cover uses
silicone rubber sealant as a gasket.

Apply a continuous bead of silicone sealant, of
the specified thickness, to the differential
housing cover.

43. Fill the axle with the specified type and amount
of lubricant. For additional information, refer to
Specifications in this section.

44. NOTE: If installed, remove the safety stands
from under the frame rails.

Lower the vehicle.41. Place two bolts into the differential housing
cover at the 8 o’clock and 2 o’clock positions.
Install the differential housing cover.

• Use the two bolts to position the differential
housing cover on the differential housing.
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205-02A-1 205-02A-1Rear Drive Axle/Differential — Dana 60 and 70

DISASSEMBLY AND ASSEMBLY

Differential Case and Ring Gear —
Conventional

Special Tool(s)

Puller, Drive Pinion/Differential
Carrier
205-D036 (D81L-4220-A) or
equivalent

Material 2. NOTE: Use a vise with brass jaws or wood
Item Specification blocks.

Premium Long-Life ESA-M1C75-B Place the differential case in a vise.
Grease
XG-1-C

3. CAUTION: Do not damage the
SAE 75W-140 High WSL-M2C192-A anti-lock speed sensor ring when removing
Performance Rear Axle

the ring gear. If the anti-lock speed sensorLubricant
ring is removed, a new one must be installed.F1TZ-19580-B (Model 70

Trailer Towing axles) NOTE: Whenever removing the ring gear bolts,
80W-90 Premium Rear WSP-M2C197-A always install new bolts upon assembly. Use
Axle Lubricant Grade 9 bolts for service replacement for all
XY-80W90-QL (Model Dana rear axles.60/70 axles)

Remove the bolts on the ring gear. Leave fourThreadlock and Sealer WSK-M2G351-A5
bolts loosely assembled, 90 degrees apart.E0AZ-19554-AA

Disassembly

1. NOTE: Differential bearing shims are available
in thicknesses of 0.762, 0.787, 0.813, 0.838,
0.864, 0.889, and 0.914 mm (0.030, 0.031,
0.032, 0.033, 0.034, 0.035, and 0.036 inch).

NOTE: If differential bearing shims are
damaged, install new ones.

NOTE: Install new differential bearings
whenever they are removed from the rear axle
differential carrier.

Using the special tools, remove the differential
bearings.

• Wire the differential bearing shims,
differential bearing cup, differential bearing
and outboard selective spacer together. Note
from which side they were removed (ring
gear side or opposite side).

Copyright  2003, Ford Motor Company
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205-02A-2 205-02A-2Rear Drive Axle/Differential — Dana 60 and 70

DISASSEMBLY AND ASSEMBLY (Continued)

4. Tap each bolt head alternately with a rawhide 7. Using a drift, remove the differential pinion
or plastic hammer to loosen the ring gear. shaft.
Remove the bolts and the ring gear.

8. To remove the differential side gears and the
5. If required, remove the anti-lock speed sensor differential pinion gears, rotate the differential

ring with a soft-faced hammer. Discard the side gears. The differential pinion gears will
anti-lock speed sensor ring. turn to the opening of the differential case.

6. NOTE: Use a vise with brass jaws or wood 9. Remove the differential pinion gears and the
blocks. differential pinion thrust washers behind the

differential pinion gears.Place the differential case in a vise. Using a
small drift, drive out the differential pinion

10. Lift out the differential side gears and theshaft lock pin that secures the differential
differential side gear thrust washers.pinion shaft.

Assembly

1. NOTE: Use a vise with brass jaws or wood
blocks.

Place the differential case in a vise.

2. Apply grease to the new differential side gear
thrust washers and to the thrust face of the new
differential side gears.
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205-02A-3 205-02A-3Rear Drive Axle/Differential — Dana 60 and 70

DISASSEMBLY AND ASSEMBLY (Continued)

3. Apply grease to the new differential pinion
thrust washers and the new differential pinion
gears.

4. Lubricate the differential side gears and
differential pinion gears with the specified
lubricant.

8. Assemble the differential pinion shaft lock pin.
Peen the metal of the differential case over the
differential pinion shaft lock pin in two places,
180 degrees apart, to lock in place. Note the
location of the slot in the differential pinion
shaft lock pin and peen 90 degrees away.

5. Assemble both differential side gears and
differential side gear thrust washers. Hold the
assembly in place by hand, then assemble the
differential pinion gears and differential side
gear thrust washers to hold the differential side
gears in  place.

6. NOTE: Rotate the differential side gears until
the holes of the differential side gear thrust
washers and the differential pinion gears line up
with the holes of the differential case. If the
differential pinion gears cannot be rotated by
hand,  install one of the axle shafts into the
spline of the differential side gear and use a
pipe wrench to turn the axle shaft.

Using a drift, line up the holes with those of
the differential case.

7. Assemble the differential pinion shaft and drive
on the differential pinion shaft to remove the
drift. Align the lock pin hole of the differential
pinion shaft with the lock pin hole of the
differential case.
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205-02A-4 205-02A-4Rear Drive Axle/Differential — Dana 60 and 70

DISASSEMBLY AND ASSEMBLY (Continued)

9. NOTE: The tab on the anti-lock speed sensor
ring must be aligned with the slot in the
differential case.

Align the tab in the anti-lock speed sensor ring
with the slot in the differential case. Start the
two ring gear bolts through the differential case
flange into the ring gear to make sure the
differential case and the ring gear bolt hole
align.

11. Apply threadlock to the new ring gear bolts.

12. Install and tighten the Grade 9 ring gear bolts
alternately and evenly.

13. NOTE: For additional information, refer to
Differential Case and Pinion Set Up in this
section.

Install the differential bearings.

10. Press the anti-lock speed sensor ring on the
differential case. The differential case flange
acts as a pilot for the anti-lock speed sensor
ring.
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205-02A-1 205-02A-1Rear Drive Axle/Differential — Dana 60 and 70

DISASSEMBLY AND ASSEMBLY
DisassemblyDifferential Case and Ring Gear —

Model 60, Limited Slip
NOTE: When refilling the axle with lubricant, first
add 21 C.L. (7 ounces) of friction modifier.

Special Tool(s)

Limited Slip Preload Tool 1. NOTE: It is not necessary to remove the
205-D060 (D83T-4205-C1) or differential bearings to overhaul the limited-slip
equivalent (Part of Limited Slip differential.
Rotating Tool 205-DS059 )

NOTE: In most cases it is possible to
disassemble the unit without removing the
differential ring gear, which saves the cost of
new bolts.

Rotating Handle
If necessary, remove the differential ring gear.205-D062 (D83T-4205-C3) or

equivalent (Part of Limited Slip
Rotating Tool 205-DS059 )

Step Plate
205-D061 (D83T-4205-C2) or
equivalent (Part of Limited Slip
Rotating Tool 205-DS059 )

Material
2. NOTE: An axle shaft held in a vise, with the

Item Specification shaft splines extending not more than three
Additive Friction Modifier EST-M2C118-A inches above the vise jaws, makes an excellent
XL-3 holding fixture for the differential case.
Premium Long Life ESA-M1C75-B Using a small drift, remove the differential
Grease

pinion shaft lock pin.XG-1-C

SAE 75W-140 High WSL-M2C192-A
Performance Rear Axle
Lubricant
XY-75W140-QL (Model
70 Trailer Towing axles)
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205-02A-2 205-02A-2Rear Drive Axle/Differential — Dana 60 and 70

DISASSEMBLY AND ASSEMBLY (Continued)

3. Using a hammer and drift, remove the 6. CAUTION: Do not overtighten the
differential pinion shaft. special tool. Overtightening can damage the

rear axle disc and plate kit.

Tighten the special tool enough to move the
differential side gears away from the differential
pinion gears and relieve the normal loaded
condition.

4. Position the special tool in the bottom
differential side gear bore.

• Apply a small amount of grease to the
special tool’s centering hole.

7. Using a 0.762-mm (0.030-inch) thick piece of
shim or gauge stock, push the differential
pinion thrust washers out from behind the
differential pinion gears, and remove them.

5. Screw the special tool into the Step Plate.
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205-02A-3 205-02A-3Rear Drive Axle/Differential — Dana 60 and 70

DISASSEMBLY AND ASSEMBLY (Continued)

8. NOTE: Carrying out this step releases pressure
from the rear axle disc and plate kit.

Loosen the special tool.

11. Hold the top differential side gear and rear axle
disc and plate kit in the differential case, and
remove the special tool.

9. NOTE: When attempting to rotate the
differential side gears, tighten or loosen the
special tool as necessary to permit gear
movement.

Tighten the special tool until the differential
pinion gears move slightly.

12. Continue to hold the differential side gear and
the rear axle disc and plate kit, and remove the
special tool.

10. Insert the special tool into the differential
pinion shaft bore. Rotate the differential case to
position the differential pinion gears in the large
differential case openings. Remove the
differential pinion gears.
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205-02A-4 205-02A-4Rear Drive Axle/Differential — Dana 60 and 70

DISASSEMBLY AND ASSEMBLY (Continued)

13. Remove the top differential side gear and the 16. Inspect the following components.
rear axle disc and plate kit. • The clutch plates and clutch discs for

cracks, excessive wear, and distortion. Install
an entirely new stack of clutch plates and
discs on both sides if discarding one or
more of the clutch plates or clutch discs.

• The differential pinion shaft and the
differential case for excessive wear and
pitting.

• The differential side gear and differential
pinion gear teeth.

Assembly

1. CAUTION: Always install an entirely
14. Turn the differential case so that the flange or new stack of clutch plates and discs on both

differential ring gear side is facing upward. sides if discarding one or more of the clutch
Ease the special tool, differential side gear and plates or clutch discs.
rear axle disc and plate kit out of the

Soak the clutch packs for 20 minutes in frictiondifferential case.
modifier.

15. CAUTION: Keep the stack of clutch
2. CAUTION: Assemble the rear axleplates and clutch discs in the exact order as

disc and plate kits to the differential sideremoved.
gears in exactly the same order as removed.

Remove the retainer clips from both rear axle
Prelubricate the differential side gear thrustdisc and plate kits to allow separation of the
faces, and assemble the clutch plates and clutchclutch discs and clutch plates for cleaning and
discs onto the differential side gears.inspection.
• Prelubricate each part of both stacks with

rear axle lubricant or with friction modifier.

3. Assemble the retainer clips to the clutch plate
ears. Both clips must seat completely onto the
clutch plate ears.
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205-02A-5 205-02A-5Rear Drive Axle/Differential — Dana 60 and 70

DISASSEMBLY AND ASSEMBLY (Continued)

4. NOTE: Hold the rear axle disc and plate kit to
keep it from falling out of the differential case.

Install the rear axle disc and plate kit and
differential side gear in the differential case.

• The rear axle disc and plate kit must stay
assembled to the differential side gear
splines. The retainer clips must seat
completely in the differential case pocket.

8. Position the differential case onto the holding
fixture.

5. Install the bottom differential clutch pack and
differential side gear in the differential case.

• The rear axle disc and plate kit must stay
assembled to the differential side gear
splines. The retainer clips must seat
completely in the differential case pocket.

9. Position both differential pinion gears opposite
6. Install the special tool. one another in the differential case. Align the

differential pinion gear holes with each other.• Apply a small amount of grease to the
Hold the differential pinion gears in place byspecial tool’s centering hole.
hand.

7. Screw the special tool into the Step Plate.
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205-02A-6 205-02A-6Rear Drive Axle/Differential — Dana 60 and 70

DISASSEMBLY AND ASSEMBLY (Continued)

10. Tighten the special tool enough so that the
differential side gears move away from the
differential pinion gears and relieve the loaded
condition.

13. NOTE: During assembly, the differential pinion
thrust washer and the differential pinion gear
holes must align exactly with those in the
differential case.

Assemble the differential pinion thrust washers
11. NOTE: Slightly loosen or tighten the special into the differential case.

tool to apply the necessary load to allow the
• Use a very small screwdriver to push thedifferential side gears and differential pinion

washers into place.gears to rotate.

While holding the differential pinion gears in
place, insert the special tool into the differential
pinion shaft bore. Rotate the differential case
until the holes of both differential pinion gears
align with those in the differential case.

14. Remove all the tools from the differential case.

15. Install the differential pinion shaft.

12. CAUTION: Do not overtighten the
special tool. Overtightening can damage the
rear axle disc and plate kit.

Tighten the special tool enough to allow
clearance to assemble the differential pinion
thrust washers.
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205-02A-7 205-02A-7Rear Drive Axle/Differential — Dana 60 and 70

DISASSEMBLY AND ASSEMBLY (Continued)

16. Install the differential pinion shaft lock pin.

17. If removed, install the differential ring gear.

• Tighten the Grade 9 bolts to 176 Nm (130
lb-ft).
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205-02A-1 205-02A-1Rear Drive Axle/Differential — Dana 60 and 70

DISASSEMBLY AND ASSEMBLY

Differential Case and Ring Gear —
Model 70, Limited Slip

Material

Item Specification

Additive Friction Modifier EST-M2C118-A
XL-3

Premium Long Life ESA-M1C75-B
Grease
XG-1-C

80W-90 Premium Rear WSP-M2C197-A
Axle Lubricant
XY-80W90-QL 4. Place the differential assembly on a bench.

Disassembly
5. Remove the bolts and the button half of the

differential case.
NOTE: When refilling the axle with lubricant, first
add 0.163 L (5.5 ounces) of friction modifier.

1. Match-mark the differential case.

1 Match-mark the differential case flange
(ring gear) and button (cover) halves.

2 Match-mark the differential pinion shafts
and corresponding ramps.

6. Remove the differential side gear, side gear
ring, rear axle disc and plate kit, differential
pinion gears, and the differential pinion shafts.
Keep these parts in order for correct installation
by placing them aside with the button half of
the  differential case.

2. If necessary, remove the differential ring gear.

3. NOTE: An axle shaft held in a vise, with the
shaft splines extending not more than three
inches above the vise jaws, makes an excellent
holding fixture for the differential case.

Loosen, but do not remove the bolts.
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205-02A-2 205-02A-2Rear Drive Axle/Differential — Dana 60 and 70

DISASSEMBLY AND ASSEMBLY (Continued)

7. Remove the side gear ring and the rear axle
disc and plate kit from the flange half of the
differential case. Keep these parts in order by
placing them on the pinion flange as shown.

3. CAUTION: After assembly, make sure
that the side gear splines engage the clutch
pack splines and the differential side gear is
fully seated.

Install the side gear ring, the rear axle disc and8. Inspect the following components:
plate kit, and the side gear in the flange half of

• The clutch plates and clutch discs for the differential case.
cracks, excessive wear, and distortion.
Always install an entirely new rear axle disc
and plate kit on both sides if discarding one
or more of the clutch plates or clutch discs.

• The differential pinion shafts and the ramp
surfaces on the differential case for
excessive wear or pitting.

• The differential side gear and differential
pinion gear teeth.

• The differential side gear races that bear on
the differential side gear rings.

Assembly
Item Part Number Description

1. Soak the clutch packs for 20 minutes in friction 1 4204 Differential case (flange half)
modifier before assembly. 2 — Clutch plate (part of 4880)

3 — Dished clutch disc2. Place the side gear ring on the pinion flange.
 (part of 4880)

Coat the rear axle disc and plate kit with
4 — Side gear ring (part of 4880)lubricant and place it on the side gear ring.
5 4236 Differential side gear

• Use rear axle lubricant or friction modifier.
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205-02A-3 205-02A-3Rear Drive Axle/Differential — Dana 60 and 70

DISASSEMBLY AND ASSEMBLY (Continued)

4. NOTE: For vehicles operating at close to their 5. CAUTION: Align the match marks
GVW rating, typically emergency vehicles and made during disassembly.
vehicles equipped with a fifth wheel, there may

Place the differential pinion shaft andbe circumstances of continuing chatter/bumping
differential pinion gears in the button half ofin turns despite the installation of new parts and
the differential case.lubricant.  In cases such as this, it is

permissible to reassemble the rear axle disc and
plate kit with the clutch disc adjacent to the
differential side gear ring, resulting in two
clutch plates together. This results in three
friction surfaces instead of the  normal five,
lowering the torque to rotate the wheel by 40
percent.

Align the clutch pressure plate lugs, and install
the side gear ring, the clutch pack, and
differential side gear in the button half of the
differential case.

6. CAUTION: Align the match marks
made during disassembly.

Install the other differential pinion shaft and
differential pinion gears in the flange half of the
differential case.

Item Part Number Description

1 4204 Differential case (button half)

2 — Clutch plate (part of 4880)

3 — Dished clutch disc
 (part of 4880)

4 — Side gear ring (part of 4880)

5 4236 Differential side gear
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205-02A-4 205-02A-4Rear Drive Axle/Differential — Dana 60 and 70

DISASSEMBLY AND ASSEMBLY (Continued)

7. CAUTION: Align the match marks
made during disassembly.

Assemble the differential case.

1 Place the button half of the differential case
onto the flange half of the differential case
assembly.

2 CAUTION: The bolts must be
clean and dry.

Install the bolts. Turn each one in a few
threads.

3 Tighten the bolts evenly and alternately.
8. If assembled correctly, each differential pinion

shaft will fit tight on its ramp. Clearance
between the differential pinion shaft and the
ramp must not be more than 0.254 mm (0.010
inch) and it must be equal at all four ends of
the  differential pinion shafts.

9. If removed, install the differential ring gear.

• Tighten the Grade 9 bolts to 176 Nm (130
lb-ft).
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205-02B-1 205-02B-1Wheel Hubs and Bearings — Full Floating Axle — Dana

Torque Specifications
SPECIFICATIONS

Description Nm lb-ft lb-in
General Specifications

NOTE: Torque specifications are for clean, dirt- and
Item Specification paint-free, dry bolt and nut threads. Never use oil or

grease on studs or nuts.Lubricants and Sealants
Axle shaft boltsa 133 98 —Premium Long-Life ESA-M1C75-B

Grease XG-1-C or Hub nut (back off 90 95 70 —
XG-1-K (US); CXG-1-C degrees, then retighten) 24 18 —
(Canada)

Maximum hub rotating 2.3 — 20
torqueb

Rear disc brake bolts 104 77 —

a Apply thread sealer to bolts.
b Final adjustment is 0 mm (0 in.) end play.
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205-02B-1 205-02B-1Wheel Hubs and Bearings — Full Floating Axle — Dana

DESCRIPTION AND OPERATION

Wheel Hubs and Bearings
The rear hub is supported or floats on the axle
spindle on 2 opposed tapered roller bearings. The
rear hub is retained on the spindle by a ratcheting
nut that is tabbed to a slot on the spindle. A seal is
installed inboard of the inner rear  wheel bearing to
keep the rear axle and wheel bearing lubricant from
the brake components. The full-floating rear axles
on E-350 vehicles have the brake discs mounted
outboard of the rear hub, permitting brake disc
removal for brake inspection  without the need to
remove the rear hub.

Wheel Hubs and Bearings

Item Part Number Description Item Part Number Description

9 1175 Hub seal1 4234 Axle shaft

2 — O-ring (part of 4234) The rear wheel bearings are packed with a
3 1124 Hub nut lithium-based grease, Premium Long-Life Grease
4 1240 Outer rear wheel bearing XG-1-C or equivalent meeting Ford specification

ESA-M1C75-B, to provide initial lubrication until5 1239 Rear wheel bearing outer cup
axle lubricant flows into the rear hubs and rear6 1109 Rear hub
wheel  bearing inner cone and rollers during vehicle7 1243 Rear wheel bearing inner cup
operation.

8 1244 Inner rear wheel bearing
(Continued)
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205-02B-1 205-02B-1Wheel Hubs and Bearings — Full Floating Axle — Dana

DIAGNOSIS AND TESTING

Wheel Hubs and Bearings
Refer to Section 205-00.
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205-02B-1 205-02B-1Wheel Hubs and Bearings — Full Floating Axle — Dana

REMOVAL AND INSTALLATION

Axle Shaft

Removal and Installation

1. Remove the axle shaft bolts.

• Place a drain pan under the rear hub.

2. Remove the axle shaft.

3. Inspect the following components:

• The rear axle shaft gasket for damage,
install new gasket as necessary.

• The axle shaft for cracks around the bolt
holes.
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205-02B-2 205-02B-2Wheel Hubs and Bearings — Full Floating Axle — Dana

REMOVAL AND INSTALLATION (Continued)

4. NOTE: If the original bolts are being reused,
apply a suitable thread adhesive to the bolts. 

NOTE: Torque specifications are the same for
SRW or DRW vehicles. 

To install, reverse the removal procedure.

• Tighten to 133 Nm (98 lb-ft).
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205-02B-1 205-02B-1Wheel Hubs and Bearings — Full Floating Axle — Dana

REMOVAL AND INSTALLATION

Hub

Special Tool(s)

Socket, Wheel Hub Nut (Dana
70 only)
205-282 (T88T-4252-A)

Removal

1. Remove the tire and wheel assembly. For
additional information, refer to Section 204-04.

2. Remove the anchor plate. For additional
information, refer to Section 206-04.

5. Remove the outer rear wheel bearing.

3. Remove the axle shaft. For additional
information, refer to Axle Shaft in this section.

6. Remove the rear hub and brake disc assembly.

4. NOTE: Make sure that the drive tangs on the
special tool engage the 4 slots of the hub nut.

Using the special tool, remove the hub nut.
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205-02B-2 205-02B-2Wheel Hubs and Bearings — Full Floating Axle — Dana

REMOVAL AND INSTALLATION (Continued)

7. Remove the bolts and separate the rear hub
from the rear brake disc.

3. CAUTION: Thoroughly clean the
spindle. Wrap the spindle threads with
electrician’s tape to prevent damage while

8. Inspect the rear hub for the following: installing the rear hub and brake disc
• Cracks and damage around the bolt holes. assembly.

• Oversized holes. CAUTION: Lightly coat the spindle
and pack each rear wheel bearing withInstallation
Premium Long-Life Grease XG-1-C or
equivalent meeting Ford specification

1. WARNING: Install a new rear hub ESA-M1C75-B.
seal after removing the rear hub from the Prepare the spindle for rear hub installation.
axle. A damaged or worn seal can permit
bearing lubricant to reach the brake linings,
resulting in ineffective brake operation.
Failure to follow these instructions may
result in  personal injury.

CAUTION: Clean and remove any dirt
or foreign material in the rear hub bolt
holes.

Install a new rear hub seal. For additional
information, refer to Wheel Bearings, Wheel
Hub Seal and Wheel Bearing Cups in this
section.

2. Position the rear brake disc on the rear hub and 4. Slide the rear hub and brake disc assembly over
install the bolts. the axle housing spindle.
• Tighten to 104 Nm (77 lb-ft). • Remove the electrician’s tape.
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205-02B-3 205-02B-3Wheel Hubs and Bearings — Full Floating Axle — Dana

REMOVAL AND INSTALLATION (Continued)

5. Install the outer rear wheel bearing.

8. Back off the nut 90 degrees.

6. Start the hub nut making sure that the tab 9. Tighten the nut.
aligns correctly in the keyway prior to thread • Tighten to 24 Nm (18 lb-ft).
engagement.

• To verify that there is no side-to-side end
play, attach a magnetically mounted dial
indicator to the spindle end and place the
dial indicator tip on the outboard surface of
the hub. Check for side-to-side end play.

• Final bearing adjustment has zero end play.
The maximum torque to rotate the hub is
2.3 Nm (20 lb-in) when end play is zero.

7. NOTE: The following hub nut tightening
sequence will prevent side-to-side end play of
the hub and brake disc assembly.

NOTE: Apply inward pressure to the socket to
separate the ratcheting components of the hub
nut.

To adjust the bearings, tighten the nut to 95
Nm (70 lb-ft).
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205-02B-4 205-02B-4Wheel Hubs and Bearings — Full Floating Axle — Dana

REMOVAL AND INSTALLATION (Continued)

10. Install the axle shaft. For additional
information, refer to Axle Shaft in this section.

12. Install the tire and wheel assembly. For
additional information, refer to Section 204-04.

11. Install the anchor plate. For additional
information, refer to Section 206-04.
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205-02B-1 205-02B-1Wheel Hubs and Bearings — Full Floating Axle — Dana

REMOVAL AND INSTALLATION
RemovalWheel Bearings, Wheel Hub Seal and

Wheel Bearing Cups
1. Remove the rear hub and brake disc assembly.

For additional information, refer to Hub in thisSpecial Tool(s)
section.

Adapter for 303-224 (Handle)
205-153 (T80T-4000-W) 2. Remove the rear hub seal and the inner rear

wheel bearing.

• Discard the rear hub seal.

Drawbar, Rear Axle
205-098 (T75T-1176-A)

Installer, Rear Wheel Hub
Bearing Cup
205-278 (T88T-1175-C)

3. If not done previously, remove the bolts and
separate the rear hub from the brake disc.

Remover, Rear Wheel Hub
Bearing Cup
205-275 (T88T-1175-A)

Remover, Rear Wheel Hub
Bearing Cup
205-277 (T88T-1175-B)

4. Clean all the old grease and axle lubricant out
of the rear hub.Installer, Rear Wheel Hub

Bearing Cup
205-100 (T75T-1225-B)
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205-02B-2 205-02B-2Wheel Hubs and Bearings — Full Floating Axle — Dana

REMOVAL AND INSTALLATION (Continued)

5. Remove the inner and outer bearing cups.

1 Use special tools 205-277 and 205-153 to
remove the inner bearing cup.

2 Use special tools 205-275 and 205-153 to
remove the outer bearing cup.

6. Clean the following components:

• The rear axle housing spindle.

• All the old grease and axle lubricant from
the rear hub.

• The rear wheel bearings and cups.

Installation7. Inspect the bearing races and rollers for pitting,
galling or erratic wear patterns. Check the
rollers for end wear. Discard the bearings, if 1. Using the special tools 205-098, 205-100 and
necessary. 205-278, install the inner and outer bearing

cups.1 A typical new bearing roller.
• Check to see if a 0.038 mm (0.0015 inch)2 A worn bearing roller.

feeler gauge can be inserted between the
cups and the rear hub at any point around
each cup. Reseat the bearing cups, if
necessary.

2. Install the inner rear wheel bearing in the rear
hub.
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205-02B-3 205-02B-3Wheel Hubs and Bearings — Full Floating Axle — Dana

REMOVAL AND INSTALLATION (Continued)

3. Install a new rear hub seal.

• Use a suitable seal installer.

5. Install the rear hub and brake disc assembly.
For additional information, refer to Hub in this
section.

4. Position the rear brake disc on the rear hub and
install the bolts.

• Tighten to 104 Nm (77 lb-ft).
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205-02C-1 205-02C-1Rear Drive Axle/Differential — Ford 8.8-Inch Ring Gear

General Specifications (Continued)
SPECIFICATIONS

Item Specification
General Specifications

Differential case 0.076 mm (0.003 in)
Item Specification maximum runout

Lubricants and Sealantsa Maximum axle shaft end 0.762 mm (0.030 in)
playSAE 75W-140 High WSL-M2C192-A

Performance Rear Axle Pinion maximum runout 0.25 mm (0.010 in) T.I.R.
Lubricant

RABS sensor air gap 0.127-1.143 mmXY-75W140-QL
(0.005-0.045 in)

Additive Friction Modifier EST-M2C118-A
a If fluid is required, replace the original FEHPXL-3

lubricant with 75W-140. Remove the old tag and
Premium Long-Life ESA-M1C75-B install a new tag.
Grease XG-1-C

Silicone Rubber ESB-M4G92-A or
Torque SpecificationsD6AZ-19562-AA ESE-M4G195-A

Description Nm lb-ft lb-inThreadlock and Sealer WSK-M2G351-A5
E0AZ-19554-AA Loctite Differential bearing cap 105 77 —

boltBacklash Specifications
Differential pinion 30 22 —Backlash between ring 0.203-0.304 mm
shaft lock boltgear and pinion teeth (0.008-0.012 in)

Oil filler plug 30 22 —Ring gear maximum 0.102 mm (0.004 in)
backlash variation Differential housing 45 33 —
between teeth cover bolts
Rotational Torque Ranges Driveshaft flange bolts 112 83 —
Pinion bearing preload 1.8-3.3 Nm (16-29 lb-in) Shock absorber bolts 70 52 —
Handle 2.2 Nm (20 lb-in) Differential clutch 6.7 — 60

gauge nutLubricant Capacity
Initial minimum 27 20 —Conventional Axle 2.72L (5.75 pints)
breakaway torque6.4-14.3 mm (0.25-0.56

in) from bottom of fill Rear spring plate nuts 115 85 —
hole

Ring gear bolts 105 77 —
Traction-Lok Axle 2.60L (5.5 pints)

Brake hose junction 18 14 —6.4-14.3 mm (0.25-0.56
blockin) from bottom of fill

hole Brake hose retainer 7 — 62
boltAdditive Friction Modifier 118 ml (4 ounces)

Clearance Specifications
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205-02C-1 205-02C-1Rear Drive Axle/Differential — Ford 8.8-Inch Ring Gear

DESCRIPTION AND OPERATION

Rear Drive Axle and Differential
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205-02C-2 205-02C-2Rear Drive Axle/Differential — Ford 8.8-Inch Ring Gear

DESCRIPTION AND OPERATION (Continued)

Item Part Number Description Item Part Number Description

35 389546-S100 Pinion nut1 — Rear axle identification tag
(part of 4001) 36 1225 Rear wheel bearing

2 4346 Differential housing cover 37 1177 Wheel bearing oil seal
bolt

38 2209 Park brake assembly
3 4033 Differential housing cover

39 W709286-S436 Nut
4 4241 Differential pinion shaft lock

40 4234 Axle shaftbolt
41 1107 Wheel stud5 4N237 U-washer
42 W709226 Bolt (part of 2209)6 4230 Differential pinion thrust

washer 43 — Retainer clip (part of 4001)

7 4215 Differential pinion gear 44 4A324 Rear axle differential clutch
shim8 4211 Differential pinion shaft

45 — Steel plate (part of 4947)9 4236 Differential side gear
46 — Clutch disc (part of 4947)10 4228 Differential side gear thrust

washer 47 4214 Differential clutch spring

11 4067 Differential bearing shim 48 4947 Differential clutch pack

12 4222 Differential bearing cup 49 2C026 Brake disc

13 4221 Differential bearing The rear axle assembly has the following features:
14 4216 Ring gear bolt

• An integral-type housing hypoid gear design15 4204 Differential case
(center of the pinion set below the centerline of

16 4B409 Anti-lock ring
the ring gear).

17 4209 Differential ring gear and
• The hypoid ring gear and pinion consists of a ringpinion

gear and an overhung drive pinion which is18 4663 Drive pinion bearing
supported by two opposed tapered roller bearings.adjustment shim

19 4630 Pinion bearing — (inner) • Pinion bearing preload is maintained by a
collapsible spacer on the differential pinion shaft20 4628 Axle pinion bearing cup —

(inner) and adjusted by the pinion nut.
21 —  Bearing cap and bolt • The rear axle housing consists of a cast center

 (part of 4010) section with two steel tube assemblies and a
22 391998-S100 Sensor bolt stamped differential housing cover.
23 9E731 Rear anti-lock brake system • The differential housing cover uses silicone

(RABS) sensor sealant as a gasket.
24 4A001 Vent hose

• The differential pinion shaft is retained by a
25 4022 Rear axle housing vent threaded differential pinion shaft lock bolt

 26 — Brake junction block assembled to the differential case.
 (part of 4022)

• The differential case is mounted in the rear axle27 4010 Rear axle housing
housing between two opposing differential

28 390943-S100 Filler plug bearings that are retained in the rear axle housing
29 4616 Pinion bearing cup — (outer) by removable bearing caps.
30 4662 Drive pinion collapsible • SAE 75W-140 High Performance Rear Axlespacer

Lubricant.
31 4621 Pinion bearing — (outer)

• Differential bearing preload and ring gear32 4670 Rear axle drive pinion shaft
backlash are adjusted by differential bearing shimsoil slinger
located between the differential bearing cups and33 4676 Rear axle drive pinion seal
the rear axle housing.

34 4851 Pinion flange
(Continued)
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205-02C-3 205-02C-3Rear Drive Axle/Differential — Ford 8.8-Inch Ring Gear

DESCRIPTION AND OPERATION (Continued)

• Rear axle identification is on an embossed metal
tag bolted to the differential housing cover. Refer
to Section 205-00.
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205-02C-1 205-02C-1Rear Drive Axle/Differential — Ford 8.8-Inch Ring Gear

DIAGNOSIS AND TESTING

4 Has the driveline system been repairedRear Drive Axle and Differential
before or new components installed?

Special Tool(s)
X Check the vehicle service record. Note

Dial Indicator Gauge with any repairs other than driveline, such as
Holding Fixture brakes or suspension.
100-002 (TOOL-4201-C) or

5 Are there any special conditions affectingequivalent
the concern or will alter the concern? For
example:

X road speed.

X type of road.Gauge, Clutch Housing
308-021 (T75L-4201-A)

X drive mode.

X temperature.

X vehicle loaded or unloaded.

6 Is the condition constant or intermittent?
Can the concern be duplicated at any time?

7 Check for TSBs, SSM and OASISInspection and Verification
messages.

The technician should have a thorough knowledge
2. NOTE: If the inspection reveals an obviousof driveline system operation and accepted general

concern, repair the vehicle.driveline guidelines to detect any problems.
Do a preliminary investigation. Visually inspectA gear driven unit will produce a certain amount of
for obvious signs of damage.noise. Some noise is acceptable and audible at

certain speeds or under various driving conditions. 1 Inspect the driveshaft:
Certain conditions, such as road conditions and

X for buildup of any foreign material.
weather, will amplify normal vehicle noise.

X for damage, such as a bent tube or
Certain rear axle and driveline concern symptoms missing weights.
are also common to the engine, transmission, rear

X U-joints or flex couplers for wear orwheel bearings and tire. For this reason, be sure the
damage.cause of the concern is in the axle before repairing

or installing any axle components. 2 Inspect the axle:

The following is a guide to diagnose a driveline X for signs of leakage at the drain or fill
concern: plug, differential seal, vent or halfshaft

seals.
• Verify and document the customer concern.

— a plugged vent will cause a leak.
• Carry out a preliminary investigation.

X for damage, such as cracks, bent
• Road test the vehicle. halfshafts or dented rear cover.
• Find the cause of the problem.

X for missing fasteners.
• Inspect the components. 3 Inspect other suspect components/systems:
1. Verify and document the customer concern.

X inspect the halfshaft assemblies for
1 When was it first noticed? damaged CV joints or torn CV boots.
2 Did it appear suddenly or gradually? X inspect the suspension for broken springs,

damaged shock absorbers and worn3 Did anything unusual occur that would
suspension bushings.coincide with it or precede it?

X inspect the rear brake components —
lines, cables and calipers.
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205-02C-2 205-02C-2Rear Drive Axle/Differential — Ford 8.8-Inch Ring Gear

DIAGNOSIS AND TESTING (Continued)

Diagnostic Routine Chart (Continued)X inspect the tires; are they in good
condition and do they match? Condition Action

3. NOTE: A road test is necessary for any • Axle noise • GO to Diagnostic
customer concern of noise or vibration. (chatter/shudder)a in Routine — Noise

tight turn, limited slip (Chatter/Shudder) InRoad test the vehicle. differential Tight Turns, Limited
Slip Differential1 During the road test, use the following

driving methods to diagnose the problem. Is • Axle noise (whine)a in • GO to Diagnostic
the concern most noticeable: all or more than one Routine — Noise

drive mode (Whine) In All Or More
X from a stop? Than One Drive Modes
X on shifts from REVERSE to DRIVE? • Axle noise (tick/click)a • GO to Diagnostic

in all or more than one Routine — NoiseX on turns?
drive mode (DRIVE, (Tick/Click) In All Or

— sweeping type turn. CRUISE, COAST) More Than One Drive
Modes— tight turn (to the stop).

• Axle noise • GO to Diagnostic
X in DRIVE?

(howl/moan)a in all or Routine — Noise
— accelerating the vehicle, definite more than one drive (Howl/Moan) In All Or

mode (DRIVE, More Than One Drivethrottle depression, applying engine
CRUISE, COAST) Modestorque?

• Axle noise (clunk)a on • GO to Diagnostic
X in CRUISE?

changes in speed or Routine — Noise
— maintain a constant speed with the direction of power (Clunk) On Changes In

Speed Or Direction Ofthrottle applied?
Power

X in COAST?
• Vibration • For driveline vibration

— decelerating with the throttle closed? diagnostics, REFER to
Section 100-04 2 Record when the concern occurs. Write

down the kph (mph) range at which the
noise/vibration occurs. a. Refer to Section 100-04 for a glossary of

noise-related terms.4. Find the cause of the problem.
5. NOTE: If the conclusion of the road test points1 Compare the inspection and road test results

to an axle center section (ring and pinion orwith the following chart.
differential case) concern, carry out a visual2 Use the following diagnostic routine chart
inspection of the axle.to identify the probable cause and know
Inspect the axle components.what corrective actions should be taken to

repair the component/vehicle, and to prevent 1 Remove the differential housing cover.
a reoccurrence. Drain the axle lubricant through a white

cloth. Check the fluid for:
Diagnostic Routine Chart

X any foreign material.
Condition Action

X metal particles.
• Fluid loss • GO to Diagnostic

X burnt odor.Routine — Fluid Loss

2 NOTE: When inspecting the axle, do not• Noise louder on turns • GO to Diagnostic
(sweeping turn) Routine — Noise clean the components immediately. Cleaning

Louder On Turns may remove diagnostic evidence.
(Sweeping)

Inspect the axle components.
• Axle noise (growl)a in • GO to Diagnostic

X Look for:tight turn Routine — Noise
(Growl) In Tight Turn — loose fasteners.
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205-02C-3 205-02C-3Rear Drive Axle/Differential — Ford 8.8-Inch Ring Gear

DIAGNOSIS AND TESTING (Continued)

— notches or visible steps or grooves — notches or visible steps or grooves
created by wear. created by wear.

— pitting or cracking along gear contact — pitting or cracking along gear contact
lines. lines.

— scuffing or deformations. — scuffing or deformations.

— discolorations. — discolorations.

— nicks or ridges on gear teeth. — nicks or ridges on gear teeth.

X Clean the axle components for inspection. X Check backlash and carry out a ring and
pinion pattern test. Refer to Checking— Remove as much lubricant as
Differential Ring Gear Backlash andpossible with clean solvent. Wipe the
Checking Tooth Contact Pattern andcomponents or blow them dry with
Condition of the Ring and Pinion in thiscompressed air.
section.

X Re-inspect for:

— loose fasteners.

Diagnostic Routines

Diagnostic Routine — Fluid Loss

Possible Component Reference/Action

• Vent • CLEAN the axle vent.

• Overfilled axle • CHECK the lubricant level for specific amount. 

• Fill plug • CLEAN the area around the plug. REMOVE the plug.
APPLY pipe sealant and INSTALL the plug. 

• Halfshaft oil seal • INSTALL a new halfshaft oil seal. 

• Pinion seal • INSTALL a new pinion seal. 

• Differential housing cover • RESEAL the differential housing cover. 

• Pinion nut • INSTALL a new pinion nut.

Diagnostic Routine — Noise Louder On Turns (Sweeping)

Possible Component Reference/Action

• Wheel end bearing • CHECK the wheel end bearing for wear or damage.
INSTALL a new bearing.

Diagnostic Routine — Noise (Growl) In Tight Turn, Conventional Differential

Possible Component Reference/Action

• Differential side gears and differential pinion gears • DISASSEMBLE the differential carrier. INSPECT the
differential case assembly. INSTALL new side gears
and differential pinion gears or case assembly.

Diagnostic Routine — Noise (Chatter/Shudder) In Tight Turns, Limited Slip Differential

Possible Component Reference/Action

• Clutch pack • ADD 4 oz. of friction modifier and RE-VERIFY.
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205-02C-4 205-02C-4Rear Drive Axle/Differential — Ford 8.8-Inch Ring Gear

DIAGNOSIS AND TESTING (Continued)

Diagnostic Routine — Noise (Chatter/Shudder) In Tight Turns, Limited Slip Differential (Continued)

Possible Component Reference/Action

• VERIFY the condition. With the vehicle in cold startup,
MAKE SURE that the vehicle is in rear wheel drive
(RWD), to isolate the rear axle. TURN the wheel fully
right (or fully left) and then ACCELERATE the
vehicle. CHECK axle end play. If end  play is over
specification, REMOVE and INSTALL new clutch
packs. If the condition is verified to be in the rear axle,
REMOVE and INSTALL new clutch packs.

Diagnostic Routine — Noise (Whine) In All Or More Than One Drive Modes

Possible Component Reference/Action

• Axle ring and pinion • REMOVE and INSTALL a new ring gear, pinion and
bearings. 

Diagnostic Routine — Noise (Tick/Click) In All Or More Than One Drive Modes

Possible Component Reference/Action

• Axle ring and pinion • REMOVE and INSTALL a new ring gear, pinion and
bearings. 

Diagnostic Routine — Noise (Howl/Moan) In All Or More Than One Drive Modes

Possible Component Reference/Action

• Axle bearings • INSPECT differential and pinion bearings. INSTALL
new bearings.

Diagnostic Routine — Noise (Clunk) On Changes In Speed Or Direction Of Power

Possible Component Reference/Action

• Axle and pinion system • MEASURE total backlash. If end play and total
backlash are within specification, INSTALL a new
differential case assembly. 

• Differential pinion shaft • INSTALL a new differential pinion shaft and pin. 

• Pinion bearings • INSTALL new pinion and differential bearings and
bearing cups. 

Diagnostic Routine — Vibration

Possible Component Reference/Action

• For additional information on driveline vibration, REFER to Section 100-04.

Checking Differential Ring Gear
Backlash
1. Remove the differential housing cover.
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205-02C-5 205-02C-5Rear Drive Axle/Differential — Ford 8.8-Inch Ring Gear

DIAGNOSIS AND TESTING (Continued)

Item Description2. Using a suitable dial indicator and the special
tool, measure and record the differential ring 2 Toe
gear backlash in 4 opposing points on the ring
gear.

Apply a marking compound to 1/3 of the gear teeth
on the differential ring gear. Rotate the differential
ring gear several complete turns in both directions
until a good, clear tooth pattern is obtained.
Compare the contact patterns on the ring  gear teeth
with the following illustrations.

Good Contact Pattern

Pattern inspection allows the technician to detect
gross errors in set up prior to complete assembly of
the differential assembly. Pattern contact should be
within the primary area of the ring gear tooth
section. Avoid narrow or hard contact  with the
outer perimeter of the ring gear tooth. Pattern
inspection should be on the drive side of the tooth.Checking Tooth Contact Pattern and

Condition of the Ring and Pinion Correct assembly of the drive pattern will result in
satisfactory coast performance.There are 2 basic types of conditions that will

produce ring and pinion noise. The first type is a NOTE: If a gross pattern error is detected with the
howl or chuckle produced by broken, cracked, correct backlash, check the pinion shim selection.
chipped, scored or forcibly damaged gear teeth and

Good Contact Patternis usually quite audible over the entire speed  range.
The second type of ring and pinion noise pertains to
the mesh pattern of the gear pattern. This gear noise
can be recognized as it produces a constant pitch or
whine. Ring and pinion noise tends to peak in a
narrow speed range or ranges and  will tend to
remain constant in pitch.

NOTE: In the following steps, the movement of the
contact pattern along the length is indicated as
toward the ‘‘heel’’ or ‘‘toe’’ of the differential ring
gear.

Item Description

1 Heel
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205-02C-6 205-02C-6Rear Drive Axle/Differential — Ford 8.8-Inch Ring Gear

DIAGNOSIS AND TESTING (Continued)

Low Contact Pattern That Is Contacting Thick Contact Pattern That Is Contacting
More Toward the Heel Tooth Toward the Heel
Gross Pattern Error  Gross Pattern Error

High, Thin Contact Pattern In the Center Of Thick Contact Pattern That Is Contacting
the Tooth Tooth Toward the Toe
Gross Pattern Error Gross Pattern Error
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205-02C-1 205-02C-1Rear Drive Axle/Differential — Ford 8.8-Inch Ring Gear

IN-VEHICLE REPAIR

Axle Shaft 7. CAUTION: Do not damage the rubber
O-ring in the axle shaft groove.

Material Remove the U-washer.
Item Specification 1 Push the axle shaft inward.

Premium Long-Life ESA-M1C75-B 2 Remove the U-washer.
Grease
XG-1-C

SAE 75W-140 High WSL-M2C192-A
Performance Rear Axle
Lubricant
XY-75W140-QL

Removal

1. With the vehicle in NEUTRAL, position it on a
hoist. For additional information, refer to
Section 100-02.

2. Remove the rear wheel and tire assembly. For
additional information, refer to Section 204-04.

8. CAUTION: Do not damage the wheel
3. Remove the differential housing cover and drain bearing oil seal.

the lubricant. For additional information, refer Remove the axle shaft.
to Differential Housing Cover in this section.

4. CAUTION: Never allow the rear disc
brake caliper to hang from the brake hose.
Provide suitable support.

Remove the brake caliper. For additional
information, refer to Section 206-04.

5. Remove the rear disc anchor plate and disc. For
additional information, refer to Section 206-04.

6. Remove the differential pinion shaft.

1 Remove and discard the differential pinion
shaft lock bolt. Installation

2 Remove the differential pinion shaft.

1. Lubricate the lip of the wheel bearing oil seal
with grease.

Copyright  2003, Ford Motor Company
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205-02C-2 205-02C-2Rear Drive Axle/Differential — Ford 8.8-Inch Ring Gear

IN-VEHICLE REPAIR (Continued)

2. CAUTION: Do not damage the wheel
bearing oil seal.

Install the axle shaft.

5. Install the rear disc and anchor plate. For
additional information , refer to Section 206-04.

6. Install the brake caliper. For additional
information, refer to Section 206-04.

3. CAUTION: Do not damage the rubber
O-ring in the U-washer groove. 7. Install the differential housing cover and fill the

rear axle housing with the specified lubricant.Install the U-washer.
For additional information, refer to Differential1 Position the U-washer in the groove of the
Housing Cover in this section.axle shaft.

2 Pull the axle shaft outward. 8. WARNING: Always remove any
corrosion, dirt or foreign material present on
the mounting surfaces of the wheel or the
surface of the wheel hub that contacts the
wheel. Installing wheels without proper
metal-to-metal contact at the wheel mounting
surfaces  can cause the lug nut to loosen and
the wheel to come off while the vehicle is in
motion, causing loss of control.

Clean the wheel hub and mounting surfaces.

9. Install the rear wheel and tire assembly. For
additional information, refer to Section 204-04.

4. Install the differential pinion shaft.

1 Align the hole in the differential pinion
shaft with the case lock bolt hole.

2 Install a new differential pinion shaft lock
bolt.
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205-02C-1 205-02C-1Rear Drive Axle/Differential — Ford 8.8-Inch Ring Gear

IN-VEHICLE REPAIR
RemovalRear Wheel Bearing and Axle Shaft

Seal
1. Remove the axle shaft. For additional

information, refer to Axle Shaft in this section.Special Tool(s)

Remover, Axle Bearing 2. NOTE: If the wheel bearing oil seal is leaking,
205-193 (T83T-1225-A) the axle housing vent may be plugged.

Using the special tools, remove the rear axle
bearing and wheel bearing oil seal.

Installer, Axle Oil Seal
205-190 (T83T-1175-A)

Adapter For 303-224 (Handle)
205-153 (T80T-4000-W)

Installation

1. Lubricate the new rear wheel bearing with rear
Slide Hammer axle lubricant.
100-001 (T50T-100-A)

2. Use the special tools to install the rear wheel
bearing.

Installer, Axle Bearing
205-194 (T83T-1225-B)

Material

Item Specification

Premium Long-Life ESA-M1C75-B
3. Lubricate the lip of the new wheel bearing oilGrease

seal with grease.XG-1-C

SAE 75W-140 High WSL-M2C192-A
Performance Rear Axle
Lubricant
XY-75W140-QL

Copyright  2003, Ford Motor Company
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205-02C-2 205-02C-2Rear Drive Axle/Differential — Ford 8.8-Inch Ring Gear

IN-VEHICLE REPAIR (Continued)

4. Using the special tools, install the wheel 5. Install the axle shaft. For additional
bearing oil seal. information, refer to Axle Shaft in this section.
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205-02C-1 205-02C-1Rear Drive Axle/Differential — Ford 8.8-Inch Ring Gear

IN-VEHICLE REPAIR

4. Mark the driveshaft flange and pinion flange forDrive Pinion Flange
correct alignment during installation.

Special Tool(s)

2-Jaw Puller
205-D072 (D97L-4221-A) or
equivalent

Holding Fixture, Drive Pinion
Flange
205-126 (T78P-4851-A)

5. Remove and discard the four bolts.

Installer, Drive Pinion Flange
205-002 (TOOL-4858-E) or
equivalent

Material

Item Specification

SAE 75W-140 High WSL-M2C192-A
Performance Rear Axle
Lubricant
XY-75W140-QL

Removal

1. With the vehicle in NEUTRAL, position it on a
hoist. For additional information, refer to
Section 100-02.

2. Remove the rear wheel and tire assemblies. For
additional information, refer to Section 204-04.

3. CAUTION: Remove the brake calipers
to prevent brake drag during drive pinion
bearing preload adjustment.

CAUTION: Never allow the rear disc
brake caliper to hang from the brake hose.
Provide suitable support.

Remove the disc brake calipers. For additional
information, refer to Section 206-04.
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205-02C-2 205-02C-2Rear Drive Axle/Differential — Ford 8.8-Inch Ring Gear

IN-VEHICLE REPAIR (Continued)

6. CAUTION: The driveshaft centering
socket yoke fits tightly on the rear axle
pinion flange pilot. Never hammer on the
driveshaft or any of its components to
disconnect the yoke from the flange. Pry only
in the area shown with a suitable tool to
disconnect the yoke from the flange.

Using a suitable tool as shown, disconnect the
driveshaft centering socket yoke from the rear
axle pinion flange.

• Position the driveshaft out of the way.

9. Mark the axle pinion flange in relation to the
drive pinion stem to make sure of correct
alignment during installation.

7. Install a Nm (inch-pound) torque wrench on the
pinion nut and record the torque required to
maintain rotation of the pinion through several
revolutions.

10. Using the special tool, remove the pinion
flange.

8. CAUTION: After removal of the
pinion nut, discard it. A new nut must be

Installationused for installation.

Use the special tool to hold the pinion flange
1. Lubricate the pinion flange splines with rearwhile removing the pinion nut.

axle lubricant.
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205-02C-3 205-02C-3Rear Drive Axle/Differential — Ford 8.8-Inch Ring Gear

IN-VEHICLE REPAIR (Continued)

2. NOTE: Disregard the scribe marks if a new 5. CAUTION: Under no circumstances is
pinion flange is being installed. the pinion nut to be backed off to reduce

preload. If reduced preload is required, aAlign the pinion flange with the drive pinion
new collapsible spacer and pinion nut mustshaft.
be installed.

Using the special tool to hold the pinion flange,
tighten the pinion nut.

• Rotate the pinion occasionally to make sure
the bearings are seating correctly.

• Install a Nm (inch-pound) torque wrench on
the pinion nut.

• Rotating the pinion through several
revolutions, take frequent bearing torque
preload readings until the original recorded
preload reading is obtained.

• If the original recorded preload is lower
than specifications, tighten to the appropriate3. With the drive pinion in place in the rear axle
specifications for used bearings. If thehousing, install the pinion flange using the
preload is higher than specification, tightenspecial tool.
the nut to the original reading as recorded.
For additional  information, refer to Torque
Specifications in this section.

4. Position the new pinion nut.

6. Position the rear driveshaft and align the marks
on the pinion flange.
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IN-VEHICLE REPAIR (Continued)

7. CAUTION: The driveshaft centering
socket yoke fits tightly on the rear axle
pinion flange pilot. To make sure that the
yoke seats squarely on the flange, tighten the
bolts evenly in a cross pattern as shown.

Install the new bolts and tighten to
specification.

8. Install the disc brake calipers. For additional
information, refer to Section 206-04.

9. Install the rear wheel and tire assemblies. For
additional information, refer to Section 204-04.
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205-02C-1 205-02C-1Rear Drive Axle/Differential — Ford 8.8-Inch Ring Gear

IN-VEHICLE REPAIR

Drive Pinion Seal

Special Tool(s)

Installer, Drive Pinion Oil Seal
205-208 (T83T-4676-A)

Material

Item Specification 4. Discard the seal.
Premium Long-Life ESA-M1C75-B

InstallationGrease
XG-1-C

1. Lubricate the new rear axle drive pinion sealRemoval with grease.

1. Remove the pinion flange. For additional 2. CAUTION: If the rear axle drive
information, refer to Drive Pinion Flange in this pinion seal becomes misaligned during
section. installation, remove the rear axle drive

pinion seal and install a new seal.
2. Using a screwdriver, force the metal flange of

Using the special tool, install the rear axle drivethe rear axle drive pinion seal up and strike it
pinion seal.with a hammer.

3. Install the pinion flange. For additional3. Install gripping pliers and remove the seal.
information, refer to Drive Pinion Flange in this
section.
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205-02C-1 205-02C-1Rear Drive Axle/Differential — Ford 8.8-Inch Ring Gear

IN-VEHICLE REPAIR

2. Apply a new continuous bead of sealant to theDifferential Housing Cover
differential housing cover.

Material

Item Specification

Clear Silicone Rubber ESB-M4G92-A
D6AZ-19562-AA

Additive Friction Modifier EST-M2C118-A
XL-3

SAE 75W-140 High WSL-M2C192-A
Performance Rear Axle
Lubricant
XY-75W140-QL

Removal

1. With the vehicle in NEUTRAL, position it on a 3. NOTE: The differential housing cover must be
hoist. installed within 15 minutes of application of the

silicone, or the surface must be recleaned and2. Remove the differential housing cover.
new sealant applied. If possible, allow one hour

1 Remove the 10 differential housing cover before filling with lubricant to make sure the
bolts and drain the lubricant from the rear silicone  sealant has correctly cured.
axle housing.

Position the differential housing cover on the
2 Remove the differential housing cover. rear axle.

1 Install the differential housing cover.

2 Install the 10 differential housing cover
bolts.

Installation

1. CAUTION: Make sure the machined
surfaces on both the rear axle housing and
the differential housing cover are clean and
free of oil before installing the new silicone
sealant. The inside of the rear axle must be
covered when cleaning the machined  surface
to prevent contamination.

Clean the gasket mating surface of the rear axle
and the differential housing cover.
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IN-VEHICLE REPAIR (Continued)

4. CAUTION: For Traction-Lok axles,
first fill the rear axle with 118 ml (4 oz) of
friction modifier.

NOTE: Service refill capacities are determined
by filling the rear axle to the level shown.

Fill the rear axle with the specified rear axle
lubricant and install the filler plug. For
additional information, refer to Specifications in
this section.
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205-02C-1 205-02C-1Rear Drive Axle/Differential — Ford 8.8-Inch Ring Gear

IN-VEHICLE REPAIR
Special Tool(s)Drive Pinion

Adapter For 205-S127
205-129 (T79P-4020-A18)Special Tool(s)

Adapter For 205-S127
205-105 (T76P-4020-A3)

Adapter For 205-S127
205-130 (T79P-4020-A19)

Puller, Bearing
205-D064 (D84L-1123-A) or
equivalent

Adapter For 205-S127
205-111 (T76P-4020-A11)

Plate, Bearing Oil Seal
205-090 (T75L-1165-B)

Handle
205-D055 (D81L-4000-A) or
equivalent

Holding Fixture, Drive Pinion
Flange
205-126 (T78P-4851-A)

Adapter For 303-224 (Handle)
205-153 (T80T-4000-W)

Installer, Drive Pinion Flange
205-002 (TOOL-4858-E) or
equivalent

Installer, Drive Pinion Bearing
Cone
205-005 (T53T-4621-C)

Adapter For 205-S127
205-110 (T76P-4020-A10)

Installer, Drive Pinion Bearing
Cup
205-024 (T67P-4616-A)

(Continued)

(Continued)
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205-02C-2 205-02C-2Rear Drive Axle/Differential — Ford 8.8-Inch Ring Gear

IN-VEHICLE REPAIR (Continued)

Special Tool(s)

Protector, Drive Pinion Thread
205-460

Installer, Drive Pinion Oil Seal
205-208 (T83T-4676-A)

3. Remove and discard the four bolts.

Adapter For 205-S127
205-109 (T76P-4020-A9)

Material

Item Specification

Premium Long-Life ESA-M1C75-B
Grease
XG-1-C

4. CAUTION: The driveshaft centeringSAE 75W-140 High WSL-M2C192-A
socket yoke fits tightly on the rear axlePerformance Rear Axle
pinion flange pilot. Never hammer on theLubricant

XY-75W140-QL driveshaft or any of its components to
disconnect the yoke from the flange. Pry only

Removal in the area shown with a suitable tool to
disconnect the yoke from the flange.

1. Remove the differential case. For additional Using a suitable tool as shown, disconnect the
information, refer to Differential Case in this driveshaft centering socket yoke from the rear
section. axle pinion flange.

• Position the driveshaft out of the way.2. Mark the driveshaft flange and the pinion
flange for correct alignment during installation.
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IN-VEHICLE REPAIR (Continued)

5. Install a Nm (inch-pound) torque wrench on the 8. NOTE: Remove the collapsible spacer and
pinion nut and record the torque required to discard it.
maintain rotation of the pinion through several Using the special tool, remove the pinion
revolutions. bearing.

6. Remove the pinion flange and pinion nut. For 9. NOTE: Do not remove the pinion bearing cups
additional information, refer to Drive Pinion from the housing unless the cups are damaged.
Flange in this section.

Using a brass drift, remove the pinion bearing
cups by tapping alternately on opposite sides of7. Using a soft-faced hammer and the special tool,
the cups.drive the pinion assembly out of the front

bearing cone and remove it through the rear of
the housing.

• Remove the rear axle drive pinion seal. For
additional information, refer to Drive Pinion
Seal in this section.

• Remove the rear axle drive pinion shaft oil
slinger.
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IN-VEHICLE REPAIR (Continued)

Installation

1. NOTE: This step and the following step show
the preferred method for installing the pinion
bearing cups. An alternate method is shown
following these two steps.

Position the special tools and the inner and
outer bearing cups in their respective bores.

1 After placing the inner and outer bearing
cups in their bores, place the special tool
(inner) on the inner pinion bearing cup.

2 Place the special tool (outer) on the outer
4. Using the special tools, drive the inner pinionpinion bearing cup.

bearing cup into the axle housing.3 Install the special tool.

5. CAUTION: Whenever new cups are2. Tighten the special tool to seat the pinion
installed, new pinion bearings must also bebearing cups into their bores.
installed.

NOTE: If a feeler gauge can be inserted
between a cup and the bottom of its bore at any
point around the cup, the cup is not correctly
seated.

Make sure the cups are correctly seated in their
bores.

3. NOTE: The following two steps are alternate
methods for installing the pinion bearing cups.

Using the special tools, drive the outer pinion
bearing cup into the rear axle housing.
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IN-VEHICLE REPAIR (Continued)

6. NOTE: Apply only a light oil film on the Item Part Number Description
pinion bearings before assembling the tool. 7 205-105 Adapter for 205-S127 (1.612

(T76P-4020-A3) inch O.D.)Assemble and position the special tools.
8 4010 Rear axle housing

9 205-111 Adapter for 205-S127
(T76P-4020-
A11)

7. NOTE: This step duplicates final pinion
bearing preload.

Tighten the special tool to the specification
shown.

8. NOTE: The special tool must be offset to
obtain an accurate reading.

Rotate the special tool several half-turns to
make sure of correct seating of the pinion

Item Part Number Description bearings and position the special tool.
1 4621 Pinion bearing (outer)

2 205-109 Adapter for 205-S127
(T76P-4020-A9)

3 4630 Pinion bearing (inner)

4 205-129 Adapter for 205-S127 (1.1884
(T79P-4020- inch thick)
A18)

5 205-110 Adapter for 205-S127 (1.7
(T76P-4020- inch thick)
A10)

6 205-130 Adapter for 205-S127 (3.063
(T79P-4020- inch O.D.)
A19)

(Continued)

2004 E-Series, 12/2003 



205-02C-6 205-02C-6Rear Drive Axle/Differential — Ford 8.8-Inch Ring Gear

IN-VEHICLE REPAIR (Continued)

9. Install the special tool. 11. Using the special tools, press the pinion bearing
and pinion shim firmly on the pinion.1 Position the special tool.

2 Install the differential side bearing caps.

3 Install the four differential side bearing cap
bolts.

12. Place a new drive pinion collapsible spacer
against the pinion stem shoulder.

10. NOTE: Drive pinion bearing adjustment shims
must be flat and clean.

NOTE: A slight drag should be felt for correct
shim selection. Do not attempt to force the
pinion shim between the Gauge Block and the
Gauge Tube.

Use a drive pinion bearing adjustment shim as a
gauge for shim selection.

• After the correct shim thickness has been
determined, remove the special tool.
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IN-VEHICLE REPAIR (Continued)

13. CAUTION: Installation without the
correct tool can result in early seal failure. If
the rear axle drive pinion seal becomes
cocked during installation, remove it and
install a new one.

Install a new rear axle drive pinion seal.

1 Install the front pinion bearing.

2 Install the rear axle drive pinion shaft oil
slinger in the rear axle housing.

3 Install the rear axle drive pinion seal on the
special tool.

16. Lubricate the pinion flange splines with rear
axle lubricant.

17. NOTE: Disregard the scribe marks if a new
pinion flange is being installed.

Align the pinion flange with the drive pinion
shaft.

14. NOTE: Coat the lips of the rear axle drive
pinion seal with grease.

Using the special tool, drive the rear axle drive
pinion seal into place.

18. With the drive pinion in place in the rear axle
housing, install the pinion flange using the
special tool.

15. From inside the rear axle housing, install the
drive pinion assembly (drive pinion, shims, rear
bearing, and drive pinion collapsible spacer)
into the rear axle bore.
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IN-VEHICLE REPAIR (Continued)

19. Position the new pinion nut. 21. Position the rear driveshaft and align the marks
on the pinion flange.

20. CAUTION: Under no circumstances is
the pinion nut to be backed off to reduce 22. CAUTION: The driveshaft centering
preload. If reduced preload is required, a socket yoke fits tightly on the rear axle
new collapsible spacer and pinion nut must pinion flange pilot. To make sure that the
be installed. yoke seats squarely on the flange, tighten the

bolts evenly in a cross pattern as shown.Using the special tool to hold the pinion flange,
tighten the pinion nut. Install the new bolts and tighten to

specification.• Rotate the pinion occasionally to make sure
the bearings are seating correctly.

• Install a Nm (inch-pound) torque wrench on
the pinion nut.

• Rotating the pinion through several
revolutions, take frequent bearing torque
preload readings until the original recorded
preload reading is obtained.

• If the original recorded preload is lower
than specifications, tighten to the appropriate
specifications for used bearings. If the
preload is higher than specification, tighten
the nut to the original reading as recorded.
For additional  information, refer to Torque
Specifications in this section.
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IN-VEHICLE REPAIR (Continued)

23. Install the differential case in the rear axle
differential. For additional information, refer to
Differential Case in this section.
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IN-VEHICLE REPAIR
MaterialDifferential Case

Item Specification

Special Tool(s) SAE 75W-140 High WSL-M2C192-A
Performance Rear Axle

2-Jaw Puller Lubricant
205-D072 (D97L-4221-A) or XY-75W140-QL
equivalent

Stud and Bearing Mount WSK-M2G349-A1
E0AZ-19554-BA

Removal and Installation

Dial Indicator with Holding 1. CAUTION: Reinstall the differential
Fixture pinion shaft and the bolt in the differential
100-002 (TOOL-4201-C) or

case after removing the axle shafts.equivalent
Remove the axle shafts. For additional
information, refer to Axle Shaft in this section.

2. Wipe the lubricant from the internal working
Gauge, Clutch Housing parts and inspect the parts for wear and
308-021 (T57L-4201-A)

damage.

3. Rotate the differential assembly to check for
roughness indicating bearing or gear damage.

Installer, Differential Shim
205-220 (T85L-4067-AH)

Installer, Differential Side
Bearing
205-010 (T57L-4221-A2)

Step Plate
205-D016 (D80L-630-5) or
equivalent
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205-02C-2 205-02C-2Rear Drive Axle/Differential — Ford 8.8-Inch Ring Gear

IN-VEHICLE REPAIR (Continued)

4. Using a suitable dial indicator and the special
tool, measure and record the differential ring
gear backlash at four evenly spaced sections of
the ring gear.

7. Remove the bolts.

5. CAUTION: Mark the position of the
bearing caps, as the arrows may not be
visible. Always install the bearing caps in
their identical locations and positions. 

Remove the bearing caps.

1 Remove the bolts.

2 Remove the bearing caps.

8. CAUTION: Do not damage the
differential ring gear bolt hole threads.

CAUTION: If removing the anti-lock
speed sensor ring, discard it, and install a
new anti-lock speed sensor ring during
installation.

Insert a punch in the bolt holes, and drive off
the differential ring gear and, if necessary, the
anti-lock speed sensor ring.

6. WARNING: Do not allow the
differential assembly to fall.

CAUTION: Place a wood block
between the pry bar and the differential
housing to protect the machined surface.

Using a pry bar and a wood block, remove the
differential assembly from the differential
housing.
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IN-VEHICLE REPAIR (Continued)

9. If the differential ring gear backlash variation 12. Measure and note the differential case runout.
between teeth measurement, taken at the • If the runout does not exceed the
beginning of this procedure, did not exceed the specification, install a new differential ring
specification, proceed to the appropriate gear and pinion. For additional information,
procedure as necessary:  Drive Pinion, refer to Drive Pinion in this section and to
Differential Case and Ring Gear — Installation in this procedure.
Conventional or  Differential Case and Ring

• If the runout exceeds the specification, theGear — Traction-Lok in this section, or to
differential ring gear is true and the concernInstallation in this procedure. If the differential
is due to either differential case orring gear backlash variation between teeth
differential bearing damage. Proceed asmeasurement, taken at the  beginning of this
follows.procedure, exceeded the specification, the cause

may be a warped differential ring gear,
differential case or differential bearing damage.
Proceed as follows to verify the cause of the
excessive variation.

10. Position the differential assembly, including the
differential bearing cups and differential bearing
shims, in the differential housing. Install the
bearing caps and the bolts.

13. Using the special tools, remove the differential
bearings.

11. Position the special tool.

1 Rotate the differential case to verify that the
differential bearings have seated correctly.

2 Position the special tool.
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IN-VEHICLE REPAIR (Continued)

14. Using the special tool, install the new 17. Measure the differential case runout.
differential bearings. • If the runout does not exceed the

specification, use the new differential
bearings for assembly.

• If the runout exceeds the specification,
install a new differential case. For additional
information, refer to Differential Case and
Ring Gear — Conventional or  Differential
Case and Ring Gear — Traction-Lok in
this section.

15. Position the differential assembly, including the
differential bearing cups and differential bearing
shims in the differential housing. Tighten
bearing caps to specification.

Installation

All axles

1. Position the differential ring gear, the anti-lock
speed sensor ring, and the differential case.
Align the bolt holes by starting two bolts
through the holes in the differential case and
the differential ring gear. Press the new
anti-lock speed  sensor ring, if removed, and16. Position the special tool.
the differential ring gear on the differential1 Rotate the differential case to verify that the
case.differential bearings have seated correctly.

2 Position the special tool.
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IN-VEHICLE REPAIR (Continued)

2. Install the bolts. 5. CAUTION: Always install the bearing
caps in their identical locations and positions.• Apply stud and bearing mount to the bolt

threads. NOTE: Apply pressure toward the left side to
make sure the left differential bearing cup seats
correctly.

Install the left bearing cap and loosely install
the bolts.

3. With the pinion depth set and pinion installed,
place the differential assembly in the
differential housing.

6. Install progressively larger differential bearing
shims on the right side until the largest shim
selected can be installed by hand.

4. Install a differential bearing shim on the left
side.
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205-02C-6 205-02C-6Rear Drive Axle/Differential — Ford 8.8-Inch Ring Gear

IN-VEHICLE REPAIR (Continued)

Measuring backlash7. Install the right side bearing cap and tighten the
left side and right side bolts to specification.

9. Using the special tools, measure and note the
differential ring gear backlash.

• If backlash is within the specification, refer
to Backlash Within Specification in this
procedure. The specification shown is the
full allowable range. For the preferred range,
refer to Specifications in this section.

• If a zero backlash condition occurs, refer to
Zero Backlash in this procedure.

• If backlash is not within the specification,
refer to Backlash Not Within Specification
in this procedure.

8. Rotate the differential case to make sure it turns Backlash Change Thickness Change
Required Requiredfreely.

mm Inch mm Inch

0.025 0.001 0.050 0.002

0.050 0.002 0.050 0.002

0.076 0.003 0.101 0.004

0.101 0.004 0.152 0.006

0.127 0.005 0.152 0.006

0.152 0.006 0.203 0.008

0.177 0.007 0.254 0.010

0.203 0.008 0.254 0.010

0.228 0.009 0.304 0.012

0.254 0.010 0.355 0.014

0.279 0.011 0.355 0.014

0.304 0.012 0.406 0.016

0.330 0.013 0.457 0.018

0.335 0.014 0.457 0.018

0.381 0.015 0.508 0.020
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205-02C-7 205-02C-7Rear Drive Axle/Differential — Ford 8.8-Inch Ring Gear

IN-VEHICLE REPAIR (Continued)

Zero backlash 12. Rotate the differential assembly several times to
verify that the differential bearings seated
correctly.10. If a zero backlash condition occurs, add 0.51

mm (0.020 inch) to the RH side and subtract
0.51 mm (0.020 inch) from the LH side to
allow backlash indication. Measure the
backlash. Refer to Measuring Backlash in this
procedure.

13. Using the special tools, recheck the backlash.

• If backlash is within the specification, refer
to Backlash Within Specification in this
procedure. If backlash is not within the
specification, repeat Backlash Not Within

Backlash not within specification Specification in this procedure.

• The specification shown is the full allowable
11. To increase or decrease backlash, remove the range. For the preferred range, refer to

bearing caps and install a thicker shim and a Specifications in this section.
thinner shim accordingly.

• If backlash is not within the specification,
increase the thickness of one differential
bearing shim and decrease the thickness of
the other differential bearing shim by the
same amount.

Backlash within specification

14. Remove the bolts and the bearing caps.
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205-02C-8 205-02C-8Rear Drive Axle/Differential — Ford 8.8-Inch Ring Gear

IN-VEHICLE REPAIR (Continued)

15. To establish differential bearing preload,
increase both left and right differential bearing
shim sizes by the specification shown.

18. Using the special tools, recheck the backlash.

• The specification shown is the full allowable
range. For the preferred range, refer to
Specifications in this section.

16. Using the special tool, fully seat the differential
bearing shims. Make sure the assembly rotates
freely.

19. Install the axle shafts. For additional
information, refer to Axle Shaft in this section.

17. Install the bearing caps and bolts.
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205-02C-1 205-02C-1Rear Drive Axle/Differential — Ford 8.8-Inch Ring Gear

IN-VEHICLE REPAIR
Special Tool(s)Differential Ring And Pinion

Holding Fixture, Drive Pinion
FlangeSpecial Tool(s)
205-126 (T78P-4851-A)

Protector, Drive Pinion Thread
205-460 or equivalent

Installer, Drive Pinion Bearing
Cup
205-024 (T67P-4616-A)

Installer, Drive Pinion Oil Seal
205-208 (T83T-4676-A)

Adapter For 205-S127
205-105 (T76P-4020-A3)

Installer, Drive Pinion Flange
205-002 (TOOL-4858-E) or
equivalent

Adapter For 205-S127
205-111 (T76P-4020-A11)

Dial Indicator Gauge With
Bracketry
100-002 (TOOL-4201-C) or
equivalent

Adapter For 205-S127
205-109 (T76P-4020-A9)

Remover, Differential Bearing
205-116 (T77F-4220-B1)

Adapter For 205-S127
205-129 (T79P-4020-A18)

Installer, Differential Shim
205-220 (T85L-4067-AH)

Adapter For 205-S127
205-110 (T76P-4020-A10)

(Continued)

(Continued)
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205-02C-2 205-02C-2Rear Drive Axle/Differential — Ford 8.8-Inch Ring Gear

IN-VEHICLE REPAIR (Continued)

Special Tool(s)

Adapter For 205-S127
205-130 (T79P-4020-A19)

Installer, Drive Pinion Bearing
Cone
205-005 (T53T-4621-C)

2-Jaw Puller
205-D072 (D79L-4221-A1) or
equivalent

Step Plate
205-D016 (D80L-630-5) or
equivalent

Item Part Number Description

1 4670 Oil slinger

2 4621 Outer pinion bearing

Installer, Differential Side 3 4616 Outer pinion bearing cup
Bearing 4 4662 Collapsible spacer
205-010 (T57L-4221-A2)

5 4628 Inner pinion bearing cup

6 4630 Inner pinion bearing

7 4663 Pinion bearing adjustment
shim

8 4209 Drive pinionPlate, Bearing Oil Seal
9 4209 Ring gear205-090 (T75L-1165-B)

10 4221 Differential bearings

11 4222 Differential bearing cups

12 4067 Differential bearing shims

Removal

Material
1. Remove the differential carrier assembly. For

Item Specification additional information, refer to Differential
Motorcraft SAE 75W-140 WSL-M2C192-A Carrier in this section.
High Performance Rear
Axle Lubricant
XY-75W140-QL

Additive Friction Modifier EST-M2C118-A
XL-3
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205-02C-3 205-02C-3Rear Drive Axle/Differential — Ford 8.8-Inch Ring Gear

IN-VEHICLE REPAIR (Continued)

2. Remove the 10 differential ring gear bolts. 5. Using the special tools, remove the differential
bearings.

3. CAUTION: Care should be taken not
6. Index-mark the driveshaft flange and pinionto damage the differential ring gear bolt hole

flange for correct alignment during installation.threads.

Insert a punch in the differential ring gear bolt
holes and drive the differential ring gear off.

7. Remove the 4 driveshaft flange bolts.

4. NOTE: The anti-lock ring cannot be reused
once removed. Remove the anti-lock ring only
if damaged.

If necessary, remove the anti-lock ring.
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205-02C-4 205-02C-4Rear Drive Axle/Differential — Ford 8.8-Inch Ring Gear

IN-VEHICLE REPAIR (Continued)

8. CAUTION: The driveshaft centering
socket yoke fits tightly on the pinion flange
pilot. Never hammer on the driveshaft or
any of its components to disconnect the
driveshaft centering socket yoke from the
pinion flange. Pry only in the area shown
with a  suitable tool to disconnect the
driveshaft centering socket yoke from the
pinion flange.

Using a suitable tool as shown, disconnect the
driveshaft centering socket yoke from the
pinion flange.

• Using mechanic’s wire, position the 11. Force up on the metal flange of the drive
driveshaft aside. pinion seal. Install gripping pliers and strike

with a hammer until the drive pinion seal is
removed.

9. Using the special tool to hold the pinion flange,
remove and discard the pinion nut.

12. Remove the drive pinion shaft oil slinger and
the outer drive pinion bearing.

13. Install the special tool. Using a soft-faced
hammer, drive the pinion assembly out of the
axle housing.

10. Using the special tool, remove the pinion
flange.
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205-02C-5 205-02C-5Rear Drive Axle/Differential — Ford 8.8-Inch Ring Gear

IN-VEHICLE REPAIR (Continued)

14. Using a brass drift, remove the drive pinion 2. Tighten the special tool to seat the drive pinion
bearing cups by tapping alternately on opposite bearing cups into their bores.
sides of the drive pinion bearing cups.

3. NOTE: If a feeler gauge can be inserted
Installation between a drive pinion bearing cup and the

bottom of its bore at any point around the drive
1. Position the special tool and the inner and outer pinion bearing cup, the drive pinion bearing cup

drive pinion bearing cups in their respective is not correctly seated.
bores. Make sure the drive pinion bearing cups are
1 After placing the inner and outer drive correctly seated in their bores.

pinion bearing cups in their bores, place the
special tool (inner) on the inner drive pinion
bearing cup.

2 Place the special tool (outer) on the outer
drive pinion bearing cup.

3 Install the special tool.
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205-02C-6 205-02C-6Rear Drive Axle/Differential — Ford 8.8-Inch Ring Gear

IN-VEHICLE REPAIR (Continued)

4. NOTE: Install new drive pinion bearings
without any additional lubricant since the
anti-rust oil provides adequate lubricant without
upsetting the drive pinion bearing preload
settings. 

Assemble and position the special tools.

6. NOTE: The special tool must be offset to
obtain an accurate reading.

Rotate the special tool several half-turns to
make sure of correct seating of the drive pinion
bearings and position the special tool.

7. Install the special tool.
Item Part Number Description 1 Position the special tool.

1 205-105 Adapter for 205-S127 (1.612 2 Install the differential bearing caps.
inch O.D.) (T76P-4020-A3)

3 Install the 4 differential bearing cap bolts.
2 205-111 Adapter for 205-S127

(T76P-4020-A11) X Tighten to 105 Nm (77 lb-ft).
3 4621 Drive pinion bearing (outer)

4 205-109 Adapter for 205-S127
(T76P-4020-A9)

5 4630 Drive pinion bearing (inner)

6 205-129 Adapter for 105-S127 (1.1884
inch thick) (T79P-4020-A18)

7 205-110 Adapter for 205-S127 (1.7
inch thick) (T76P-4020-A10)

5. NOTE: This step duplicates final drive pinion
bearing preload.

Tighten the special tool.

• Tighten to 2.2 Nm (20 lb-in).

2004 E-Series, 12/2003 



205-02C-7 205-02C-7Rear Drive Axle/Differential — Ford 8.8-Inch Ring Gear

IN-VEHICLE REPAIR (Continued)

8. NOTE: Drive pinion bearing adjustment shims
must be flat and clean.

NOTE: A slight drag should be felt for correct
drive pinion bearing adjustment shim selection.
Do not attempt to force the drive pinion bearing
adjustment shim between the gauge block and
the gauge tube. This will minimize selection of
a drive pinion  bearing adjustment shim thicker
than required, which results in a deep tooth
contact in final assembly of integral axle
assemblies.

Use a drive pinion bearing adjustment shim as a
gauge for drive pinion bearing adjustment shim 11. Install the drive pinion assembly into the axle
selection. housing.
• After the correct drive pinion bearing

adjustment shim thickness has been
determined, remove all of the special tools.

12. Install the outer drive pinion bearing and the
drive pinion shaft oil slinger.

13. Using the special tools, install the drive pinion9. Using the special tool and a shop press, drive
seal.the inner drive pinion bearing and the selected

drive pinion bearing adjustment shim until they
are firmly seated on the pinion shaft.

10. Install a new drive pinion collapsible spacer on
the pinion shaft against the pinion shaft
shoulder.
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205-02C-8 205-02C-8Rear Drive Axle/Differential — Ford 8.8-Inch Ring Gear

IN-VEHICLE REPAIR (Continued)

14. Using the special tools, install the drive pinion 16. Using the special tool, install the new
flange. differential bearings.

17. NOTE: Apply stud and bearing mount to the15. CAUTION: Do not, under any
differential ring gear bolts.circumstance, loosen the drive pinion nut to

reduce pinion bearing preload. If it is Install the differential ring gear bolts.
necessary to reduce the preload, install a new • Tighten to 105 Nm (77 lb-ft).
drive pinion collapsible spacer and drive
pinion nut.

CAUTION: Remove the special tool
while taking rotational pinion bearing
preload checks with the Nm (lb-in) torque
wrench.

Use the special tool to hold the pinion flange
while tightening the pinion nut.

• Rotate the pinion occasionally to make sure
the differential pinion bearings are seating
correctly. Take frequent differential pinion
bearing preload checks by rotating the
differential pinion with a Nm (lb-in) torque
wrench. Tighten the pinion  nut in small 18. Position the differential carrier assembly and
increments to avoid excessive pinion bearing the new differential bearing cups in the
preload. Tighten the pinion nut until the differential housing.
drive pinion bearing preload is in
specification.
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205-02C-9 205-02C-9Rear Drive Axle/Differential — Ford 8.8-Inch Ring Gear

IN-VEHICLE REPAIR (Continued)

19. NOTE: Differential bearing shims are to be 21. Install progressively larger differential bearing
installed with the chamfer facing outboard. shims on the RH side until the largest shim is

installed by hand.Install a differential bearing shim of the shown
dimension on the left side.

22. Install the right side bearing cap and bolts.
Tighten the LH and RH bearing cap bolts.

20. CAUTION: Always install the bearing
• Tighten to 105 Nm (77 lb-ft).caps in their original locations and positions.

NOTE: Apply pressure toward the LH side to 23. Rotate the differential carrier several times to
make sure the left differential bearing cup seats verify the differential bearings have seated
correctly. correctly.
Install the LH bearing cap and loosely install
the bolts.
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205-02C-10 205-02C-10Rear Drive Axle/Differential — Ford 8.8-Inch Ring Gear

IN-VEHICLE REPAIR (Continued)

Backlash Change Thickness Change24. Install the special tools and measure the ring
Required Requiredgear backlash.

mm Inch mm Inch• If the backlash is within specification,
0.254 0.010 0.355 0.014proceed to Step 27.
0.279 0.011 0.355 0.014• If a zero backlash condition occurs, proceed

to Step 25. 0.304 0.012 0.406 0.016

0.330 0.013 0.457 0.018• If the backlash is not within specification,
proceed to Step 26. 0.335 0.014 0.457 0.018

0.381 0.015 0.508 0.020

Differential Shim Size Chart 4067

Dimension AStripes and
mm InchColor Code

2 — C-COAL 7.7978-7.8105 0.3070-0.3075

1 — C-COAL 7.7470-7.7597 0.3050-0.3055

5 — BLU 7.6962-7.7089 0.3030-0.3035

4 — BLU 7.6454-7.6581 0.3010-0.3015

3 — BLU 7.5946-7.6073 0.2990-0.2995

2 — BLU 7.5458-7.5565 0.2970-0.2975
25. If a zero backlash condition occurs, add 0.50 5 — PINK 7.4422-7.4549 0.2930-0.2935

mm (0.020 in) to the RH side shim and subtract
4 — PINK 7.3914-7.4041 0.2910-0.29150.50 mm (0.020 in) from the LH side shim to
3 — PINK 7.3406-7.3533 0.2890-0.2895allow a backlash indication. Go back to Step

24. 2 — PINK 7.2898-7.3025 0.2870-0.2875

1 — PINK 7.2390-7.2517 0.2850-0.2855
26. To correct for high or low backlash, increase

5 — GRN 7.1882-7.2009 0.2830-0.2835the thickness of one differential bearing shim
4 — GRN 7.1374-7.1501 0.2810-0.2815and decrease the thickness of the other

differential bearing shim by the same amount. 3 — GRN 7.0866-7.0993 0.2790-0.2795
Refer to the following tables when adjusting the 2 — GRN 7.0358-7.0485 0.2770-0.2775
backlash. When  the backlash is within

1 — GRN 6.9850-7.0485 0.2750-0.2755specification, proceed to Step 27.
5 — WH 6.9342-6.9469 0.2730-0.2735

Backlash Change Thickness Change 4 — WH 6.8834-6.8961 0.2710-0.2715
Required Required

3 — WH 6.8326-6.8453 0.2690-0.2695
mm Inch mm Inch

2 — WH 6.7818-6.7945 0.2670-0.2675
0.025 0.001 0.050 0.002

1 — WH 6.7310-6.7437 0.2650-0.2655
0.050 0.002 0.050 0.002

5 — YEL 6.6802-6.6929 0.2630-0.2635
0.076 0.003 0.101 0.004

4 — YEL 6.6294-6.6421 0.2610-0.2615
0.101 0.004 0.152 0.006

3 — YEL 6.5786-6.5913 0.2590-0.2595
0.127 0.005 0.152 0.006

2 — YEL 6.5278-6.5405 0.2570-0.2575
0.152 0.006 0.203 0.008

1 — YEL 6.4770-6.4897 0.2550-0.2555
0.177 0.007 0.254 0.010

5 — ORNG 6.4262-6.4389 0.2530-0.2535
0.203 0.008 0.254 0.010

4 — ORNG 6.3754-6.3881 0.2510-0.2515
0.228 0.009 0.304 0.012

3 — ORNG 6.3246-6.3373 0.2490-0.2495
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205-02C-11 205-02C-11Rear Drive Axle/Differential — Ford 8.8-Inch Ring Gear

IN-VEHICLE REPAIR (Continued)

Differential Shim Size Chart 4067 (Continued)

Dimension AStripes and
mm InchColor Code

2 — ORNG 6.2738-6.2865 0.2470-0.2475

1 — ORNG 6.2223-6.2357 0.2450-0.2455

2 — RED 6.1722-6.1849 0.2430-0.2435

1 — RED 6.1214-6.1341 0.2410-0.2415

27. Remove the bearing cap bolts and bearing caps.

28. NOTE: Differential bearing shims are to be
31. Using the special tools, recheck the ring gearinstalled with the chamfer facing outboard.

backlash.To establish differential bearing preload,
increase both LH and RH differential bearing 32. Apply marking compound and rotate the
shim size by the thickness shown. differential assembly 5 complete revolutions.

33. Check for an acceptable pattern.

34. Install the axle shafts. For additional
information, refer to Axle Shaft in this section.

35. CAUTION: Make sure the machined
surfaces on both the axle housing and the
differential housing cover are clean and free
of oil before applying the new silicone
sealant. The inside of the axle must be
covered when cleaning the machined surface
to prevent  contamination.

Clean the gasket mating surface of the axle and29. Using the special tool, fully seat the differential
the differential housing cover.bearing shims. Make sure the assembly rotates

freely.
36. Apply a new, continuous bead of sealant to the

differential housing cover.

30. Install the bearing caps and bolts.

• Tighten to 105 Nm (77 lb-ft).
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205-02C-12 205-02C-12Rear Drive Axle/Differential — Ford 8.8-Inch Ring Gear

IN-VEHICLE REPAIR (Continued)

37. CAUTION: For Traction-Lok axles,
first fill the axle with 118 ml (4 ounces) of
friction modifier.

NOTE: Service refill capacities are determined
by filling the axle with the specified lubricant
to the specified level below the bottom of the
filler hole.

Fill the axle to the level shown with axle
lubricant and install the filler plug.

• Tighten to 30 Nm (22 lb-ft).

39. CAUTION: The driveshaft centering
socket yoke fits tightly on the pinion flange
pilot. To make sure that the driveshaft
centering socket yoke seats squarely on the
pinion flange, tighten the driveshaft flange
bolts evenly in a cross pattern.

Install the driveshaft flange bolts.

• Tighten to 103 Nm (76 lb-ft).

38. Position the driveshaft and align the index
marks on the pinion flange.
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205-02C-1 205-02C-1Rear Drive Axle/Differential — Ford 8.8-Inch Ring Gear

IN-VEHICLE REPAIR
Special Tool(s)Differential Bearings

Adapter For 205-S127
205-109 (T76P-4020-A9)Special Tool(s)

2-Jaw Puller
205-D072 (D79L-4221-A1) or
equivalent

Adapter For 205-S127
205-129 (T79P-4020-A18)

Step Plate
205-D061 (D83T-4205-C2) or
equivalent

Adapter For 205-S127
205-110 (T76P-4020-A10)

Installer, Differential Side
Bearing
205-010 (T57L-4221-A2)

Adapter For 205-S127
205-130 (T79P-4020-A19)

Adapter For 205-S127
205-105 (T76P-4020-A3)

Dial Indicator With Holding
Fixture
100-002 (TOOL-4201-C) or
equivalentAdapter For 205-S127

205-111 (T76P-4020-A11)

Gauge, Clutch Housing
308-021 (T57L-4201-A)

Remover, Differential Bearing
205-116 (T77F-4220-B1)

Shim Driver
205-220 (T85L-4067-AH)

(Continued)

(Continued)
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205-02C-2 205-02C-2Rear Drive Axle/Differential — Ford 8.8-Inch Ring Gear

IN-VEHICLE REPAIR (Continued)

Special Tool(s) Special Tool(s)

Holding Fixture, Drive Pinion Plate, Bearing Oil Seal
Flange 205-090 (T75L-1165-B)
205-126 (T78P-4851-A)

Installer, Drive Pinion Bearing Protector, Drive Pinion Thread
Cone 205-460 or equivalent
205-005 (T53T-4621-C)

Installer, Drive Pinion Bearing Puller, Bearing
Cup 205-D064 (D84L-1123-A) or
205-024 (T67P-4616-A) equivalent

Installer, Drive Pinion Flange
Material205-002 (TOOL-4858-E) or

equivalent Item Specification

Motorcraft SAE 75W-140 WSL-M2C192-A
Synthetic Rear Axle
Lubricant
XL-75W140-QL (US);
CXL-75W140-1L

Installer, Drive Pinion Oil Seal (Canada)
205-208 (T83T-4676-A)

Additive Friction Modifier EST-M2C118-A
XL-3 (US); CXL-3
(Canada)

(Continued)
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205-02C-3 205-02C-3Rear Drive Axle/Differential — Ford 8.8-Inch Ring Gear

IN-VEHICLE REPAIR (Continued)

Item Part Number Description

11 4222 Differential bearing cup

12 4067 Differential bearing shim

Removal

1. Remove the differential carrier assembly. For
additional information, refer to Differential
Carrier in this section.

2. Index-mark the driveshaft flange and pinion
flange for correct alignment during installation.

Item Part Number Description 3. Remove the 4 driveshaft flange bolts.
1 4670 Oil slinger

2 4621 Outer pinion bearing

3 4616 Outer pinion bearing cup

4 4662 Collapsible spacer

5 4628 Inner pinion bearing cup

6 4630 Inner pinion bearing

7 4663 Pinion bearing adjustment
shim

8 4209 Drive pinion

9 4209 Ring gear

10 4221 Differential bearing
(Continued)
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205-02C-4 205-02C-4Rear Drive Axle/Differential — Ford 8.8-Inch Ring Gear

IN-VEHICLE REPAIR (Continued)

4. CAUTION: The driveshaft centering
socket yoke fits tightly on the pinion flange
pilot. Never hammer on the driveshaft or
any of its components to disconnect the
driveshaft centering socket yoke from the
pinion flange. Pry only in the area shown
with a  suitable tool to disconnect the
driveshaft centering socket yoke from the
pinion flange.

Using a suitable tool as shown, disconnect the
driveshaft centering socket yoke from the
pinion flange.

• Using mechanic’s wire, position the 7. Using the special tool, remove the pinion
driveshaft aside. flange.

8. Using a screwdriver, force up the rear axle5. CAUTION: Discard the nut after
drive pinion seal metal flange.removal. Use a new nut during installation.

Use the special tool to hold the pinion flange
while removing the drive pinion nut.

6. Index-mark the pinion flange and the drive
pinion stem for correct alignment during
installation.
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205-02C-5 205-02C-5Rear Drive Axle/Differential — Ford 8.8-Inch Ring Gear

IN-VEHICLE REPAIR (Continued)

9. Using gripping pliers and a hammer, remove 14. Using the special tool and a suitable press,
the axle drive pinion seal. remove the inner pinion bearing.

10. Remove the axle drive pinion shaft oil slinger. 15. Using a brass drift, remove the pinion bearing
cups by tapping alternately on opposite sides of

11. Using the special tool and a soft-faced hammer, the bearing cups.
drive the pinion assembly out of the outer
pinion bearing and remove it through the rear
of the differential housing.

12. Remove the outer pinion bearing.

13. Remove the drive pinion collapsible spacer and
discard it.
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205-02C-6 205-02C-6Rear Drive Axle/Differential — Ford 8.8-Inch Ring Gear

IN-VEHICLE REPAIR (Continued)

16. Using the special tools, remove the differential 2. Position the special tool and the inner and outer
bearings. bearing cups in their respective bores.

1 After placing the inner and outer bearing
cups in their respective bores, place the
special tool of the inner bearing cup.

2 Place the special tool on the outer bearing
cup.

3 Install the special tool.

3. Tighten the special tool to seat the pinion
bearing cups in their bores.

Installation

1. Press the left and right differential bearing on
the differential assembly.

1 Position the differential bearings.

2 Using the special tool, press the differential
bearings on the differential assembly.
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205-02C-7 205-02C-7Rear Drive Axle/Differential — Ford 8.8-Inch Ring Gear

IN-VEHICLE REPAIR (Continued)

4. NOTE: If a feeler gauge of the specification
shown can be inserted between a cup and the
bottom of its bore at any point around the cup,
the cup is not correctly seated.

Make sure the differential pinion bearing cups
are correctly seated.

5. NOTE: Install new drive pinion bearings
without any additional lubricant since the
anti-rust oil provides adequate lubricant without
upsetting the drive pinion bearing preload
settings. 

Assemble and position the drive pinion depth
6. NOTE: The gauge block must be offset togauge set.

obtain an accurate reading.1 Position the screw.
Rotate the gauge block several half turns to2 Position the aligning adapter.
make sure of correct seating of the drive pinion

3 Position the gauge disc. bearings and position the gauge block.
4 Position the gauge block.

5 Position the inner drive pinion bearing.

6 Position the outer drive pinion bearing.

7 Thread on the handle and tighten.

X Tighten to 2.2 Nm (20 lb-in).
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205-02C-8 205-02C-8Rear Drive Axle/Differential — Ford 8.8-Inch Ring Gear

IN-VEHICLE REPAIR (Continued)

7. Install the special tool. 9. Using the special tool and a shop press, drive
the inner drive pinion bearing and drive pinion1 Position the gauge tube and the paper
bearing adjustment shim until they are firmlyshipping tabs.
seated on the pinion shaft.

2 Install the differential bearing caps.

3 Install the differential bearing cap bolts.

X Tighten to 105 Nm (77 lb-ft).

10. Install a new drive pinion collapsible spacer on
the pinion shaft against the pinion shaft
shoulder.

8. NOTE: Drive pinion bearing adjustment shims
must be flat and clean.

NOTE: A slight drag should be felt for correct
drive pinion bearing adjustment shim selection.
Do not attempt to force the drive pinion bearing
adjustment shim between gauge block and
gauge tube. This will minimize selection of a
drive pinion bearing  adjustment shim thicker
than required, which results in a deep tooth
contact in final assembly of integral axle
assemblies.

Use a drive pinion bearing adjustment shim as a
gauge for drive pinion bearing adjustment shim
selection. 11. Install the drive pinion assembly into the axle

housing.• After the correct drive pinion bearing
adjustment shim thickness has been
determined, remove all of the special tools.

12. Install the outer drive pinion bearing and the
drive pinion shaft oil slinger.
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205-02C-9 205-02C-9Rear Drive Axle/Differential — Ford 8.8-Inch Ring Gear

IN-VEHICLE REPAIR (Continued)

13. Using the special tool, install the drive pinion 15. CAUTION: Do not, under any
seal. circumstance, loosen the drive pinion nut to

reduce pinion bearing preload. If it is
necessary to reduce the preload, install a new
drive pinion collapsible spacer and drive
pinion nut.

CAUTION: Remove the special tool
while taking rotational pinion bearing
preload checks with the Nm (lb-in) torque
wrench.

Use the special tool to hold the pinion flange
while tightening the pinion nut.

• Rotate the pinion occasionally to make sure
the differential pinion bearings are seating
correctly. Take frequent differential pinion14. Using the special tools, install the drive pinion
bearing preload checks by rotating theflange.
differential pinion with a Nm (lb-in) torque
wrench. Tighten the pinion  nut in small
increments to avoid excessive pinion bearing
preload. Tighten the pinion nut until the
drive pinion bearing preload is in
specification.
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205-02C-10 205-02C-10Rear Drive Axle/Differential — Ford 8.8-Inch Ring Gear

IN-VEHICLE REPAIR (Continued)

16. Place the differential carrier assembly with the
new differential carrier bearing cups in the axle
housing.

19. Install progressively larger differential bearing
shims on the RH side until the largest
differential bearing shim selected can be
inserted by hand.

17. NOTE: Differential bearing shims are to be
installed with the chamfer facing outboard.

Install a differential bearing shim on the LH
side.

20. Install the RH side differential bearing cap and
tighten the differential bearing cap bolts.

• Tighten to 105 Nm (77 lb-ft).

18. NOTE: Apply pressure toward the LH side to
make sure the left differential bearing cup is
seated.

Install the LH differential bearing cap and
loosely install the differential bearing cap bolts.
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205-02C-11 205-02C-11Rear Drive Axle/Differential — Ford 8.8-Inch Ring Gear

IN-VEHICLE REPAIR (Continued)

21. Rotate the differential assembly to make sure it 24. To correct for high or low backlash, increase
rotates freely. the thickness of one differential bearing shim

and decrease the thickness of the other
differential bearing shim by the same amount.
Refer to the following tables when adjusting the
backlash. When  the backlash is within
specifications, proceed to Step 25.

Backlash Change Thickness Change
Required Required

mm Inch mm Inch

0.025 0.001 0.050 0.002

0.050 0.002 0.050 0.002

0.076 0.003 0.101 0.004

0.101 0.004 0.152 0.006

22. Install the special tools and measure the ring 0.127 0.005 0.152 0.006
gear backlash. 0.152 0.006 0.203 0.008
• If the backlash is within specification, 0.177 0.007 0.254 0.010

proceed to Step 25.
0.203 0.008 0.254 0.010

• If a zero backlash condition occurs, proceed
0.228 0.009 0.304 0.012

to Step 23.
0.254 0.010 0.355 0.014

• If the backlash is not within specification,
0.279 0.011 0.355 0.014proceed to Step 24.
0.304 0.012 0.406 0.016

0.330 0.013 0.457 0.018

0.335 0.014 0.457 0.018

0.381 0.015 0.508 0.020

Differential Shim Size Chart 4067

Dimension AStripes and
mm InchColor Code

2 — C-COAL 7.7978-7.8105 0.3070-0.3075

1 — C-COAL 7.7470-7.7597 0.3050-0.3055

5 — BLU 7.6962-7.7089 0.3030-0.3035

4 — BLU 7.6454-7.6581 0.3010-0.301523. If a zero backlash condition occurs, add 0.50
mm (0.020 in) to the RH side shim and subtract 3 — BLU 7.5946-7.6073 0.2990-0.2995
0.50 mm (0.020 in) from the LH side shim to 2 — BLU 7.5458-7.5565 0.2970-0.2975
allow a backlash indication. Go back to Step

5 — PINK 7.4422-7.4549 0.2930-0.293522.
4 — PINK 7.3914-7.4041 0.2910-0.2915

3 — PINK 7.3406-7.3533 0.2890-0.2895

2 — PINK 7.2898-7.3025 0.2870-0.2875

1 — PINK 7.2390-7.2517 0.2850-0.2855

5 — GRN 7.1882-7.2009 0.2830-0.2835

4 — GRN 7.1374-7.1501 0.2810-0.2815
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205-02C-12 205-02C-12Rear Drive Axle/Differential — Ford 8.8-Inch Ring Gear

IN-VEHICLE REPAIR (Continued)

Differential Shim Size Chart 4067 (Continued)

Dimension AStripes and
mm InchColor Code

3 — GRN 7.0866-7.0993 0.2790-0.2795

2 — GRN 7.0358-7.0485 0.2770-0.2775

1 — GRN 6.9850-7.0485 0.2750-0.2755

5 — WH 6.9342-6.9469 0.2730-0.2735

4 — WH 6.8834-6.8961 0.2710-0.2715

3 — WH 6.8326-6.8453 0.2690-0.2695

2 — WH 6.7818-6.7945 0.2670-0.2675

1 — WH 6.7310-6.7437 0.2650-0.2655
27. Remove the differential bearing cap bolts and

5 — YEL 6.6802-6.6929 0.2630-0.2635 differential bearing caps.
4 — YEL 6.6294-6.6421 0.2610-0.2615

28. NOTE: Differential bearing shims are to be3 — YEL 6.5786-6.5913 0.2590-0.2595
installed with the chamfer facing outboard.2 — YEL 6.5278-6.5405 0.2570-0.2575
To establish differential bearing preload,1 — YEL 6.4770-6.4897 0.2550-0.2555
increase both LH and RH differential bearing

5 — ORNG 6.4262-6.4389 0.2530-0.2535 shim sizes as shown.
4 — ORNG 6.3754-6.3881 0.2510-0.2515

3 — ORNG 6.3246-6.3373 0.2490-0.2495

2 — ORNG 6.2738-6.2865 0.2470-0.2475

1 — ORNG 6.2223-6.2357 0.2450-0.2455

2 — RED 6.1722-6.1849 0.2430-0.2435

1 — RED 6.1214-6.1341 0.2410-0.2415

25. Rotate the differential assembly several times to
make sure the differential bearings are seated.

29. Using the special tool, fully seat the differential
bearing shims. Make sure the assembly rotates
freely.

26. Using the special tools, recheck the ring gear
backlash.
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205-02C-13 205-02C-13Rear Drive Axle/Differential — Ford 8.8-Inch Ring Gear

IN-VEHICLE REPAIR (Continued)

30. Install the differential bearing caps and
differential bearing cap bolts.

• Tighten to 105 Nm (77 lb-ft).

36. CAUTION: The driveshaft centering
socket yoke fits tightly on the pinion flange
pilot. To make sure that the driveshaft
centering socket yoke seats squarely on the

31. Using the special tools, recheck the backlash. pinion flange, tighten the driveshaft flange
bolts evenly in a cross pattern.

32. Apply marking compound and rotate the Install the driveshaft flange bolts.
differential assembly 5 complete revolutions.

• Tighten to 103 Nm (76 lb-ft).

33. Check and verify an acceptable pattern.

34. Install the axle shafts. For additional
information, refer to Axle Shaft in this section

35. Position the driveshaft and align the index
marks on the pinion flange.
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205-02C-1 205-02C-1Rear Drive Axle/Differential — Ford 8.8-Inch Ring Gear

REMOVAL AND INSTALLATION

4. Remove the drive pinion. For additionalAxle Housing
information, refer to Drive Pinion in this
section.Removal

5. Remove the brake caliper support brackets. For
1. With the vehicle in NEUTRAL, position it on a additional information, refer to Brake Caliper

hoist. For additional information, refer to Support Bracket in Section 206-04.
Section 100-02.

6. Disconnect the rear brake anti-lock sensor
2. Remove and discard the four bolts. electrical connector.

3. CAUTION: The driveshaft centering 7. Remove the axle housing vent tube.
socket yoke fits tightly on the rear axle
pinion flange pilot. Never hammer on the
driveshaft or any of its components to
disconnect the yoke from the flange. Pry only
in the area shown with a suitable tool to
disconnect the yoke from the flange.

Using a suitable tool as shown, disconnect the
driveshaft centering socket yoke from the rear
axle pinion flange.

• Position the driveshaft out of the way.
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205-02C-2 205-02C-2Rear Drive Axle/Differential — Ford 8.8-Inch Ring Gear

REMOVAL AND INSTALLATION (Continued)

8. Remove the brake hose junction block bolt.

11. Support the rear axle with a suitable
transmission jack.

9. Remove the brake hose retainer bolt.

12. Remove the lower shock absorber nuts and
10. Separate all parking brake cable and brake lines bolts.

from the axle housing.
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205-02C-3 205-02C-3Rear Drive Axle/Differential — Ford 8.8-Inch Ring Gear

REMOVAL AND INSTALLATION (Continued)

13. Remove the rear axle U-bolt assembly.

1 Remove the rear spring plate nuts.

2 Remove the two rear spring plate U-bolts.

3 Remove the rear spring plate.

4 Repeat the procedure for the other side.

14. Lower the axle from the vehicle.

Installation

1. CAUTION: The driveshaft centering
socket yoke fits tightly on the rear axle
pinion flange pilot. To make sure that the
yoke seats squarely on the flange, tighten the
bolts evenly in a cross pattern as shown.

To install, reverse the removal procedure.
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205-02C-1 205-02C-1Rear Drive Axle/Differential — Ford 8.8-Inch Ring Gear

REMOVAL AND INSTALLATION

Differential Carrier

Special Tool(s)

Shim Driver
205-220 (T85L-4067-AH)

Removal
Installation

1. Remove the axle shafts. For additional
information, refer to Axle Shaft in this section. 1. Position the differential assembly in the axle

housing.
2. CAUTION: Index-mark the position of

the differential bearing caps, as arrows may
not be visible. The differential bearing caps
must be installed in their original locations
and positions.

Remove the 4 differential bearing cap bolts and
the 2 differential bearing caps.

2. Install the originally removed differential
bearing shim on the LH side.

3. NOTE: Apply pressure toward the LH side to
make sure the LH differential bearing cap is
seated.

Install the LH differential bearing cap and
loosely install the differential bearing cap bolts.3. WARNING: Be careful not to allow

the differential assembly to fall.

CAUTION: Place a wood block
between the pry bar and the axle housing to
protect the machined surface from damage.

CAUTION: Index-mark the position of
the differential bearing shims. The
differential bearing shims must be installed
in their original locations and positions.

Using pry bars and wood blocks, remove the
differential carrier assembly from the axle
housing.
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205-02C-2 205-02C-2Rear Drive Axle/Differential — Ford 8.8-Inch Ring Gear

REMOVAL AND INSTALLATION (Continued)

4. Install the original differential bearing shim on
the RH side.

7. Rotate the differential assembly to make sure it
rotates freely.

5. Using the special tool, fully seat the differential
bearing shims.

8. Measure the ring and pinion backlash.

9. Install the axle shafts. For additional
6. Install the RH side differential bearing cap and information, refer to Axle Shaft in this section.

tighten the LH side and RH side differential
bearing cap bolts.

• Tighten to 112 Nm (83 lb-ft).
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205-02C-1 205-02C-1Rear Drive Axle/Differential — Ford 8.8-Inch Ring Gear

DISASSEMBLY AND ASSEMBLY

Differential Case and Ring Gear —
Conventional

Special Tool(s)

2-Jaw Puller
205-D072 (D97L-4221-A) or
equivalent

Installer, Differential Side
Bearing 3. CAUTION: Care should be taken not
205-010 (T57L-4221-A2) to damage the bolt hole threads.

Insert a punch in the bolt holes and drive the
ring gear off.

Step Plate
205-D016 (D80L-630-5) or
equivalent

Material

Item Specification

SAE 75W-140 High WSL-M2C192-A
Performance Rear Axle
Lubricant 4. NOTE: The speed sensor ring cannot be reused
XY-75W140-QL once removed.
Stud and Bearing Mount WSK-M2G349-A1

Remove the speed sensor ring if required.E0AZ-19554-BA

Disassembly

1. Remove the differential case. For additional
information, refer to Differential Case in this
section.

2. Remove the 10 ring gear bolts.
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205-02C-2 205-02C-2Rear Drive Axle/Differential — Ford 8.8-Inch Ring Gear

DISASSEMBLY AND ASSEMBLY (Continued)

5. Using the special tools, remove the differential
bearing.

9. Remove the differential side gear and the
differential side gear thrust washer.

6. Remove and discard the differential pinion shaft
lock bolt.

Assembly

1. Use rear axle lubricant to lubricate the
7. Remove the differential pinion shaft. differential side gear thrust washer and the

differential side gear journals.

• Position the differential side gear thrust
washer on the differential side gear.

8. Rotate and remove the differential pinion gear
and differential pinion thrust washer.
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205-02C-3 205-02C-3Rear Drive Axle/Differential — Ford 8.8-Inch Ring Gear

DISASSEMBLY AND ASSEMBLY (Continued)

2. Position the differential side gear.

6. Insert the differential pinion shaft.

• Align the hole in the differential pinion
3. Use rear axle lubricant to lubricate the shaft with the hole in the differential case.

differential pinion gear thrust washer and the
differential pinion gear.

7. Install a new differential pinion shaft lock bolt
and tighten finger-tight.

4. Engage the differential pinion gears and the
differential side gears.

5. Rotate the differential side gears to align the
pinion gears with the differential pinion shaft
bore.
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DISASSEMBLY AND ASSEMBLY (Continued)

8. Using the special tool, install the new
differential bearings on the differential case.

11. Install the differential case. For additional
information, refer to Differential Case in this
section.

9. Press the new anti-lock speed sensor ring and
the ring gear on the differential case.

10. Install the ring gear bolts.

• Apply sealer to the ring gear bolts.
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205-02C-1 205-02C-1Rear Drive Axle/Differential — Ford 8.8-Inch Ring Gear

DISASSEMBLY AND ASSEMBLY
MaterialDifferential Case and Ring Gear —

Item SpecificationTraction-Lok
Stud and Bearing Mount WSK-M2G349-A1
E0AZ-19554-BASpecial Tool(s)
Additive Friction Modifier EST-M2C118-A

2-Jaw Puller XL-3
205-D072 (D97L-4221-A) or
equivalent Disassembly

1. Remove the differential case. For additional
information, refer to Differential Case in this
section.

Gauge, Differential Clutch
205-270 (T87T-4946-A) 2. Remove the 10 ring gear bolts.
(mandrel for Traction-Lok
Differential Gauge 205-135)

Installer, Differential Side
Bearing
205-010 (T57L-4221-A2)

Step Plate
205-D016 (D80L-630-5) or
equivalent 3. CAUTION: Care should be taken not

to damage the bolt hole threads.

Insert a punch in the bolt holes and drive the
ring gear off.

Gauge, Differential Clutch
205-135 (T80P-4946-A)

Gauge, Differential Clutch
205-022 (T66L-4204-A)
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205-02C-2 205-02C-2Rear Drive Axle/Differential — Ford 8.8-Inch Ring Gear

DISASSEMBLY AND ASSEMBLY (Continued)

4. NOTE: The anti-lock speed sensor ring cannot 7. WARNING: Due to the spring tension,
be reused once removed. care must be used when removing the

differential clutch spring.Remove the speed sensor ring, if required.

Remove the differential clutch spring.

5. Using the special tools, remove the differential
bearing. 8. Remove the differential gears.
• Repeat for the other side. 1 Remove the two differential pinion gears.

2 Remove the two differential side gears.

3 Remove the two differential pinion thrust
washers.

6. Remove and discard the differential pinion shaft
lock bolt and remove the differential pinion
shaft.
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205-02C-3 205-02C-3Rear Drive Axle/Differential — Ford 8.8-Inch Ring Gear

DISASSEMBLY AND ASSEMBLY (Continued)

9. CAUTION: Keep the differential clutch 10. CAUTION: Do not use acids or
packs in order. Do not mix them. They must solvents when cleaning the differential clutch
be reassembled in the same sequence. pack. Wipe components with a clean,

lint-free cloth only.Remove the differential clutch packs and
differential side gears and tag them ‘‘right’’ and Clean and inspect the differential clutch packs
‘‘left’’ with the shim. for wear and install new parts as necessary.

• Clean and inspect the remaining parts of the Assembly
differential case for wear or damage and
install new parts as necessary.

1. CAUTION: 118 ml (4 oz) of the
specified friction modifier must be used in
the axle.

Prelubricate each steel clutch plate and soak all
friction plates with friction modifier for at least
15 minutes.
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205-02C-4 205-02C-4Rear Drive Axle/Differential — Ford 8.8-Inch Ring Gear

DISASSEMBLY AND ASSEMBLY (Continued)

2. CAUTION: Do not mix the differential
clutch packs or shims from one side with the
other.

Assemble the differential clutch packs (without
the shims) on the respective differential side
gears.

4. Position the special tool hand-tight on top of
the differential clutch pack.

5. Install the special tool over the disc and
differential clutch pack.

3. CAUTION: Select the correct mandrel
to use with the Traction-Lok Differential
Gauge.

Place the base portion of the special tool in a
vise. Install the differential clutch pack and
differential side gear (without the shim) on the
gauge.
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205-02C-5 205-02C-5Rear Drive Axle/Differential — Ford 8.8-Inch Ring Gear

DISASSEMBLY AND ASSEMBLY (Continued)

6. Install the nut of the gauge over the top and 10. Install the differential side gear in the
base stud. differential case.

7. Select the thickest blade of a suitable feeler
gauge that will enter between the tool and the
differential clutch pack. The reading will be the
thickness of the new clutch shim.

Selective Shims

Part Number Description

E0AZ-4A324-G 0.025 Inch

E0AZ-4A324-H 0.030 Inch

E0AZ-4A324-C 0.035 Inch

E0AZ-4A324-D 0.040 Inch

E0AZ-4A324-F 0.045 Inch

11. Install the differential pinion gears with
differential pinion thrust washers in the
differential case.

8. Remove the special tool from the clutch pack
and side gear assembly.

9. Install the selected shims on the clutch pack
and side gear assembly.

2004 E-Series, 12/2003 



205-02C-6 205-02C-6Rear Drive Axle/Differential — Ford 8.8-Inch Ring Gear

DISASSEMBLY AND ASSEMBLY (Continued)

12. Install the differential clutch spring, using a 15. Install the anti-lock speed sensor.
soft-faced hammer. • Start two of the ring gear bolts through the

differential case and into the ring gear to
make sure the ring gear bolt holes align
with the differential case bolt holes
correctly.

16. Press the new anti-lock speed sensor ring and
the ring gear on the differential case.

17. Install the ring gear bolts.

• Apply sealer to the ring gear bolts.

13. Install the differential pinion shaft and install a
new differential pinion shaft lock bolt
finger-tight.

18. Check the torque required to rotate one
differential side gear.

• Mount the differential case and special tool
in a vise.

• The initial minimum break-away torque, if
original clutch plates are used, must be

14. Using the special tool, install the differential within specification. The minimum rotating
bearing on the differential case. Repeat for the torque required to keep the differential side
other side. gear turning with new clutch plates may

vary.

• For additional information, refer to Section
205-00.
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DISASSEMBLY AND ASSEMBLY (Continued)

19. Install the differential case. For additional
information, refer to Differential Case in this
section.
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205-02D-1 205-02D-1Rear Drive Axle/Differential — Ford 9.75-Inch Ring Gear

General Specifications (Continued)
SPECIFICATIONS

Item Specification
General Specifications

Maximum axle shaft end 0.762 mm (0.030 in)
Item Specification play

Lubricants and Sealantsa Pinion flange maximum 0.305 mm (0.012 in)
radial runout in assembly T.I.R.SAE 75W-140 High WSL-M2C192-A

Performance Rear Axle RABS sensor air gap 0.127 mm (0.005
Lubricant in)-1.143 mm (0.045 in)
XY-75W140-QL

a If fluid is required, replace the original FEHP
Additive Friction Modifier EST-M2C118-A lubricant with 75W-140. Remove the old tag and
XL-3 install a new tag.
Premium Long-Life ESA-M1C75-B
Grease XG-1-C

Torque Specifications
Silicone Rubber ESB-M4G92-A or

Description Nm lb-ft lb-inD6AZ-19562-AA ESE-M4G195-A

Differential bearing cap 105 77 —Threadlock and Sealer WSK-M2G351-A5
boltE0AZ-19554-AA

Differential pinion 30 22 —Backlash Specifications
shaft lock bolt

Backlash between ring 0.0203-0.304 mm
Oil filler plug 30 22 —gear and pinion teeth (0.008-0.012 in)

Differential housing 45 33 —Ring gear maximum 0.102 mm (0.004 in)
cover boltsbacklash variation

between teeth Driveshaft bolts 112 83 —
Rotational Torque Ranges Rear spring plate nuts 115 85 —
Pinion bearing preload 1.8-3.3 Nm (16-29 lb-in) Ring gear bolts 150 111 —
Differential side gear 27 Nm (20 lb-ft) Shock bolts 70 52 —
rotation

Traction-Lok clutch 6.7 — 60
Capacity gauge nut
Conventional axle 2.72L (5.75 pts) 6.4 mm Differential side gear 27 20 —

(0.25 in)-14.3 mm (0.563 rotation
in) Below fill hole

Rear axle identification 31 23 —
Limited Slip 2.60L (5.5 pts) 6.4 mm tag bolt
(Traction-Lok) Axle (0.25 in)-14.3 mm (0.563

Brake hose junction 18 14 —in) Below fill hole
block

Additive friction modifier 118 ml (4 ounces)
Brake hose retainer 7 — 62(L/S only)
bolt

Clearance Specifications

Differential case 0.076 mm (0.003 in)
maximum runout
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205-02D-1 205-02D-1Rear Drive Axle/Differential — Ford 9.75-Inch Ring Gear

DESCRIPTION AND OPERATION

Rear Drive Axle and Differential

Rear Axle — 9.75-Inch Ring Gear

Copyright  2003, Ford Motor Company
Last updated: 8/24/2004 2004 E-Series, 12/2003 



205-02D-2 205-02D-2Rear Drive Axle/Differential — Ford 9.75-Inch Ring Gear

DESCRIPTION AND OPERATION (Continued)

Item Part Number Description Item Part Number Description

33 4851 Pinion flange1 — Rear axle identification tag
(part of 4001) 34 389546-S100 Pinion nut

2 4346 Differential housing cover 35 1225 Rear wheel bearing
bolt

36 1177 Wheel bearing oil seal
3 4033 Differential housing cover

37 2C220 Rear wheel disc brake adapter
4 4241 Differential pinion shaft lock

38 34989-S Nutbolt
39 4234 Axle shaft5 4N237 U-washer
40 1107 Wheel stud6 4230 Differential pinion thrust

washer 41 2248 Disc brake backing plate bolt

7 4215 Differential pinion gear 42 — Retainer clip (part of 4001)

8 4211 Differential pinion shaft 43 4947 Differential clutch pack

9 4236 Differential side gear 44 — Steel plate (part of 4947)

10 4228 Differential side gear thrust 45 — Friction plate (part of 4947)
washer 46 — Shim (part of 4947)

11 4067 Differential bearing shim 47 — Belleville spring (part of
12 4222 Differential bearing cup 4947)

13 4221 Differential bearing 48 — Thrust face of the differential
case (part of 4204)14 4216 Ring gear bolt

49 2C026 Brake disc15 4204 Differential case
50 391718-S Bolt16 4B409 Anti-lock speed sensor ring

17 4209 Ring gear and pinion
Description

18 4663 Drive pinion bearing
The Traction-Lok rear axle assembly, except foradjustment shim
the differential case and its internal components, is19 4630 Pinion bearing (inner)
identical to the conventional rear axle. The

20 4628 Inner axle pinion bearing cup
Traction-Lok differential employs two multi-disc

21 — Bearing cap and bolt differential clutch packs to  control differential
 (part of 4010)

action. The mounting distance of the differential
22 9E731 Rear anti-lock brake system side gear is controlled by eight plates on each side:

sensor
four steel and four friction. Also included is one

23 4A001 Vent hose steel selective shim to control the position of the
24 4022 Rear axle housing vent differential side  gear (shim selection may determine
25 — Brake junction block (part of that two select shims be used), and one Belleville

4022) spring plate which, because of its slight concave
26 4010 Rear axle housing design, provides initial preload to the differential

clutch pack. Additional clutch pack capacity is27 390943-S100 Filler plug
delivered  from the thrust loads of the differential28 4616 Outer pinion bearing cup
side gear. Steel clutch plates are splined to the side29 4662 Collapsible spacer
gear hub which, in turn, is splined into the axle

30 4621 Pinion bearing (outer) shaft. Tabs on the friction plates are captured in the
31 4670 Rear axle drive pinion shaft case by matching slots, thus providing  continuous

oil slinger engagement of the differential clutch packs.
32 4676 Rear axle drive pinion seal

(Continued)
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205-02D-3 205-02D-3Rear Drive Axle/Differential — Ford 9.75-Inch Ring Gear

DESCRIPTION AND OPERATION (Continued)

Operation • The differential case, which is mounted in the rear
axle housing between two opposing differentialThe pressure between differential clutch packs
bearings that are retained in the carrier byopposes differential action at all times. When the
removable bearing caps.vehicle turns a corner, the differential clutch pack

slips, allowing normal differential action to take • Uses SAE 75W-140 High Performance Rear Axle
place. Under adverse weather conditions,  in which Lubricant XY-75W140-QL or equivalent meeting
one or both wheels are on a low traction surface, Ford specification WSL-M2C192-A.
such as snow, ice or mud, the friction between the • Differential bearing preload and ring gear
clutch plates will transfer a portion of the usable backlash adjusted by differential bearing shims
torque to the wheel with the most traction. Thus, the located between the differential bearing cups and
wheel that is on ice or snow will  have a tendency the rear axle housing.
to operate with the opposite wheel in a combined

• Rear axle identification on an embossed metal tagdriving effort.
bolted to the differential housing cover.

CAUTION: Extended use of other than • The limited-slip differential containing a
matching size spare tires on a Traction-Lok differential clutch pack arranged as shown in the
rear axle could result in a permanent reduction illustration.
of the axle’s ability to provide added traction on
slippery surfaces. This loss of effectiveness does Differential Side Gear and Rear Axle Disc and Plate

Kitnot affect  normal driving and should not be
noticeable to the driver.

The rear axle assembly has the following features:

• An integral-type housing hypoid gear design
(center of the pinion set below the centerline of
the ring gear).

• The hypoid differential ring gear and pinion
consisting of a ring gear and an overhung drive
pinion that is supported by two opposed tapered
roller bearings.

• Pinion bearing preload, which is maintained by a
collapsible spacer on the drive pinion shaft and
adjusted by the pinion nut. Item Part Number Description

• The axle housing assembly consisting of a cast 1 4236 Differential side gear
center section with two steel tube assemblies and

2 4947 Differential clutch pack
a stamped differential housing cover.

3 — Steel plate (part of 4947)
• The differential housing cover, which uses

4 — Friction plate (part of 4947)
silicone sealant as a gasket.

5 — Shim (part of 4947)
• The differential pinion shaft, which is retained by

6 — Belleville spring (dished
a differential pinion shaft lock bolt assembled to plate) (part of 4947)
the differential case.
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205-02D-1 205-02D-1Rear Drive Axle/Differential — Ford 9.75-Inch Ring Gear

DIAGNOSIS AND TESTING

4 Has the driveline system been repairedRear Drive Axle and Differential
before or new components installed?

Special Tool(s)
X Check the vehicle service record. Note

Dial Indicator Gauge with any repairs other than driveline, such as
Holding Fixture brakes or suspension.
100-002 (TOOL-4201-C) or

5 Are there any special conditions affectingequivalent
the concern or will alter the concern? For
example:

X road speed.

X type of road.Gauge, Clutch Housing
308-021 (T75L-4201-A)

X drive mode.

X temperature.

X vehicle loaded or unloaded.

6 Is the condition constant or intermittent?
Can the concern be duplicated at any time?

7 Check for TSBs, SSM and OASISInspection and Verification
messages.

The technician should have a thorough knowledge
2. NOTE: If the inspection reveals an obviousof driveline system operation and accepted general

concern, repair the vehicle.driveline guidelines to detect any problems.
Do a preliminary investigation. Visually inspectA gear driven unit will produce a certain amount of
for obvious signs of damage.noise. Some noise is acceptable and audible at

certain speeds or under various driving conditions. 1 Inspect the driveshaft:
Certain conditions, such as road conditions and

X for buildup of any foreign material.
weather, will amplify normal vehicle noise.

X for damage, such as a bent tube or
Certain rear axle and driveline concern symptoms missing weights.
are also common to the engine, transmission, rear

X U-joints or flex couplers for wear orwheel bearings and tire. For this reason, be sure the
damage.cause of the concern is in the axle before repairing

or installing any axle components. 2 Inspect the axle:

The following is a guide to diagnose a driveline X for signs of leakage at the drain or fill
concern: plug, differential seal, vent or halfshaft

seals.
• Verify and document the customer concern.

— a plugged vent will cause a leak.
• Carry out a preliminary investigation.

X for damage, such as cracks, bent
• Road test the vehicle. halfshafts or dented rear cover.
• Find the cause of the problem.

X for missing fasteners.
• Inspect the components. 3 Inspect other suspect components/systems:
1. Verify and document the customer concern.

X inspect the halfshaft assemblies for
1 When was it first noticed? damaged CV joints or torn CV boots.
2 Did it appear suddenly or gradually? X inspect the suspension for broken springs,

damaged shock absorbers and worn3 Did anything unusual occur that would
suspension bushings.coincide with it or precede it?

X inspect the rear brake components —
lines, cables and calipers.

Copyright  2003, Ford Motor Company
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205-02D-2 205-02D-2Rear Drive Axle/Differential — Ford 9.75-Inch Ring Gear

DIAGNOSIS AND TESTING (Continued)

Diagnostic Routine Chart (Continued)X inspect the tires; are they in good
condition and do they match? Condition Action

3. NOTE: A road test is necessary for any • Axle noise • GO to Diagnostic
customer concern of noise or vibration. (chatter/shudder)a in Routine — Noise

tight turn, limited slip (Chatter/Shudder) InRoad test the vehicle. differential Tight Turns, Limited
Slip Differential1 During the road test, use the following

driving methods to diagnose the problem. Is • Axle noise (whine)a in • GO to Diagnostic
the concern most noticeable: all or more than one Routine — Noise

drive mode (Whine) In All Or More
X from a stop? Than One Drive Modes
X on shifts from REVERSE to DRIVE? • Axle noise (tick/click)a • GO to Diagnostic

in all or more than one Routine — NoiseX on turns?
drive mode (DRIVE, (Tick/Click) In All Or

— sweeping type turn. CRUISE, COAST) More Than One Drive
Modes— tight turn (to the stop).

• Axle noise • GO to Diagnostic
X in DRIVE?

(howl/moan)a in all or Routine — Noise
— accelerating the vehicle, definite more than one drive (Howl/Moan) In All Or

mode (DRIVE, More Than One Drivethrottle depression, applying engine
CRUISE, COAST) Modestorque?

• Axle noise (clunk)a on • GO to Diagnostic
X in CRUISE?

changes in speed or Routine — Noise
— maintain a constant speed with the direction of power (Clunk) On Changes In

Speed Or Direction Ofthrottle applied?
Power

X in COAST?
• Vibration • For driveline vibration

— decelerating with the throttle closed? diagnostics, REFER to
Section 100-04 2 Record when the concern occurs. Write

down the kph (mph) range at which the
noise/vibration occurs. a. Refer to Section 100-04 for a glossary of

noise-related terms.4. Find the cause of the problem.
5. NOTE: If the conclusion of the road test points1 Compare the inspection and road test results

to an axle center section (ring and pinion orwith the following chart.
differential case) concern, carry out a visual2 Use the following diagnostic routine chart
inspection of the axle.to identify the probable cause and know
Inspect the axle components.what corrective actions should be taken to

repair the component/vehicle, and to prevent 1 Remove the differential housing cover.
a reoccurrence. Drain the axle lubricant through a white

cloth. Check the fluid for:
Diagnostic Routine Chart

X any foreign material.
Condition Action

X metal particles.
• Fluid loss • GO to Diagnostic

X burnt odor.Routine — Fluid Loss

2 NOTE: When inspecting the axle, do not• Noise louder on turns • GO to Diagnostic
(sweeping turn) Routine — Noise clean the components immediately. Cleaning

Louder On Turns may remove diagnostic evidence.
(Sweeping)

Inspect the axle components.
• Axle noise (growl)a in • GO to Diagnostic

X Look for:tight turn Routine — Noise
(Growl) In Tight Turn — loose fasteners.
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205-02D-3 205-02D-3Rear Drive Axle/Differential — Ford 9.75-Inch Ring Gear

DIAGNOSIS AND TESTING (Continued)

— notches or visible steps or grooves — notches or visible steps or grooves
created by wear. created by wear.

— pitting or cracking along gear contact — pitting or cracking along gear contact
lines. lines.

— scuffing or deformations. — scuffing or deformations.

— discolorations. — discolorations.

— nicks or ridges on gear teeth. — nicks or ridges on gear teeth.

X Clean the axle components for inspection. X Check backlash and carry out a ring and
pinion pattern test. Refer to Checking— Remove as much lubricant as
Differential Ring Gear Backlash andpossible with clean solvent. Wipe the
Checking Tooth Contact Pattern andcomponents or blow them dry with
Condition of the Ring and Pinion in thiscompressed air.
section.

X Re-inspect for:

— loose fasteners.

Diagnostic Routines

Diagnostic Routine — Fluid Loss

Possible Component Reference/Action

• Vent • CLEAN the axle vent.

• Overfilled axle • CHECK the lubricant level for specific amount. 

• Fill plug • CLEAN the area around the plug. REMOVE the plug.
APPLY pipe sealant and INSTALL the plug. 

• Halfshaft oil seal • INSTALL a new halfshaft oil seal. 

• Pinion seal • INSTALL a new pinion seal. 

• Differential housing cover • RESEAL the differential housing cover. 

• Pinion nut • INSTALL a new pinion nut.

Diagnostic Routine — Noise Louder On Turns (Sweeping)

Possible Component Reference/Action

• Wheel end bearing • CHECK the wheel end bearing for wear or damage.
INSTALL a new bearing.

Diagnostic Routine — Noise (Growl) In Tight Turn, Conventional Differential

Possible Component Reference/Action

• Differential side gears and differential pinion gears • DISASSEMBLE the differential carrier. INSPECT the
differential case assembly. INSTALL new side gears
and differential pinion gears or case assembly.

Diagnostic Routine — Noise (Chatter/Shudder) In Tight Turns, Limited Slip Differential

Possible Component Reference/Action

• Clutch pack • ADD 4 oz. of friction modifier and RE-VERIFY.
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205-02D-4 205-02D-4Rear Drive Axle/Differential — Ford 9.75-Inch Ring Gear

DIAGNOSIS AND TESTING (Continued)

Diagnostic Routine — Noise (Chatter/Shudder) In Tight Turns, Limited Slip Differential (Continued)

Possible Component Reference/Action

• VERIFY the condition. With the vehicle in cold startup,
MAKE SURE that the vehicle is in rear wheel drive
(RWD), to isolate the rear axle. TURN the wheel fully
right (or fully left) and then ACCELERATE the
vehicle. CHECK axle end play. If end  play is over
specification, REMOVE and INSTALL new clutch
packs. If the condition is verified to be in the rear axle,
REMOVE and INSTALL new clutch packs.

Diagnostic Routine — Noise (Whine) In All Or More Than One Drive Modes

Possible Component Reference/Action

• Axle ring and pinion • REMOVE and INSTALL a new ring gear, pinion and
bearings. 

Diagnostic Routine — Noise (Tick/Click) In All Or More Than One Drive Modes

Possible Component Reference/Action

• Axle ring and pinion • REMOVE and INSTALL a new ring gear, pinion and
bearings. 

Diagnostic Routine — Noise (Howl/Moan) In All Or More Than One Drive Modes

Possible Component Reference/Action

• Axle bearings • INSPECT differential and pinion bearings. INSTALL
new bearings.

Diagnostic Routine — Noise (Clunk) On Changes In Speed Or Direction Of Power

Possible Component Reference/Action

• Axle and pinion system • MEASURE total backlash. If end play and total
backlash are within specification, INSTALL a new
differential case assembly. 

• Differential pinion shaft • INSTALL a new differential pinion shaft and pin. 

• Pinion bearings • INSTALL new pinion and differential bearings and
bearing cups. 

Diagnostic Routine — Vibration

Possible Component Reference/Action

• For additional information on driveline vibration, REFER to Section 100-04.

Checking Differential Ring Gear
Backlash
1. Remove the differential housing cover.
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205-02D-5 205-02D-5Rear Drive Axle/Differential — Ford 9.75-Inch Ring Gear

DIAGNOSIS AND TESTING (Continued)

Item Description2. Using a suitable dial indicator and the special
tool, measure and record the differential ring 2 Toe
gear backlash in 4 opposing points on the ring
gear.

Apply a marking compound to 1/3 of the gear teeth
on the differential ring gear. Rotate the differential
ring gear several complete turns in both directions
until a good, clear tooth pattern is obtained.
Compare the contact patterns on the ring  gear teeth
with the following illustrations.

Good Contact Pattern

Pattern inspection allows the technician to detect
gross errors in set up prior to complete assembly of
the differential assembly. Pattern contact should be
within the primary area of the ring gear tooth
section. Avoid narrow or hard contact  with the
outer perimeter of the ring gear tooth. Pattern
inspection should be on the drive side of the tooth.Checking Tooth Contact Pattern and

Condition of the Ring and Pinion Correct assembly of the drive pattern will result in
satisfactory coast performance.There are 2 basic types of conditions that will

produce ring and pinion noise. The first type is a NOTE: If a gross pattern error is detected with the
howl or chuckle produced by broken, cracked, correct backlash, check the pinion shim selection.
chipped, scored or forcibly damaged gear teeth and

Good Contact Patternis usually quite audible over the entire speed  range.
The second type of ring and pinion noise pertains to
the mesh pattern of the gear pattern. This gear noise
can be recognized as it produces a constant pitch or
whine. Ring and pinion noise tends to peak in a
narrow speed range or ranges and  will tend to
remain constant in pitch.

NOTE: In the following steps, the movement of the
contact pattern along the length is indicated as
toward the ‘‘heel’’ or ‘‘toe’’ of the differential ring
gear.

Item Description

1 Heel
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205-02D-6 205-02D-6Rear Drive Axle/Differential — Ford 9.75-Inch Ring Gear

DIAGNOSIS AND TESTING (Continued)

Low Contact Pattern That Is Contacting Thick Contact Pattern That Is Contacting
More Toward the Heel Tooth Toward the Heel
Gross Pattern Error  Gross Pattern Error

High, Thin Contact Pattern In the Center Of Thick Contact Pattern That Is Contacting
the Tooth Tooth Toward the Toe
Gross Pattern Error Gross Pattern Error
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205-02D-1 205-02D-1Rear Drive Axle/Differential — Ford 9.75-Inch Ring Gear

IN-VEHICLE REPAIR

Axle Shaft

Material

Item Specification

Premium Long-Life ESA-M1C75-B
Grease
XG-1-C

SAE 75W-140 High WSL-M2C192-A
Performance Rear Axle
Lubricant
XY-75W140-QL

Additive Friction Modifier EST-M2C118-A
XL-3

7. CAUTION: Do not damage the rubber
Removal O-rings in the U-washer grooves.

Remove the U-washers.
1. With the vehicle in NEUTRAL, position it on a

1 Push the axle shafts inboard.hoist. For additional information, refer to
2 Remove the U-washers.Section 100-02.

2. Remove the wheel and tire assembly. For
additional information, refer to Section 204-04.

3. Remove the differential housing cover.

• Drain the lubricant. For additional
information, refer to Differential Housing
Cover in this section.

4. Remove the rear disc brake calipers and wire
them aside. For additional information, refer to
Section 206-04.

5. Remove the rear disc anchor plate. For
8. CAUTION: Do not damage the wheeladditional information, refer to Section 206-04.

bearing oil seal.• Remove the rear brake discs.
Remove the two axle shafts.

6. Remove the differential pinion shaft.

1 Remove and discard the differential pinion
shaft lock bolt.

2 Remove the differential pinion shaft.
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205-02D-2 205-02D-2Rear Drive Axle/Differential — Ford 9.75-Inch Ring Gear

IN-VEHICLE REPAIR (Continued)

Installation

1. Lubricate the lip of the wheel bearing oil seal
with grease.

4. Install the differential pinion shaft.

1 Align the hole in the differential pinion
shaft with the case lock bolt hole.

2 Install a new lock bolt.

2. CAUTION: Do not damage the wheel
bearing oil seal.

Install the two axle shafts.

5. Install the brake discs and anchor pins. For
additional information, refer to Section 206-04.

6. Install the rear brake calipers. For additional
information, refer to Section 206-04.3. CAUTION: Do not damage the rubber

O-rings in the U-washer grooves.
7. Install the differential housing cover and fill the

Install the U-washers. rear axle housing with the specified lubricant.
1 Position the two U-washer on the button

8. Install the tire and wheel assembly. Forends of the axle shafts.
additional information, refer to Section 204-04.2 Pull the axle shafts outward.
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205-02D-1 205-02D-1Rear Drive Axle/Differential — Ford 9.75-Inch Ring Gear

IN-VEHICLE REPAIR
RemovalRear Wheel Bearing and Axle Shaft

Seal
1. Remove the axle shaft. For additional

information, refer to Axle Shaft in this section.Special Tool(s)

Remover, Axle Bearing 2. NOTE: If the wheel bearing oil seal is leaking,
205-193 (T83T-1225-A) the axle housing vent may be plugged.

Using the special tools, remove the rear wheel
bearing and wheel bearing oil seal.

Installer, Axle Bearing
205-194 (T83T-1225-B)

Adapter For 303-224 (Handle)
205-153 (T80T-4000-W)

Installation

1. Lubricate the new rear wheel bearing with rear
Slide Hammer axle lubricant.
100-001 (T50T-100-A)

2. Using the special tools, install the rear wheel
bearing.

Installer, Axle Oil Seal
205-190 (T83T-1175-A)

Material

Item Specification

SAE 75W-140 High WSL-M2C192-A
3. Lubricate the lip of the new wheel bearing oilPerformance Rear Axle

seal with grease.Lubricant
XY-75W140-QL

Premium Long-Life ESA-M1C75-B
Grease
XG-1-C
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205-02D-2 205-02D-2Rear Drive Axle/Differential — Ford 9.75-Inch Ring Gear

IN-VEHICLE REPAIR (Continued)

4. Using the special tools, install the wheel 5. Install the axle shafts. For additional
bearing oil seal. information, refer to Axle Shaft in this section.
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205-02D-1 205-02D-1Rear Drive Axle/Differential — Ford 9.75-Inch Ring Gear

IN-VEHICLE REPAIR

Drive Pinion Flange

Special Tool(s)

2-Jaw Puller
205-D072 (D97L-4221-A) or
equivalent

Holding Fixture, Drive Pinion
Flange
205-126 (T78P-4851-A) 3. Remove and discard the four bolts.

Installer, Drive Pinion Flange
205-233 (T85T-4851-AH)

Material

Item Specification

SAE 75W-140 High WSL-M2C192-A
Performance Rear Axle
Lubricant
XY-75W140-QL

Removal

1. NOTE: The rear wheels and disc brake calipers
must be removed to prevent brake drag during
drive pinion bearing preload adjustment.

Remove the rear disc brake calipers and wire
them aside. For additional information, refer to
Section 206-04.

2. Mark the driveshaft flange and pinion flange for
correct alignment during installation.
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205-02D-2 205-02D-2Rear Drive Axle/Differential — Ford 9.75-Inch Ring Gear

IN-VEHICLE REPAIR (Continued)

4. CAUTION: The driveshaft centering
socket yoke fits tightly on the rear axle
pinion flange pilot. Never hammer on the
driveshaft or any of its components to
disconnect the yoke from the flange. Pry only
in the area shown with a suitable tool to
disconnect the yoke from the flange.

Using a suitable tool as shown, disconnect the
driveshaft centering socket yoke from the rear
axle pinion flange.

• Position the driveshaft out of the way.

7. Mark the pinion flange in relation to the drive
pinion stem to ensure correct alignment during
installation.

5. Install a torque wrench on the pinion nut and
record the torque required to maintain rotation
of the pinion through several revolutions.

8. Using the special tool, remove the pinion
flange.

6. CAUTION: After removal of the
pinion nut, discard it. A new nut must be
used for installation.

Installation
Using the special tool, hold the pinion flange
and remove the pinion nut.

1. Lubricate the pinion flange splines with rear
axle lubricant.
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205-02D-3 205-02D-3Rear Drive Axle/Differential — Ford 9.75-Inch Ring Gear

IN-VEHICLE REPAIR (Continued)

2. NOTE: Disregard the scribe marks if a new 5. CAUTION: Under no circumstances is
pinion flange is being installed. the pinion nut to be backed off to reduce

preload. If reduced preload is required, aAlign the pinion flange with the drive pinion
new collapsible spacer and pinion nut mustshaft.
be installed.

CAUTION: Remove the special tool
while taking readings with the Nm
(inch-pound) torque wrench.

Using the special tool to hold the pinion flange,
tighten the pinion nut.

• Rotate the pinion occasionally to make sure
the bearings are seating correctly.

• Install a Nm (inch-pound) torque wrench on
the pinion nut.

• Rotating the pinion through several
revolutions, take frequent bearing torque
preload readings until the original recorded3. Using the special tool, install the pinion flange.
preload reading is obtained.

• If the original recorded preload is less than
specification, tighten to the appropriate
specification for used bearings. If the
preload is greater than specification, tighten
the nut to the original reading as recorded.
For additional  information, refer to Torque
Specifications in this section.

4. Position the new pinion nut.
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205-02D-4 205-02D-4Rear Drive Axle/Differential — Ford 9.75-Inch Ring Gear

IN-VEHICLE REPAIR (Continued)

6. Position the driveshaft, and align the marks on
the pinion flange.

8. Install the rear disc brake calipers. For
additional information, refer to Section 206-04.

7. CAUTION: The driveshaft centering
socket yoke fits tightly on the rear axle
pinion flange pilot. To ensure that the yoke
seats squarely on the flange, tighten the bolts
evenly in a cross pattern as shown.

Install the new bolts.
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205-02D-1 205-02D-1Rear Drive Axle/Differential — Ford 9.75-Inch Ring Gear

IN-VEHICLE REPAIR
InstallationDrive Pinion Seal

1. Lubricate the new pinion seal with grease.Special Tool(s)

Installer, Drive Pinion Oil Seal
2. CAUTION: If the pinion seal becomes205-208 (T83T-4676-A)

misaligned during installation, remove the
seal and install a new one.

Using the special tool, install the pinion seal.

Material

Item Specification

Premium Long-Life ESA-M1C75-B
Grease
XG-1-C

Removal

1. Remove the pinion flange. For additional
information, refer to Drive Pinion Flange in this
section.

3. Install the pinion flange. For additional
information, refer to Drive Pinion Flange in this2. Force up on the metal flange of the pinion seal.
section.Install gripping pliers and strike with a hammer

until the pinion seal is removed.
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205-02D-1 205-02D-1Rear Drive Axle/Differential — Ford 9.75-Inch Ring Gear

IN-VEHICLE REPAIR

2. Apply a new, continuous bead of sealant to theDifferential Housing Cover
differential housing cover.

Material

Item Specification

Clear Silicone Rubber ESB-M4G92-A
D6AZ-19562-AA

SAE 75W-140 High WSL-M2C192-A
Performance Rear Axle
Lubricant
XY-75W140-QL

Additive Friction Modifier EST-M2C118-A
XL-3

Removal

1. With the vehicle in NEUTRAL, position it on a 3. NOTE: The differential housing cover must be
hoist. For additional information, refer to installed within 15 minutes of application of the
Section 100-01. silicone, or the sealing surface must be

recleaned and new sealant applied. If possible,2. Remove the differential housing cover.
allow 1 hour before filling with lubricant to

1 Remove the 12 bolts, and drain the make sure the  silicone sealant has correctly
lubricant from the rear axle housing. cured.

2 Remove the differential housing cover. Install the differential housing cover and tighten
the bolts.

Installation

1. CAUTION: Make sure the machined
surfaces on both the rear axle housing and
the differential housing cover are clean and
free of oil before applying the new silicone
sealant. The inside of the rear axle must be
covered when cleaning the machined surface
to prevent contamination.

Clean the gasket mating surface of the rear axle
and the differential housing cover.
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205-02D-2 205-02D-2Rear Drive Axle/Differential — Ford 9.75-Inch Ring Gear

IN-VEHICLE REPAIR (Continued)

4. CAUTION: For Traction-Lok axles,
first fill the rear axle with 118 ml (4 ounces)
of specified additive friction modifier.

NOTE: Refill capacities are determined by
filling the rear axle with the specified lubricant
to the specified level below the bottom of the
filler hole.

Fill the rear axle with the specified rear axle
lubricant and install the filler plug. For
additional information, refer to Specifications in
this section.
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205-02D-1 205-02D-1Rear Drive Axle/Differential — Ford 9.75-Inch Ring Gear

IN-VEHICLE REPAIR
Special Tool(s)Drive Pinion

Depth Gauge/Aligner, Drive
PinionSpecial Tool(s)
205-383 (T97T-4020-B)

Depth Gauge/Aligner, Drive
Pinion
205-226 (T85T-4020-AH1)

Gauge Tube, Drive Pinion
205-377 (T97T-4020-A)

Puller, Bearing
205-D064 (D84L-1123-A) or
equivalent

Adapter For 205-S127
205-111 (T76P-4020-A11)

Plate, Bearing/Oil Seal
205-090 (T75L-1165-B)

Handle
205-D055 (D81L-4000-A) or
equivalent

Holding Fixture, Drive Pinion
Flange
205-126 (T78P-4851-A)

Adapter For 303-224 (Handle)
205-153 (T80T-4000-W)

Installer, Drive Pinion Flange
205-233 (T85T-4851-AH)

Installer, Drive Pinion Bearing
205-388 (T97T-4630-A)

Adapter For 205-S156
205-159 (T80T-4020-F42)

Installer, Drive Pinion Bearing
Cup
205-024 (T67P-4616-A)

(Continued)

(Continued)
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205-02D-2 205-02D-2Rear Drive Axle/Differential — Ford 9.75-Inch Ring Gear

IN-VEHICLE REPAIR (Continued)

Special Tool(s) Removal
Installer, Drive Pinion Bearing
205-231 (T85T-4616-AH) 1. Remove the differential case. For additional

information, refer to Differential Case in this
section.

2. Mark the driveshaft flange and the pinion
flange for correct alignment during installation.

Protector, Drive Pinion Thread
205-460

Installer, Drive Pinion Oil Seal
205-208 (T83T-4676-A)

3. Remove and discard the four bolts.
Installer, Rear Axle Bearing
Cup
205-387 (T97T-4628-A)

Adapter For 205-S156
205-160 (T80T-4020-F43)

Material

Item Specification

SAE 75W-140 High WSL-M2C192-A
Performance Rear Axle
Lubricant
XY-75W140-QL

Premium Long-Life ESA-M1C75-B
Grease
XG-1-C
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205-02D-3 205-02D-3Rear Drive Axle/Differential — Ford 9.75-Inch Ring Gear

IN-VEHICLE REPAIR (Continued)

4. CAUTION: The driveshaft centering
socket yoke fits tightly on the rear axle
pinion flange pilot. Never hammer on the
driveshaft or any of its components to
disconnect the yoke from the flange. Pry only
in the area shown with a suitable tool to
disconnect the yoke from the flange.

Using a suitable tool as shown, disconnect the
driveshaft centering socket yoke from the rear
axle pinion flange.

• Position the driveshaft out of the way.

8. Remove the rear axle drive pinion seal. For
additional information, refer to Drive Pinion
Seal in this section.

9. Using a soft-faced hammer and the special tool,
drive the pinion out of the outer pinion bearing
and remove the drive pinion through the rear of
the housing.

5. Install a Nm (inch-pound) torque wrench on the
pinion nut, and record the torque required to
maintain rotation of the pinion through several
revolutions.

10. Remove and discard the collapsible spacer.

6. Remove the pinion flange and pinion nut. For
additional information, refer to Drive Pinion
Flange in this section.

• Discard the pinion nut.

7. Remove the rear axle drive pinion shaft oil
slinger.
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205-02D-4 205-02D-4Rear Drive Axle/Differential — Ford 9.75-Inch Ring Gear

IN-VEHICLE REPAIR (Continued)

11. Using the special tool, remove the inner pinion
bearing.

2. Tighten the special tool to seat the pinion
bearing cups into their bores.

12. NOTE: Do not remove the pinion bearing cups
from the carrier casting unless the cups are
damaged.

Using a brass drift, remove the pinion bearing
cups by tapping alternately on opposite sides of
the cups.

Using special tools 205-153, 205-231,
205-D055 and 205-387

3. Using the special tools, drive the outer pinion
bearing cup into the rear axle housing.

Installation

Using special tool 205-024

1. Position the special tools and the inner and
outer bearing cups in their respective bores.

1 After placing the inner and outer bearing
cups in their bores, place the special tool
(inner) on the inner pinion bearing cup.

2 Place the special tool (outer) on the outer
pinion bearing cup.

3 Install the special tool.
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205-02D-5 205-02D-5Rear Drive Axle/Differential — Ford 9.75-Inch Ring Gear

IN-VEHICLE REPAIR (Continued)

4. Using the special tools, drive the inner pinion
bearing cup into the axle housing.

Setting pinion depth

5. CAUTION: Whenever the cups are
removed, new differential pinion bearings
must be installed.

NOTE: If a feeler gauge of the specification
shown in the illustration can be inserted
between a cup and the bottom of its bore at any
point around the cup, the cup is not correctly
seated. Item Part Number Description
Make sure the cups are correctly seated in their 1 4621 Pinion bearing — (outer)
bores.

2 205-160 Adapter for 205-S156
(T80T-4020-F43)

3 4630 Pinion bearing — (inner)

4 205-383 Gauge/Aligner, Drive Pinion
Depth (T97T-4020-B)

5 205-159 Adapter for 205-S156
(2.1993-inch thick)
(T80T-4020-F42)

6 205-377 Gauge Tube, Drive Pinion
(3.780-inch O.D.)
(T97T-4020-A)

7 205-226 Depth Gauge/Aligner, Drive
Pinion Depth
(T85T-4020-AH1)

8 4010 Rear axle housing
6. NOTE: Apply only a light oil film on the

9 205-111 Adapter for 205-S127
pinion bearings before assembling the tool. (T76P-4020-A11)
Assemble and position the special tools.
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205-02D-6 205-02D-6Rear Drive Axle/Differential — Ford 9.75-Inch Ring Gear

IN-VEHICLE REPAIR (Continued)

7. Tighten the Handle.

10. NOTE: Drive pinion bearing adjustment shims
must be flat and clean.

8. NOTE: The special tool must be offset to NOTE: A slight drag should be felt for correct
obtain an accurate reading. shim selection. Do not attempt to force the
Rotate the special tool several half-turns to pinion shim between the Gauge Block and the
make sure of correct seating of the pinion Gauge Tube. 
bearings, and position the special tool. Use a drive pinion bearing adjustment shim as a

gauge for shim selection.

• After the correct shim thickness has been
determined, remove the special tool.

9. Install the special tool.

1 Position the special tool.

2 Install the differential side bearing caps.

3 Install the differential side bearing cap
bolts.
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205-02D-7 205-02D-7Rear Drive Axle/Differential — Ford 9.75-Inch Ring Gear

IN-VEHICLE REPAIR (Continued)

11. Using a press and the special tool, press the 13. CAUTION: Installation without the
selected shim and pinion bearing until it is correct tool can result in early seal failure. If
firmly seated on the pinion. the rear axle drive pinion seal becomes

cocked during installation, remove it and
install a new one.

Install the outer pinion bearing, the rear axle
drive pinion shaft oil slinger and the rear axle
drive pinion seal.

14. NOTE: Coat the lips of the rear axle drive
pinion seal with grease.

Using the special tool, drive the pinion seal into
place.

12. Place a new drive pinion collapsible spacer on
the pinion shaft.
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205-02D-8 205-02D-8Rear Drive Axle/Differential — Ford 9.75-Inch Ring Gear

IN-VEHICLE REPAIR (Continued)

15. Install the drive pinion in the drive pinion 18. With the drive pinion in place in the axle
carrier bore from inside the rear axle housing. housing, install the pinion flange using the

special tool.

16. Lubricate the pinion flange splines with rear
axle lubricant. 19. Position the new pinion nut.

17. NOTE: Disregard the scribe marks if a new
pinion flange is being installed.

Align the pinion flange with the drive pinion
shaft.
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205-02D-9 205-02D-9Rear Drive Axle/Differential — Ford 9.75-Inch Ring Gear

IN-VEHICLE REPAIR (Continued)

21. Install the differential case. For additional20. CAUTION: Under no circumstances is
information, refer to Differential Case in thisthe pinion nut to be backed off to reduce
section.preload. If reduced preload is required, a

new collapsible spacer and pinion nut must
22. Position the driveshaft and align the marks onbe installed.

the pinion flange.
CAUTION: Remove the special tool

while taking readings with the Nm
(inch-pound) torque wrench.

Using the special tool to hold the pinion flange,
tighten the pinion nut.

• Rotate the pinion occasionally to make sure
the bearings are seating correctly.

• Install a Nm (inch-pound) torque wrench on
the pinion nut.

• Rotating the pinion through several
revolutions, take frequent bearing torque
preload readings until the original recorded
preload reading is obtained.

23. CAUTION: The driveshaft centering
X If the original recorded preload is less

socket yoke fits tightly on the rear axlethan specification, tighten to the
pinion flange pilot. To make sure that theappropriate specification for used
yoke seats squarely on the flange, tighten thebearings. If the preload is greater than
bolts evenly in a cross pattern as shown.specification, tighten the nut to the

original reading as recorded. Refer to Install the driveshaft.
Torque  Specification in this section.
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205-02D-1 205-02D-1Rear Drive Axle/Differential — Ford 9.75-Inch Ring Gear

IN-VEHICLE REPAIR
RemovalDifferential Case

1. Remove the axle shafts. For additionalSpecial Tool(s)
information, refer to Axle Shaft in this section.

2-Jaw Puller
205-D072 (D97L-4221-A) or 2. Wipe the lubricant from the internal workingequivalent

parts, and visually inspect the parts for wear or
damage.

3. Rotate the differential case to see if there is any
roughness to indicate damaged bearings or

Dial Indicator Gauge with gears.
Holding Fixture
100-002 (TOOL-4201-C) or
equivalent

Gauge, Clutch Housing
308-021 (T75L-4201-A)

Installer, Differential Carrier
Bearing 4. Position the special tool, and record ring gear
205-D044 (D81T-4221-A) or backlash at four evenly spaced sections of the
equivalent ring gear.

Installer, Differential Shim
205-228 (T85T-4067-AH)

Step Plate
205-D019 (D80L-630-8) or
equivalent

Material

Item Specification

Stud and Bearing Mount WSK-M2G349-A1
E0AZ-19554-BA

Copyright  2003, Ford Motor Company
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205-02D-2 205-02D-2Rear Drive Axle/Differential — Ford 9.75-Inch Ring Gear

IN-VEHICLE REPAIR (Continued)

5. CAUTION: Mark the position of the
bearing caps because the arrows may not be
visible. The bearing caps must be installed in
their identical locations and positions.

Loosen the differential case.

1 Remove the bolts.

2 Remove the bearing caps.

8. Remove the bolts.

6. To simplify removal, fabricate two differential
case retaining straps from metal stock as
shown.

9. CAUTION: Care should be taken to
not damage the ring gear bolt hole thread.

NOTE: The anti-lock speed sensor ring cannot
be reused once removed.

Insert a punch in the bolt holes. Drive off the
ring gear and, if necessary, the anti-lock speed
sensor ring.

7. WARNING: Be careful to not allow
the differential case to fall.

CAUTION: Place a wood block
between the pry bar and the rear axle
housing to protect the machined surface
from damage.

Use the pry bar and the wood block to remove
the differential case from the rear axle housing.
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205-02D-3 205-02D-3Rear Drive Axle/Differential — Ford 9.75-Inch Ring Gear

IN-VEHICLE REPAIR (Continued)

10. Install the differential case.

1 Position the differential case assembly,
including bearing cups and shims, in the
carrier.

2 Install the differential bearing caps.

3 Install the differential bearing cap bolts.

13. Using the special tools, remove the differential
case from the rear axle housing, and remove the
differential bearings.

11. Position the special tool.

1 Rotate the differential case to make sure the
differential bearings are correctly seated.

2 Install the special tool.

14. Using the special tool, install the new
differential bearings on the differential case.

12. NOTE: If runout is within specification, install
a new ring gear and pinion. If runout exceeds
specification, the ring gear is true and the
concern is due to either a damaged differential
case or differential bearings. Inspect the
differential  bearings. If the differential bearings
are not damaged, install a new differential case
and the differential bearings.

Measure the differential case runout without the
ring gear.

1 Rotate the differential case.

2 Check and note the differential case runout.
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205-02D-4 205-02D-4Rear Drive Axle/Differential — Ford 9.75-Inch Ring Gear

IN-VEHICLE REPAIR (Continued)

15. Measure the differential case runout without the
ring gear.

• Check the case runout again with the new
differential bearings. If the runout is within
specification, use the new differential
bearings for assembly. If the runout is still
excessive, a new differential case must be
installed.

3. With pinion depth set and the pinion installed,
place the differential case in the rear axle
housing.

Installation

All vehicles

1. CAUTION: Make sure that the notches
on the case flange and the anti-lock speed
sensor ring are aligned.

4. Install a shim on the left side, of thePress the ring gear and, if removed, a new
specification shown.anti-lock speed sensor on the differential case.

2. Install the bolts.

• Apply sealer to the ring gear bolts.
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205-02D-5 205-02D-5Rear Drive Axle/Differential — Ford 9.75-Inch Ring Gear

IN-VEHICLE REPAIR (Continued)

7. Install the right side bearing cap and tighten the5. CAUTION:  The bearing caps must be
bolts.installed in their original locations and

positions.

NOTE: Apply pressure toward the left side to
make sure the left bearing cap is seated.

Install the left bearing cap and loosely install
the bearing cap bolts.

8. Rotate the differential case to make sure it
rotates freely.

6. Install progressively larger shims on the right
side until the largest shim selected can be
inserted by hand.
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205-02D-6 205-02D-6Rear Drive Axle/Differential — Ford 9.75-Inch Ring Gear

IN-VEHICLE REPAIR (Continued)

Measure backlash Backlash Change Thickness Change
Required Required

mm Inch mm Inch9. Using the special tool, measure ring gear
0.228 0.009 0.304 0.012backlash.

0.254 0.010 0.355 0.014• If the backlash is within specification, go to
Backlash Within Specification in this 0.279 0.011 0.355 0.014
procedure. The specification shown in the 0.304 0.012 0.406 0.016
illustration is the total allowable range. For

0.330 0.013 0.457 0.018the preferred range, refer to the
0.335 0.014 0.457 0.018Specifications portion of this  section.
0.381 0.015 0.508 0.020• If a zero backlash condition occurs, go to

Zero Backlash in this procedure.

• If the backlash is not within specification, Backlash not within specification
go to Backlash Not Within Specification in
this procedure. 11. To increase or decrease backlash, remove the

bearing caps, and install a thicker shim and a
thinner shim as shown.

• If backlash is not within specification,
correct by increasing the thickness of one
differential bearing shim and decreasing the
thickness on the other differential bearing
shim by the same amount.

Zero backlash

10. If a zero backlash condition occurs, add a
0.50-mm (0.020-inch) shim to the RH side and
subtract 0.50 mm (0.020 inch) from the LH side
to allow backlash indication. Go to Measure
Backlash in this procedure.

12. Install the bearing caps and bearing cap bolts.Backlash Change Thickness Change
Required Required

mm Inch mm Inch

0.025 0.001 0.050 0.002

0.050 0.002 0.050 0.002

0.076 0.003 0.101 0.004

0.101 0.004 0.152 0.006

0.127 0.005 0.152 0.006

0.152 0.006 0.203 0.008

0.177 0.007 0.254 0.010

0.203 0.008 0.254 0.010
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205-02D-7 205-02D-7Rear Drive Axle/Differential — Ford 9.75-Inch Ring Gear

IN-VEHICLE REPAIR (Continued)

13. Rotate the differential several times to make
sure the differential bearings are correctly
seated.

16. Install the bearing caps and bearing cap bolts.

14. Using the special tool, recheck the backlash.

• If backlash is within specification, go to
Backlash Within Specification in this
procedure. If not, go to Measure Backlash in
this procedure.

• The specification shown in the illustration is
the total allowable range. For the preferred
range, refer to the Specifications portion of
this section.

17. Use the special tool to verify the backlash.

• The specification shown in the illustration is
the total allowable range. For the preferred
range, refer to the Specifications portion of
this section.

Backlash within specification

15. Remove the bearing caps and bolts.

• To establish differential bearing preload,
increase both left and right shim sizes by
the specification shown in the illustration.

18. Install the axle shafts. For additional• Using the special tool, make sure the
information, refer to Axle Shaft in this section.differential bearing shims are fully seated

and the assembly turns freely.
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205-02D-1 205-02D-1Rear Drive Axle/Differential — Ford 9.75-Inch Ring Gear

IN-VEHICLE REPAIR
Special Tool(s)Differential Ring And Pinion

Installer, Drive Pinion Bearing
CupSpecial Tool(s)
205-024 (T67P-4616-A)

Dial Indicator Gauge with
Holding Fixture
100-002 (TOOL-4201-C) or
equivalent

Installer, Rear Axle Pinion
Bearing Cup
205-231 (T85T-4616-AH)

Gauge, Clutch Housing
308-021 (T75L-4201-A)

Installer, Rear Axle Pinion
Bearing Cup
205-387 (T97T-4628-A)

2-Jaw Puller
205-D072 (D97L-4221-A) or
equivalent

Depth Gauge/Aligner, Drive
Pinion
205-226 (T85T-4020-AH1)

Step Plate
205-D061 (D83T-4205-C2) or
equivalent

Adapter for 205-S156
205-159 (T80T-4020-F42)

Holding Fixture, Drive Pinion
Flange
205-126 (T78P-4851-A)

Depth Gauge/Aligner, Drive
Pinion
205-383 (T97T-4020-B)

Protector, Drive Pinion Thread
205-229 (T85T-4209-AH)

Adapter for 205-S127
205-111 (T76P-4020-A11)

(Continued)

(Continued)
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205-02D-2 205-02D-2Rear Drive Axle/Differential — Ford 9.75-Inch Ring Gear

IN-VEHICLE REPAIR (Continued)

Special Tool(s) Special Tool(s)

Adapter for 205-S156 Installer, Drive Pinion Flange
205-160 (T80T-4020-F43) 205-233 (T85T-4851-AH)

Gauge Tube, Drive Pinion Installer, Differential Carrier
205-377 (T97T-4020-A) Bearing

205-D044 (D81T-4221-A) or
equivalent

Installer, Drive Pinion Bearing Installer, Differential Shim
Cone 205-228 (T85T-4067-AH)
205-388 (T97T-4630-A)

Plate, Bearing/Oil Seal
Material205-090 (T75L-1165-B)

Item Specification

Premium Long-Life ESA-M1C75-B
Grease
XG-1-C or XG-1-K
(Canada CXG-1-C)

Threadlock and Sealer WSK-M2G351-A5Installer, Drive Pinion Oil Seal
TA-25205-208 (T83T-4676-A)
Stud and Bearing Mount WSK-M2G349-A1
TA-27

Silicone Gasket and WSE-M4G323-A4
Sealant
TA-30

(Continued)
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205-02D-3 205-02D-3Rear Drive Axle/Differential — Ford 9.75-Inch Ring Gear

IN-VEHICLE REPAIR (Continued)

2. Using the special tools, remove the differential
bearing.

• Repeat for the other side.

Item Part Number Description

1 4670 Oil slinger

2 4621 Outer pinion bearing

3 4616 Outer pinion bearing cup
3. Remove the 12 ring gear bolts.4 4662 Collapsible spacer

5 4628 Inner pinion bearing cup

6 4630 Inner pinion bearing

7 4663 Pinion bearing adjustment
shim

8 4209 Drive pinion

9 4209 Ring gear

10 4221 Differential bearing

11 4222 Differential bearing cup

12 4067 Differential bearing shim

Removal

1. Remove differential carrier. For additional
information, refer to Differential Carrier in this
section.
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205-02D-4 205-02D-4Rear Drive Axle/Differential — Ford 9.75-Inch Ring Gear

IN-VEHICLE REPAIR (Continued)

4. CAUTION: Do not damage the ring
gear bolt hole threads.

Insert a punch in the ring gear bolt holes and
drive the differential ring gear off.

8. CAUTION: The driveshaft centering
socket yoke fits tightly on the pinion flange
pilot. Never hammer on the driveshaft or
any of its components to disconnect the
driveshaft centering socket yoke from the
pinion flange. Pry only in the area shown5. WARNING: The speed sensor ring
with a  suitable tool to disconnect thecannot be reused once removed. Remove the
driveshaft centering socket yoke from thespeed sensor ring only if damaged.
pinion flange.

If necessary, remove the speed sensor ring.
Using a suitable tool as shown, disconnect the
driveshaft centering socket yoke from the6. Index-mark the driveshaft flange and pinion
pinion flange.flange for correct alignment during installation.
• Using mechanic’s wire, position the

driveshaft aside.

7. Remove the 4 driveshaft flange bolts.
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205-02D-5 205-02D-5Rear Drive Axle/Differential — Ford 9.75-Inch Ring Gear

IN-VEHICLE REPAIR (Continued)

9. Using the special tool to hold the pinion flange, 12. Remove the drive pinion shaft oil slinger.
remove and discard the pinion nut.

13. Install the special tool, then use a soft-faced
10. Using the special tool, remove the pinion hammer to drive the pinion gear out of the

flange. outer drive pinion bearing and remove the
pinion gear.

11. Force up on the metal flange of the drive
pinion seal. Install gripping pliers and strike 14. Using a brass drift, remove the drive pinion
with a hammer until the drive pinion seal is bearing cups by tapping alternately on opposite
removed. sides of the drive pinion bearing cups.
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205-02D-6 205-02D-6Rear Drive Axle/Differential — Ford 9.75-Inch Ring Gear

IN-VEHICLE REPAIR (Continued)

Installation

1. Position the special tools and the inner and
outer drive pinion bearing cups in their
respective bores.

1 Place the special tool on the outer drive
pinion bearing cup.

2 Place the special tool on the inner drive
pinion bearing cup.

3 Install the special tool.

4. CAUTION: Use the same drive pinion
bearings and the drive pinion bearing
adjustment shim from the drive pinion
bearing adjustment shim selection procedure
for final assembly.

NOTE: Install new drive pinion bearings
without any additional lubricant since the
anti-rust oil provides adequate lubricant without
upsetting the drive pinion bearing preload
settings. 

Install the new drive pinion bearings and
special tools as shown.2. Tighten the special tool to fully seat the

differential drive pinion bearing.

3. NOTE: If a feeler gauge of the specification
shown can be inserted between a cup and the
bottom of its bore at any point around the cup,
the cup is not correctly seated.

Make sure the differential pinion bearing cups
are correctly seated.
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205-02D-7 205-02D-7Rear Drive Axle/Differential — Ford 9.75-Inch Ring Gear

IN-VEHICLE REPAIR (Continued)

7. Install the special tool.Item Part Number Description

1 Position the special tool.1 4621 Outer pinion bearing

2 205-160 Adapter for 205-S127 2 Install the differential bearing caps.
3 4630 Inner pinion bearing 3 Install the differential bearing cap bolts.
4 205-383 Depth Gauge/Aligner, Drive

X Tighten to 105 Nm (77 lb-ft).
Pinion

5 205-159 Adapter for 205-S127

6 205-377 Drive Pinion Gauge Tube

7 205-226 Depth Gauge/Aligner, Drive
Pinion

8 4010 Rear axle housing outer
(front) pinion bearing

9 205-111 Adapter for 205-S127

5. Tighten the special tool to the specified
rotational torque.

• Tighten to 2.2 Nm (20 lb-in).

8. NOTE: Drive pinion bearing adjustment shims
must be flat and clean.

NOTE: A slight drag should be felt for correct
drive pinion bearing adjustment shim selection.
Do not attempt to force the drive pinion bearing
adjustment shim between the gauge block and
the gauge tube. This will minimize selection of
a drive pinion  bearing adjustment shim thicker
than required, which results in a deep tooth
contact in the final assembly of integral axle
assemblies.

Use a drive pinion bearing adjustment shim as a
6. NOTE: The special tool must be offset to gauge for drive pinion bearing adjustment shim

obtain an accurate reading. selection.
Rotate the special tool several half-turns to • After the correct drive pinion bearing
make sure of correct seating of the drive pinion adjustment shim thickness has been
bearings, then position the special tool. determined, remove the special tools.
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205-02D-8 205-02D-8Rear Drive Axle/Differential — Ford 9.75-Inch Ring Gear

IN-VEHICLE REPAIR (Continued)

9. Using the special tools, press the drive pinion
bearing and drive pinion bearing adjustment
shim until they are firmly seated on the pinion
gear.

12. Lubricate the new drive pinion seal with grease.

13. CAUTION: If the new drive pinion
seal becomes misaligned during installation,
remove the drive pinion seal and install a
new drive pinion seal.

Using the special tool, install a new drive
pinion seal.

10. Place a new drive pinion collapsible spacer on
the pinion gear against the pinion gear shoulder.

14. Lubricate the pinion flange splines with grease.

15. Install the pinion gear in the pinion gear bore
from inside the axle housing.

11. Install the outer drive pinion bearing and drive
pinion shaft oil slinger.
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205-02D-9 205-02D-9Rear Drive Axle/Differential — Ford 9.75-Inch Ring Gear

IN-VEHICLE REPAIR (Continued)

16. Using the special tool, install the pinion flange. 18. CAUTION: Under no circumstances is
the pinion nut to be backed off to reduce
drive pinion bearing preload. If reduced
drive pinion bearing preload is required, a
new drive pinion collapsible spacer and
pinion nut must be installed.

CAUTION: Remove the special tool
while taking drive pinion bearing preload
readings with the Nm (lb-in) torque wrench.

Using the special tool to hold the pinion flange,
tighten the pinion nut.

• Rotate the drive pinion occasionally to make
sure the drive pinion bearings are seating
correctly.17. Position the new pinion nut.

• Install a Nm (lb-in) torque wrench on the
pinion nut.

• Rotating the drive pinion through several
revolutions, take frequent drive pinion
bearing preload readings until the drive
pinion bearing preload specification is
obtained.

19. Press the LH and RH differential bearing on the
differential assembly.
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205-02D-10 205-02D-10Rear Drive Axle/Differential — Ford 9.75-Inch Ring Gear

IN-VEHICLE REPAIR (Continued)

20. NOTE: If removed, press the speed sensor ring
on with the differential ring gear.

Install the differential ring gear.

1 Place the differential ring gear on the
differential assembly.

2 Hand-start 3 ring gear bolts to align the
holes in the differential ring gear and the
differential assembly.

3 Place the differential assembly and
differential ring gear onto the press bed
blocks with the differential ring gear teeth
facing downward.

23. Install a differential bearing shim on the LH
4 Press the differential ring gear into place. side.

21. Install the 12 differential ring gear bolts.
24. CAUTION: Index-mark the position of

• Apply stud and bearing mount to the the differential bearing caps as arrows may
differential ring gear bolts. not be visible. The differential bearing caps

• Tighten to 150 Nm (111 lb-ft). must be installed in their original locations
and positions.

NOTE: Apply pressure toward the LH side to
make sure the LH differential bearing cap is
seated.

Install the LH differential bearing cap and
loosely install the differential bearing cap bolts.

22. Install the differential assembly in the axle
housing.
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205-02D-11 205-02D-11Rear Drive Axle/Differential — Ford 9.75-Inch Ring Gear

IN-VEHICLE REPAIR (Continued)

25. Install progressively larger differential bearing 28. NOTE: If ring gear backlash is within
shims on the RH side until the largest specification, go to Step 32.
differential bearing shim selected that can be Using the special tools, measure ring gear
installed by hand. backlash.

26. Install the RH side differential bearing cap and 29. NOTE: The differential bearing caps must be
tighten the LH side and RH side differential removed before differential bearing shims can
bearing cap bolts. be installed.
• Tighten to 105 Nm (77 lb-ft). To increase ring gear backlash, install a thicker

differential bearing shim and a thinner
differential bearing shim as shown.

• If ring gear backlash is not within
specification, correct by increasing the
thickness of one differential bearing shim
and decreasing the thickness on the other
differential bearing shim by the same
amount.

Backlash Change Thickness Change
Required Required

mm In mm In

0.025 0.001 0.050 0.002

27. Rotate the differential assembly to make sure it 0.050 0.002 0.050 0.002
rotates freely. 0.076 0.003 0.101 0.004

0.101 0.004 0.152 0.006

0.127 0.005 0.152 0.006

0.152 0.006 0.203 0.008

0.177 0.007 0.254 0.010

0.203 0.008 0.254 0.010

0.228 0.009 0.304 0.012

0.254 0.010 0.355 0.014

0.279 0.011 0.355 0.014

0.304 0.012 0.406 0.016

0.330 0.013 0.457 0.018
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205-02D-12 205-02D-12Rear Drive Axle/Differential — Ford 9.75-Inch Ring Gear

IN-VEHICLE REPAIR (Continued)

Backlash Change Thickness Change 32. Remove the differential bearing cap bolts and
Required Required differential bearing caps.

mm In mm In

0.335 0.014 0.457 0.018

0.381 0.015 0.508 0.020

33. NOTE: To establish differential bearing
preload, increase both LH and RH differential
bearing shim sizes as shown. Make sure
differential bearing shims are fully seated and
the differential assembly turns freely.30. Rotate the differential assembly several times to

make sure the differential bearings are seated. Using the special tool, install the differential
bearing shims.

31. Using the special tools, recheck the ring gear
backlash.
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205-02D-13 205-02D-13Rear Drive Axle/Differential — Ford 9.75-Inch Ring Gear

IN-VEHICLE REPAIR (Continued)

34. Install the differential bearing caps and 40. NOTE: The differential housing cover must be
differential bearing cap bolts. installed within 15 minutes of application of the

silicone, or new sealant must be applied. If• Tighten to 105 Nm (77 lb-ft).
possible, allow one hour before filling with
lubricant to ensure the silicone sealant has
properly cured.

Install the differential housing cover and the
differential housing cover bolts.

• Tighten to 45 Nm (33 lb-ft).

35. Apply marking compound and rotate the
differential assembly 5 complete revolutions.

36. Check and verify an acceptable pattern.

37. Install the axle shafts. For additional
information, refer to Axle Shaft in this section.

41. CAUTION: For Traction-Lok axles,
first fill the axle with 118 ml (4 ounces) of38. CAUTION: Make sure the machined
friction modifier.surfaces on both the axle housing and the
NOTE: Service refill capacities are determineddifferential housing cover are clean and free
by filling the axle with the specified lubricantof oil before applying the new silicone
to the specified level below the bottom of thesealant. The inside of the axle must be
filler hole.covered when cleaning the machined surface

to prevent  contamination. Fill the axle to the level shown with axle
lubricant and install the filler plug.Clean the gasket mating surface of the axle and

the differential housing cover. • Tighten to 30 Nm (22 lb-ft).

39. Apply a new, continuous bead of sealant to the
differential housing cover.
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205-02D-14 205-02D-14Rear Drive Axle/Differential — Ford 9.75-Inch Ring Gear

IN-VEHICLE REPAIR (Continued)

42. Position the driveshaft and align the index mark
on the pinion flange.

43. CAUTION: The driveshaft centering
socket yoke fits tightly on the pinion flange
pilot. To make sure that the driveshaft
centering socket yoke seats squarely on the
pinion flange, tighten the driveshaft flange
bolts evenly in a cross pattern.

Install the driveshaft flange bolts.

• Tighten to 103 Nm (76 lb-ft).
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205-02D-1 205-02D-1Rear Drive Axle/Differential — Ford 9.75-Inch Ring Gear

IN-VEHICLE REPAIR
Special Tool(s)Differential Bearings

Gauge Tube, Drive Pinion
205-377 (T97T-4020-A)Special Tool(s)

Adapter For 205-S156
205-160 (T80T-4020-F43)

Dial Indicator with Holding
Fixture
100-002 (TOOL-4201-C)

Depth Gauge/Aligner, Drive
Pinion
205-383 (T97T-4020-B)

Shim Driver
205-228 (T85T-4067-AH)

Adapter For 205-S126
205-159 (T80T-4020-F42)

2-Jaw Puller
205-D072 (D97L-4221-A) or
equivalent

Step Plate
205-D061 (D83T-4205-C2) or
equivalent

Installer, Differential Carrier
Bearing
205-D044 (D81T-4221-A) or
equivalentDepth Gauge/Aligner, Drive

Pinion
205-226 (T85T-4020-AH1)

Puller, Bearing
205-D064 (D84L-1123-A) or
equivalent

Adapter For 205-S127
205-111 (T76P-4020-A11)

Companion Flange Holding
Tool
205-126 (T78P-4851-A)

(Continued)

(Continued)
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205-02D-2 205-02D-2Rear Drive Axle/Differential — Ford 9.75-Inch Ring Gear

IN-VEHICLE REPAIR (Continued)

Special Tool(s) Special Tool(s)

Installer, Pinion Seal Plate, Bearing Oil Seal
205-208 (T83T-4676-A) 205-090 (T75L-1165-B)

Protector, Pinion Shaft Thread Installer, Drive Pinion Flange
205-229 (T85T-4209-AH) 205-233 (T83T-4851-AH)

Installer, Pinion Cup
Material205-024 (T67P-4616-A)

Item Specification

Motorcraft SAE 75W-140 WSL-M2C192-A
High Performance Rear
Axle Lubricant
XL-75W140-QL

Additive Friction Modifier EST-M2C118-AInstaller, Rear Axle Pinion
XL-3Bearing Cup

205-231 (T85T-4616-AH) Silicone Gasket and WSE-M4G323-A4
Sealant
TA-30

Premium Long-Life ESA-M1C75-B
Grease
XG-1-C or XG-1-K

Installer, Rear Axle Pinion (Canada CXG-1-C)
Bearing Cup
205-387 (T97T-4628-A)

Installer, Drive Pinion Bearing
205-388 (T97T-4630-A)

(Continued)
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205-02D-3 205-02D-3Rear Drive Axle/Differential — Ford 9.75-Inch Ring Gear

IN-VEHICLE REPAIR (Continued)

2. Remove the differential bearings with the
special tools.

Item Part Number Description

1 4670 Oil slinger

2 4621 Outer pinion bearing
3. Index mark the driveshaft flange and pinion3 4616 Outer pinion bearing cup

flange for correct alignment during installation.
4 4662 Collapsible spacer

5 4628 Inner pinion bearing cup

6 4630 Inner pinion bearing

7 4663 Pinion bearing adjustment
shim

8 4209 Drive pinion

9 4209 Ring gear

10 4221 Differential bearing

11 4222 Differential bearing cup

12 4067 Differential bearing shim

Removal

1. Remove differential carrier. For additional
information, refer to Differential Carrier in this
section.

2004 E-Series, 12/2003 



205-02D-4 205-02D-4Rear Drive Axle/Differential — Ford 9.75-Inch Ring Gear

IN-VEHICLE REPAIR (Continued)

4. Remove the 4 driveshaft flange bolts.

7. Using the special tool, remove the pinion
flange.

5. CAUTION: The driveshaft centering
socket yoke fits tightly on the pinion flange
pilot. Never hammer on the driveshaft or
any of its components to disconnect the
driveshaft centering socket yoke from the
pinion flange. Pry only in the area shown
with a  suitable tool to disconnect the
driveshaft centering socket yoke from the
pinion flange.

Using a suitable tool as shown, disconnect the
driveshaft centering socket yoke from the
pinion flange.

• Using mechanic’s wire, position the
driveshaft aside. 8. Force up on the metal flange of the drive

pinion seal. Install gripping pliers and strike
with a hammer until the drive pinion seal is
removed.

6. Using the special tool to hold the pinion flange,
remove and discard the pinion nut.
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205-02D-5 205-02D-5Rear Drive Axle/Differential — Ford 9.75-Inch Ring Gear

IN-VEHICLE REPAIR (Continued)

9. Remove the drive pinion shaft oil slinger. 12. Using the special tool and a suitable press,
remove the inner pinion bearing.

10. Install the special tool, then use a soft-faced
hammer to drive the pinion gear out of the 13. Using a brass drift, remove the drive pinion
outer drive pinion bearing and remove the bearing cups by tapping alternately on opposite
pinion gear. sides of the drive pinion bearing cups.

11. Remove the drive pinion collapsible spacer and
discard it.
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205-02D-6 205-02D-6Rear Drive Axle/Differential — Ford 9.75-Inch Ring Gear

IN-VEHICLE REPAIR (Continued)

Installation

1. Position the special tools and the inner and
outer drive pinion bearing cups in their
respective bores.

1 Place the special tool on the outer drive
pinion bearing cup.

2 Place the special tool on the inner drive
pinion bearing cup.

3 Install the special tool.

4. CAUTION: Use the same drive pinion
bearings and the drive pinion bearing
adjustment shim from the drive pinion
bearing adjustment shim selection procedure
for final assembly.

NOTE: Install new drive pinion bearings
without any additional lubricant since the
anti-rust oil provides adequate lubricant without
upsetting the drive pinion bearing preload
settings. 

Install the new drive pinion bearings and
special tools as shown.2. Tighten the special tool to seat the drive pinion

bearing cups into their bores.

3. CAUTION: Whenever new drive
pinion bearings cups are installed, new drive
pinion bearings must also be installed.

NOTE: If a feeler gauge of the specification
shown in the illustration can be inserted
between a drive pinion bearing cup and the
bottom of its bore at any point around the drive
pinion bearing cup, the drive pinion bearing cup
is not correctly  seated.

Make sure the drive pinion bearing cups are
correctly seated in their bores.
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205-02D-7 205-02D-7Rear Drive Axle/Differential — Ford 9.75-Inch Ring Gear

IN-VEHICLE REPAIR (Continued)

7. Install the special tool.Item Part Number Description

1 Position the special tool.1 4621 Outer pinion bearing

2 205-160 Adapter for 205-S127 2 Install the differential bearing caps.
3 4630 Inner pinion bearing 3 Install the differential bearing cap bolts.
4 205-383 Depth Gauge/Aligner, Drive

X Tighten to 105 Nm (77 lb-ft).
Pinion

5 205-159 Adapter for 205-S127

6 205-377 Drive Pinion Gauge Tube

7 205-226 Depth Gauge/Aligner, Drive
Pinion

8 4010 Rear axle housing outer
(front) pinion bearing

9 205-111 Adapter for 205-S127

5. Tighten the special tool to the specified
rotational torque.

• Tighten to 2.2 Nm (20 lb-in).

8. NOTE: Drive pinion bearing adjustment shims
must be flat and clean.

NOTE: A slight drag should be felt for correct
drive pinion bearing adjustment shim selection.
Do not attempt to force the drive pinion bearing
adjustment shim between gauge block and
gauge tube. This will minimize selection of a
drive pinion bearing  adjustment shim thicker
than required, which results in a deep tooth
contact in final assembly of integral axle
assemblies.

Use a drive pinion bearing adjustment shim as a
6. NOTE: The gauge block must be offset to gauge for drive pinion bearing adjustment shim

obtain an accurate reading. selection.
Rotate the gauge block several half turns to • The pinion bearing adjustment shim is
make sure of correct seating of the drive pinion checked between the gauge block and the
bearings and position the gauge block. gauge tube.

2004 E-Series, 12/2003 



205-02D-8 205-02D-8Rear Drive Axle/Differential — Ford 9.75-Inch Ring Gear

IN-VEHICLE REPAIR (Continued)

9. Remove the pinion depth gauge set from the
axle housing.

10. Using the special tools, press the drive pinion
bearing and drive pinion bearing adjustment
shim until they are firmly seated on the pinion
gear.

13. Lubricate the new drive pinion seal with grease.

14. CAUTION: If the new drive pinion
seal becomes misaligned during installation,
remove the drive pinion seal and install a
new drive pinion seal.

Using the special tool, install a new drive
pinion seal.

11. Place a new drive pinion collapsible spacer on
the pinion gear against the pinion gear shoulder. 15. Lubricate the pinion flange splines with grease.

16. Install the pinion gear in the pinion gear bore
from inside the axle housing.

12. Install the outer drive pinion bearing and drive
pinion shaft oil slinger.
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205-02D-9 205-02D-9Rear Drive Axle/Differential — Ford 9.75-Inch Ring Gear

IN-VEHICLE REPAIR (Continued)

17. Using the special tool, install the pinion flange. 19. CAUTION: Under no circumstances is
the pinion nut to be backed off to reduce
drive pinion bearing preload. If reduced
drive pinion bearing preload is required, a
new drive pinion collapsible spacer and
pinion nut must be installed.

CAUTION: Remove the special tool
while taking drive pinion bearing preload
readings with the Nm (lb-in) torque wrench.

Using the special tool to hold the pinion flange,
tighten the pinion nut.

• Rotate the drive pinion occasionally to make
sure the drive pinion bearings are seating
correctly.18. Position the new pinion nut.

• Install a Nm (lb-in) torque wrench on the
pinion nut.

• Rotating the drive pinion through several
revolutions, take frequent drive pinion
bearing preload readings until the drive
pinion bearing preload specification is
obtained.

20. Press the LH and RH differential bearing on the
differential assembly.
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205-02D-10 205-02D-10Rear Drive Axle/Differential — Ford 9.75-Inch Ring Gear

IN-VEHICLE REPAIR (Continued)

21. Install the differential assembly in the axle
housing.

24. Install progressively larger differential bearing
shims on the RH side until the largest
differential bearing shim selected that can be

22. Install a differential bearing shim on the LH installed by hand.
side.

25. Install the RH side differential bearing cap and
tighten the LH side and RH side differential23. CAUTION: Index-mark the position of
bearing cap bolts.the differential bearing caps as arrows may

not be visible. The differential bearing caps • Tighten to 105 Nm (77 lb-ft).
must be installed in their original locations
and positions.

NOTE: Apply pressure toward the LH side to
make sure the LH differential bearing cap is
seated.

Install the LH differential bearing cap and
loosely install the differential bearing cap bolts.
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205-02D-11 205-02D-11Rear Drive Axle/Differential — Ford 9.75-Inch Ring Gear

IN-VEHICLE REPAIR (Continued)

26. Rotate the differential assembly to make sure it 28. NOTE: The differential bearing caps must be
rotates freely. removed before differential bearing shims can

be installed.

To increase ring gear backlash, install a thicker
differential bearing shim and a thinner
differential bearing shim as shown.

• If ring gear backlash is not within
specification, correct by increasing the
thickness of one differential bearing shim
and decreasing the thickness on the other
differential bearing shim by the same
amount.

Backlash Change Thickness Change
Required Required

mm In mm In27. NOTE: If ring gear backlash is within
0.025 0.001 0.050 0.002specification, go to Step 31.
0.050 0.002 0.050 0.002Using the special tools, measure ring gear

backlash. 0.076 0.003 0.101 0.004

0.101 0.004 0.152 0.006

0.127 0.005 0.152 0.006

0.152 0.006 0.203 0.008

0.177 0.007 0.254 0.010

0.203 0.008 0.254 0.010

0.228 0.009 0.304 0.012

0.254 0.010 0.355 0.014

0.279 0.011 0.355 0.014

0.304 0.012 0.406 0.016

0.330 0.013 0.457 0.018

0.335 0.014 0.457 0.018

0.381 0.015 0.508 0.020
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205-02D-12 205-02D-12Rear Drive Axle/Differential — Ford 9.75-Inch Ring Gear

IN-VEHICLE REPAIR (Continued)

29. Rotate the differential assembly several times to 32. NOTE: To establish differential bearing
make sure the differential bearings are seated. preload, increase both left and right differential

bearing shim sizes as shown. Make sure
differential bearing shims are fully seated and
the differential assembly turns freely.

Using the special tool, install the differential
bearing shims.

30. Using the special tools, recheck the ring gear
backlash.

33. Install the differential bearing caps and
differential bearing cap bolts.

• Tighten to 105 Nm (77 lb-ft).

31. Remove the differential bearing cap bolts and
differential bearing caps.

34. Apply marking compound and rotate the
differential assembly 5 complete revolutions.

35. Verify an acceptable pattern check.

36. Install the axle shafts. For additional
information, refer to Axle Shaft in this section.
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205-02D-13 205-02D-13Rear Drive Axle/Differential — Ford 9.75-Inch Ring Gear

IN-VEHICLE REPAIR (Continued)

37. CAUTION: Make sure the machined 40. CAUTION: For Traction-Lok axles,
surfaces on both the axle housing and the first fill the axle with 118 ml (4 ounces) of
differential housing cover are clean and free friction modifier.
of oil before applying the new silicone NOTE: Service refill capacities are determined
sealant. The inside of the axle must be by filling the axle with the specified lubricant
covered when cleaning the machined surface to the specified level below the bottom of the
to prevent  contamination. filler hole.
Clean the gasket mating surface of the axle and Fill the axle to the level shown with axle
the differential housing cover. lubricant and install the filler plug.

• Tighten to 30 Nm (22 lb-ft).38. Apply a new, continuous bead of sealant to the
differential housing cover.

41. Position the driveshaft and align the index mark
on the pinion flange.39. NOTE: The differential housing cover must be

installed within 15 minutes of application of the
silicone, or new sealant must be applied. If
possible, allow one hour before filling with
lubricant to ensure the silicone sealant has
properly cured.

Install the differential housing cover and the
differential housing cover bolts.

• Tighten to 45 Nm (33 lb-ft).
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205-02D-14 205-02D-14Rear Drive Axle/Differential — Ford 9.75-Inch Ring Gear

IN-VEHICLE REPAIR (Continued)

42. CAUTION: The driveshaft centering
socket yoke fits tightly on the pinion flange
pilot. To make sure that the driveshaft
centering socket yoke seats squarely on the
pinion flange, tighten the driveshaft flange
bolts evenly in a cross pattern.

Install the driveshaft flange bolts.

• Tighten to 103 Nm (76 lb-ft).
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205-02D-1 205-02D-1Rear Drive Axle/Differential — Ford 9.75-Inch Ring Gear

REMOVAL AND INSTALLATION

4. Remove the drive pinion. For additionalAxle Housing
information, refer to Drive Pinion in this
section.Removal

5. Remove the brake caliper support brackets. For
1. With the vehicle in NEUTRAL, position it on a additional information, refer to Brake Caliper

hoist. For additional information, refer to Support Brackets in Section 206-04.
Section 100-02.

6. Disconnect the rear brake anti-lock sensor
2. Index-mark the driveshaft and flange, remove electrical connector.

and discard the four bolts.

7. Disconnect the vent hose.
3. CAUTION: The driveshaft centering

socket yoke fits tightly on the rear axle
pinion flange pilot. Never hammer on the
driveshaft or any of its components to
disconnect the yoke from the flange. Pry only
in the area shown with a suitable tool to
disconnect the yoke from the flange.

Using a suitable tool as shown, disconnect the
driveshaft centering socket yoke from the rear
axle pinion flange.

• Position the driveshaft out of the way.
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Last updated: 5/18/2004 2004 E-Series, 12/2003 



205-02D-2 205-02D-2Rear Drive Axle/Differential — Ford 9.75-Inch Ring Gear

REMOVAL AND INSTALLATION (Continued)

8. Remove the brake hose junction block bolt.

11. Support the rear axle with a suitable
transmission jack.

9. Remove the brake hose retainer bolt.

12. Remove the lower shock absorber nuts and
10. Separate all parking brake cable and brake lines bolts.

from the rear axle housing.
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205-02D-3 205-02D-3Rear Drive Axle/Differential — Ford 9.75-Inch Ring Gear

REMOVAL AND INSTALLATION (Continued)

13. Remove the rear axle U-bolt assembly.

1 Remove the rear spring plate nuts.

2 Remove the two rear spring plate U-bolts.

3 Remove the rear spring plate.

4 Repeat the procedure for the other side.

14. Lower the axle from the vehicle.

Installation

1. CAUTION: The driveshaft centering
socket yoke fits tightly on the rear axle
pinion flange pilot. To make sure that the
yoke seats squarely on the flange, tighten the
bolts evenly in a cross pattern as shown.

Follow the removal procedure in reverse order.
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205-02D-1 205-02D-1Rear Drive Axle/Differential — Ford 9.75-Inch Ring Gear

REMOVAL AND INSTALLATION

Differential Carrier 3. WARNING: Be careful not to allow
the differential assembly to fall.

Special Tool(s) CAUTION: Place a wood block
Shim Driver between the pry bar and the axle housing to
205-228 (T85T-4067-AH) protect the machined surface from damage.

CAUTION: Index-mark the position of
the differential bearing shims. The
differential bearing shims must be installed
in their original locations and positions.

Using pry bars and wood blocks, remove theDial Indicator with Bracketry
differential assembly from the axle housing.100-002 (TOOL-4201-C)

Gauge, Clutch Housing
308-021 (T75L-4201-A)

Removal
Installation

1. Remove the axle shafts. For additional
1. Position the differential assembly in the axleinformation, refer to Axle Shaft in this section.

housing.

2. CAUTION: Index-mark the position of
the differential bearing caps, as arrows may
not be visible. The differential bearing caps
must be installed in their original locations
and positions.

Remove the differential bearing cap bolts and
the differential bearing caps.

2. Install the original differential bearing shim on
the LH side.
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205-02D-2 205-02D-2Rear Drive Axle/Differential — Ford 9.75-Inch Ring Gear

REMOVAL AND INSTALLATION (Continued)

3. NOTE: Apply pressure toward the LH side to 6. Install the RH side differential bearing cap and
make sure the LH differential bearing cap is tighten the LH side and RH side differential
seated. bearing cap bolts.

Install the LH differential bearing cap and • Tighten to 105 Nm (77 lb-ft).
loosely install the differential bearing cap bolts.

7. Rotate the differential assembly to make sure it
4. Install the original differential bearing shim on rotates freely.

the RH side.

8. Measure the ring and pinion backlash.
5. Using the special tool, fully seat the differential

9. Install the axle shafts. For additionalbearing shims.
information, refer to Axle Shaft in this section.
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205-02D-1 205-02D-1Rear Drive Axle/Differential — Ford 9.75-Inch Ring Gear

DISASSEMBLY AND ASSEMBLY

Differential Case and Ring Gear —
Conventional

Special Tool(s)

2-Jaw Puller
205-D072 (D97L-4221-A) or
equivalent

Installer, Differential Carrier
Bearing 3. Insert a punch in the bolt holes and drive the
205-D044 (D81T-4221-A) or ring gear off.
equivalent

Step Plate
205-D019 (D80L-630-8) or
equivalent

Material

Item Specification
4. NOTE: The anti-lock speed sensor ring cannot

Stud and Bearing Mount WSK-M2G349-A1 be reused once removed.E0AZ-19554-BA
Remove the anti-lock speed sensor ring.SAE 75W-140 High WSL-M2C192-A

Performance Rear Axle
Lubricant
XY-75W140-QL

Disassembly

1. Remove the differential case. For additional
information, refer to Differential Case in this
section.

2. Remove the bolts.
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205-02D-2 205-02D-2Rear Drive Axle/Differential — Ford 9.75-Inch Ring Gear

DISASSEMBLY AND ASSEMBLY (Continued)

5. Using the special tools, remove the differential
bearings (4221).

Assembly

1.  Position the differential side gear thrust
6. Remove the differential pinion shaft lock bolt washers on the differential side gears.

and the differential pinion shaft. • Lubricate the differential side gear thrust
• Discard the differential pinion shaft lock washers and the differential side gear

bolt. journals with rear axle lubricant.

7. Rotate and remove the differential pinion gears 2. Position the differential side gears.
and differential pinion thrust washers.

8. Remove the differential side gears and the
differential side gear thrust washers.
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205-02D-3 205-02D-3Rear Drive Axle/Differential — Ford 9.75-Inch Ring Gear

DISASSEMBLY AND ASSEMBLY (Continued)

3. Assemble the differential pinion thrust washers
and the differential pinion gears.

• Lubricate the pinion gears and the pinion
thrust washers with rear axle lubricant.

7. Insert the differential pinion shaft, and install a
new differential pinion shaft lock bolt
finger-tight.

4. Engage the differential pinion gears opposite
the differential side gears.

8. CAUTION: Make sure that the notches
on the case flange and the anti-lock speed
sensor ring are aligned.

Press the new anti-lock speed sensor ring and
5. Using the special tool, install the differential the ring gear on the differential case.

bearings.

6. Rotate the differential pinion gears to align the
differential pinion shaft bore.
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205-02D-4 205-02D-4Rear Drive Axle/Differential — Ford 9.75-Inch Ring Gear

DISASSEMBLY AND ASSEMBLY (Continued)

9. Install the bolts and tighten. 10. Install the differential case. For additional
information, refer to Differential Case in this• Apply sealer to the ring gear bolts.
section.
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205-02D-1 205-02D-1Rear Drive Axle/Differential — Ford 9.75-Inch Ring Gear

DISASSEMBLY AND ASSEMBLY
Special Tool(s)Differential Case and Ring Gear —

15-101 Gauge, DifferentialTraction-Lok
Clutch (Excluding Mandrel)
205-135 (T80P-4946-A)

Special Tool(s)

2-Jaw Puller
205-D072 (D97L-4221-A) or
equivalent

Gauge, Differential
(Traction-Lok) (Mandrel for
205-135 )
205-389 (T97T-4946-A)

Installer, Differential Carrier
Bearing
205-D044 (D81T-4221-A) or
equivalent

Gauge, Differential
(Traction-Lok)
205-384 (T97T-4205-A)

Feeler Gauge Set
303-D027 (D81L-4201-A) or
equivalent

Material

Item Specification

Premium Long Life ESA-M1C75-B
Rotator, Differential Grease
205-378 (T97T-4205-C) XG-1-C

SAE 75W-140 High WSL-M2C192-A
Performance Rear Axle
Lubricant
XY-75W140-QL

Additive Friction Modifier EST-M2C118-A
XL-3Gauge, Differential

(Traction-Lok) Stud and Bearing Mount WSK-M2G349-A1
205-386 (T97T-4205-D) TA-27

Disassembly

1. Remove the differential carrier. For additional
information, refer to Differential Carrier in this

Step Plate
section.205-D019 (D80L-630-8) or

equivalent

(Continued)
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205-02D-2 205-02D-2Rear Drive Axle/Differential — Ford 9.75-Inch Ring Gear

DISASSEMBLY AND ASSEMBLY (Continued)

2. NOTE: The differential bearings need not be
removed to overhaul the Ford limited slip
differential. If bearing removal is required, use
the 2-Jaw Puller.

NOTE: The anti-lock speed sensor ring cannot
be reused once removed.

Remove the differential pinion shaft lock bolt
and remove the differential pinion shaft.

• Discard the differential pinion shaft lock
bolt.

• If required, remove the ring gear and
anti-lock speed sensor ring.

5. NOTE: Apply a small amount of grease to the
centering hole of the special tool.

Install the special tool in the bottom side gear
bore.

3. Install the special tool in a suitable vise.

6. Install the nut in the upper differential side
gear. Hold the nut in position while installing
the hex screw. Tighten the hex-head screw until
contact is made with the step plate.

4. Install the differential case on the tool.
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205-02D-3 205-02D-3Rear Drive Axle/Differential — Ford 9.75-Inch Ring Gear

DISASSEMBLY AND ASSEMBLY (Continued)

7. NOTE: The dowel bar is used to keep the nut
from turning when the forcing screw is
tightened.

Insert a suitable dowel bar in the hole of the
nut. Tighten the forcing screw to force the
differential side gear away from the differential
pinion gears.

9. Remove the differential pinion gears and
differential pinion thrust washers.

10. Remove the differential side gears and
differential clutch packs, and tag them RIGHT
and LEFT with the shim.

8. WARNING: Keep fingers and hands
away from pinion gears when rotating the
differential case with the differential rotating
tool.

NOTE: Differential pinion thrust washers
cannot be removed independently of the
differential pinion gears and must be removed
simultaneously with the differential pinion
gears.

Insert the special tool in the pinion shaft bore,
and turn the differential case to ‘‘walk’’ the
differential pinion gears and differential pinion
thrust washers out to the differential case
windows.
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205-02D-4 205-02D-4Rear Drive Axle/Differential — Ford 9.75-Inch Ring Gear

DISASSEMBLY AND ASSEMBLY (Continued)

11. CAUTION: When separating the
clutch plates and clutch discs, note the
sequence in which they are disassembled.
They must be reassembled in the same
sequence.

CAUTION: Do not use acids or
solvents when cleaning the differential clutch
pack. Wipe components with a clean,
lint-free cloth only.

Separate the differential clutch discs and clutch
plates for cleaning and inspection. Refer to the
disassembled view of the limited slip

2. NOTE: Do not mix the differential clutchdifferential case in the Description and
packs or shims from one side with the other.Operation portion of this section.
NOTE: The Belleville spring is a dished plate. 

Assemble the differential clutch packs (without
the shims and Belleville springs) on the
respective differential side gears.

3. Clamp the bolt head of the special tool in a
vise. Install the differential clutch pack and the
differential side gear (without the shim or the
Belleville spring) on the gauge.

Assembly

1. Prelubricate each steel clutch plate and soak all
friction plates with 118 ml (4 ounces) of
friction modifier for at least 15 minutes.
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205-02D-5 205-02D-5Rear Drive Axle/Differential — Ford 9.75-Inch Ring Gear

DISASSEMBLY AND ASSEMBLY (Continued)

4. Position the special tool on top of the 7. Use the Feeler Gauge and select the thickest
differential clutch pack. blade that will enter between the tool and the

differential clutch pack. This will be the
thickness of the new clutch shim. Select the
correct shim size, and remove the Traction-Lok
Clutch Gauge.

5. Install the special tool over the disc and
differential clutch pack.

8. Place the shim and Belleville spring on the
differential clutch pack.

• The dished or concave side of the Belleville
spring must face up and against the thrust
face of the differential case.

X Refer to the exploded view in the
Description and Operation portion of this
section.

6. Install the nut over the top and base stud.

• Tighten to 6.7 Nm (60 lb-in).
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205-02D-6 205-02D-6Rear Drive Axle/Differential — Ford 9.75-Inch Ring Gear

DISASSEMBLY AND ASSEMBLY (Continued)

9. Insert the differential clutch packs with shims 11. NOTE: Prelubricate both sides of the
and Belleville springs and differential side gears differential pinion thrust washers with rear axle
into the differential case. lubricant.

• Hold the upper clutch pack and side gear NOTE: Make sure the differential pinion gears
assembly in place to prevent it from falling are 180 degrees apart so they will align
out of the differential case. correctly with the pinion shaft bore.

Position the differential pinion gears and
differential pinion thrust washers in the window
of the differential case so they mesh with the
differential side gear teeth.

10. NOTE: Apply a small amount of grease to the
step plate bore.

NOTE: If necessary, insert the dowel bar in the
nut bore to keep the nut from turning as the
hex screw is tightened.

Assemble the special tool to the differential
case.

1 Position the step plate in the bottom side
gear bore.

2 Position the nut in the top side gear bore
and hold it in place.

3 Install the hex-head screw and tighten it 2
turns after it contacts the bottom step plate.
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205-02D-7 205-02D-7Rear Drive Axle/Differential — Ford 9.75-Inch Ring Gear

DISASSEMBLY AND ASSEMBLY (Continued)

14. Install new differential bearings, if removed.12. WARNING: Keep fingers and hands
away from pinion gears when rotating the
differential case with the differential rotating
tool. 

NOTE: It may be necessary to loosen or
tighten the forcing screw to allow the
differential pinion gears and differential side
gears to rotate.

Insert the special tool into the pinion shaft bore
and turn the differential case. This will cause
the differential pinion gears to engage the
differential side gears and ‘‘walk’’ into the
differential case. Rotate the differential case
until the  pinion mating shaft holes are lined up
exactly with the holes in the differential pinion 15. Check the torque required to rotate one
gears. differential side gear.

• Mount the differential case and the
Traction-Lok Torque Tool Set in a vise.

• The initial break-away torque, if original
clutch plates are used, must be at least the
minimum specification. The rotating torque
required to keep the differential side gear
turning with new clutch plates can vary.

13. Loosen the forcing screw and remove the step
plate and nut from the side gear bores. Install
the differential pinion shaft in the differential
case.

• Install a new differential pinion shaft lock
bolt finger-tight.
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205-02D-8 205-02D-8Rear Drive Axle/Differential — Ford 9.75-Inch Ring Gear

DISASSEMBLY AND ASSEMBLY (Continued)

16. NOTE: Hand start 2 bolts to align the ring gear
and differential case.

Install the ring gear and, if removed, a new
anti-lock speed sensor ring on the differential
case and tighten the bolts.

• Apply sealer to the ring gear bolts before
installation.

• Tighten to 150 Nm (111 lb-ft).

17. Install the differential carrier. For additional
information, refer to Differential Carrier in this
section.
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205-00-1 205-00-1Driveline System — General Information

Coupling Shaft Angle to Horizontal (At All
SPECIFICATIONS

Conditions)

Transmission Angle to Horizontal (At All WB (Spring Angle
Conditions) Model Inch @ Pad) Engine Degree

Spring E-150- 138 All All Not used
WB (@ Angle E-350

Model Inch Pad) Engine Degree
E-350 158 All 5.4 2.97

E-150- 138 All All 4.1
E-350 158 All 6.8, 7.3 3.30E-350
E-350 176 All 5.4 3.29E-350 158 All All 4.1
E-350 176 All 6.8, 7.3 3.29E-350 176 All All 4.1
E-450 158 All 6.8, 7.3 2.67

E-450 176 All 6.8, 7.3 2.63

Driveshaft Angle to Horizontal

@ Empty
WB Spring (@ Spring Rear Axle Driveshaft Part Angle

Model Inch Pad) Part No. Engine Ratio(s) No. Degree

E-150 138 1685 F5UA-XA 4.2, 4.6 3.55 F7UW-4602-MB 4.42
Van/Wagon

E-150 138 1685 F5UA-XA 5.4 3.55 F7UW-4602-BA 4.45
Van/Wagon

E-250 Van 138 1825 F7UA-AGA 4.2 3.73, 4.09 F7UA-4602-SA 4.66

E-250 Van 138 2450 F5UA-RA 4.2 3.73, 4.09 F7UA-4602-SA 5.52

E-250 Van 138 1825 F5UA-NA 5.4 3.73 F7UA-4602-DA 4.85

E-250 Van 138 2350 F5UA-PA 5.4 3.73 F7UA-4602-DA 4.94

E-250 Strip 124 3450 F2UA-KF All 4.09 F7UW-4602-RA 6.98
Chassis

E-350 138 2450 F5UA-RA 5.4 3.55, 4.10 F7UW-4602-EA 5.65
Van/Wagon

E-350 138 2450 F5UA-RA 6.8, 7.3 3.55, 3.73, F7UW-4602-GA 5.90
Van/Wagon 4.10

E-350 138 2775 F5UA-SB 5.4 3.55, 4.10 F7UW-4602-EA 6.10
Van/Wagon

E-350 138 2775 F5UA-SB 6.8, 7.3 3.55, 3.73, F7UW-4602-GA 6.37
Van/Wagon 4.10

E-350 138 3450 F5UA-VA 5.4 3.55, 4.10 F7UW-4602-FA 6.87
Cutaway

E-350 138 3450 F5UA-VA 6.8, 7.3 4.10 F7UW-4602-HA 7.18
Cutaway

E-350 158 3450 F5UA-VA 5.4 4.10 F7UA-4K145-AA 6.95
Cutaway

E-350 158 3450 F5UA-VA 6.8, 7.3 4.10 F7UA-4K145-CA 6.99
Cutaway

E-350 176 3450 F5UA-VA 5.4 4.10 F7UA-4K145-BA 5.13
Cutaway

E-350 176 3450 F5UA-VA 6.8, 7.3 4.10 F7UA-4K145-DA 5.07
Cutaway
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205-00-2 205-00-2Driveline System — General Information

SPECIFICATIONS (Continued)

Driveshaft Angle to Horizontal (Continued)

@ Empty
WB Spring (@ Spring Rear Axle Driveshaft Part Angle

Model Inch Pad) Part No. Engine Ratio(s) No. Degree

E-450 158 4370 F6US-AA All 4.10, 4.63 F6US-4K145-AA 7.92
Cutaway

E-450 176 4370 F6US-AA All 4.10, 4.63 F6US-4K145-BA 5.69
Cutaway

Rear Axle Pinion Angle to Horizontal

@ Empty
Spring (@ Spring Part Rear Axle Angle

Model WB Inch Pad) No. Engine Ratio(s) Degree

E-150 138 1685 F5UA-XA 4.2, 4.6 3.31 5.69
Van/Wagon

E-150 138 1685 F5UA-XA 4.2, 4.6 3.55 5.69
Van/Wagon

E-150 138 1685 F5UA-XA 5.4 3.55 5.69
Van/Wagon

E-250 Van 138 1825 F7UA-AGA 4.2 3.73, 4.09 5.51

E-250 Van 138 2450 F5UA-RA 4.2 3.73, 4.09 5.51

E-250 Van 138 1825 F5UA-NA 5.4 3.73 5.71

E-250 Van 138 2350 F5UA-PA 5.4 3.73 5.71

E-250 Strip 124 3450 F2UA-KF All 4.09 5.37
Chassis

E-350 138 2450 F5UA-RA 5.4 3.55, 4.10 5.81
Van/Wagon

E-350 138 2450 F5UA-RA 6.8, 7.3 3.55, 3.73, 6.10
Van/Wagon 4.10

E-350 138 2775 F5UA-SB 5.4 3.55, 4.10 5.81
Van/Wagon

E-350 138 2775 F5UA-SB 6.8, 7.3 3.55, 3.73, 6.10
Van/Wagon 4.10

E-350 138 3450 F5UA-VA 5.4 3.55, 4.10 5.03
Cutaway

E-350 138 3450 F5UA-VA 6.8, 7.3 4.10 5.03
Cutaway

E-350 158 3450 F5UA-VA 5.4 4.10 5.03
Cutaway

E-350 158 3450 F5UA-VA 6.8, 7.3 4.10 5.03
Cutaway

E-350 176 3450 F5UA-VA 5.4 4.10 5.03
Cutaway

E-350 176 3450 F5UA-VA 6.8, 7.3 4.10 5.03
Cutaway

E-450 158 4370 F6US-AA All 4.10/4.63 5.56
Cutaway

E-450 176 4370 F6US-AA All 4.10/4.63 5.56
Cutaway
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205-00-3 205-00-3Driveline System — General Information

SPECIFICATIONS (Continued)

General Specifications General Specifications (Continued)

Item Specification Item Specification

Axle Capacities and Lubricant Specifications Devcon Aluminum Liquid M-3D35A(E)
F2Dana, 60 and 70 WSP-M2C197-A

 XY-80W90-QL Dana Axles

Dana 80 and Ford WSL-M2C192-A Capacities
8.8/9.75: SAE 75W-140 60-1U 3.0L (6.3 pints)
High Performance Rear

70-2U 3.1L (6.6 pints)Axle Lubricant
 XY-75W140-QL 70-HD 3.5L (7.4 pints)
Additive Friction Modifier EST-M2C118-A 80 4.0L (8.5 pints)
 XL-3

a Friction ModifierDriveshaft Slip-Yoke

Premium Long-Life ESA-M1C75-B
NOTE: Use Additive Friction Modifier XL-3 forGrease XG-1-C
complete refill of Dana limited slip rear axles. Add 0.2

Ford E-150 Axle liter (8 oz) for complete refill.

Capacities Note: No Data axles for E250, E350 or E450 have
synthetic lubricant as factory fill. If any EconolineRear axle 2.60 L (5.5 pints)
vehicle will be towing a trailer frequently, particularly in

Traction-Loka 118.29 ml (4 oz) hot or hilly area, it is recommended that the axle be
filled with 75W-140  lubricant.Sealants

Pipe Sealant with Teflon ESR-M18P7-A
D8AZ-19554-A
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205-00-1 205-00-1Driveline System — General Information

DESCRIPTION AND OPERATION

The vehicle certification (VC) label is located in theDriveline System
driver door jamb. The axle code is on the VC label.The driveline transfers engine torque to the drive
For additional information on the VC label. Refer towheels. Power is transmitted through the
Section 100-01 to  cross reference the axle code to

transmission to the driveshaft (4602) and then to the
the ratio.

rear axle assembly (4006).

Dana Rear Axle Identification TagThere are two types of driveshafts used:

• A one-piece driveshaft for standard wheelbase
vehicles (124 in and 138 in).

• A two-piece driveshaft for longer wheelbase
vehicles. The two-piece design includes a front, or
‘‘coupling’’ shaft, a rubber-insulated
frame-mounted driveshaft center bearing, a splined
slip joint and an intermediate universal joint (158
in and  greater).

For additional information on the driveshaft, refer to
Section 205-01.

For additional information on the rear axle (4001),
refer to Section 205-02A, Section 205-02B,  Section
205-02C or Section 205-02D.

The engine angle is built into the engine mounts. If
the engine angle is out of specification, the engine
mounts must be inspected for damage.

Vehicle Certification (VC) Label Example

Item Description

1 Axle ratio

2 Axle assembly number (prefix letters)

3 Axle assembly number (suffix letters)

4 Dana part number

5 Included on limited slip only

Copyright  2003, Ford Motor Company
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205-00-2 205-00-2Driveline System — General Information

DESCRIPTION AND OPERATION (Continued)

Ford Rear Axle Identification Tag Ford Axle Identification Tag Denoting
Interchangeability Affected Internally

Item Description

1 Plant code

2 Denotes interchangeability affected
internally

3 Axle ratio

4 Denotes Traction-Lok
5 Ring gear diameter (inch)

6 Build year

7 Build month

8 Build day

Item Description
CAUTION: The metal axle identification

1 Plant code
tag is the official service identifier. Do not

2 Axle ratio damage the tag. Always reinstall the tag after
3 Denotes Traction-Lok removing it for axle inspection/repair.
4 Ring gear diameter (inch) The axle identification tag identifies a particular

axle design, a specific ratio, and if it is a5 Build year
conventional or limited slip (Traction-Lok) type.6 Build month
In addition, the plant code will not change as long

7 Build day as that particular axle assembly  never undergoes an
external design change. If, however, an internal
design change takes place during the production life
of the axle and that internal change affects parts
interchangeability, a dash and numerical suffix is
added to the plant code.  This means that as an
assembly both axles are interchangeable; however,
internally they are different. Therefore, each requires
different internal parts at the time of repair.
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205-00-1 205-00-1Driveline System — General Information

DIAGNOSIS AND TESTING
Special Tool(s)Driveline System

Vibration Analyzer
Special Tool(s) 014-00344 or equivalent

Clamp Plate, Driveshaft
205-320 (T92L-4851-C)

Gauge, Differential
(Traction-Lok)
205-385 (T97T-4205-B) (Used

Gauge, Clutch Housing with 9.75 Axle)
308-021 (T75L-4201-A)

Gauge, Differential Clutch
205-022 (T66L-4204-A) (Used
with 8.8 Axle)

Holding Fixture, Drive Pinion
Flange
205-126 (T78P-4851-A)

Inspection and Verification
Certain axle noise or vibration symptoms are alsoRunout Gauge, Drive Pinion
common to the engine (6007), transmission (7003),Flange

205-319 (T92L-4851-B) wheel bearings, tires, and other parts of the vehicle.
For this reason, be sure that the cause of the
concern is in the axle before  disassembling,
adjusting or repairing the axle. For additional
information, refer to Section 100-04.

Certain driveshaft vibration symptoms are commonDial Indicator Gauge with
Holding Fixture to the front engine accessory drive (FEAD), the
100-002 (TOOL-4201-C) or engine, transmission or tires. Be sure the cause of
equivalent the concern is the driveshaft before repairing or

installing a new driveshaft.

Certain symptoms may be caused by Traction-Lok
differentials (4026). Check the vehicle certification

Dial Indicator Gauge with label and axle identification tag to determine the
Holding Fixture type of differential. For additional information, refer
100-D002 (D78P-4201-B) or to  Section 100-01.equivalent

(Continued)
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205-00-2 205-00-2Driveline System — General Information

DIAGNOSIS AND TESTING (Continued)

Noise Acceptability 2. Use white chalk or paint to mark a vertical line
on the center of each rear tire.NOTE: A gear-driven unit will produce a certain

amount of noise. Some noise is acceptable and
audible at certain speeds or under various driving
conditions such as a newly paved blacktop road.
Slight noise is not detrimental to the operation of
the  axle and is considered normal.

With the Traction-Lok differential axle, slight
chatter or groaning noise on slow turns after
extended highway driving is considered acceptable
and has no detrimental effect on the locking axle
function.

Universal Joint (U-Joint) Inspection

Place the vehicle on a frame hoist and rotate the
3. Adjust both wheels so that the markings facedriveshaft (4602) by hand. Check for rough

the front of the vehicle. With a tape measure,operation or seized U-joints. Install a new U-joint if
measure the distance between the marks andit shows signs of seizure, excessive wear, or
record this reading (front reading).incorrect seating. For additional information,  refer

to Section 205-01.

Inspection For Bent Rear Axle Housing

1. Raise and support the vehicle. Refer to Section
100-02. Allow the rear axle (4001) to be freely
suspended.
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205-00-3 205-00-3Driveline System — General Information

DIAGNOSIS AND TESTING (Continued)

4. Rotate the rear wheels so the markings are
directly underneath the vehicle. Measure the
distance between the marks and record this
reading (bottom reading).

5. Rotate the rear wheels so the markings face the
rear of the vehicle. Measure and record the
distance between the marks (rear reading).

6. Compare the front and the rear readings (Steps • Toe-out occurs when the rear measurement
3 and 5) to find the toe-in or toe-out condition. is less than the front measurement.

• Toe-in occurs when the front measurement
is less than the rear measurement.
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205-00-4 205-00-4Driveline System — General Information

DIAGNOSIS AND TESTING (Continued)

Axle Vent7. To determine camber, find the average of the
front and the rear measurements (Steps 3 and NOTE: If a plugged vent cannot be cleared, install
5). Subtract the bottom reading (Step 4) from a new one.
this number.

A plugged vent will cause excessive seal lip wear
Positive (+) camber is when the bottom reading due to internal pressure buildup. If a leak occurs,
is less than the average of the front and rear check the vent. Make sure the vent hose is not
readings. Negative (-) camber is when the kinked. Remove the hose from the vent nipple and
bottom reading is greater than the average of clear the hose of any foreign material. While  the
the front and rear readings. hose is removed, pass a length of mechanics wire or

a small diameter Allen wrench in and out of the8. The results of the calculations in Steps 6 and 7
vent to clean it. Connect the hose when done.must conform to the following specifications:

Toe-in: 0 — 1/16 inch. Pinion Flange Seal
Toe-out: 0 — 3/16 inch. Leaks at the axle drive pinion seal originate for the
Camber: 0 ± 5/32 inch. following reasons:

If the axle housing does not meet these • Contamination.
specifications, it must be installed new. Refer to

• Seal was not correctly installed.Section 205-02A,  Section 205-02C, or Section
• Poor quality axle surface(s).205-02D.

Any damage to the seal bore (dings, dents, gouges,9. After a new axle housing has been installed,
or other imperfections) will distort the seal casingrepeat Steps 2 through 7.
and allow leakage past the outer edge of the axle

Analysis of Leakage drive pinion seal.
Clean up the leaking area enough to identify the The axle drive pinion seal can be torn, cut, or
exact source. An axle leak can be caused by the gouged if it is not installed carefully. The spring
following: that holds the axle drive pinion seal against the

pinion flange may be knocked out and allow• Axle lubricant level is too high.
leakage past the lip.

• Worn or damaged axle shaft hub seals or
The rubber lips can occasionally become hard (likedifferential seals.
plastic) with cracks at the oil lip contact point. The

• Differential housing or cover is cracked. contact point on the pinion flange may blacken,
• Pinion seal is worn or damaged. indicating excessive heat. Marks, nicks, gouges, or

rough surface texture on the seal  journal of the• Pinion flange is scored or damaged.
pinion flange will also cause leaks.

• Axle cover is not sealed.
Install a new pinion flange if any of these

• Vent is plugged, loose or missing. conditions exist.
Repair the axle as necessary. Make sure the axle Metal chips or sand trapped at the sealing lip can
lubricant is at the correct level. For additional also cause oil leaks. This can cause a wear groove
information, refer to Specifications in this section. on the pinion flange and heavy pinion seal wear.

When a seal leak occurs, install a new seal and
check the vent and the vent hose to make sure they
are clean and free of debris.

Axle Shaft Seals

Axle shaft oil seals (1177) are susceptible to the
same kinds of damage as axle drive pinion seals if
incorrectly installed. The seal bore must be clean
and the lip handled carefully to avoid cutting or
tearing it. The axle shaft journal  surface must be
free of nicks, gouges, and rough surface texture.
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205-00-5 205-00-5Driveline System — General Information

DIAGNOSIS AND TESTING (Continued)

For additional information on axle and wheel hub Vibration is a concern with modern, high-mileage
seals, refer to Section 205-02A, Section 205-02B, tires if they are not ‘‘true’’ both radially and
Section 205-02C or Section 205-02D. laterally. They are more susceptible to vibration

around the limits of radial and lateral runout of the
Analysis of Vibration tire and wheel assembly. On a vibration  concern,

follow the diagnostic procedure in Section 100-04.WARNING: A vehicle equipped with a
They also require more accurate balancing. WheelTraction-Lok differential will always have both
and tire runout checks, truing and balancing arewheels driving. If only one wheel is raised off the
normally done before axle  inspection. Forfloor and the rear axle is driven by the engine,
additional information, refer to Section 204-04.the wheel on the floor could drive the vehicle off

the stand  or jack. Be sure both rear wheels are Driveline Angle
off the floor. 

Driveline angularity is the angular relationship
Few vibration conditions are caused by the rear between the engine crankshaft (6303), the
axle. On a vibration concern, follow the diagnosis driveshaft, and the rear axle pinion. Factors
procedure in Section 100-04 unless there is a good determining driveline angularity include ride height,
reason to suspect the axle. rear spring, and engine mounts.

Tires

WARNING: Do not balance the wheels and
tires while they are mounted on the vehicle.
Possible tire disintegration/differential failure can
result, causing personal injury/extensive
component damage. Use an off-vehicle wheel and
tire balancer only. 

Most vibration in the rear end is caused by tires or
driveline angle or imbalance.

Driveline Angle
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205-00-6 205-00-6Driveline System — General Information

DIAGNOSIS AND TESTING (Continued)

Item Description

1 Horizontal bottom of the frame

2 Engine crankshaft centerline

3 Engine angle

4 Driveshaft and coupling shaft centerline

5 Driveshaft and coupling shaft angle

6 Rear axle pinion centerline

7 Axle pinion angle

An incorrect driveline (pinion) angle can often be
detected by the driving condition in which the 2. Rotate the flange until the next bolt is
vibration occurs. contacted. Record the measurement and

continue until each bolt is checked. The• A vibration during coastdown from 72 to 56 km/h
difference between the maximum and minimum(45 to 35 mph) is often caused by an excessive
contact readings will be the total axle flangeU-joint angle at the axle (pinion nose downward).
bolt pattern runout. The runout  must not• A vibration during acceleration, from 56 to 72
exceed 0.13 mm (0.005 inch)km/h (35 to 45 mph) may indicate an excessive

U-joint angle at the axle (pinion nose upward). Pilot Runout — Semi-Floating Axle
When these conditions exist, check the driveline 1. Position the Dial Indicator Gauge with Holding
angles as described in the General Procedures Fixture with the Clutch Housing Gauge to the
portion of this section. pilot, as close to the axle flange face as

possible. Zero the indicator to allow the pointerIf the tires and driveline angle are not the cause,
to deflect either way.carry out the NVH tests to determine whether the

concern is caused by a condition in the axle. Refer
to Section 100-04.

Universal Joint (U-Joint) Wear

Place the vehicle on a frame hoist and rotate the
driveshaft by hand. Check for rough operation or
seized U-joints. Install a new U-joint if it shows
signs of seizure, excessive wear, or incorrect
seating. Refer to  Section 205-01.

Axle Flange Bolt Circle Runout —
Semi-Floating Axle

NOTE: The brake discs or drums must be removed
to carry out all runout measurements. 2. Rotate the flange one full turn and note the

maximum and minimum readings. The1. Position the Dial Indicator Gauge with Holding
difference between the maximum and minimumFixture perpendicular to the axle flange bolt, as
readings will be the total pilot runout. Pilotclose to the flange face as possible. Zero the
runout must not exceed 0.076 mm (0.003 inch).indicator to allow the pointer to deflect either

way.
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DIAGNOSIS AND TESTING (Continued)

Axle Flange Face Runout — Semi-Floating Bearing Shimming
Axle Drive-away shudder is the predominant symptom
1. Position the Dial Indicator Gauge with Holding associated with driveline angles condition on

Fixture on the axle flange face, as close to the vehicles with two-piece driveshafts. Drive-away
outer edge as possible. Zero the indicator to shudder can usually be corrected by shimming down
allow the pointer to deflect either way. the driveshaft center bearing bracket. For additional

information, refer to Section 205-01.

If the drive-away shudder cannot be corrected by
shimming down the driveshaft center bearing
bracket, check the driveline angles as described in
the General Procedures portion of this section.

Axle Noise

NOTE: Before disassembling the axle to diagnose
and correct gear noise, eliminate the tires, exhaust,
trim items, roof racks, axle shafts (4234) and wheel
bearings as possible causes. Follow the diagnostic
procedures  Section 100-04.

The noises described as follows usually have
2. Rotate the flange one full turn and note the specific causes that can be diagnosed by observation

maximum and minimum readings. The as the unit is disassembled. The initial clues are the
difference between the maximum and minimum type of noise heard during the road test.
readings will be the total face runout. The
runout must not exceed 0.13 mm (0.005 in). Gear Howl and Whine

Howling or whining of the ring gear and pinion is3. Full float axles in E350 and E450 models have
due to an incorrect gear pattern, gear damage orhubs, which have the same 0.13 mm (0.005 in)
incorrect bearing preload.limit on the flange lateral runout.

Bearing WhineDrive Pinion Stem and Pinion Flange
Bearing whine is a high-pitched sound similar to aCheck the pinion flange runout when all other
whistle. It is usually caused by worn/damagedchecks have failed to show the cause of vibration.
pinion bearings, which are operating at driveshaft

One cause of excessive pinion flange runout is speed. Bearing noise occurs at all driving speeds.
incorrect installation of the axle drive pinion seal. This distinguishes it from gear whine which  usually
Check to see if the spring on the seal lip has been comes and goes as speed changes.
dislodged before installing a new ring gear and

As noted, pinion bearings make a high-pitched,pinion.
whistling noise, usually at all speeds. If however

Coupling Shaft Center Bearing Alignment — there is only one pinion bearing that is
158 and 176 Inch Wheelbase worn/damaged, the noise may vary in different

driving phases. New pinion bearings must not beVehicle noise and vibration can be caused by a
installed  unless they are scored or damaged ordislocated/failed driveshaft center bearing support
there is a specific pinion bearing noise. Arubber insulator, a contaminated driveshaft center
worn/damaged bearing will normally be obvious atbearing support (4800) or excessive compression of
disassembly. Examine the large end of the rollersthe rubber insulator. For additional  information,
for wear. If the pinion bearings original blend radiusrefer to Section 205-01.
has worn to a  sharp edge, the pinion bearing must
be installed new.
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DIAGNOSIS AND TESTING (Continued)

Axle Shaft Bearing NoiseNOTE: A low-pitched rumble normally associated
with a worn/damaged wheel bearing can be caused Axle shaft bearing noise is similar to gear noise and
by the exterior luggage rack or tires. differential pinion bearing whine. Axle shaft bearing

noise will usually distinguish itself from gear noiseWheel bearing noise, though usually lower pitched,
by occurring in all driving modes (drive, coast, andcan be mistaken for a pinion bearing noise. Check
float), and will persist with  the transmission inthe wheel bearing for a spalled cup, and
NEUTRAL while the vehicle is moving at the speedspalled/damaged rollers. Install a new wheel bearing
in which the concern is occurring. If the vehicleif any of these concerns are detected.
makes this noise, remove the suspect axle shaft,
install a new bearing and a new axle seal.
Re-evaluate the vehicle for noise  before removing
any internal components.

Chuckle

Chuckle that occurs on the coast driving phase is
usually caused by excessive clearance between the
differential gear hub and the differential case bore.

Damage to a gear tooth on the coast side can cause
a noise identical to a chuckle. A very small tooth
nick or ridge on the edge of a tooth can cause the
noise.

If the wheel bearing is damaged, the roller surface Clean the gear tooth nick or ridge with a small
on the axle shaft may also be damaged. Install a grinding wheel. If the damaged area is larger than
new axle shaft if any damage is detected. 3.2 mm (1/8 inch), install a new gearset.

To check the ring gear and pinion, remove as much
lubricant as possible from the gears with clean
solvent. Wipe the gears dry or blow them dry with
compressed air. Look for scored or damaged teeth.
Also look for cracks or other damage.

Bearing Rumble

Bearing rumble sounds like marbles being tumbled.
This condition is usually caused by a worn/damaged
wheel bearing. The lower pitch is because the wheel
bearing turns at only about one-third of the
driveshaft speed. Wheel bearing noise also may  be
high-pitched, similar to gear noise, but will be
evident in all four driving modes.
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DIAGNOSIS AND TESTING (Continued)

If either gear is scored or damaged badly, install a In most cases, one of the following conditions will
new ring gear and pinion. occur:

1. A gear tooth damaged on the drive side is a
common cause of the knock. This can usually
be corrected by grinding the damaged area.

2. NOTE: Measure the end play with a Dial
Indicator with Holding Fixture and not by feel.

Knock is also caused by excessive in-out end
play in the axle shafts. Up to 0.762 mm (0.030
inch) is allowed in semi-float axles. The
frequency of the knock will be less because the
axle shaft speed is slower than the driveshaft.

Clunk

Clunk is a metallic noise heard when the automatic
If metal has broken loose, the axle housing must be transmission is engaged in REVERSE or DRIVE.
cleaned to remove particles that will cause damage. The noise can also occur when throttle is applied or
At this time, any other damaged parts in the axle released. It is caused by backlash somewhere in the
housing must also be installed new. driveline or loose suspension components;  it is felt

or heard in the axle. Refer to Total Backlash CheckKnock
in this section.

Knock, which can occur on all driving phases, has
Additionally, clunk may be heard upon initialseveral causes including damaged teeth or gearset.
drive-away. This occurs as engine torque shifts
vehicle weight, forcing changes in driveline angles,
preventing the driveshaft slip-yoke from sliding on
the output shaft. To correct for this  condition,
lubricate the slip-yoke splines. For additional
information, refer to Section 205-01.

Total Backlash Check

1. Raise and support the vehicle. For additional
information, refer to Section 100-02.

2. Remove the driveshaft. For additional
information, refer to Section 205-01.
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DIAGNOSIS AND TESTING (Continued)

3. Install the Drive Pinion Flange Holding Fixture. 6. While holding the crayon or chalk against the
tire, rotate the wheel slowly in the opposite• Clamp a rigid bar or pipe to the tool. Clamp
direction until the feeling of driving the rearthe other end of the bar or pipe to the frame
axle is encountered again.or a body member in order to prevent

movement of the rear axle pinion flange. 7. Measure the length of the crayon or chalk mark
on the tire.

• If the length of the mark is 25.4 mm (1
inch) or less, the rear axle backlash is within
allowable limits.

• If the chalk mark is greater than 25.4 mm (1
inch), check for these conditions:

X Elongation of the differential pinion shaft
and holes in the differential case (4204).

X Missing differential pinion thrust washer
(4230) or differential side gear thrust
washer (4228).

X Galling of the differential pinion shaft
4. Lower the vehicle so that one rear wheel is (4211) and bore.

resting on a wheel chock to prevent it from
X Excessive ring gear and pinion backlash.turning. The other rear wheel will be used to

Follow the procedure for the type of rearmeasure total rear axle backlash.
axle to check backlash.

5. Rotate the free wheel slowly, by hand, until the
feeling of driving the rear axle is encountered.
Place a mark on the side of the tire, 305 mm
(12 inches) from the center of the wheel, with a
crayon or chalk.

Symptom Chart

Symptom Chart

Condition Possible Sources Action
• Traction-Lok does not work • Differential. • CARRY OUT the

in snow, mud or on ice Traction-Lok Differential
Operation Check in this
section. REPAIR as
necessary.

• Lubricant leaking from the • Vent. • CLEAN the axle housing
pinion seal or axle shaft oil • Damage in the seal contact vent.
seals area or dust slinger on the • INSTALL a new companion

pinion flange dust shield. flange and the pinion seal if
damage is found.

• Differential side gears/pinion • Insufficient lubrication. • INSTALL new gears. REFER
gears are scored to Section 205-02A, Section

205-02B,  Section 205-02C or
Section 205-02D. FILL the
axle to specification.

• Incorrect or contaminated • INSTALL new gears. REFER
lubricant type. to Section 205-02A, Section

205-02B,  Section 205-02C or
Section 205-02D. CLEAN
and REFILL the axle to
specification.
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DIAGNOSIS AND TESTING (Continued)

Symptom Chart (Continued)

Condition Possible Sources Action
• Axle overheating • Lubricant level too low. • CHECK the lubricant level.

FILL the axle to
specification.

• Incorrect or contaminated • INSPECT the axle for
lubricant type. damage. REPAIR as

necessary. CLEAN and
REFILL the axle to
specification.

• Bearing preload adjusted too • CHECK the ring and pinion
tight. for damage. INSPECT the

ring and pinion wear pattern.
ADJUST the preload as
necessary.

• Excessive gear wear. • INSPECT all the axle gears
for wear or damage.
INSTALL new components
as necessary.

• Incorrect ring gear backlash. • INSPECT the ring gear for
scoring. INSPECT the ring
and pinion wear pattern.
ADJUST the ring gear
backlash as necessary.

• Broken gear teeth on the ring • Overloading the vehicle. • INSTALL a new ring and
gear or pinion pinion. REFER to Section

205-02A, Section 205-02B,
Section 205-02C or Section
205-02D.

• Axle shaft broken • Overloading the vehicle. • INSTALL a new axle shaft.
REFER to Section 205-02A,
Section 205-02B,  Section
205-02C or Section 205-02D.

• Misaligned axle shaft tube. • INSPECT the axle for
damage. CHECK axle shaft
tube alignment. INSTALL a
new axle shaft. REFER to
Section 205-02A,  Section
205-02B, Section 205-02C or
Section 205-02D.
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DIAGNOSIS AND TESTING (Continued)

Component Tests 3. Inspect the driveshaft(s) for signs of physical
damage, missing balance weight, undercoating,

Driveline Vibration incorrect seating, wear and binding universal
NOTE: An analysis of vibration can also be joints. Clean the driveshaft and install new
conducted using the Vibration Analyzer and universal joints or install a new driveshaft if
following the manufacturer’s directions. damaged.  Check the index-marks (paint spots)

on the rear of the driveshaft and axle pinionDriveline vibration exhibits a higher frequency and
flange. If these marks are more than one-quarterlower amplitude than does high-speed shake.
turn apart, disconnect the driveshaft andDriveline vibration is directly related to the speed of
re-index to align the marks as closely asthe vehicle and is usually noticed at various speed
possible. Check the alignment of  the indexranges. Driveline vibration can be  perceived as a
marks on the driveshaft to transmissiontremor in the floorpan or is heard as a rumble, hum,
tailshaft. For E150 and E250 vehicles, if aor boom. Driveline vibration can exist in all drive
yellow dot is visible on the front of themodes, but may exhibit different symptoms
driveshaft, it can be aligned with a yellow dotdepending upon whether the vehicle is accelerating,
on the transmission output shaft. For additionaldecelerating, floating, or  coasting. Check the
information,  refer to Section 205-01.driveline angles if the vibration is particularly

noticeable during acceleration or deceleration, After any corrections are made, recheck for
especially at lower speeds. Driveline vibration can vibration at the speed where the symptom
be duplicated by supporting the axle upon a hoist or occurred. If the vibration is gone, reinstall the
upon jack stands, though  the brakes may need to wheels and road test. If the vibration persists,
be applied lightly in order to simulate road proceed to Step 4.
resistance.

1. Raise the vehicle promptly after road testing.
Use a twin-post hoist or jack stands to prevent
tire flat-spotting. Engage the drivetrain and
accelerate to the observed road test speed to
verify the presence of the vibration. If the
vibration is  not evident, check the non-driving
wheels with a wheel balancer to rule out
imbalance as a possible cause. If required,
balance the non-driving wheels and repeat the
road test. If the vibration is still evident,
proceed to Step 2.

2. Mark the relative position of the drive wheels
to the wheel lugs. Remove the wheels. Install
all the lug nuts in the reversed position and
repeat the road speed acceleration. If the
vibration is gone, refer to the tire and wheel
runout  procedure in Section 204-04. If the
vibration persists, proceed to Step 3.
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DIAGNOSIS AND TESTING (Continued)

4. Raise the vehicle on a hoist and remove the
wheels. Rotate the driveshaft by turning the
axle and measure the runout at the front, the
center, and the rear of the driveshaft with the
indicator. If the runout exceeds 0.89 mm (0.035
inch) at the  front or center, the driveshaft must
be installed new. If the front and center are
within this limit, but the rear runout is not,
mark the rear runout high point and proceed to
Step 5. If the runout is within the limits at all
points, proceed to  Step 7.

If the marks are on opposite sides of the driveshaft,
the yoke or axle pinion flange is responsible for the
vibration.

5. NOTE: Check the U-joints during re-indexing.
If a U-joint feels stiff or gritty, install new
U-joints.

Scribe alignment marks on the driveshaft and
the axle pinion flange. Disconnect the When replacing an axle pinion flange, the driveshaft
driveshaft, rotate it one-half turn, and reconnect runout must not exceed 0.89 mm (0.035 inch).
it. Circular axle pinion flanges can be turned in When runout is within limits, recheck for vibration
one-quarter increments to fine tune the runout at road speed. If vibration persists, balance the
condition;  half-round axle pinion flanges are driveshaft.
limited to two positions. Check the runout at 7. To balance the driveshaft, install one or two
the rear of the driveshaft. If it is still over 0.89 hose clamps on the driveshaft, near the rear.
mm (0.035 inch), mark the high point and Position of the hose clamp head(s) can be
proceed to Step 6. If the runout is no longer determined by trial-and-error.
excessive, check for  vibration at the road test
speed. If vibration is still present, re-index the
driveshaft slip yoke on the transmission output
shaft one-half turn and road test the vehicle. If
the vibration persists, proceed to Step 7.

6. Excessive driveshaft runout may originate in the
driveshaft itself or in the axle pinion flange. To
determine which, compare the two high points
marked in Steps 4 and 5. If the marks are close
together, within about 25 mm (1 inch), the shaft
must be installed new and the vehicle road
tested.
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DIAGNOSIS AND TESTING (Continued)

8. Mark the rear of the driveshaft into four
approximately equal sectors and number the
marks 1 through 4. Install a hose clamp on the
driveshaft with its head at position No. 1.

Repeat the process with increasing separation until
the best combination is found or the vibration is
reduced to an acceptable level.

10. Install the wheels and road test (vibration
noticeable on the hoist may not be evident

Check for vibration at road speed. Recheck with the during the road test). If the vibration is still not
clamp at each of the other positions to find the acceptable, install a new axle drive line
position that shows minimum vibration. If two vibration damper first, if so equipped. If the
adjacent positions show equal improvement, position vibration is  still not acceptable, refer to Section
the clamp head between them. 205-02A or Section 205-02C or  Section
9. If the vibration persists, add a second clamp at 205-02D for differential case and ring gear

the same position and recheck for vibration. runout checks.

Driveshaft Vibrates

1. Road test the vehicle to determine the critical
vibration points. Note the road speed, the
engine RPM, and the shift lever positions at
which the vibration occurs.

2. Stop the vehicle, place the transmission lever in
neutral and run the engine through the critical
speed ranges determined in Step 1.

3. If no vibration is felt, balance the driveshaft.
Refer to Driveline Vibration in this section.

Traction-Lok Differential Operation Check
If no improvement is noted, rotate the clamps in — Vehicles with 8.8 Axle
opposite directions, equal distances from the best A Traction-Lok differential can be checked for
position determined in Step 8. Separate the clamp correct operation without removing it from the rear
heads about 13 mm (1/2 inch) and recheck for axle housing (4010).
vibration at the road speed.
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DIAGNOSIS AND TESTING (Continued)

The axle shaft must turn with even pressureWARNING: A vehicle equipped with a
throughout the check without slipping or binding. IfTraction-Lok differential will always have both
the torque reading is less than specified, check thewheels driving. If only one wheel is raised off the
differential case. Refer to  Section 205-02C.floor and the rear axle is driven by the engine,

the wheel on the floor could drive the vehicle off Traction-Lok Differential Operation Check
the stand  or jack. Be sure both rear wheels are — Vehicles with 9.75 Axle
off the floor.

A Traction-Lok differential can be checked for
Raise only one rear wheel. Install the Differential correct operation without removing it from the rear
Clutch Gauge on the wheel lugs. axle housing.

WARNING: A vehicle equipped with a
Traction-Lok differential will always have both
wheels driving. If only one wheel is raised off the
floor and the rear axle is driven by the engine,
the wheel on the floor could drive the vehicle off
the stand  or jack. Be sure both rear wheels are
off the floor. 

NOTE: Make sure the brake pads are not
contacting the brake disc.

Raise and remove only one rear wheel. Install the
Differential (Traction-Lok) Gauge on the wheel
lugs.

Use a torque wrench with a capacity of at least 271
Nm (200 lb-ft) to rotate the axle shaft. Be sure that
the transmission is in NEUTRAL, and that one rear
wheel is on the floor while the other rear wheel is
raised off the floor. The  breakaway torque required
to start rotation must be at least 27 Nm (20 lb-ft).
The initial breakaway torque may be higher than the
continuous turning torque.
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DIAGNOSIS AND TESTING (Continued)

Use a torque wrench with a capacity of at least 271 3. When starting with one wheel on an excessively
Nm (200 lb-ft) to rotate the axle shaft. Be sure that slippery surface, a slight application of the
the transmission is in NEUTRAL, and that one rear parking brake may be necessary to help
wheel is on the floor while the other rear wheel is energize the Traction-Lok feature of the
raised off the floor. The  breakaway torque required differential. Release the brake when traction is
to start rotation must be at least 27 Nm (20 lb-ft). established.  Use light throttle on starting to
The initial breakaway torque may be higher than the provide maximum traction.
continuous turning torque. 4. If, with unequal traction, both wheels slip, the

limited slip rear axle has done all it can
possibly do.

5. In extreme cases of differences in traction, the
wheel with the least traction may spin after the
Traction-Lok has transferred as much torque
as possible to the non-slipping wheel.

Companion Flange Runout Check — Circular

CAUTION: Pinion bearing preload must
be reset if the pinion nut has been loosened or
removed for pinion flange reindexing or
installation. 

1. Raise the vehicle on a twin-post hoist that
supports the rear axle.

2. Remove the driveshaft. Refer to Section 205-01.

3. Check the pinion flange for damage.

4. Position the Drive Pinion Flange Runout Gauge
on the pinion flange.

The axle shaft must turn with even pressure
throughout the check without slipping or binding. If
the torque reading is less than specified, check the
differential case. Refer to  Section 205-02D.

Traction-Lok Differential Check Road Test

1. Place one wheel on a dry surface and the other
wheel on ice, mud or snow. Item Part Number Description

1 — Pilot (part of pinion flange)2. Gradually open the throttle to obtain maximum
traction prior to break away. The ability to 2 354845 Pinion nut (Dana axle)
move the vehicle demonstrates correct 3 205-319 Runout gauge, drive pinion
performance of a Traction-Lok rear axle (T92L-4851-B) flange
assembly (4006). 4 — Bolts (2 required) (part of

205-320 [T92L-4851-C])

5 205-320 Clamp plate, driveshaft
(T92L-4851-C)

6 4851 Pinion flange
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DIAGNOSIS AND TESTING (Continued)

5. Position the Companion Flange Plate onto the If the flange runout exceeds 0.25 mm (0.010 inch),
Drive Pinion Flange Runout Gauge. remove the pinion flange, reindex the flange

one-half turn on the pinion, and reinstall it. Refer to
Section 205-02A,  Section 205-02C or Section
205-02D for the flange removal and installation
procedures.

8. Check the runout again. If necessary, rotate the
flange until an acceptable runout is obtained. If
the flange runout is still more than 0.25 mm
(0.010 inch), install a new pinion flange.

6. Align the holes on the Driveshaft Clamp Plate
with the holes in the pinion flange and install
the bolts. Snug the bolts evenly.

9. If excessive runout is still evident after
installation of the pinion flange, install a new
ring and pinion. Repeat the above checks until
the runout is within specifications.

10. Install the driveshaft. For additional
information, refer to Section 205-01.

Tooth Contact Pattern Check — Gearset
7. Position the Dial Indicator Gauge with Holding 1. To check the gear tooth contact, paint the gear

Fixture as shown. Turn the Drive Pinion Flange teeth with the special marking compound. A
Runout Gauge, and locate and mark the high mixture that is too wet will run and smear; a
spot on the companion flange with yellow mixture that is too dry cannot be pressed out
paint. from between the teeth.

2. Use a box wrench on the ring gear bolts as a
lever to rotate the ring gear several complete
revolutions in both directions or until a clear
tooth contact pattern is obtained.

3. Certain types of gear tooth contact patterns on
the ring gear indicate incorrect adjustment.
Incorrect adjustment can be corrected by
readjusting the ring gear or the pinion.

Contact Pattern Location

In general, desirable ring gear tooth patterns must
have the following characteristics:

• Drive pattern on the drive side ring gear well
centered on the tooth.
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DIAGNOSIS AND TESTING (Continued)

• Coast pattern on the coast side ring gear well Correct backlash with a thicker pinion position shim
centered on the tooth. required.

• Clearance between the pattern and the top of the
tooth.

• No hard lines where the pressure is high.

Correct pinion position shim that requires a decrease
in backlash.

Acceptable ring gear tooth patterns for all axles.

Correct pinion position shim that requires an
increase in backlash.

Correct backlash with a thinner pinion position shim
required.
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GENERAL PROCEDURES

Driveline Angle Measurement

Special Tool(s)

Anglemaster II Driveline
Inclinometer
164-R2402 or equivalent

CAUTION: Prior to checking driveline
angularity, inspect the U-joints for correct 6. For the driveshaft angle reading, place the
operation. special tool flush against the bottom of the

driveshaft. Check and record the reading.
NOTE: An incorrect driveline angle can cause a Compare the results with the correct angles. For
vibration or shudder. For additional information, additional information, refer to Specifications in
refer to Section 100-04. this section.

1. Check the vehicle for evidence of overload or
sagging. Check for specified air pressures in all
four tires.

2. Normalize the suspension.

3. Drive the vehicle onto a drive-on hoist or back
onto a front-end alignment rack.

4. Inspect the suspension and chassis. Verify that
the vehicle curb position ride height is within
specification. For additional information, refer
to Section 204-00.

• Measure the curb position ride height with
the vehicle empty and all fluids full.

5. Place the special tool on a clean, flat level
section on the bottom of the frame rail. Press
the ALT ZERO button to calibrate the
inclinometer to the vehicle.

Copyright  2003, Ford Motor Company
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GENERAL PROCEDURES (Continued)

7. To check the pinion angle, rotate the driveshaft 8. To check the engine angle, rotate the driveshaft
so that the rear axle pinion flange yoke ear is so that the slip yoke ear is parallel to the floor.
parallel to the floor. Remove the U-joint snap Remove the U-joint snap ring, then install the
ring, then install the special tool. Check and special tool. Check and record the engine angle
record the pinion angle reading. reading.

• If the angle is not within specifications, • If the angle is not within specifications,
repair or adjust to obtain the correct angle . repair or adjust to obtain the correct angles.
Inspect the rear suspension, rear axle, rear Inspect the powertrain/drivetrain mounts or
axle mounting or the frame for wear or frame rails for wear or damage.
damage.
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GENERAL PROCEDURES

2. Seal the pocket.Axle Housing Casting Porosity (Holes
in Casting) Repair • Use Devcon Aluminum Liquid F2 or

equivalent meeting Ford specification
M-3D35A(E).CAUTION: To keep the axle’s sound

characteristics, do not disassemble the carrier. 3. To fill large pockets, drill and tap a shallow
hole for a small setscrew. Install the setscrewNOTE: Casting porosity is a condition where
and seal it.occasionally gas bubbles will form during the

casting process leaving small pockets in the metal • Use Devcon Aluminum Liquid F2 or
that will cause the axle housing to leak. equivalent meeting Ford specification

M-3D35A(E).
1. To fill small pockets, peen in a small amount of

body lead.
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GENERAL PROCEDURES

Axle Housing Weld Leaks Repair

Material

Item Specification

Devcon Epoxy Sealer M-3D35A (E)

1. CAUTION: To keep the axle’s sound
characteristics, do not disassemble the
carrier.

CAUTION: Axle housing straightness
is too critical for field repair. Install a new
axle housing if a weld is broken.

NOTE: Most minor weld leaks are repairable.
This includes the puddle and fill welds that join
the axle shaft tube to the axle housing on
integral axles.

Seal the weld.

• Use epoxy sealer meeting Ford specification
M-3D35A(E).
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Torque Specifications
SPECIFICATIONS

Description Nm lb-ft
General Specifications

Coupling shaft-to-parking 103 76
Item Specification brake drum bolts

Lubricant Center bearing bracket bolts 63 46

Premium Long-Life ESA-M1C75-B Driveshaft-to-pinion flange 112 83
Grease XG-1-C or bolts
XG-1-K (US); CXG-1-C

Front driveshaft bolts 103 76(Canada)
Reverse slip driveshaft nut 407 300Threadlock and Sealer WSK-M2G351-A5

TA-25 U-joint retainer bolts 74 55
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205-01-1 205-01-1Driveshaft

DESCRIPTION AND OPERATION

Driveshaft

Driveshaft — Rear, One-Piece

The E-450 vehicle has a two-piece driveshaft that isItem Part Number Description
supported by a driveshaft center bearing support1 — Driveshaft rear axle pinion
mounted to the frame.flange

The E-550 vehicle has a three-piece driveshaft that2 4866 Driveshaft flange yoke
is supported by two center bearing supports3 4635 Universal joint (U-joint)
mounted to the frame.4 — Snap ring (part of 4635)

5 — Bearing cup (part of 4635)

6 — Seal (part of 4635)

7 — Spider (part of 4635)

8 4602 Driveshaft

9 4841 Driveshaft slip-yoke

NOTE: Whenever the vehicle is raised on a hoist,
inspect the universal joint seals for rips or holes.
Install new if required.

The driveshaft is a tubular shaft which transfers
torque from the engine, through the transmission to
the rear axle. Driveshafts differ in length, diameter,
material, number of pieces, and type of slip-yoke to
accommodate various wheelbase and  powertrain
combinations.
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205-01-2 205-01-2Driveshaft

DESCRIPTION AND OPERATION (Continued)

Driveshaft — Rear, Two-Piece

Item Part Number Description Item Part Number Description

9 4K227 Driveshaft slip-yoke boot1 4635 Universal joint (U-joint)
clamp (small)2 — Snap ring (part of 4635)

10 4841 Driveshaft slip-yoke3 — Bearing cup (part of 4635)
11 — Rubber insulator (part of4 — Seal (part of 4635)

4800)
5 — Spider (part of 4635)

12 — Bearing (part of 4800)
6 4602 Driveshaft

13 — Bearing shield (part of 4800)
7 4K227 Driveshaft slip-yoke boot

14 4A449 Driveshaft center Bearingclamp (large)
Bracket

8 4421 Universal joint slip-yoke boot
15 4602 Driveshaft

(Continued)

2004 E-Series, 12/2003 



205-01-3 205-01-3Driveshaft

DESCRIPTION AND OPERATION (Continued)

Driveshaft — Rear, Three-Piece
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205-01-4 205-01-4Driveshaft

DESCRIPTION AND OPERATION (Continued)

Item Part Number Description Item Part Number Description

11 4K357 Driveshaft assembly1 4800 Center bearing assembly

12 4K185 Driveshaft assembly (rear)2 — Rubber insulator (part of
4800) 13 — Vehicle with automatic

transmission3 — Center bearing (part of 4800)

14 4817 Driveshaft (front)4 — Bearing retainer ring (part of
4800) 15 4851 Driveshaft yoke

5 4A499 Driveshaft center bearing 16 4K277 Driveshaft slip yoke boot
bracket clamp (small)

6 4635 Universal joint (U-joint) 17 4421 Driveshaft slip yoke boot
7 — Snap ring (part of 4635) 18 4K277 Driveshaft slip yoke boot

clamp (large)8 — Bearing (part of 4635)

19 4841 Driveshaft slip yoke9 — Seal (part of 4635)

10 — Spider (part of 4635)
(Continued)
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205-01-1 205-01-1Driveshaft

DESCRIPTION AND OPERATION

Universal Joints

Universal Joint (U-Joint) Identification Chart

Diameter 1Item Part Number Description
(Spider outer Diameter 2

1 4635 Universal joint (U-joint) diameter with (bearing cup
2 — Grease seal (part of 4635) bearing cups outer

Series fully seated) diameter)3 — 32 needle rollers (part of
4635) 1350 91.9 (3.62) 30.2 (1.19)

4 — Thrust washer (part of 4635) 1410 106.4 (4.19) 30.2 (1.19)
5 — Bearing cup (part of 4635) 1480 106.4 (4.19) 35.1 (1.38)
6 — Spider (part of 4635)

Universal joints have the following:

• A lubed-for-life design.

• Equipped with nylon thrust washers located at the
base of each bearing cup, which control end play,
positions the needle bearings and improves grease
movement.

• Size 1350 for E-150-350, size 1410 for E-450,
and size 1480 for E-550.
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205-01-1 205-01-1Driveshaft

DIAGNOSIS AND TESTING

Driveshaft
Refer to Section 205-00.
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205-01-1 205-01-1Driveshaft

REMOVAL AND INSTALLATION

Driveshaft — Rear, One-Piece

Material

Item Specification

Premium Long Life ESA-M1C75-B
Grease
XG-1-C or -K

Threadlock and Sealer WSK-M2G351-A5
E0AZ-19554-AA

Removal

1. Raise and support the vehicle. For additional
5. CAUTION: The driveshaft flange yokeinformation, refer to Section 100-02.

fits tightly on the pinion flange pilot. Never
hammer on the driveshaft or any of its2. To maintain driveline balance, index-mark the
components to disconnect the yoke from thedriveshaft flange yoke and the pinion flange.
flange. Pry only in the area shown, with a
suitable tool, to disconnect the yoke from
the flange.

Using a suitable tool as shown, disconnect the
driveshaft flange yoke from the pinion flange.

3. CAUTION: Do not allow the output
shaft to turn.

Index-mark the driveshaft yoke and the
transmission tailshaft.

6. Lower the driveshaft and slide it off the output
shaft.

4. Remove the four bolts.
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205-01-2 205-01-2Driveshaft

REMOVAL AND INSTALLATION (Continued)

Installation

1. Inspect the extension housing seal for damage.
Install a new seal as necessary. For additional
information, refer to Section 307-01A or
Section 307-01B.

4. NOTE: Depending on the paint markings, there
are two methods of indexing the driveshaft and
the output shaft.

Install the driveshaft.

1 Preferred method — align the factory-made
paint marks on the output shaft and
driveshaft and position the driveshaft in the2. Check to see if a paint mark is present on the
transmission.front of the driveshaft and on the end of the

• Alternate method — align the index-markstransmission output shaft.
and position the driveshaft in the• Vehicles equipped with 4R70W
transmission.transmissions have the paint mark.

• Vehicles equipped with 4R100 transmissions
do not have the paint mark.

3. Lubricate the slip-yoke spline with grease.
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205-01-3 205-01-3Driveshaft

REMOVAL AND INSTALLATION (Continued)

5. CAUTION: Install the driveshaft with
new bolts. If new bolts are not available,
apply sealer to the threads of the original
bolts.

CAUTION: The driveshaft flange yoke
fits tightly on the pinion flange pilot. To
make sure that the yoke seats squarely on
the flange, tighten the bolts evenly in a cross
pattern as shown.

Position the driveshaft flange yoke on the
pinion flange with the index marks aligned, and
install the bolts.
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205-01-1 205-01-1Driveshaft

REMOVAL AND INSTALLATION

Driveshaft — Rear Two-Piece

Material

Item Specification

Threadlock and Sealer WSK-M2G351-A5
E0AZ-19554-AA

Removal

1. Raise and support the vehicle. For additional
information, refer to Section 100-02.

2. Index-mark the driveshaft to the rear axle 6. Lock the parking brake.
pinion flange.

7. For E-450 and E-550 vehicles, index-mark the
3. Remove the slip joint dust boot clamp and components and remove the four coupling

position the boot rearward. driveshaft bolts from the parking brake
assembly.

4. Remove four bolts, and disconnect and remove
the rear driveshaft section.

5. Support the coupling shaft, and remove the two
center bearing bracket retaining bolts.
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205-01-2 205-01-2Driveshaft

REMOVAL AND INSTALLATION (Continued)

8. NOTE: If a new output flange on the parking
brake assembly needs to be installed, refer to
Section 206-05.

Separate the coupling shaft from the parking
brake assembly.

4. Install the center bearing bracket bolts.

Installation

1. Using the index marks, position the driveshaft.

2. Install the four coupling shaft bolts.

• Release the parking brake.

5. Install the rear driveshaft section.

3. Support the coupling shaft, and position the
center bearing and bracket.
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205-01-3 205-01-3Driveshaft

REMOVAL AND INSTALLATION (Continued)

6. Align the index marks and install the four 7. Remove the supports, and lower the vehicle.
driveshaft-to-rear axle bolts.

• If new bolts are not available, coat the
threads of the original bolts with sealer.
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205-01-1 205-01-1Driveshaft

REMOVAL AND INSTALLATION

Driveshaft — Rear, Three-Piece

Removal

1. Raise and support the vehicle. For additional
information, refer to Section 100-02.

2. Index-mark the driveshaft at the axle flange.

5. Remove the center bearing support bolts.

3. Disconnect the driveshaft from the axle flange.

1 Remove and discard the bolts.

2 Remove and discard the U-joint retainers.

• Using mechanics wire, support the
driveshaft.

6. Remove the rear driveshaft assembly.

7. Remove and discard the bolts.

4. Disconnect the driveshaft from the coupling
shaft.

1 Remove and discard the bolts.

2 Remove and discard the U-joint retainers.

• Using mechanics wire, support the
driveshaft.
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205-01-2 205-01-2Driveshaft

REMOVAL AND INSTALLATION (Continued)

8. Remove the center bearing support bolts.

2. Position the center support bearing and install
the bolts.

9. Remove the front driveshaft. • Hand-tighten only; do not tighten at this
time.

10. Clean grease deposits, dirt and rust from the
following:

• The driveshaft yoke areas.

• All driveshaft components.

• Wipe the bearing and rubber insulator of the
driveshaft center bearing. Do not immerse in
solvent.

11. Inspect the following:

• The universal joint slip yoke boot for rips or
holes. Install a new boot if necessary.

• The driveshaft center bearing support for
wear or rough action. If roughness or wear

3. Tighten the driveshaft to parking brake drumis evident, install a new driveshaft center
bolts and the driveshaft center bearing bolts.bearing support.

• The center bearing rubber insulator for
evidence of hardening, cracking or
deterioration. Install a new insulator if
necessary.

Installation

1. Connect the front driveshaft to the transmission.
Install the new bolts.

• Hand-tighten only; do not tighten at this
time.
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205-01-3 205-01-3Driveshaft

REMOVAL AND INSTALLATION (Continued)

4. Position the rear driveshaft assembly and install 6. Connect the rear driveshaft assembly to the rear
the center support bearing bolts. axle. Install the new retainers and bolts.

• Hand-tighten only; do not tighten at this
time.

7. Tighten the driveshaft center support bearing
bolts.

5. Connect the rear driveshaft assembly to the
front driveshaft. Install the new retainers and
bolts.
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205-01-1 205-01-1Driveshaft

DISASSEMBLY AND ASSEMBLY

Driveshaft Center Bearing — Rear,
Two-Piece

Special Tool(s)

Installer, Keystone Clamp
211-002 (T63P-9171-A)

Material 4. Remove the slip-yoke boot from the coupling
Item Specification shaft.

Premium Long-Life ESA-M1C75-B • Inspect the boot for damage. Install a new
Grease slip-yoke boot as necessary.
XG-1-C or XG-1-K (US);
CXG-1-C (Canada)

Disassembly

1. Remove the driveshaft from the vehicle. For
additional information, refer to Driveshaft —
Rear Two-Piece in this section.

2. CAUTION: Do not, under any
circumstance, clamp the driveshaft or the
coupling shaft in the jaws of a vise or similar
holding fixture. Denting or localizing fracture
can result, causing driveshaft failure during
vehicle operation. 5. Inspect the lubricant on the coupling shaft
Place the driveshaft assembly on a suitable splines and in the driveshaft slip-yoke for
workbench. Do not damage the tubes. contamination. If contaminated, inspect the

coupling shaft splines and the driveshaft
3. Remove the driveshaft slip-yoke from the slip-yoke for wear or damage. Install new

coupling shaft. components as necessary.

1 Cut and discard the driveshaft slip-yoke
boot clamps.

2 Remove the driveshaft slip-yoke from the
coupling shaft.
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205-01-2 205-01-2Driveshaft

DISASSEMBLY AND ASSEMBLY (Continued)

6. Remove the center bearing retainer, the center 8. Press the dust slinger off the coupling shaft.
bearing bracket and the rubber insulator from
the coupling shaft.

1 Remove the center bearing retainer.

2 Remove the center bearing bracket.

3 Remove the rubber insulator.

Assembly

1. Press the dust slinger on the coupling shaft.

7. Using a suitable press, remove the center
bearing and bearing retainer from the coupling
shaft.
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205-01-3 205-01-3Driveshaft

DISASSEMBLY AND ASSEMBLY (Continued)

2. NOTE: Install the bearing on the coupling shaft
with the turned-in lip toward the dust slinger.

NOTE: Install the center bearing bracket with
the deep flange facing rearward.

Install the center bearing support on the
coupling shaft.

1 Install the rubber insulator in the driveshaft
center bearing bracket.

2 Using a suitable press, install the center
bearing assembly on the coupling shaft.

6. Using the special tool, crimp the slip-yoke boot
clamp.

3. Install the center bearing retainer.

7. Install the slip-yoke on the coupling shaft.

1 Pull the slip-yoke boot toward the coupling
shaft. Lubricate the coupling shaft splines
with approximately 10 grams (0.24 oz) of
lubricant.

2 Position the slip-yoke boot clamp.

3 Align the blind splines, and install the
driveshaft slip-yoke on the coupling shaft.

4. Position the slip-yoke boot clamp on the
coupling shaft stub shaft.

5. Slide the small opening end of the slip-yoke
boot on the coupling shaft stub shaft, as far as
it will travel.
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205-01-4 205-01-4Driveshaft

DISASSEMBLY AND ASSEMBLY (Continued)

8. Set the driveshaft assembled length to 9. Using the special tool, crimp the large slip-yoke
specification. boot clamp.

1 Remove any excess grease from the
slip-yoke boot and driveshaft slip-yoke
surfaces.

2 Position the slip-yoke boot over the
slip-yoke boot groove.

3 Set the driveshaft assembled length to
specification.

X Measure from the stub shaft weld to the
U-joint centerline.

4 Bleed the air from the slip-yoke boot.

10. Install the driveshaft. For additional
information, refer to Driveshaft — Rear
Two-Piece in this section.

11. NOTE: If a vibration exists, insert 1.59 mm
(1/16 inch) shims, as necessary, between the
driveshaft center bearing bracket and support
plate (on the bolt ends of the driveshaft center
bearing bracket) to reduce compression of the
rubber insulator.

Road test the vehicle.
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205-01-1 205-01-1Driveshaft

DISASSEMBLY AND ASSEMBLY

4. Remove the rubber insulator surrounding theDriveshaft Center Bearing — Rear,
bearing.Three-Piece
1 Remove the center bearing retainer.

Material 2 Remove the center bearing bracket.

Item Specification 3 Remove the rubber insulator.
Premium Long-Life ESA-M1C75-B
Grease
XG-1-C

Disassembly and Assembly

1. CAUTION: Do not clamp the
driveshaft in the jaws of a vice or a similar
holding fixture.

Place the driveshaft on a suitable workbench.

2. On reverse slip driveshafts, while using a
suitable flange holding tool to prevent shaft
rotation, remove the reverse slip driveshaft nut.

5. Using a suitable press, remove the bearing from
the driveshaft.

3. On reverse slip driveshafts, remove the flange.

6. Using a suitable press, remove the dust slinger.
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205-01-2 205-01-2Driveshaft

DISASSEMBLY AND ASSEMBLY (Continued)

7. NOTE: Clean grease deposits, dirt and rust
from the stub shaft.

NOTE: Inspect the stub shaft splines for nicks,
gouges, or burrs. Remove with a file or emery
cloth.

NOTE: The driveshaft center bearing bracket
must be installed with the deep flange rearward.

To assemble, reverse the disassembly procedure.

• Lubricate the stub shaft spline with grease.
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205-01-1 205-01-1Driveshaft

DISASSEMBLY AND ASSEMBLY

Driveshaft Universal Joint — Single
Cardan, Slip Yoke

Special Tool(s)

Installer/Remover, C-Frame and
Screw
205-086 (T74P-4635-C)

Disassembly Bearing cup removal

Initial disassembly
4. NOTE: If necessary, use a pair of pliers to

remove a bearing cup that fails to press out all
the way.1. CAUTION: Do not, under any

circumstance, clamp the shaft in the jaws of Remove the bearing cups and the slip-yoke.
a vise or similar holding fixture. Denting or

1 Position the slip-yoke in the special tool.localizing fracture can result, causing shaft
2 Press out a bearing cup.failure during vehicle operation.
3 Rotate the driveshaft slip-yoke 180 degrees.Place the shaft on a suitable workbench. Do not

damage the tube. 4 Press on the spider to remove the remaining
bearing cup and the U-joint.

2. Remove and discard the 2 snap rings.

5. Clean the driveshaft slip-yoke.
3. Clamp the special tool in a vise.

• Inspect the driveshaft slip-yoke.

• Install a new yoke as necessary.
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205-01-2 205-01-2Driveshaft

DISASSEMBLY AND ASSEMBLY (Continued)

Opposite bearing cup installationAssembly

Bearing cup installation 3. Repeat Bearing cup installation in this
procedure to install the new bearing cup and
snap ring on the opposite side of the shaft yoke.1. NOTE: Install the Universal Joint Kits as

complete assemblies only. Do not mix
components from other kits.

Install a new spider and bearing cup.

1 Start a new bearing cup in the shaft yoke.

X Check the needle bearings for correct
positioning.

2 Position the new spider in the shaft yoke.

3 Press the bearing cup to just below the snap
ring groove.

4. Remove the shaft from the special tool, and
install the new snap ring.

2. NOTE: Use the yellow snap rings supplied in
the kit to assemble the universal joint (U-joint).
If difficulty is encountered with the yellow snap
rings, install the black snap rings.

Remove the shaft from the special tool, and
install the new snap ring.
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205-01-3 205-01-3Driveshaft

DISASSEMBLY AND ASSEMBLY (Continued)

5. CAUTION: Do not strike the bearings.

Check the U-joint for freedom of movement.

• If binding, strike the yoke with a brass or
plastic hammer.
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205-01-1 205-01-1Driveshaft

DISASSEMBLY AND ASSEMBLY

Driveshaft Universal Joint — Single
Cardan, Flange Yoke

Special Tool(s)

Installer/Remover, C-Frame and
Screw
205-086 (T74P-4635-C)

Disassembly 4. Clamp the special tool in a vise.

Initial disassembly

1. CAUTION: Do not, under any
circumstance, clamp the driveshaft in the
jaws of a vise or similar holding fixture.
Denting or localizing fracture can result,
causing driveshaft failure during vehicle
operation.

Place the driveshaft on a suitable workbench.
Do not damage the tube.

2. NOTE: If components are not marked and
installed incorrectly, driveline imbalance can
occur.

Index-mark the driveshaft components.

3. Remove and discard the 4 snap rings.
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205-01-2 205-01-2Driveshaft

DISASSEMBLY AND ASSEMBLY (Continued)

Bearing cup removal 7. Clean the yoke area at the end of the driveshaft.

Assembly
5. NOTE: If necessary, use a pair of pliers to

remove a bearing cup that fails to press out all
Bearing cup installationthe way.

Remove the bearing cups and the flange.
1. NOTE: Install the Universal Joint Kits as

1 Position the flange in the special tool. complete assemblies only. Do not mix
2 Press out a bearing cup. components from other kits.

3 Rotate the flange 180 degrees. Install a new spider and bearing cups.

4 Press on the spider to remove the remaining 1 Start a new bearing cup in the driveshaft
bearing cup. yoke.

5 Remove the flange. X Check the needle bearings for correct
positioning.

2 Position the new spider in the driveshaft
yoke.

3 Position the driveshaft yoke in the special
tool.

4 Press the bearing cup to just below the snap
ring groove.

X Repeat to install the new bearing cup on
the opposite side of the driveshaft yoke.

Final disassembly

6. Repeat Bearing cup removal in this procedure
to remove the remaining bearing cups and the
spider from the driveshaft.

Flange installation

2. Inspect the flange. Install a new flange, if
necessary.
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205-01-3 205-01-3Driveshaft

DISASSEMBLY AND ASSEMBLY (Continued)

3. Install the new bearing cups and the flange.

1 Start a new bearing cup in the flange.

X Check the needle bearings for correct
positioning.

2 Position the flange on the spider.

3 Position the assembly in the special tool.

4 Press the bearing cup to just below the snap
ring groove.

X Repeat to install the new bearing cup on
the opposite side of the flange.

5. CAUTION: Do not strike the bearings.

Check the U-joint for freedom of movement.

• If binding, strike the yoke with a brass or
plastic hammer.

Final assembly

4. NOTE: Use the yellow snap rings supplied in
the kit to assemble the universal joint (U-joint).
If difficulty is encountered with the yellow snap
rings, install the black snap rings.

Remove the driveshaft from the special tool,
and install the 4 new snap rings.
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205-01-1 205-01-1Driveshaft

DISASSEMBLY AND ASSEMBLY

Driveshaft Slip Yoke

Special Tool(s)

Installer, Keystone Clamp
211-002 (T63P-9171-A)

Material

Item Specification 4. Inspect the lubricant on the driveshaft splines
and in the driveshaft slip-yoke forPremium Long-Life ESA-M1C75-B

Grease contamination. If contaminated, inspect the
XG-1-C or XG-1-K (US); driveshaft splines and the slip-yoke for wear.
CXG-1-C (Canada) Install new components as necessary.

Disassembly Assembly

1. CAUTION: Do not, under any 1. Position the new small slip-yoke boot clamp on
circumstance, clamp the driveshaft in the the driveshaft stub shaft.
jaws of a vise or similar holding fixture.
Denting or localizing fracture can result, 2. Slide the small opening end of the slip-yoke
causing driveshaft failure during vehicle boot on the driveshaft stub shaft, as far as it
operation. will travel.

Place the driveshaft on a suitable workbench.
Do not damage the tubes.

2. Remove the slip-yoke from the driveshaft.

1 Cut and discard the slip-yoke boot clamps.

2 Remove the slip-yoke from the driveshaft.

3. Remove the slip-yoke boot from the driveshaft.

• Inspect the boot for wear or damage. Install
a new slip-yoke boot as necessary.
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205-01-2 205-01-2Driveshaft

DISASSEMBLY AND ASSEMBLY (Continued)

3. Using the special tool, crimp the slip-yoke boot 5. Set the driveshaft assembled length to
clamp. specification.

1 Remove any excess grease from the
slip-yoke boot and driveshaft slip-yoke
surfaces.

2 Position the slip-yoke boot in the slip-yoke
boot groove.

3 Set the driveshaft assembled length to
specification.

X Measure from the stub shaft weld to the
U-joint centerline.

4 Bleed the air from the slip-yoke boot.

4. Install the slip-yoke on the driveshaft.

1 Pull the slip-yoke boot toward the
driveshaft. Lubricate the driveshaft splines
with approximately 10 grams (0.24 oz) of
lubricant.

2 Position the new large slip-yoke boot
clamp.

3 Align the blind splines, and install the
slip-yoke on the driveshaft.

6. Using the special tool, crimp the large slip-yoke
boot clamp.
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206-00-1 206-00-1Brake System — General Information

General Specifications (Continued)
SPECIFICATIONS

Item Specification
General Specifications

Rear brake disc minimum 36.3 mm (1.42 inch)
Item Specification thickness (E-450)

Brake Pads Minimum thickness to 28.6 mm (1.12 inch)
machine front brake discBrake pad minimum 3.0 mm (0.118 inch)
(E-450)thickness
Minimum thickness to 36.9 mm (1.45 inch)Brake pad maximum 2.0 mm (0.079 inch)
machine rear brake discthickness variation
(E-450)(pad-to-pad)
LubricantBrake pad maximum taper 3.0 mm (0.118 inch)

wear (in any direction) High Performance DOT 3 ESA-M6C25-A
Motor Vehicle BrakeBrake Disc
Fluid PM-1 (Canada

Front brake disc minimum 29.2 mm (1.14 inch) CPM-1)
thickness (E-150)

High Temperature Nickel ESE-M12A4-A
Rear brake disc minimum 20.4 mm (0.8 inch) Anti-Seize Lubricant XL-2
thickness (E-150) (Canada CXG-2-B)

Minimum thickness to 29.8 mm (1.17 inch) Silicone Brake Caliper ESE-M1C171-A
machine front brake disc Grease and Dielectric
(E-150) Compound XG-3-A

Minimum thickness to 21.0 mm (0.82 inch) Brake Parts Cleaner PM-4 —
machine rear brake disc
(E-150)

Torque SpecificationsFront brake disc minimum 28.0 mm (1.1 inch)
thickness (E-250, E-350) Description Nm lb-ft
Rear brake disc minimum 28.0 mm (1.1 inch) Brake master cylinder tube 20 15
thickness (E-250, E-350) fitting, 9/16
Minimum thickness to 28.6 mm (1.12 inch) Brake master cylinder tube 20 15
machine front brake disc fitting, 7/16
(E-250, E-350)

Caliper bleeder screw, rear 15 11
Minimum thickness to 28.6 mm (1.12 inch)

Caliper bleeder screw, front 15 11machine rear brake disc
(E-250, E-350)

Front brake disc minimum 28.0 mm (1.1 inch)
thickness (E-450)
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206-00-1 206-00-1Brake System — General Information

DESCRIPTION AND OPERATION

• All vehicles have front disc brakes. For additionalBrake System
information, refer to Section 206-03.The braking system on the E-Series vehicle consists

• The parking brake is foot-operated and, on theof the following components:
E-150, E-250 and E-350, uses a drum-in-hat brake

• An electronic hydraulic control unit (HCU) system. The E-450 is equipped with a
• Vacuum booster power booster (E-150 to E-350) transmission-mounted parking brake. For

additional information, refer to  Section 206-05.• A Hydro-Boost power booster (E-450 only)
• The brake hydraulic system is split front and rear• Master cylinder

at the brake master cylinder. For additional
• Front brake discs information on the brake hydraulic system, refer
• Rear brake discs to Section 206-06.

• Parking brakes • The brake power assist is vacuum-operated on the
E-150, E-250 and E-350. The E-450 is equipped• Four-wheel anti-lock brake system (4WABS)
with a Hydro-Boost power brake booster

The significant features of the brake system are as powered by the power steering pump. For
follows: additional information, refer to  Section 206-07.
• All vehicles are equipped with rear disc brakes. • All vehicles are equipped with a 4-wheel anti-lock

For additional information, refer to Section brake system (4WABS). For additional
206-04. information, refer to Section 206-09.

Copyright  2003, Ford Motor Company
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206-00-1 206-00-1Brake System — General Information

DIAGNOSIS AND TESTING
Inspection and VerificationBrake System

Refer to Wiring Diagrams Cell 42 for schematic and WARNING: Use of any brake fluid other
connector information. than the approved DOT 3 will cause permanent

damage to brake components and will render theSpecial Tool(s)
brakes inoperative. Failure to follow these

Worldwide Diagnostic System instructions may result in personal injury.
(WDS)

WARNING: Carefully read cautionaryVehicle Communication Module
information on product label. For EMERGENCY(VCM) with appropriate

adapters, or equivalent MEDICAL INFORMATION seek medical advice.
diagnostic tool In the USA or Canada on Ford/Motorcraft

products call: 1-800-959-3673. For additional
information, consult the product Material  Safety

73III Automotive Meter Data Sheet (MSDS) if available. Failure to follow
105-R0057 or equivalent

these instructions may result in personal injury.

CAUTION: Do not spill brake fluid onto
painted surfaces. If spilled, wipe up immediately.

NOTE: Always check the fluid level in the brake
master cylinder reservoir before carrying out the test

On-Car Brake Lathe procedures. If the fluid level is not at the correct
201-00002 or equivalent level, clean the reservoir cap before removing, then

add DOT 3 brake fluid.

NOTE: Prior to carrying out any diagnosis, make
sure the red brake warning indicator is functional.
For additional information, refer to Section 413-01A
or  Section 413-01B.

Material The first indication that something may be wrong in
the brake system is a change in the feeling throughItem Specification
the brake pedal. The brake warning indicator in the

High Performance DOT 3 ESA-M6C25-A
instrument cluster and the brake fluid level in theMotor Vehicle Brake Fluid
brake master cylinder reservoir are  also indicatorsPM-1 (Canada CPM-1)
of system concerns.Silicone Brake Caliper ESE-M1C171-A

Grease and Dielectric If a wheel is locked and the vehicle must be moved,
Compound open a bleeder screw at the locked wheel to let out
XG-3-A enough fluid to relieve the pressure. Close the
Brake Parts Cleaner - bleeder screw. This bleeding operation may release
PM-4 the brakes but will not correct the cause  of the

trouble. If this does not relieve the locked wheel
condition, repair the locked components before
proceeding.

Inspect all hoses and connections. All unused
vacuum connectors should be capped. Make sure
hoses and their connections are correctly secured
and in good condition with no holes, soft or
collapsed areas.

Copyright  2003, Ford Motor Company
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206-00-2 206-00-2Brake System — General Information

DIAGNOSIS AND TESTING (Continued)

Road Test • Inspect and measure the thickness of the brake
pad friction material.The technician should have a thorough knowledge

of the brake system operation and accepted general — Install new brake pads if the thickness of the
braking guidelines in order to detect any problems. friction material is less than 3.0 mm (0.118

inch). For additional information, refer toSelect a road that is reasonably smooth and level.
Section 206-03 for front disc brakes  orGravel or bumpy roads are not suitable because the
Section 206-04 for rear disc brakes.surface does not allow the tires to grip the road

equally. Avoid crowned roads. — Compare all 4 front or rear pads for uneven
wear. Install new brake pads if the thicknessA key factor in evaluating brake concerns is the
of the friction material varies from pad to paddeceleration rate. This varies from vehicle to vehicle
by more than 2.0 mm (0.079 inch). Forand with changes in operating conditions. It is
additional information, refer to  Sectionevident how well the brakes are working after just a
206-03 for front disc brakes or Section 206-04few applications.
for rear disc brakes.

For low or spongy brake pedal concerns:
— Install new brake pads if there are missing

• check and, if necessary, refill the brake master chunks or cracks in the lining through to the
cylinder reservoir. backing plate. For additional information, refer

to Section 206-03 for front disc brakes  or• bleed the brake system and retest the brake pedal
Section 206-04 for rear disc brakes.feel.

— If the friction material shows taper wear, i.e.• if the brake pedal is still low or feels spongy,
the thickness varies by more than 3.0 mmcheck the brake pedal mounting for looseness and
(0.118 inch) in any direction, verify the calipercorrect installation. Check the brake booster and
guide pins are functioning correctly. Forthe brake master cylinder for loose mounting.
additional information, refer to Brake CaliperCorrect as necessary and retest the system for
Guide Pins  in this section.normal operation.

For a slow or incomplete brake pedal return Brake Discs
concern:

CAUTION: Using an impact tool without a
• inspect for binding, damage, correct installation or torque socket will lead to unevenly tightened lug

interference at the brake pedal. nuts. This causes brake disc on-vehicle lateral
• check the brake booster for binding, damage and runout and brake roughness.

correct installation. NOTE: It is generally not required to install new
brake discs to address noise issues.Brake Pads
• Remove the brake disc. For additionalNOTE: It is not required to install new brake pads

information, refer to Section 206-03 for front discif friction material properties are within guidelines.
brakes or  Section 206-04 for rear disc brakes.It is also not required to install new brake pads

when the brake discs are machined.

• Remove the brake pads. For additional
information, refer to Section 206-03 for front disc
brakes or  Section 206-04 for rear disc brakes.
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206-00-3 206-00-3Brake System — General Information

DIAGNOSIS AND TESTING (Continued)

• Inspect the brake discs and measure the brake disc • Use a wire brush, rolled-up sandpaper or emery
thickness in a minimum of 4 places around the cloth to remove all corrosion and foreign material
circumference of the brake disc. Record the from the caliper guide pin bores. Clean remaining
measurements. debris from the bores with brake parts cleaner and

compressed air.— Install new brake discs if any thickness
measurement is less than the minimum • Install new brake pads if the lining is not within
specification. For additional information, refer specifications. For additional information, refer to
to Section 206-03 for front disc brakes or Section 206-03 for front disc brakes or  Section
Section 206-04 for rear disc brakes. 206-04 for rear disc brakes.

— Install new brake discs if cracked. For • Assemble the caliper guide pins using new caliper
additional information, refer to Section 206-03 seals, boots and guide pins. Use an ample amount
for front disc brakes or  Section 206-04 for of grease to lubricate the bores and guide pins.
rear disc brakes.

Brake Lines and Tubes
— Machine the brake discs if the diagnosis has

CAUTION: Never use copper tubing. It isrevealed vibration in the steering wheel, seat,
subject to fatigue, cracking and corrosion, whichor pedal while braking. Heavily scored brake
could result in brake tube failure.discs, similar to that caused by pads worn

down to the backing plate, should also be • Double-wall steel tubing is used throughout the
machined. In order to  machine, discs must be brake hydraulic system. All brake tube fittings
above the minimum thickness to machine must be correctly double flared to provide strong,
specification. For additional information, refer leakproof connections. When bending tubing to fit
to Specifications and Brake Disc Machining in the underbody or rear axle contours, be careful
this section. not to kink or crack the tube.

Brake Caliper • If a section of the brake tube is damaged, the
entire section must be installed new with a tubeInspect the brake calipers for the following:
of the same type, size, shape and length.

• Brake fluid leaks. For additional information, refer
• When installing the hydraulic brake tubing, hoses,to Brake System Leak Check in this section.

or connectors, tighten all connections to
• Boots and seals for tears or cracks. specifications. After installation, bleed the brake

system. For additional information, refer to  Brake• Caliper piston for binding and corrosion.
System Bleeding in this section.• Guide pins for correct operation. For additional

• The wet appearance on the outer cover of rubberinformation, refer to Brake Caliper Guide Pins in
brake hoses is called sweating. This is a normalthis section.
condition for rayon-braid neoprene hose and is not

Brake Caliper Guide Pins a sign of leakage or cause to install a new hose.

CAUTION: Do not use power tools for Install a new flexible brake hose if the hose shows
caliper guide pin bore cleaning. signs of softening, cracking or other damage.

The guide pins should slide with a reasonable When installing a new brake hose, position the hose
amount of hand force. If the brake pads show taper to avoid contact with other vehicle components.
wear or the guide pins are difficult to move, then

Non-Pressure Leakscarry out the following steps.
The only part of the brake system that could have aNOTE: If a guide pin kit is not available, install a
brake fluid loss that does not appear when thenew caliper assembly.
system is under pressure is the brake master

• Disassemble the guide pins. For additional cylinder reservoir under the following conditions:
information, refer to Section 206-03 for front disc

• missing or poorly-fitted brake master cylinderbrakes or  Section 206-04 for rear disc brakes.
filler cap
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DIAGNOSIS AND TESTING (Continued)

Brake Master Cylinder — Abnormal• punctured or otherwise damaged brake master
Conditionscylinder reservoir
Changes in brake pedal feel or travel are indicators• missing or damaged brake master cylinder filler
that something could be wrong in the brake system.cap gasket
GO to Symptom Chart for abnormal condition• missing, damaged or poorly-fitted sealing
diagnosis.grommets between the brake master cylinder and

the brake master cylinder reservoir Brake Booster
The brake master cylinder reservoir grommets are Inspect the brake booster for the following:
not repairable and must be installed new as part of

• excessive corrosion or damagea new brake master cylinder reservoir.
• vacuum connections for leakage

Brake Master Cylinder — Normal Conditions
• vacuum hoses for kinks or leakage

The following conditions are considered normal and
• brake booster check valve for correct operationare not indications that the brake master cylinder is

in need of service. Changes in the brake pedal feel or travel are
indicators that something could be wrong in theCondition 1: During normal operation of the brake
brake system. GO to Symptom Chart for abnormalmaster cylinder, the fluid level in the brake master
condition diagnosis.cylinder reservoir will rise during brake application

and fall during release. The net fluid level (such as Parking Brake
after brake  application and release) will remain

Check the operation of the parking brake systemunchanged.
with the vehicle on a hoist and the parking brake

Condition 2: A trace of brake fluid will exist on control fully released. Check for any damaged
the booster shell below the master cylinder cables and install new components as necessary.
mounting flange. This results from the normal Check the rear brake adjustment or carry out the
lubricating action of the master cylinder bore and brake system diagnosis. For additional information,
seal. refer to Section 206-05.
Condition 3: Fluid level will decrease with pad
wear.

Symptom Chart

Symptom Chart

Condition Possible Sources Action
• The red brake warning • Brake fluid level • FILL the brake fluid reservoir

indicator is always on to the MAX line.
• Circuitry • GO to Pinpoint Test A.
• Instrument cluster

• The red brake warning • Circuitry • REFER to Section 413-01A
indicator is never on • Bulb or Section 413-01B.

• Instrument cluster
• The brakes pull or drift • Tire air pressure • CHECK the tires for uneven

or excessive wear, and correct
inflation.

• Brake pads • CHECK the brake pads for
• Brake components uneven taper or excessive

wear. REPAIR as necessary.
• CHECK the brake discs and

the hubs for damage.
REPAIR as necessary.

• Suspension component • CHECK wheel alignment.
• Wheel alignment REFER to Section 204-00.
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DIAGNOSIS AND TESTING (Continued)

Symptom Chart (Continued)

Condition Possible Sources Action
• Brake pedal goes down fast • Brake fluid level • INSPECT the system for

leaks. FILL the brake master
cylinder reservoir. BLEED
the system. REFER to Brake
System Bleeding.

• Air in system • INSPECT the system for
leaks. BLEED the system.
REFER to Brake System
Bleeding in this section.

• Brake master cylinder • CARRY OUT the Brake
Master Cylinder Component
Test in this section.

• The brake pedal eases down • Air in system • INSPECT the system for
slowly leaks. BLEED the system.

REFER to Brake System
Bleeding in this section.

• Brake master cylinder • CARRY OUT the Brake
Master Cylinder Component
Test in this section.

• Brake lockup under light • Brake pads • CHECK the brake pads for
brake pedal force uneven taper or excessive

wear. REPAIR as necessary.
• Brake components • CHECK the brake

components for correct
operation. REPAIR as
necessary.

• Parking brake components • REPAIR or INSTALL new
components as necessary.
REFER to Parking Brake in
this section.

• Anti-lock brake control • CHECK the anti-lock brake
system control system. REFER to

Section 206-09.
• Excessive/erratic brake pedal • Leak in hydraulic system • INSPECT the system for

travel • Air in system leaks. BLEED the system.
• Disc brake caliper REFER to Brake System

Bleeding in this section.
• Brake master cylinder • CARRY OUT the Brake

Master Cylinder Component
Test in this section.

• Brake pads • CHECK the brake pads for
excessive wear.

• Brake pedal • CHECK the brake pedal for
binding or obstructions.
REPAIR as necessary.
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DIAGNOSIS AND TESTING (Continued)

Symptom Chart (Continued)

Condition Possible Sources Action
• Brakes drag • Parking brake components • REPAIR or INSTALL new

component(s) as necessary.
REFER to Section 206-05.

• Brake caliper guide pins • REPAIR or INSTALL new
caliper guide pins, seals and
boots. REFER to Brake
Caliper Guide Pins in this
section.

• Disc brake caliper • REPAIR or INSTALL new
brake calipers as necessary.
REFER to Section 206-03 for
front disc brakes or  Section
206-04 for rear disc brakes.

• Brake booster • CARRY OUT the Brake
Booster Component Test in
this section.

• Brake master cylinder • CARRY OUT the Brake
Master Cylinder Component
test in this section.

• Excessive brake pedal effort • Brake booster vacuum hose • REROUTE, REPAIR or
INSTALL new components
as necessary.

• Brake booster check valve • CARRY OUT the Check
Valve Component Test in this
section.

• Brake booster source vacuum • CHECK for vacuum at the
vacuum source. REPAIR or
INSTALL new components
as necessary.

• Brake booster • CARRY OUT the Brake
Booster Component Test in
this section.

• Rattling noise • Caliper mounting bolts loose • CHECK the caliper bolts.
TIGHTEN to specifications.
REFER to Section 206-03 for
front disc brakes or  Section
206-04 for rear disc brakes.

• Damaged or worn caliper • CHECK the caliper guide
guide pins or retainers pins and retainers for

lubrication and correct
operation. LUBRICATE or
INSTALL new components
as necessary. REFER to
Brake Caliper Guide Pins in
this section.

• Missing or damaged • CHECK the brake pads for
anti-rattle clips or springs missing clips or broken

springs. INSTALL new
components as necessary.
REFER to Section 206-03 for
front disc brakes or  Section
206-04 for rear disc brakes.

• Loose brake disc shield • TIGHTEN the brake disc
shield bolts to specification.
REFER to Section 206-03 for
front disc brakes or  Section
206-04 for rear disc brakes.
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DIAGNOSIS AND TESTING (Continued)

Symptom Chart (Continued)

Condition Possible Sources Action
• Clicking noise — with brakes • ABS hydraulic control unit • Acceptable condition.

applied with anti-lock brake (HCU)
system (ABS) brakes

• Squealing noise — occurs on • Brake pads • Acceptable condition. Caused
first (morning) brake by humidity and low brake
application pad temperature.

• Squealing noise — a • Brake pads or linings worn • INSPECT brake pads for
continuous squeal below minimum thickness excessive wear, taper wear or

uneven wear. VERIFY brake
pads are within minimum
specifications. REFER to
Brake Pads in this section.

• Squealing noise — an • Brake pads • Acceptable condition.
intermittent squeal brought on
by cold, heat, water, mud or
snow

• Groaning noise — occurs at • Brake pads • Acceptable condition.
low speeds with brake lightly
applied (creeping)

• Grinding noise — continuous • Brake pads or linings worn • INSPECT the brake pads,
below minimum thickness brake discs and attaching

hardware for damage.
VERIFY brake pads are
within minimum
specifications. REFER to
Brake Pads in this section.

• Moaning noise • Brake linings contaminated • INSPECT the brake pads for
with grease or oil contamination. REPAIR or

INSTALL new components
as necessary. REFER to
Section 206-03 for front disc
brakes or  Section 206-04 for
rear disc brakes.

• Vibration when the brakes are • Uneven brake pad wear • COMPLETE the brake
applied • Brake disc pad transfer system inspection described

• Brake disc in Inspection and Verification
• Suspension components in this section.

• GO to Pinpoint Test B.
• Brake vibration/shudder — • Brake caliper guide pins • INSPECT the brake caliper

occurs when the brake pedal guide pins for correct
is released operation. REFER to Brake

Caliper Guide Pins in this
section.

• Brake drag • INSPECT the brake pads for
premature wear. REPAIR or
INSTALL a new caliper as
necessary. REFER to Section
206-03 for front disc brakes
or  Section 206-04 for rear
disc brakes.
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DIAGNOSIS AND TESTING (Continued)

Pinpoint Tests

PINPOINT TEST A: THE RED BRAKE WARNING INDICATOR IS ALWAYS ON

Test Step Result / Action to Take
A1 CHECK THE PARKING BRAKE SWITCH

NOTE: Verify that the parking brake pedal is in the fully released Yes
position. GO to A2.
• Disconnect: Parking Brake Switch C2015. No
• Key in ON position. If the parking brake is fully released,
• Is the brake indicator lamp illuminated? INSTALL a new parking brake switch.

TEST the system for normal operation.
A2 CHECK CIRCUIT 162 (LG/RD) FOR A SHORT TO GROUND

• Key in OFF position.
• Disconnect: Instrument Cluster C220b.
• Measure the resistance between the parking brake switch C2015

pin 1, circuit 162 (LG/RD), harness side and ground.

Yes
GO to A3.
No
REPAIR the circuit. TEST the system for

• Is the resistance greater than 10,000 ohms? normal operation.
A3 ISOLATE THE BRAKE MASTER CYLINDER FLUID LEVEL

SWITCH
• Connect: Instrument Cluster C220b.
• Disconnect: Brake Fluid Level Switch C124.
• Key in ON position.
• Connect a fused jumper wire between the brake fluid level

switch C124 pin 2, circuit 531 (DG/YE), harness side and the
brake fluid level switch C124 pin 3, circuit 512 (TN/LG), harness
side.

Yes
GO to A4.
No
INSTALL a new brake fluid level switch.

• Is the brake indicator lamp on? TEST the system for normal operation.
A4 CHECK CIRCUIT 512 (TN/LG) AND CIRCUIT 531 (DG/YE) FOR A

SHORT TO GROUND
• Key in OFF position.
• Disconnect: Instrument Cluster C220b.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST A: THE RED BRAKE WARNING INDICATOR IS ALWAYS ON (Continued)

Test Step Result / Action to Take
A4 CHECK CIRCUIT 512 (TN/LG) AND CIRCUIT 531 (DG/YE) FOR A

SHORT TO GROUND (Continued)

• Measure the resistance between the instrument cluster C220b
pin 20, circuit 512 (TN/LG), harness side and ground and
between the instrument cluster C220b pin 19, circuit 531
(DG/YE), harness side and ground.

Yes
GO to A5.
No
REPAIR the circuit(s) in question. TEST

• Are the resistances greater than 10,000 ohms? the system for normal operation.
A5 CHECK CIRCUIT 512 (TN/LG) AND CIRCUIT 531 (DG/YE) FOR

AN OPEN
• Measure the resistance between the instrument cluster C220b

pin 20, circuit 512 (TN/LG), harness side and the brake fluid
level switch C124 pin 3, circuit 512 (TN/LG), harness side.

• Measure the resistance between the instrument cluster C220b
pin 19, circuit 531 (DG/YE), harness side and the brake fluid
level switch C124 pin 2, circuit 531 (DG/YE), harness side.

Yes
GO to A6.
No
REPAIR the circuit(s) in question. TEST

• Are the resistances less than 5 ohms? the system for normal operation.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST A: THE RED BRAKE WARNING INDICATOR IS ALWAYS ON (Continued)

Test Step Result / Action to Take
A6 CHECK FOR CORRECT INSTRUMENT CLUSTER OPERATION

• Disconnect all instrument cluster connectors. Yes
• Check for: INSTALL a new instrument cluster.

REFER to Section 413-01A or Section• corrosion 413-01B. TEST the system for normal• pushed-out pins operation.• Connect all instrument cluster connectors and make sure they
seat correctly. No

• Operate the system and verify if the concern is still present. The system is operating correctly at this
• Is the concern still present? time. The concern may have been caused

by a loose or corroded connector. CLEAR
the DTCs. REPEAT the self-test. TEST
the system for normal operation.

PINPOINT TEST B: VIBRATION WHEN THE BRAKES ARE APPLIED

Test Step Result / Action to Take
B1 CHECK OASIS AND FOR TSBs

• Check the On-Line Automotive Service Information System Yes
(OASIS) and Technical Service Bulletins (TSBs) for applicable REFER to OASIS or the TSB. CARRY
brake concerns. OUT any necessary repairs that are

• Is there applicable information available on OASIS or in a indicated by OASIS or the TSB. If the
TSB? concern is still present, GO to B2.

No
GO to B2.

B2 ROAD TEST THE VEHICLE — LIGHT BRAKING
• Inspect the wheels and tires. Refer to Section 204-00.
• Road test the vehicle. Warm the brakes by slowing the vehicle

from 80 to 32 km/h (50 to 20 mph) using light brake force. At Yeshighway speeds of 89-97 km/h (55-60 mph), apply the brake GO to B5.using light pedal force.
• Is there a vibration/shudder felt in the steering wheel, seat No

or brake pedal? GO to B3.
B3 ROAD TEST THE VEHICLE — MODERATE TO HEAVY

BRAKING
• Road test the vehicle. At highway speeds of 89-97 km/h (55-60 Yes

mph), apply the brake using a moderate to heavy pedal force. GO to B4.
• Is there a vibration/shudder? No

The concern is not present at this time.
B4 NORMAL ACTUATION OF THE ABS SYSTEM DIAGNOSIS

• During moderate to heavy braking, noise from the hydraulic
control unit (HCU) and pulsation in the brake pedal can be
observed. Pedal pulsation coupled with noise during heavy
braking or on loose gravel, bumps, wet or snowy surfaces is
acceptable and indicates correct functioning of the ABS system. YesPedal pulsation or steering wheel nibble (frequency is GO to B6.proportioned to the vehicle speed) indicates a concern with a
brake or suspension component. No

• Is the vibration/shudder vehicle speed sensitive? The concern is not present at this time.
B5 APPLICATION OF THE PARKING BRAKE

• This test is not applicable to vehicles with drum-in-hat type
parking brakes. For vehicles with drum-in-hat parking brakes,
proceed to the next test step. For all other vehicles, apply the
parking brake to identify if the problem is in the  front or rear Yesbrake. At highway speeds of 89-97 km/h (55-60 mph), lightly GO to B8.apply the parking brake until the vehicle slows down. Release
the parking brake immediately after the test. No

• Is there a vibration/shudder? GO to B6.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST B: VIBRATION WHEN THE BRAKES ARE APPLIED (Continued)

Test Step Result / Action to Take
B6 CHECK THE FRONT SUSPENSION

• Inspect the front suspension. Refer to Section 204-00. Yes
• Are all the front suspension components in satisfactory GO to B7.

condition? No
REPAIR or INSTALL new components as
necessary. TEST the system for normal
operation.

B7 RESURFACE THE FRONT BRAKE DISCS

• CAUTION: Do not use a bench lathe to machine the
brake discs.
NOTE: Follow the manufacturer’s instructions to machine the
brake discs. After machining, make sure the brake disc meets
the thickness specification.

YesResurface the front brake discs. Refer to Brake Disc Machining GO to B8.in this section.
• Road test the vehicle. No
• Is the vibration/shudder present? The concern is not present at this time.

B8 CHECK THE REAR SUSPENSION
• Check the rear suspension. Refer to Section 204-00. Yes
• Are all the suspension components in satisfactory GO to B9.

condition? No
REPAIR or INSTALL new components as
necessary. TEST the system for normal
operation.

B9 RESURFACE THE REAR BRAKE DISC

• CAUTION: Do not use a bench lathe to machine the
brake discs.
NOTE: Follow the manufacturer’s instructions to machine the
brake discs. After machining, make sure the brake disc meets

Yesthe thickness specification.
REFER to Section 100-04 to continueResurface the rear brake discs. Refer to Brake Disc Machining diagnosis of the vibration.in this section.

• Road test the vehicle. No
• Is the vibration/shudder present? The concern is not present at this time.

Component Tests 5. On vacuum brake booster equipped vehicles, if
the brake pedal does not drop after the engineWARNING: Use of other than the
is started, check for vacuum at the brakeapproved DOT 3 brake fluid will cause
booster.permanent damage to the brake components and
• With the engine OFF, disconnect thewill render the brakes inoperative.

vacuum hose and check valve at the brakeNOTE: If a vehicle with a locked wheel must be
booster.moved, loosen the bleeder screw to relieve pressure.

• Vacuum should be heard escaping from theAlways check brake fluid level and, if necessary,
brake booster.fill with clean DOT 3 brake fluid.

6. If vacuum is not available at the brake booster,
Brake Booster check for vacuum at the source and check the

vacuum hose for leaks.1. With the engine OFF, apply the brake pedal
several times to deplete the power assist reserve • On vehicles without a vacuum pump, check
in the brake booster. for vacuum at the engine. For additional

information, refer to Section 303-00.2. Hold the brake pedal in the applied position.
• On vacuum pump equipped vehicles, inspect3. Start the engine.

the accessory drive and accessory drive belt.4. The brake pedal should drop slightly after the
For additional information, refer to Sectionengine starts.
303-05.
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DIAGNOSIS AND TESTING (Continued)

7. If vacuum is available at the brake booster and • Disconnect the vacuum booster hose from the
no power assist is felt, install a new brake power brake booster. Do not remove the power
booster and retest the system. For additional brake booster check valve from the power brake
information, refer to Section 206-07. booster.

8. On Hydro-Boost equipped vehicles, if the • There should be enough vacuum retained in the
brake pedal does not drop after the engine is power brake booster for at least one more
started, check the power steering pump pressure power-assisted brake operation.
and flow. For additional information, refer to

Brake Master CylinderSection 211-00.
1. Disconnect the brake lines at the brake master9. If power steering pump pressure is available to

cylinder.the Hydro-Boost and no power assist is felt,
install a new Hydro-Boost brake booster and 2. Plug the outlet ports of the brake master
retest the system. For additional information, cylinder.
refer to  Section 206-07. 3. Apply the brakes. If brake pedal height cannot

be maintained, the brake master cylinder has anAccumulator
internal leak and a new one must be installed.

1. Start and run the engine. For additional information, refer to  Section
2. Stop the engine. 206-06.

3. Apply the brakes. The accumulator in the Compensator Port Check
Hydro-Boost power brake booster should

The purpose of the compensator ports in the brakeretain enough pressure for at least two
master cylinder is to supply any additional brakepower-assisted brake operations. If no power
fluid required by the system due to brake pad wear,assist is felt, install a new Hydro-Boost power
and to allow brake fluid returning from the brakebrake booster  and retest the system.
lines to the brake master cylinder to  enter the brake

Check Valve master cylinder reservoir.

The function of the power brake booster check The returning brake fluid will cause a slight
valve is to allow manifold vacuum to enter the turbulence in the brake master cylinder reservoir.
power brake booster and prevent the escape of Turbulence seen in the brake master cylinder
vacuum in case manifold vacuum is lost during reservoir upon release of the brake pedal is normal
sustained full throttle operation. and shows that the compensating ports are not

plugged.To test the function of the power brake booster
check valve:

• Start and run the engine for at least 10 seconds.

• Operate the brake pedal to check for power assist.
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206-00-1 206-00-1Brake System — General Information

GENERAL PROCEDURES

2. For vehicles with a 2-piece brake disc and hubBrake Disc Machining
assembly:

Special Tool(s) 1 Mark the brake disc and the wheel stud for
correct indexing during re-assembly.

On-Car Brake Lathe
201-00002 or equivalent 2 Remove the brake disc from the hub.

3 CAUTION: Do not use an abrasive
sanding disc since it will remove paint or
other protective finishes from the wheel
or metal from the mounting surfaces,
adversely affecting corrosion protection
and brake disc lateral runout.Material
Remove corrosion from the wheel mountingItem Specification
surface, both disc mounting surfaces, and

High Temperature Nickel ESE-M12A4-A hub mounting surface.Anti-Sieze Lubricant
XL-2 4 Align the match marks and install the brake

disc on the hub.Metal Brake Parts Cleaner —
PM-4 (Canada CPM-4)

3. Machine the brake disc using an on-car brake
CAUTION: Do not use a bench lathe to lathe.

machine the brake discs. 1 Install the hub adapter and silencer belt, if
necessary.NOTE: Read the entire operating manual and view

2 Install the cutting lathe.the video shipped with the lathe before installing,
operating, or repairing the lathe. 3 If the lathe is not self adjusting, adjust the

lathe oscillation using a dial indicator. Total
NOTE: If the thickness of the brake disc is less indicated reading (TIR) target is 0.000 mm
than the minimum thickness to machine (0.000 in), maximum is 0.08 mm (0.003 in).
specification, install a new brake disc. This will

4 Center the cutting head, adjust the cuttingmake sure that the brake disc will be above
bits, and install the chip deflector.minimum thickness after machining.

5 NOTE: The depth of cut should be between
NOTE: Do not machine new brake discs. 0.10 and 0.20 mm (0.004 and 0.008 in).

Lighter cuts will cause the bit to heat up
NOTE: Lateral runout and disc thickness variation and wear faster. Heavier cuts will cause
measurements are not required because correct poor brake disc surface finish.
adjustment of the on-vehicle brake lathe will make

Machine the brake disc.sure that these dimensions are within specifications.
6 Remove the lathe and, if installed, the

1. NOTE: It is not necessary to disconnect the silencer belt.
brake line from the brake caliper. 7 Remove the hub adapter.
Position the brake caliper and brake caliper
anchor bracket aside. For additional 4. Remove the metal shavings.
information, refer to Section 206-03 for front
disc brakes or  Section 206-04 for rear disc
brakes.
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206-00-2 206-00-2Brake System — General Information

GENERAL PROCEDURES (Continued)

5. For vehicles with a 2-piece brake disc and hub 6. NOTE: It is not required to install new brake
assembly: pads if friction material properties are within

guidelines. For additional information, refer to1 Remove the brake disc from the hub.
Brake Pads in this section.

2 Remove metal shavings from the hub, the
Install the brake caliper and brake caliperbrake disc mounting surfaces and from the
anchor bracket. For additional information, referABS sensors.
to Section 206-03 for front disc brakes or

3 Apply anti-seize lubricant to the hub Section 206-04 for rear disc brakes.
mounting surface to prevent corrosion.

4 Align the match marks and install the brake
disc on the hub.
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206-00-1 206-00-1Brake System — General Information

GENERAL PROCEDURES

NOTE: When the brake master cylinder has beenComponent Bleeding
installed new, the system has been emptied, or
partially emptied, it should be primed to prevent airSpecial Tool(s)
from entering the system.

Worldwide Diagnostic System
(WDS) 1. For in-vehicle priming, disconnect the brake
Vehicle Communication Module lines.
(VCM) with appropriate
adapters, or equivalent
diagnostic tool

Material

Item Specification

High Performance DOT 3 ESA-M6C25-A
Motor Vehicle Brake Fluid
PM-1 (in Canada CPM-1)

Master Cylinder Priming — In-Vehicle or
Bench

2. For bench priming, mount the brake masterWARNING: Carefully read cautionary
cylinder in a vise.information on product label. For EMERGENCY

MEDICAL INFORMATION seek medical advice.
3. Install short brake tubes with the endsIn the USA or Canada on Ford/Motorcraft

submerged in the brake master cylinderproducts call: 1-800-959-3673. For additional
reservoir. Fill the brake master cylinderinformation, consult the product Material  Safety
reservoir with clean DOT 3 brake fluid.Data Sheet (MSDS) if available. Failure to follow

these instructions may result in personal injury.

CAUTION: Do not allow the brake master
cylinder reservoir to run dry during the bleeding
operation. Keep the brake master cylinder
reservoir filled with the specified brake fluid.
Never reuse the brake fluid that has been
drained from the hydraulic  system.

CAUTION: Brake fluid is harmful to
painted and plastic surfaces. If brake fluid is
spilled onto a painted or plastic surface,
immediately wash it with water.

4. Have an assistant pump the brake pedal, orNOTE: When any part of the hydraulic system has
slowly press the primary piston until clear fluidbeen disconnected for repair or installation of new
flows from both brake tubes, without aircomponents, air can enter the system and cause
bubbles.spongy brake pedal action. This requires bleeding of

the hydraulic system after it has been correctly
5. If the brake master cylinder has been primed atconnected. The hydraulic system can be bled

the bench, install it in the vehicle. Formanually or with pressure bleeding equipment.
additional information, refer to Section 206-06.
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206-00-2 206-00-2Brake System — General Information

GENERAL PROCEDURES (Continued)

Four Wheel Anti-Lock Brake System6. Remove the short brake tubes.
(4WABS) Hydraulic Control Unit (HCU)

NOTE: This procedure only needs to be carried out
if a new 4-wheel anti-lock brake (4WABS)
hydraulic control unit (HCU) has been installed or if
the HCU lines have been opened.

1. Clean all dirt from and remove the brake master
cylinder filler cap. Fill the brake master
cylinder reservoir with the specified brake fluid.

7. Install the brake outlet tubes.

2. Connect a clear waste line to the RH rear
bleeder screw and submerge the other end in a
container partially filled with the recommended
brake fluid.

8. Bleed each brake tube at the brake master
cylinder as follows:

1 Have an assistant pump the brake pedal,
and then hold firm pressure on the brake
pedal.

2 Loosen the rearmost brake tube fittings until
a stream of brake fluid comes out. While
the assistant maintains pressure on the brake
pedal, tighten the brake tube fitting.

3 Repeat this operation until clear, bubble-free
fluid comes out.

4 Refill the brake master cylinder reservoir as
3. Loosen the RH rear bleeder screw until anecessary. Repeat the bleeding operation at

stream of brake fluid comes out. While thethe front brake tube.
assistant maintains pressure on the brake pedal,
tighten the RH rear bleeder screw.

• Repeat until clear, bubble-free fluid comes
out.

• Refill the brake master cylinder reservoir as
necessary.
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206-00-3 206-00-3Brake System — General Information

GENERAL PROCEDURES (Continued)

4. Tighten the rear bleeder screw, and disconnect
the waste line.

2. Have an assistant pump the brake pedal and
then hold firm pressure on the brake pedal.

5. Repeat Steps 2, 3 and 4 for the LH rear bleeder 3. Loosen the disc brake caliper bleeder screw
screw, the RH front disc brake caliper bleeder until a stream of brake fluid comes out. While
screw, and the LH front disc brake caliper the assistant maintains pressure on the brake
bleeder screw, in that order. pedal, tighten the disc brake caliper bleeder

screw.
6. Connect the diagnostic tool to the data link • Repeat until clear, bubble-free fluid comes

connector (DLC) and follow the diagnostic tool out.
instructions.

• Refill the brake master cylinder reservoir as
necessary.7. Repeat the system bleed procedure as described

in Steps 1 through 5.
4. Tighten the front and rear bleeder screw.

Caliper

1. NOTE: It is not necessary to do a complete
brake system bleed if only the disc brake
caliper was disconnected.

Place a box end wrench on the disc brake
caliper bleeder screw. Attach a rubber drain
tube to the disc brake caliper bleeder screw,
and submerge the free end of the tube in a
container partially filled with clean brake fluid.
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206-00-1 206-00-1Brake System — General Information

GENERAL PROCEDURES

NOTE: When any part of the hydraulic system hasBrake System Bleeding
been disconnected for repair or installation of new
components, air can get into the system and causeSpecial Tool(s)
spongy brake pedal action. This requires bleeding of

Worldwide Diagnostic System the hydraulic system after it has been  correctly
(WDS) connected. The hydraulic system can be bled
Vehicle Communication Module manually or with pressure bleeding equipment.
(VCM) with appropriate
adapters, or equivalent

1. Connect the diagnostic tool to the vehicle datadiagnostic tool
link connector (DLC) and follow the diagnostic
tool instructions.

Material 2. Clean all dirt from and remove the brake master
cylinder filler cap. Fill the brake masterItem Specification
cylinder reservoir with the specified brake fluid.High Performance DOT 3 ESA-M6C25-A

Motor Vehicle Brake Fluid
PM-1 (Canada CPM-1)

Manual

WARNING: Use of any brake fluid other
than approved DOT 3 will cause permanent
damage to brake components and will render the
brakes inoperative. Failure to follow these
instructions may result in personal injury.

WARNING: Carefully read cautionary
information on product label. For EMERGENCY
MEDICAL INFORMATION seek medical advice.

3. NOTE: Bleed the brake system in the orderIn the USA or Canada on Ford/Motorcraft
displayed on the diagnostic tool.products call: 1-800-959-3673. For additional

information, consult the product Material  Safety Attach a rubber drain tube to the bleeder screw
Data Sheet (MSDS) if available. Failure to follow and submerge the free end of the tube in a
these instructions may result in personal injury. container partially filled with clean brake fluid.

CAUTION: Do not allow the brake master
cylinder reservoir to run dry during the bleeding
operation. Keep the brake master cylinder
reservoir filled with the specified brake fluid.
Never reuse the brake fluid that has been
drained from the hydraulic  system.

CAUTION: Brake fluid is harmful to
painted and plastic surfaces. If brake fluid is
spilled onto a painted or plastic surface,
immediately wash it with water.

4. Have an assistant hold firm pressure on the
brake pedal.
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206-00-2 206-00-2Brake System — General Information

GENERAL PROCEDURES (Continued)

5. Loosen the bleeder screw until a stream of 2. NOTE: Master cylinder pressure bleeder
brake fluid comes out. While the assistant adapter tools are available from various
maintains pressure on the brake pedal, tighten manufacturers of pressure bleeding equipment.
the bleeder screw. Follow the instructions of the manufacturer

when installing the adapter.• Repeat until clear, bubble-free fluid comes
out. Install the bleeder adapter to the brake master

cylinder reservoir, and attach the bleeder tank• Refill the brake master cylinder reservoir as
hose to the fitting on the adapter.necessary.

3. NOTE: Bleed the longest line first. Make sure6. Tighten the bleeder screw.
the bleeder tank contains enough specified
brake fluid to complete the bleeding operation.

Attach a rubber drain tube to the RH rear
bleeder screw, and submerge the free end of the
tube in a container partially filled with clean
brake fluid.

7. Repeat Steps 3, 4, 5 and 6 for the remaining
bleeder screws in the system.

Pressure

1. Clean all dirt from and remove the brake master
cylinder filler cap. Fill the brake master 4. Open the valve on the bleeder tank.
cylinder reservoir with the specified brake fluid.

5. Loosen the RH rear bleeder screw. Leave open
until clear, bubble-free brake fluid flows, then
tighten the RH rear bleeder screw and remove
the rubber hose.
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206-00-3 206-00-3Brake System — General Information

GENERAL PROCEDURES (Continued)

6. Continue bleeding the rear of the system, going 7. Close the bleeder tank valve. Remove the tank
in order from the LH rear bleeder screw to the hose from the adapter, and remove the adapter.
RH front disc brake caliper bleeder screw and
ending with the LH front disc brake caliper
bleeder screw.
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206-00-1 206-00-1Brake System — General Information

GENERAL PROCEDURES

2. Apply the brakes several times and make sureBrake System Leak Check
the brake pedal feel is not spongy. If necessary,
bleed the system. For additional information,

1. NOTE: Brake fluid is water soluble and it is refer to Brake System Bleeding in this section.
possible that all evidence of fluid leakage has
been washed off if the vehicle has been 3. If the brake reservoir level is going down,
operated in the rain or snow. inspect the brake components, fittings and lines
Make sure the brake master cylinder reservoir is to locate the source of the leak.
full.
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206-03-1 206-03-1Front Disc Brake

General Specifications (Continued)
SPECIFICATIONS

Item Specification
General Specifications

Premium Long Life ESA-M1C75-B
Item Specification Grease

 XG-1-CBrake Pads
High Temperature Nickel ESE-M12A4-ABrake pads minimum 3.0 mm (0.118 inch)
Anti-Seize Lubricantthickness
 XL-2 (Canada CXG-2-B)

Brake pad maximum 2.0 mm (0.079 inch)
Silicone Brake Caliper ESA-M1C171-Athickness variation
Grease and Dielectric(pad-to-pad)
Compound

Brake pad maximum taper 3.0 mm (0.118 inch)  XG-3-A
wear (in any direction)

Brake Parts Cleaner PM-4 —
Brake Disc

Front brake disc minimum 29.2 mm (1.14 inch)
Torque Specificationsthickness (E-150)

Minimum thickness to 29.8 mm (1.17 inch) Description Nm lb-ft
machine front brake disc Disc brake caliper bolts 32 24
(E-150) (E-150)
Front brake disc minimum 28.0 mm (1.1 inch) Disc brake caliper bolts 31 23
thickness (E-250, E-350) (E-250, E-350, E-450)
Minimum thickness to 28.6 mm (1.12 inch) Front brake hose bolt 35 26
machine front brake disc

Front disc brake caliper 175 129(E-250, E-350)
anchor plate bolts (E-150)

Front brake disc minimum 28.0 mm (1.1 inch)
Front disc brake caliper 225 166thickness (E-450)
anchor plate bolts (E350,

Minimum thickness to 28.6 mm (1.12 inch) E-450)
machine front brake disc

Front wheel hub extender 176 130(E-450)
nuts

Lubricant
Spindle nut a — —

High Performance DOT 3 ESA-M6C25-A
Motor Vehicle Brake a Refer to Brake Disc in this section.
Fluid
 PM-1 (Canada CPM-1)
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206-03-1 206-03-1Front Disc Brake

DESCRIPTION AND OPERATION

Front Disc Brake

Front Disc Brake Components — E-150

Item Part Number Description Item Part Number Description

11 390622-S Nut retainer1 2C204 Front brake anti-lock sensor

12 374504-S100 Spindle nut2 — Disc brake caliper bolt

13 1195 Front wheel outer bearing3 2B120 Disc brake caliper
retainer washer4 14586 Disc brake pad retaining

14 1216 Front wheel bearing/cupsprings—

15 1102 Brake disc and hub5 2019 Front disc pads

16 1201 Front wheel bearing/cup6 2B164 Disc brake pad anti-rattle clip

17 1190 Grease seal7 N811816-S100 Disc brake caliper anchor
bracket bolts 18 2K005 Backing plate

8 1458 Disc brake caliper anchor 19 3105 Front wheel spindle
bracket

20 N611171-S426 Backing plate screw
9 1131 Hub grease cap

10 N642569-S36 Cotter pin
(Continued)
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206-03-2 206-03-2Front Disc Brake

DESCRIPTION AND OPERATION (Continued)

Front Disc Brake Components — E-250, E-350, Single Rear Wheel

Item Part Number Description Item Part Number Description

10 390622-S Nut retainer1 N807794-S60 Anchor bracket-to-spindle
bolt 11 374504-S100 Spindle nut

2 N601797-S2 Disc brake caliper bolt 12 1195 Front wheel outer bearing
retainer washer3 2C150 Caliper bolt sleeve

13 1102 Brake disc and hub4 2B120 Disc brake caliper

14 1201 Bearing cone and roller5 2B292 Front disc brake caliper
anchor plate 15 2C204 Front brake anti-lock sensor

6 1190 Wheel hub grease seal 16 2B160 Front brake splash shield
gasket7 1216 Front wheel bearing

17 2B164 Disc brake pad anti-rattle clip8 N642569-S36 Cotter pin

18 3105 Front wheel spindle9 1131 Hub grease cap
(Continued)
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DESCRIPTION AND OPERATION (Continued)

Front Disc Brake Components — E-350, E-450 and Dual Rear Wheel

Item Part Number Description Item Part Number Description

15 1216 Front wheel bearing (outer)1 N807794-S60 Anchor bracket-to-spindle
bolt 16 1216 Front wheel bearing (inner)

2 N601797-S2 Disc brake caliper bolt 17 2B164 Disc brake pad anti-rattle clip
3 2C150 Caliper bolt sleeve 18 3105 Front wheel spindle
4 2B120 Disc brake caliper 19 2C204 Front brake anti-lock sensor
5  2B292 Front disc brake caliper

The brake disc and hub is an integrally castanchor plate
assembly.6 1190 Wheel hub grease seal
The disc brake caliper:7 1217 Bearing cup, inner

8 1102 Brake disc and hub (dual rear • bolts to the front disc brake caliper anchor plate,
wheel) which bolts to the front wheel spindle.

9 4222 Bearing cup, outer
• is a pin slider, dual piston type.

10 1195 Front wheel outer bearing
The caliper housing has a fluid inlet at the center ofretainer washer
the bore. A square section seal fitted into an annular11 N642569-S36 Cotter pin
groove in the caliper bore seals against hydraulic

12 1131 Hub grease cap
pressure, while rubber boots seal the caliper pistons

13 374536-S Nut retainer and caliper bore from  contamination.
14 374504-S100 Spindle nut

(Continued)
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206-03-4 206-03-4Front Disc Brake

DESCRIPTION AND OPERATION (Continued)

The pads are:

• contained within the front disc brake caliper
anchor plate.

• held to the front disc brake caliper anchor plate
abutments by brake disc anti-rattle clips.
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DIAGNOSIS AND TESTING

Front Disc Brake
Refer to Section 206-00.
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206-03-1 206-03-1Front Disc Brake

REMOVAL AND INSTALLATION

Brake Pads

Material

Item Specification

Silicone Brake Caliper ESE-M1C171-A
Grease and Dielectric
Compound
XG-3-A

Removal

WARNING: Carefully read cautionary
information on product label. For EMERGENCY
MEDICAL INFORMATION seek medical advice.
In the USA or Canada on Ford/Motorcraft
products call: 1-800-959-3673. For additional
information, consult the product Material  Safety
Data Sheet (MSDS) if available. Failure to follow
these instructions may result in personal injury.

1. If new pads are to be installed, provide space
for the brake fluid displaced from the disc
brake caliper.

• Remove and discard enough brake fluid
from the brake master cylinder to allow
room for the brake fluid displaced when the

5. CAUTION: Do not allow the disccaliper piston is pressed to the bottom of the
brake caliper to hang from the front brakecaliper bore.
hose. Use wire to support the disc brake
caliper from a convenient underbody2. Remove the tire and wheel assembly. For
component.additional information, refer to Section 204-04.

Remove and support the disc brake caliper.
3. Release the speed sensor wiring from the front

brake hose.

4. Remove the two disc brake caliper bolts.
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206-03-2 206-03-2Front Disc Brake

REMOVAL AND INSTALLATION (Continued)

6. Inspect:

• the disc brake caliper for brake fluid
leakage. If the disc brake caliper is leaking,
it must be rebuilt or installed new.

• the pad thickness. Do not install pads worn
to or past the specified thickness above the
metal backing plate or rivets.

• the pads for contamination. Do not put oil-
or grease-contaminated pads on vehicle.

• the brake disc and hub for minimum
thickness. Install a new brake disc and hub
if worn to or below minimum thickness.

8. Remove the brake pads from the brake caliper
anchor bracket.

Installation

1. NOTE: Bottoming of the caliper piston is not
necessary if reusing the original pads.

If installing new pads, use a suitable tool and a
pad to press the caliper piston to the bottom of
the caliper bore.

2. CAUTION: To prevent deterioration of
the caliper sleeve boots, do not use
petroleum-based lubricant.

Fill the rubber caliper sleeve boots with caliper
grease.

7. On E-150, remove the brake pad retaining
springs.

3. Install the brake pads.
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REMOVAL AND INSTALLATION (Continued)

4. On E-150, install the brake pad retaining
springs.

5. Install the disc brake caliper.

1 Position the disc brake caliper in the front
disc brake caliper anchor plate (E-150 —
E-450).

2 Install and tighten the disc brake caliper
bolts.

6. Attach the speed sensor wiring to the front
brake hose.

7. Install the tire and wheel assembly. For
additional information, refer to Section 204-04.
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REMOVAL AND INSTALLATION

Brake Caliper

Material

Item Specification

High Performance DOT 3 ESA-M6C25-A
Motor Vehicle Brake Fluid
PM-1 (Canada CPM-1)

Removal

WARNING: Carefully read cautionary
information on product label. For EMERGENCY
MEDICAL INFORMATION seek medical advice. 4. Remove the two disc brake caliper bolts.
In the USA or Canada on Ford/Motorcraft
products call: 1-800-959-3673. For additional
information, consult the product Material  Safety
Data Sheet (MSDS) if available. Failure to follow
these instructions may result in personal injury.

1. Remove the tire and wheel assembly. For
additional information, refer to Section 204-04.

2. Release the speed sensor wiring from the front
brake hose.

3. CAUTION: To prevent contamination
and reduce air entry, always plug a
disconnected front brake hose.

5. Remove the disc brake caliper from the front
Disconnect the front brake hose from the disc disc brake caliper anchor plate.
brake caliper.

6. Inspect the disc brake caliper for brake fluid1 Remove the flow bolt.
leakage. If the disc brake caliper is leaking, it2 Disconnect the front brake hose.
must be rebuilt or installed new.

3 Remove and discard the copper washers.
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206-03-2 206-03-2Front Disc Brake

REMOVAL AND INSTALLATION (Continued)

Installation

1. CAUTION: To prevent deterioration of
the caliper sleeve boots, do not use
petroleum-based lubricant.

Fill the rubber caliper sleeve boots with caliper
grease.

2. Install the disc brake caliper and the front brake
hose.

1 Position the disc brake caliper in the front
disc brake caliper anchor plate.

2 Install and tighten the disc brake caliper 3. Attach the speed sensor wiring to the front
bolts. brake hose.

3 Using new copper washers, install the front
brake hose and the bolt.

4. Bleed the brake system. For additional
information, refer to Section 206-00.

5. Install the wheel and tire assembly. For
additional information, refer to Section 204-04.

6. Inspect the brake system operation.
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REMOVAL AND INSTALLATION

Brake Caliper Anchor Plate

Removal and Installation

1. Remove the brake pads. For additional
information, refer to Brake Pads in this section.

2. Remove the front disc brake caliper anchor
plate.

1 Remove the two front disc brake caliper
anchor plate bolts.

2 Remove the front disc brake caliper anchor
plate.

3. To install, reverse the removal procedure.
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REMOVAL AND INSTALLATION

Brake Disc — E-150

Material

Item Specification

Premium Long Life ESA-M1C75-B
Grease
XG-1-C

Brake Parts Cleaner —
PM-4

Removal

1. Remove the brake caliper anchor plate. For Installation
additional information, refer to Brake Caliper
Anchor Plate in this section. 1. Thoroughly clean and inspect the front wheel

bearings and the brake disc and hub.
2. Remove the brake disc and hub as follows:

1 Remove the hub grease cap.

2 Remove the cotter pin.

3 Remove the nut retainer.

4 Remove the spindle nut.

5 Remove the front wheel outer bearing
retainer washer.

6 Remove the outer front wheel bearing.

7 Remove the brake disc and hub.

2. Lubricate the front wheel bearings.

3. Install a new wheel hub grease seal.

1 Install the inner front wheel bearing.

2 Install a new wheel hub grease seal.

3. If necessary, resurface the brake disc and hub.
Ford recommends on-vehicle brake disc
machining. Follow the lathe manufacturer’s
instructions.

1 Remove the wheel hub grease seal.

2 Remove the inner front wheel bearing.
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206-03-2 206-03-2Front Disc Brake

REMOVAL AND INSTALLATION (Continued)

4. Install the brake disc and hub. 7. Tighten the spindle nut while rotating the brake
disc and hub.1 Position the brake disc and hub.

2 Install the outer front wheel bearing.

3 Install the front wheel outer bearing retainer
washer.

4 Install the spindle nut.

8. Loosen the spindle nut.

5. While rotating the brake disc and hub, tighten
the spindle nut.

9. Tighten the spindle nut while rotating the brake
disc and hub.

6. Loosen the spindle nut two turns.

2004 E-Series, 12/2003 



206-03-3 206-03-3Front Disc Brake

REMOVAL AND INSTALLATION (Continued)

10. Install the following components: 11. Install the brake caliper anchor plate. For
additional information, refer to Brake Caliper1 Install the nut retainer.
Anchor Plate in this section.

2 Install the cotter pin.

3 Install the hub grease cap.
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REMOVAL AND INSTALLATION

Brake Disc — E-250, E-350, E-450

Material

Item Specification

Brake Parts Cleaner —
PM-4

Premium Long Life ESA-M1C75-B
Grease
XG-1-C

Removal

1. Remove the front disc brake caliper anchor Installation
plate. For additional information, refer to Brake
Caliper Anchor Plate in this section. 1. Thoroughly clean and inspect the front wheel

bearings and the brake disc and hub.
2. Remove the brake disc and hub as follows:

1 Remove the hub grease cap.

2 Remove the cotter pin.

3 Remove the nut retainer.

4 Remove the spindle nut.

5 Remove the front wheel outer bearing
retainer washer.

6 Remove the outer front wheel bearing.

7 Remove the brake disc and hub.

2. Lubricate the front wheel bearings.

3. Install a new wheel hub grease seal.

1 Install the inner front wheel bearing.

2 Install a new wheel hub grease seal.

3. If necessary, resurface the brake disc and hub.
Ford recommends on-vehicle brake disc
machining. Follow the lathe manufacturer’s
instructions.

1 Remove the wheel hub grease seal.

2 Remove the inner front wheel bearing.
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206-03-2 206-03-2Front Disc Brake

REMOVAL AND INSTALLATION (Continued)

4. Install the brake disc and hub. 7. Tighten the spindle nut while rotating the brake
disc and hub.1 Position the brake disc and hub.

2 Install the outer front wheel bearing.

3 Install the front wheel outer bearing retainer
washer.

4 Install the spindle nut.

8. Loosen the spindle nut.

5. While rotating the brake disc and hub, tighten
the spindle nut.

9. Tighten the spindle nut while rotating the brake
disc and hub.

6. Loosen the spindle nut two turns.
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206-03-3 206-03-3Front Disc Brake

REMOVAL AND INSTALLATION (Continued)

10. Install the following components: 11. Install the front disc brake caliper anchor plate.
For additional information, refer to Brake1 Install the nut retainer.
Caliper Anchor Plate in this section.

2 Install the cotter pin.

3 Install the hub grease cap.
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206-03-1 206-03-1Front Disc Brake

DISASSEMBLY AND ASSEMBLY
AssemblyBrake Caliper — E-150

Material 1. CAUTION: Do not reuse piston seals
or dust boots. Damage to the vehicle canItem Specification
occur.

High Performance DOT 3 ESA-M6C25-A
NOTE: Use new DOT 3 motor vehicle brakeMotor Vehicle Brake Fluid

PM-1 (Canada CPM-1) fluid for assembly and bleeding of the brake
system. 

Disassembly
Lubricate the following brake system
components:

1. Remove the disc brake caliper. For additional
1 Piston dust boots.information, refer to Brake Caliper in this

section. 2 Piston seals.

3 Caliper pistons.
2. Drain brake fluid from the disc brake caliper.

4 Caliper cylinder bores.
3. Secure the disc brake caliper in a vise.

4. Remove the caliper pistons.

1 Place a wood block between the caliper
bridge and the caliper piston.

2 Apply low air pressure to the fluid port of
the disc brake caliper.

3 Force caliper pistons out to the wood block.

4 Remove the wood block and the caliper
pistons.

5. Remove and discard the caliper piston seals and
dust boots.

6. NOTE: Do not hone the caliper cylinder bores.
Caliper pistons are not available for honed
calipers.

If the caliper cylinder bores are damaged,
install a new front disc brake caliper.
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206-03-2 206-03-2Front Disc Brake

DISASSEMBLY AND ASSEMBLY (Continued)

2. Install the caliper pistons.

1 Install the caliper piston seals.

2 Install the caliper piston dust boots.

3 CAUTION: Use care when
installing the caliper piston, or damage to
the caliper piston seal or dust boot may
occur.

Install the caliper pistons into the caliper
housing.

4 Press the caliper pistons into the caliper
bore. Use even pressure while making sure
the pistons does not cock. 3. Install the disc brake caliper. For additional

information, refer to Brake Caliper in this
section.
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206-03-1 206-03-1Front Disc Brake

DISASSEMBLY AND ASSEMBLY

Brake Caliper — E-250, E-350, E-450

Material

Item Specification

High Performance DOT 3 ESA-M6C25-A
Motor Vehicle Brake Fluid
PM-1 (Canada CPM-1)

Disassembly

1. Remove the disc brake caliper (2B120). For
additional information, refer to Brake Caliper in
this section. 6. NOTE: Do not hone the caliper bores. Pistons

are not available for honed caliper bores.
2. Drain remaining brake fluid from the disc brake

If the disc brake caliper is leaking, install newcaliper.
piston seals. If the caliper bores are excessively
scored or corroded, install a new disc brake3. Secure the disc brake caliper in a vise.
caliper.

4. Remove the caliper pistons.
Assembly

1 Place a block of wood between the caliper
bridge and the caliper pistons.

1. CAUTION: Never reuse piston seals or
2 Apply low air pressure to the fluid port in dust boots.

the disc brake caliper.
NOTE: Never reuse brake fluid that has been

3 Force out the caliper pistons to the block of drained from the hydraulic system or has been
wood. allowed to stand in an open container for an

4 Remove the block of wood and the caliper extended period of time.
piston. Lubricate the piston boot, caliper piston, piston

seal, and cylinder bores with DOT 3 motor
vehicle brake fluid.

5. Remove and discard the piston seals and boots.

Copyright  2003, Ford Motor Company
Last updated: 08/27/2003 2004 E-Series, 12/2003 



206-03-2 206-03-2Front Disc Brake

DISASSEMBLY AND ASSEMBLY (Continued)

2. Install the caliper pistons.

1 Install the piston seal.

2 Install the piston boot.

3 CAUTION: Be careful not to
damage or dislodge the piston seal. 

Insert the caliper piston.

4 Press the caliper piston into the caliper
bore, being careful not to cock the caliper
piston.

3. Install the disc brake caliper.
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206-04-1 206-04-1Rear Disc Brake

General Specifications (Continued)
SPECIFICATIONS

Item Specification
General Specifications

Silicone Brake Caliper ESE-M1C171-A
Item Specification Grease and Dielectric

CompoundBrake Pads
 XG-3-A

Brake pad minimum 3.0 mm (0.118 inch)
Brake Parts Cleaner PM-4 —thickness

Brake pad maximum 2.0 mm (0.079 inch)
thickness variation Torque Specifications
(pad-to-pad)

Description Nm lb-ft lb-in
Brake pad maximum taper 3.0 mm (0.118 inch)

E-150wear (in any direction)

Disc brake caliper pin 32 24 —Brake Disc
bolts

Rear brake disc minimum 20.4 mm (0.8 inch)
Caliper flow bolt 35 26 —thickness (E-150)

Brake caliper support 175 129 —Minimum thickness to 21.0 mm (0.82 inch)
boltsmachine rear brake disc

(E-150) Brake caliper support 90 66 —
bracket-to-rear axleRear brake disc minimum 28.0 mm (1.1 inch)
flange nutsthickness (E-250, E-350)

Brake disc shield 8 — 72Minimum thickness to 28.6 mm (1.12 inch)
screwsmachine rear brake disc

(E-250, E-350) E-250, E-350
Rear brake disc minimum 36.3 mm (1.42 inch) Disc brake caliper pin 36 27 —
thickness (E-450) bolts
Minimum thickness to 36.9 mm (1.45 inch) Caliper flow bolt 35 26 —
machine rear brake disc

Brake caliper support 135 100 —(E-450)
bracket support bolts

Lubricant
Anchor plate 175 129 —

High Performance DOT 3 ESA-M6C25-A
E-450Motor Vehicle Brake

Fluid Brake caliper support 118 87 —
 PM-1 (Canada CPM-1) bracket-to-rear axle

flange nutsHigh Temperature Nickel ESE-M12A4-A
Anti-Seize Lubricant Brake disc shield bolts 8 — 72
 XL-2 (Canada CXG-2-B)

Caliper flow bolt 35 26 —

Caliper bleed screw 8 — 72
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206-04-1 206-04-1Rear Disc Brake

DESCRIPTION AND OPERATION

Rear Disc Brake Item Part Number Description

6 1239 Outer bearing cupThe rear brake disc has the following
characteristics: 7 1243 Inner bearing cup

8 1175 Inner hub seal• A single piston rear disc brake caliper (E-150)
9 1244 Rear wheel bearing inner

• A two-piston rear disc brake caliper (E-250-450) cone and roller
• A vented-cast, drum-in-hat type rear brake disc 10 1240 Rear wheel bearing outer

cone and roller• A rear disc brake caliper anchor holds the brake
11 4252 Wheel bearing lock nutpads
12 4234 Axle shaft• A rear wheel brake disc adapter holds the rear

disc brake caliper anchor and the rear wheel disc
brake shield

Rear Disc Brake System Components — Dual Rear
Wheel

Item Part Number Description

1 1109 Hub

2 2C026 Brake disc

3 2B582 Caliper anchor plate
Item Part Number Description

4 2N386 Caliper pin bolts
1 1109 Rear brake disc and hub

5 2552 Caliperassembly
6 2078 Brake hose2 2552 Rear disc brake caliper
7 2L200 Stainless steel slippers3 4001 Dana full-floating axle —

Model 80

4 4A140 Axle shaft-to-rear hub bolt

5 1001 Rear wheel gasket
(Continued)
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206-04-2 206-04-2Rear Disc Brake

DESCRIPTION AND OPERATION (Continued)

Brake Disc and Hub

The brake disc and hub are made from a single
casting and are not available separately. The brake
disc and hub serve to mount the rear wheel bearings
and the rear wheels. Brake disc and hub removal is
part of the bearing, cups and seals repair  procedure.
For additional information, refer to Section
205-02B.

Item Part Number Description Item Part Number Description

4 2018 Brake pads1 2552 Rear disc brake caliper

5 2209 Rear wheel disc brake adapter2 — Rear brake disc and hub
assembly

3 2B582 Rear disc brake caliper
anchor plate

(Continued)
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206-04-1 206-04-1Rear Disc Brake

DIAGNOSIS AND TESTING

Rear Disc Brake
Refer to Section 206-00.
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206-04-1 206-04-1Rear Disc Brake

REMOVAL AND INSTALLATION

3. Remove the caliper pin bolts.Brake Caliper — E-150

Removal and Installation

WARNING: Carefully read cautionary
information on product label. For EMERGENCY
MEDICAL INFORMATION seek medical advice.
In the USA or Canada on Ford/Motorcraft
products call: 1-800-959-3673. For additional
information, consult the product Material  Safety
Data Sheet (MSDS) if available. Failure to follow
these instructions may result in personal injury.

CAUTION: Brake fluid is harmful to
painted or plastic surfaces. If brake fluid is 4. Remove the rear disc brake caliper.
spilled onto a painted or plastic surface,
immediately wash it with water.

1. Remove the wheel and tire assembly. For
additional information, refer to Section 204-04.

2. Remove the brake hose flow bolt and position
the brake hose aside.

• Discard the copper washers.

5. NOTE: Use new copper washers on the brake
hose flow bolt.

Bleed the brake system. For additional
information, refer to Section 206-00.

6. To install, reverse the removal procedure.
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206-04-1 206-04-1Rear Disc Brake

REMOVAL AND INSTALLATION

3. Remove the brake hose flow bolt and discardBrake Caliper — E-250 - E-350
the copper washers.

Removal and Installation

WARNING: Carefully read cautionary
information on product label. For EMERGENCY
MEDICAL INFORMATION seek medical advice.
In the USA or Canada on Ford/Motorcraft
products call: 1-800-959-3673. For additional
information, consult the product Material  Safety
Data Sheet (MSDS) if available. Failure to follow
these instructions may result in personal injury.

CAUTION: Brake fluid is harmful to
painted or plastic surfaces. If brake fluid is
spilled onto a painted or plastic surface, 4. Remove the rear disc brake caliper.
immediately wash it with water.

1. Remove the wheel and tire assembly. For
additional information, refer to Section 204-04.

2. Remove the caliper pin bolts.

5. NOTE: Use new copper washers on the brake
hose flow bolt.

To install, reverse the removal procedure.

6. Bleed the brake system. For additional
information, refer to Section 206-00.
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206-04-1 206-04-1Rear Disc Brake

REMOVAL AND INSTALLATION

Brake Caliper — E-450

Special Tool(s)

Remover, Brake Caliper Pin
206-D004 (D89T-2196-A) or
Equivalent

Material

Item Specification 4. Drive the caliper locking pin out of the caliper
locking groove.Silicone Brake Caliper ESE-M1C171-A

Grease and Dielectric
Compound
XG-3-A

Removal

1. Remove the tire and wheel assembly. For
additional information, refer to Section 204-04.

2. CAUTION: When the brake hose flow
bolt is removed, plug the brake hose to
minimize brake fluid loss and air entry.

Remove the brake hose flow bolt. Discard the
copper washers.

5. Repeat for the lower caliper locking pin.

6. Tilt the rear disc brake caliper out of the
support bracket.

3. Set the caliper locking pin drive-out.

1 Set the notched end of the Brake Caliper
Pin Remover at a 45-degree angle against
the end of the upper caliper locking pin.

2 Tap the tool to squeeze the caliper locking
pin so the retention tabs can clear the
support bracket.
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206-04-2 206-04-2Rear Disc Brake

REMOVAL AND INSTALLATION (Continued)

Installation 4. Using the Brake Caliper Pin Remover, drive the
caliper locking pin into the caliper locking
groove until the retention tabs emerge.1. Coat the caliper locking keys and the caliper

locking grooves with silicone brake caliper
grease.

5. Repeat for the other caliper locking pin.

6. Using new copper washers, install the brake2. Tilt the rear disc brake caliper into the support
hose flow bolt.bracket.

7. Install the tire and wheel assembly. For3. Start the caliper locking pin in the caliper
additional information, refer to Section 204-04.locking groove.

8. Lower the vehicle.

9. Check and, if necessary, fill the brake master
cylinder reservoir.

10. Bleed the brake system. For additional
information, refer to Section 206-00.
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206-04-1 206-04-1Rear Disc Brake

REMOVAL AND INSTALLATION

Brake Pads — E-150

Removal and Installation

WARNING: Carefully read cautionary
information on product label. For EMERGENCY
MEDICAL INFORMATION seek medical advice.
In the USA or Canada on Ford/Motorcraft
products call: 1-800-959-3673. For additional
information, consult the product Material  Safety
Data Sheet (MSDS) if available. Failure to follow
these instructions may result in personal injury.

6. Remove the brake pad clips and the brake pads.
CAUTION: Brake fluid is harmful to

painted or plastic surfaces. If brake fluid is
spilled onto a painted or plastic surface,
immediately wash it with water.

1. Clean the area and remove the brake cylinder
filler cap. Check the brake fluid level in the
brake master cylinder reservoir. Remove the
fluid until the brake master cylinder reservoir is
half full.

2. Remove the wheel and tire assembly. For
additional information, refer to Section 204-04.

3. Inspect the brake pads for wear or 7. Measure the rear brake disc thickness.
contamination. If worn, damaged or past

• Install a new rear brake disc if not withinspecification, install new brake pads.
specification.

4. Remove the caliper pin bolts.

8. If installing new brake pads, use a suitable tool
to push the brake caliper pistons into the caliper5. CAUTION: Never allow the rear disc
bore.brake caliper to hang from the brake hose.

Provide suitable support.

Position aside the rear disc brake caliper aside.
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206-04-2 206-04-2Rear Disc Brake

REMOVAL AND INSTALLATION (Continued)

9. Inspect the rear disc brake caliper for leaks. 10. To install, reverse the removal procedure.

• If leaks are found, disassembly is required.
For additional information, refer to Brake
Caliper in this section.
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206-04-1 206-04-1Rear Disc Brake

REMOVAL AND INSTALLATION

Brake Pads — E-250 - E-350

Removal and Installation

WARNING: Carefully read cautionary
information on product label. For EMERGENCY
MEDICAL INFORMATION seek medical advice.
In the USA or Canada on Ford/Motorcraft
products call: 1-800-959-3673. For additional
information, consult the product Material  Safety
Data Sheet (MSDS) if available. Failure to follow
these instructions may result in personal injury.

6. Remove the brake pads and rail clips.
CAUTION: Brake fluid is harmful to

painted or plastic surfaces. If brake fluid is
spilled onto a painted or plastic surface,
immediately wash it with water.

1. Remove the brake master cylinder filler cap.
Check the brake fluid level in the brake master
cylinder reservoir. Remove fluid until the brake
master cylinder reservoir is half full.

2. Remove the wheel and tire assembly. For
additional information, refer to Section 204-04.

3. Inspect the brake pads for wear or
contamination. If worn, damaged or past 7. Measure the rear brake disc thickness.
specification, install new components.

• Install a new rear brake disc if not within
specification.4. Remove the caliper pin bolts.

5. CAUTION: Never allow the rear disc
brake caliper to hang from the brake hose.
Provide suitable support.

Remove the rear disc brake caliper.
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206-04-2 206-04-2Rear Disc Brake

REMOVAL AND INSTALLATION (Continued)

8. Inspect the rear disc brake caliper for leaks. 9. To install, reverse the removal procedure.

• If leaks are found, disassembly is required.
For additional information, refer to Brake
Caliper in this section.
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206-04-1 206-04-1Rear Disc Brake

REMOVAL AND INSTALLATION

4. Drive the caliper locking pin out of the caliperBrake Pads — E-450
locking groove.

Special Tool(s)

Remover, Brake Caliper Pin
206-D004 (D89T-2196-A) or
Equivalent

Material

Item Specification

Silicone Brake Caliper ESE-M1C171-A
Grease and Dielectric
Compound 5. Repeat for the lower caliper locking pin.
XG-3-A

6. CAUTION: Never allow the rear discRemoval
brake caliper to hang from the brake hose.
Provide suitable support.1. Remove sufficient brake fluid from the brake
Tilt the rear disc brake caliper out of themaster cylinder reservoir to allow for fluid
support bracket.displacement if the caliper pistons need to be

bottomed in the caliper bores.

2. Remove the tire and wheel assembly. For
additional information, refer to Section 204-04.

3. Set up the caliper locking pin drive-out.

1 Set the notched end of the Brake Caliper
Pin Remover at a 45-degree angle against
the end of the upper caliper locking pin.

2 Tap the tool to squeeze the caliper locking
pin so the retention tabs can clear the
support bracket.
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206-04-2 206-04-2Rear Disc Brake

REMOVAL AND INSTALLATION (Continued)

7. Remove the brake pads from the rear disc brake
caliper.

1 Pull the inboard brake pad out of the caliper
pistons and out of the rear disc brake
caliper.

2 Press the end of the outboard brake pad to
clear the retention lugs and slide it up and
out of the rear disc brake caliper.

3. Coat the caliper locking keys and the caliper
locking grooves with silicone brake caliper
grease.

Installation

1. Press the caliper pistons to the bottom of the
caliper bores.

4. Tilt the rear disc brake caliper into the support
bracket.

2. Install the brake pads.

1 Position the outboard brake pad anti-rattle
spring, and slide the brake pad down until
the retaining lugs are seated in the notch.

2 Position the inboard brake pad and seat the
anti-rattle springs in the caliper pistons.
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206-04-3 206-04-3Rear Disc Brake

REMOVAL AND INSTALLATION (Continued)

5. Start the caliper locking pin in the caliper
locking groove.

7. Repeat for the other caliper locking pin.

8. Install the tire and wheel assembly. For
6. Using the Brake Caliper Pin Remover, drive the additional information, refer to Section 204-04.

caliper locking pin into the caliper locking
9. Lower the vehicle.groove until the retention tabs emerge.

10. Check and, if necessary, fill the brake master
cylinder reservoir.
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206-04-1 206-04-1Rear Disc Brake

REMOVAL AND INSTALLATION

Brake Disc — E-250-E-350, Single
Rear Wheel (SRW)

Removal and Installation

1. Remove the anchor plate. For additional
information, refer to Brake Caliper Anchor
Plate — E-250 - E-350 in this section.

2. Mark the brake disc.

4. To install, reverse the removal procedure.

3. Remove the brake disc.
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206-04-1 206-04-1Rear Disc Brake

REMOVAL AND INSTALLATION

Brake Disc — E-350-E-450, Dual Rear
Wheel (DRW)

Removal and Installation
For additional information, refer to Section
205-02B.
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206-04-1 206-04-1Rear Disc Brake

REMOVAL AND INSTALLATION

Brake Caliper Anchor Plate — E-150

Removal and Installation

1. Remove the brake pads. For additional
information, refer to Brake Pads — E-150 in
this section.

2. Remove the anchor plate bolts and remove the
rear disc brake caliper anchor plate.

3. To install, reverse the removal procedure.
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206-04-1 206-04-1Rear Disc Brake

REMOVAL AND INSTALLATION

Brake Caliper Anchor Plate — E-250 -
E-350

Removal and Installation

1. Remove the brake pads. For additional
information, refer to Brake Pads — E-250 -
E-350 in this section.

2. Remove the anchor plate bolts and remove the
rear disc brake caliper anchor plate.

3. To install, reverse the removal procedure.
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206-04-1 206-04-1Rear Disc Brake

REMOVAL AND INSTALLATION

6. Remove the three screws and the rear brakeBrake Caliper Support Bracket —
disc shield.E-150

Removal and Installation

1. Remove the rear disc brake caliper anchor
plate. For additional information, refer to Brake
Caliper Anchor Plate — E-150 in this section.

2. Index and remove the rear disc.

7. Remove the four nuts and remove the brake
caliper support bracket.

3. Remove the parking brake shoes. For additional
information, refer to Section 206-05.

4. Remove the rear axle shaft. For 8.8-inch ring
gear, refer to Section 205-02C. For 9.75-inch
ring gear, refer to  Section 205-02D.

5. Disconnect the parking brake cable and conduit. 8. To install, reverse the removal procedure.
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206-04-1 206-04-1Rear Disc Brake

REMOVAL AND INSTALLATION

5. Remove the adapter nuts.Brake Caliper Support Bracket —
E-250 - E-350

Removal and Installation

1. Remove the rear disc brake caliper anchor
plate. For additional information, refer to Brake
Caliper Anchor Plate — E-250 - E-350 in this
section.

2. Remove the brake disc and hub. For additional
information, refer to Section 205-02B.

3. Remove the parking brake shoes. For additional
information, refer to Section 206-05. 6. To install, reverse the removal procedure.

4. Disconnect the parking brake cable and conduit.
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206-04-1 206-04-1Rear Disc Brake

REMOVAL AND INSTALLATION

Brake Caliper Support Bracket —
E-450

Removal and Installation

1. Remove the brake disc. For additional
information, refer to Section 205-02B.

2. Remove the brake disc shield bolts.

3. Remove the support bracket nuts, and remove
the bracket.

4. To install, reverse the removal procedure.
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206-04-1 206-04-1Rear Disc Brake

REMOVAL AND INSTALLATION

6. Disconnect the parking brake cable and conduit.Brake Disc Shield — E-150, E-250,
E-350

Removal and Installation

1. Remove the wheel and tire assembly. For
additional information, refer to Section 204-04.

2. Remove the rear disc brake caliper anchor
plate. For additional information, refer to Brake
Caliper Anchor Plate — E-150 or  Brake
Caliper Anchor Plate — E-250 - E-350 in this
section.

3. Index and remove the rear disc. 7. Remove the screws and the rear brake disc
shield.

4. Remove the parking brake shoes. For additional
information, refer to Section 206-05. 8. To install, reverse the removal procedure.

5. Remove the rear axle shaft. For 8.8-inch ring
gear, refer to Section 205-02C. For 9.75-inch
ring gear, refer to  Section 205-02D.
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206-04-1 206-04-1Rear Disc Brake

REMOVAL AND INSTALLATION

Brake Disc Shield — E-450

Removal and Installation

1. Remove the tire and wheel assembly. For
additional information, refer to Section 204-04.

2. Remove the brake disc shield bolts.

3. To install, reverse the removal procedure.
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206-04-1 206-04-1Rear Disc Brake

DISASSEMBLY AND ASSEMBLY

Brake Caliper

Material

Item Specification

High Performance DOT 3 ESA-M6C25-A
Brake Fluid
PM-1 (Canada CPM-1)

Disassembly

NOTE: Dual piston calipers shown, single piston
caliper similar.

5. NOTE: Do not hone the caliper bores. Pistons1. Remove the rear disc brake caliper. For
are not available for honed caliper bores.additional information, refer to Brake Caliper
If the caliper bores are excessively scored or— E-150, Brake Caliper — E-250 - E-350 or
corroded, install a new disc brake caliper.Brake Caliper — E-450 in this section.

Assembly2. Drain the remaining brake fluid from the disc
brake caliper.

CAUTION: Never reuse piston seals and
3. Apply low air pressure to the fluid port in the dust boots.

disc brake caliper.
NOTE: Never reuse brake fluid that has been1 Place a block of wood between the caliper
drained from the hydraulic system or has beenbridge and the caliper pistons.
allowed to stand in an open container for an

2 Apply low air pressure to the fluid port in extended period of time.
the rear disc brake calipers and force out
the caliper pistons to the block of wood. 1. Lubricate the piston boot, caliper piston, piston

seal and caliper bores with clean brake fluid.3 Remove the block of wood and the caliper
pistons.

4. Remove the piston seals and boots.

1 Remove the piston boot retainer.

2 Remove and discard the piston boots and
seals.
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206-04-2 206-04-2Rear Disc Brake

DISASSEMBLY AND ASSEMBLY (Continued)

2. Install the caliper pistons.

1 Install the piston seal.

2 Install the piston boot on the piston.

3 CAUTION: Be careful not to
damage or dislodge the piston seal.

Insert the caliper piston.

4 CAUTION: Be careful not to cock
the caliper piston.

Position the boot in the bore, and press the
caliper piston into the bore.

5 Install the piston boot retainer. 3. Install the disc brake caliper.
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206-05-1 206-05-1Parking Brake and Actuation

Torque Specifications
SPECIFICATIONS

Description Nm lb-ft
General Specifications

Parking brake control nuts 20 15
Item Specification

Parking brake-to-extension 46 34
Rear park brake 0.76 mm (0.03 in) housing bolts, E-450
shoe-to-drum clearance

Filler plug, E-450 37 27
Lubricants

Adjusting clevis jam nut,  23 17
Penetrating Lubricant N/A E-450
XL-1

MERCON MERCON
Multi-Purpose (ATF)
Transmission Fluid
XT-QDX
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206-05-1 206-05-1Parking Brake and Actuation

DESCRIPTION AND OPERATION

Parking Brake — E-150 - E-450
On E-150, E-250 and E-350, the parking brake is a
drum-in-hat type system mounted on the rear axle
flange. On the E-450, the parking brake is mounted
to the transmission extension housing. All systems
are controlled by a foot-operated parking  brake
control mounted behind the LH cowl-side trim
panel. The parking brake controller cable is
self-adjusting.

The parking brake system is actuated when the
parking brake control is pressed. The parking brake
control applies tension to the front parking brake
cable and conduit, and the parking brake
intermediate cable. The conduit reaction bracket is
attached to the LH conduit end fitting. The RH
cable is coupled in the slot of the conduit reaction
bracket. The respective rear brake assemblies are
then applied.

If the parking brake control is not fully released, the
parking brake signal switch will illuminate the brake
warning light.

The parking brake signal switch is mounted on the
parking brake control.

Brake Warning System
The brake warning indicator:

• is located in the instrument cluster.

• illuminates to signal the driver that the parking
brake is applied or to signal a low brake fluid
condition.

• remains lit to indicate a brake system concern has
occurred.
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206-05-2 206-05-2Parking Brake and Actuation

DESCRIPTION AND OPERATION (Continued)

Parking Brake System — E-150, E-250, E-350

Item Part Number Description Item Part Number Description

7 2A635 Parking brake rear cable and1 3B139 Left side inner cowl
conduit — (RH)2 2780 Parking brake control

8 F2CB-5867823- Parking brake control nut3 2853 Front parking brake cable and
AAconduit

9 N802191-S Shock bracket with bolt4 2A793 Intermediate cable
10 57632-S4 Differential bracket bolt5 2K389 Conduit reaction bracket
11 2251 Differential bracket6 2A809 Parking brake rear cable and
12 2A709 Rention springconduit — (LH)

(Continued)
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206-05-3 206-05-3Parking Brake and Actuation

DESCRIPTION AND OPERATION (Continued)

Parking Brake — E-150-E-350 Parking Brake Components — E-450

Item Part Number Description

1 2200 Brake shoe and lining

2 2068 Brake shoe hold-down spring

3 2049 Brake shoe adjusting screw
spring

4 2041 Brake adjuster screw

5 2296 Brake shoe retracting spring

6 2A637 Parking brake lever

Item Part Number Description

1 2780 Parking brake control

2 2598 Parking brake assy,
transmission-mounted

3 2853 Front parking brake cable and
conduit

4 2A709 Parking brake cable retainer

5 6A023 Transmission support
crossmember

6 2A651 Parking brake lever return
spring (if equipped)

7 7A039 Extension housing

8 7086-A Gasket (gasoline engine only)

NOTE: On late-build vehicles, the parking brake
cable and conduit is equipped with a return spring.
On early-build vehicles, when installing a new
parking brake cable and conduit, the late-build
parking brake cable and conduit may be used. The
early-build parking brake lever return spring will
not be required.
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206-05-1 206-05-1Parking Brake and Actuation

DIAGNOSIS AND TESTING
Inspection and VerificationParking Brake
Check the operation of the parking brake system

Special Tool(s) with the vehicle on a hoist and the parking brake
control fully released. Check for any damagedGauge, Brake Adjusting

206-D002 (D81L-1103-A) or cables and install new as necessary. Check the rear
equivalent brake adjustment or carry out the brake system

diagnosis.

Check the parking brake by pressing the parking
brake control pedal. The parking brake must be
fully set by applying pressure to the pedal before it
reaches a mechanical stop. If not as specified, install
new parking brake control/cables as  necessary.

Symptom Chart

Symptom Chart

Condition Possible Sources Action
• The parking brake will not • Parking brake cable. • GO to Pinpoint Test A.

apply • Parking brake control.
• Parking brake assembly.

• The parking brake will not • Parking brake cable. • GO to Pinpoint Test B.
release • Parking brake control.

• Parking brake assembly.
• The parking brake pedal has • Parking brake adjustment. • Using the special tool adjust

soft pedal or goes to the floor the parking brake shoes.
• Parking brake cables. • INSPECT the parking brake

cables to make sure the
cables are connected correctly
or not damaged. If damaged,
INSTALL new parking brake
cables.

• Parking brake control. • Pull the conduit reaction
bracket forward and if the
reaction does not return,
INSTALL a new parking
brake control.
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206-05-2 206-05-2Parking Brake and Actuation

DIAGNOSIS AND TESTING (Continued)

Pinpoint Tests

PINPOINT TEST A: THE PARKING BRAKE WILL NOT APPLY

Test Step Result / Action to Take
A1 CHECK THE PARKING BRAKE CABLE

• At the conduit reaction bracket (E-150-E-350), pull the parking Yes
brake rear cable and conduit forward. REPAIR the binding condition in the front

• At the parking brake assembly (E-450), operate the parking parking brake cable and conduit or the
brake lever. parking brake control (all vehicles). TEST

• Can the parking brake be operated? the system for normal operation.
No
REPAIR the binding condition in the
parking brake rear cable and conduit or
drum brake system (E-150-E-350), or
INSTALL a new transmission-mounted
parking brake assembly (E-450), or
REPAIR the worn or damaged parts in the
drum-in-hat system.  TEST the system for
normal operation.

PINPOINT TEST B: THE PARKING BRAKE WILL NOT RELEASE

Test Step Result / Action to Take
B1 CHECK THE PARKING BRAKE CABLE

• Disconnect the parking brake cable at the parking brake lever. Yes
• Does the parking brake release? REPAIR the binding condition in the

parking brake cable or parking brake
control. TEST the system for normal
operation.
No
REPAIR the binding condition in the
parking brake components of the
drum-in-hat system (E-150-E-350).
INSTALL a new parking brake assembly
(E-450). TEST the system for normal
operation.
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206-05-1 206-05-1Parking Brake and Actuation

GENERAL PROCEDURES

Parking Brake Cable Tension Release

1. Release the parking brake.

2. With the vehicle in NEUTRAL, position it on
the hoist. For additional information, refer to
Section 100-02.

3. With an assistant, release the parking brake
cable tension by pulling down on the
intermediate cable at the cable-to-cable union
until the parking brake control sector rotates to
its stop and a 4 mm (0.15 in) x 150 mm (5.9

4. Disconnect the cable at the cable-to-cablein) retainer pin can  be inserted.
union.
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206-05-1 206-05-1Parking Brake and Actuation

GENERAL PROCEDURES

Parking Brake Cable Adjustment —
E-450

1. NOTE: Make sure the parking brake is fully
released.

With the transmission in NEUTRAL, position
the vehicle on a hoist. For additional
information, refer to Section 100-02.

2. Disconnect the adjusting clevis.

1 Remove the locking pin.

2 Remove the clevis pin and disconnect the 4. Install the pins and tighten the jam nut.
adjusting clevis from the parking brake

1 Install the clevis pin through the adjustinglever.
clevis and the parking brake lever.

2 Install the locking pin in the clevis pin.

3 Tighten the jam nut.

3. Set the adjusting clevis.

1 Loosen the jam nut several turns.

2 Position the parking brake lever in the
5. Lower the vehicle.applied position.

3 Tighten or loosen the adjusting clevis until 6. Test the parking brake.
the adjusting clevis hole lines up with the
parking brake lever hole, and then loosen
the adjusting clevis 13 mm (0.5 inch).

Copyright  2003, Ford Motor Company
Last updated: 08/27/2003 2004 E-Series, 12/2003 



206-05-1 206-05-1Parking Brake and Actuation

REMOVAL AND INSTALLATION

3. Disconnect the front parking brake cable andParking Brake Control
conduit from the parking brake lever.

Removal 1 Disconnect the parking brake lever return
spring from the clevis pin (if equipped).

All except E-450 2 Remove the locking pin from the clevis pin
and remove the clevis pin.

1. Relieve the tension on the parking brake
system.

1 Pull down on the parking brake intermediate
cable.

2 Insert a 4 mm (0.16 inch) drill bit or
equivalent retainer in the parking brake
control.

All vehicles

4. Lower the vehicle.

5. Remove the LH cowl side trim panel.

6. Disconnect the electrical connector from the
parking brake signal switch and bracket.

E-450

2. NOTE: Make sure the parking brake is fully
released.

With the transmission in NEUTRAL, position
the vehicle on a hoist. For additional
information, refer to Section 100-02.
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206-05-2 206-05-2Parking Brake and Actuation

REMOVAL AND INSTALLATION (Continued)

7. Remove the three parking brake control nuts
and separate the parking brake control from the
steering column support bracket.

Installation

All vehicles

8. Remove the cable end retainer from the parking 1. Follow the removal procedure in reverse order.
brake control.

E-450
9. Remove the front parking brake cable and

conduit. 2. Adjust the cable tension. For additional
1 Using a box wrench, compress the fingers information, refer to Parking Brake Cable

of the parking brake cable retainer. Adjustment — E-450 in this section.
2 Pull the front parking brake cable and

All vehiclesconduit from the parking brake control.

3. Test the parking brake function.
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206-05-1 206-05-1Parking Brake and Actuation

REMOVAL AND INSTALLATION

Parking Brake Shoes

Special Tool(s)

Gauge, Brake Adjusting
206-D002 (D81L-1103-A) or
equivalent

Material

Item Specification 5. Remove the brake shoe adjusting screw spring.
Silicone Brake Caliper ESE-M1C171-A
Grease and Dielectric
Compound
XG-3-A

Removal

NOTE: One parking brake she kit contains the
linings required for both the LH and RH side.

All vehicles

1. NOTE: Make sure the parking brake control is
fully released.

Relieve the tension on the parking brake cable. 6. Remove the brake shoe hold-down clips and
For additional information, refer to Parking pins.
Brake Cable Tension Release in this section.

E-350 with dual rear wheels (DRW)

2. Remove the wheel hub assembly. For additional
information, refer to Section 205-02B.

E-150, E-250, E-350 with single rear wheels
(SRW)

3. Remove the brake disc. For additional
information, refer to Section 206-04

All vehicles

NOTE: The SRW is show, the DRW is similar.

4. Remove the brake shoe adjusting screw.
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206-05-2 206-05-2Parking Brake and Actuation

REMOVAL AND INSTALLATION (Continued)

7. Position the brake shoes apart and remove the
brake shoes and the retracting spring assembly
from the axle.

• Remove the inner and outer retraction
springs from the brake shoes.

3. Install the brake shoe adjusting screw spring.

Installation

NOTE: Lubricate the parking brake shoes where
the shoe contacts the wear pad on the backing plate.

All vehicles

NOTE: The SRW is show, the DRW is similar.

4. Position the brake shoe adjusting screw.1. Install the inner and outer retraction springs and
position the parking brake shoe assembly on the
axle.

2. Position the 2 hold-down pins and install the 2
brake shoe hold-down springs.
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206-05-3 206-05-3Parking Brake and Actuation

REMOVAL AND INSTALLATION (Continued)

E-150, E-250, E-350 with single rear wheels5. Use the special tool to measure the inside
(SRW)diameter of the parking brake drum.

7. Install the rear brake disc. For additional
information, refer to Section 206-04.

E-350 with dual rear wheels (DRW)

8. Install the wheel hub assembly. For additional
information, refer to Section 205-02B.

All vehicles

9. Reload the tension on the parking brake cable.
For additional information, refer to Parking
Brake Cable Tension Release in this section.

6. Adjust the parking brake shoe clearance to 0.76
mm (0.03 in) less than the inside diameter of
the parking brake drum.
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206-05-1 206-05-1Parking Brake and Actuation

REMOVAL AND INSTALLATION

4. Disconnect the front parking brake cable andParking Brake, Transmission Mounted
conduit.

Material 1 Loosen the jam nut.

2 Remove the locking pin.Item Specification

Penetrating Lubricant N/A 3 Remove the clevis pin.
XL-1 4 Remove the adjusting clevis from the
MERCON Multi-Purpose MERCON parking brake lever.
(ATF) Transmission Fluid
XT-2-QDX

Removal

NOTE: The parking brake assembly is not
repairable and must be replaced as an assembly.

1. NOTE: The parking brake control must be
fully released.

Place the transmission range selector lever in D
and release the parking brake control.

2. With the vehicle in NEUTRAL, position on a
hoist. For additional information, refer to

5. Compress the retainer and remove the frontSection 100-02.
parking brake cable and conduit from the cable
bracket.3. NOTE: If installing a new front parking brake

cable, discard the parking brake lever return
spring.

If equipped, disconnect the parking brake lever
return spring.

• Apply lubricant to the adjusting clevis, jam
nut and the threads of the front parking
brake cable and conduit.

6. Remove the driveshaft. For additional
information, refer to Section 205-01.
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206-05-2 206-05-2Parking Brake and Actuation

REMOVAL AND INSTALLATION (Continued)

7. Remove the parking brake assembly. 2. CAUTION: If installing a new parking
brake assembly, fill with clean automatic1 Keep the parking brake vent upward to
transmission fluid after mounting to theprevent contamination of the parking brake
transmission extension housing.shoes and linings.

Check and, if necessary, fill the parking brake2 Remove the six bolts, the parking brake
assembly with clean automatic transmissionassembly and the gasket (if equipped) from
fluid to the bottom of the filler plug hole.the transmission extension housing.

• Install and tighten the filler plug.X Discard the bolts and the gasket.

Installation 3. Install the driveshaft. For additional
information, refer to Section 205-01.

1. Mount the parking brake assembly.
4. Position the front parking brake cable and1 Position the parking brake and a new gasket

conduit and press the retainer into the cable(if equipped) on the transmission extension
bracket until it snaps into place.housing.

2 Install and tighten six new
transmission-to-parking brake bolts.
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206-05-3 206-05-3Parking Brake and Actuation

REMOVAL AND INSTALLATION (Continued)

5. Set adjusting clevis.

1 Loosen the jam nut several turns.

2 Position the parking brake lever in the
applied position.

3 Tighten or loosen the adjusting clevis until
the adjusting clevis hole lines up with the
parking brake lever hole, and then loosen
the adjusting clevis.

7. If equipped, install the parking brake lever
return spring.

6. Install the pins and tighten the jam nut.

1 Install the clevis pin through the adjusting
clevis and the parking brake lever.

2 Install the locking pin in the clevis pin.

3 Tighten the jam nut.
8. Lower the vehicle.

9. Test the parking brake.

2004 E-Series, 12/2003 



206-06-1 206-06-1Hydraulic Brake Actuation

Torque Specifications (Continued)
SPECIFICATIONS

Description Nm lb-ft lb-in
General Specifications

Master cylinder brake 20 15 —
Item Specification line fittings

High Performance DOT 3 ESA-M6C25-A Brake pedal bracket 30 22 —
Motor Vehicle Brake nuts
Fluid

Coolant reservoir bolts 10 — 89PM-1 (Canada CPM-1)
Power steering line 11 8 —
clamp nuts

Torque Specifications Air cleaner outlet tube 4 — 35
clampDescription Nm lb-ft lb-in

Brake master cylinder 30 22 —
nuts (Hydro-Boost)

Brake master cylinder 24 18 —
nuts (vacuum boost)
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206-06-1 206-06-1Hydraulic Brake Actuation

DESCRIPTION AND OPERATION
Brake Master CylinderHydraulic Brake Actuation
The brake master cylinder is a dual-piston typeThe hydraulic brake system consists of the
containing a primary and a secondary piston. Whenfollowing components:
the brake pedal is applied, a mechanical linkage

• the vacuum brake booster (E-150, E-250, and applies force to the brake booster. The brake
E-350). For additional information, refer to booster multiplies the force applied to the brake
Section 206-07. pedal and transmits the multiplied force to the brake

master cylinder pistons. The brake master cylinder• the Hydro-Boost brake booster (E-450). For
pistons transmit the force applied to the hydraulicadditional information, refer to Section 206-07.
brake fluid. The pressure created by the force of the• the brake master cylinder.
hydraulic fluid is directed to the  wheel brake

• the front disc brake calipers. For additional assemblies through the brake lines and hoses. This
information, refer to Section 206-03. hydraulic pressure then forces the brake caliper

• the rear disc brake calipers. For additional pistons outward against the brake pads and the
information, refer to Section 206-04. brake pads against the brake rotor friction surfaces,

slowing the wheel speed. When the  brake pedal is• the anti-lock brake system (ABS) components. For
released, the hydraulic force is removed, allowingadditional information, refer to Section 206-09.
the brake pads to retract slightly from the brake

• the brake lines and hoses. rotor friction surface and allowing the wheels to
rotate.Brake Fluid
On speed-control equipped vehicles, the brake

WARNING: Carefully read cautionary master cylinder has a speed control deactivator
information on product label. For EMERGENCY switch located on the underside of the brake master
MEDICAL INFORMATION seek medical advice. cylinder casting which acts as a redundant safety
In the USA or Canada on Ford/Motorcraft device. For additional information, refer to  Section
products call: 1-800-959-3673. For additional 310-03.
information, consult the product Material  Safety
Data Sheet (MSDS) if available. Failure to follow Brake Master Cylinder Reservoir
these instructions may result in personal injury. NOTE: Whenever the brake master cylinder

reservoir is to be repaired, a new master cylinderCAUTION: Brake fluid is harmful to
must be installed.painted or plastic surfaces. If brake fluid is

spilled onto a painted or plastic surface, The brake master cylinder reservoir holds a supply
immediately wash it off with water. of brake fluid for the master cylinder and the brake

hydraulic system. The master cylinder reservoir isUse only clean, fresh DOT 3 motor vehicle brake
mounted to the top of the master cylinder and isfluid in the hydraulic brake system.
sealed to the master cylinder body with  grommets.

• Do not reuse the brake fluid drained or bled from The master cylinder reservoir has visual fluid
the system. markings allowing fluid level inspection without

• Do not use brake fluid that has been stored in an removal of the reservoir cap. The master cylinder
open container. reservoir contains a brake fluid level sensor. The

brake fluid level sensor is a magnetic  reed switch• Do not use contaminated brake fluid.
which, when the fluid drops to a predetermined

• Do not mix different types of brake fluid. level, will activate the red brake warning lamp on
the instrument cluster. For additional information on
the red brake warning lamp, refer to  Section
413-01A or Section 413-01B.
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206-06-2 206-06-2Hydraulic Brake Actuation

DESCRIPTION AND OPERATION (Continued)

Brake Lines and Hoses When routing brake line, allow 51 mm (2 inches) of
clearance between the brake line and the exhaustCAUTION: Never use copper tubing to
system or any moving components.replace hydraulic brake line. Copper may
If a section of brake line is damaged, the entirefatigue, crack, or corrode, which could result in
section must be replaced with a brake line of thebrake line failure.
same type, size, shape and length as originallyThe brake lines and hoses transmit the hydraulic
installed.pressure to the wheel brake assemblies.
When installing new hydraulic brake lines, hoses, orAll brake lines must be correctly double-flared to
connectors, tighten all connections securely. Whenprovide strong, leak proof connections. When
the installation is complete, bleed the brake system.bending brake line to fit the underbody or rear axle
For additional information, refer to  Section 206-00.contours, be careful not to kink or crack the brake

line.
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DIAGNOSIS AND TESTING

Hydraulic Brake Actuation
Refer to Section 206-00.
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206-06-1 206-06-1Hydraulic Brake Actuation

REMOVAL AND INSTALLATION

Brake Pedal and Bracket

Removal and Installation

1. Disconnect the battery. For additional
information, refer to Section 414-01.

2. Release the fuse block assembly from the brake
pedal bracket and position aside.

5. Remove the brake booster nuts.

3. Disconnect the brake booster push rod.

1 Remove the stoplamp switch self-locking
clip.

2 Remove the stoplamp switch.
6. Remove the brake pedal and bracket assembly.3 Remove the brake booster push rod

bushing. 7. To install, reverse the removal procedure.
4 Disconnect the brake booster push rod from

the brake pedal pin.

4. Remove the brake pedal bracket upper
mounting nuts.
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206-06-1 206-06-1Hydraulic Brake Actuation

REMOVAL AND INSTALLATION

Brake Master Cylinder

Removal and Installation

WARNING: Carefully read cautionary
information on product label. For EMERGENCY
MEDICAL INFORMATION seek medical advice.
In the USA or Canada on Ford/Motorcraft
products call: 1-800-959-3673. For additional
information, consult the product Material  Safety
Data Sheet (MSDS) if available. Failure to follow
these instructions may result in personal injury.

5. Disconnect the brake fluid level switchAll vehicles
electrical connector.

1. Disconnect the battery. For additional
information, refer to Section 414-01.

2. Use a suitable suction device to remove the
brake fluid from the brake master cylinder
reservoir.

3. Remove the coolant reservoir bolts and position
the reservoir aside.

6. Disconnect the brake master cylinder lines.

4. Disconnect the speed control deactivator switch
connector.
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206-06-2 206-06-2Hydraulic Brake Actuation

REMOVAL AND INSTALLATION (Continued)

Diesel engines 10. Disconnect the 3 latches and remove the air
cleaner cover.

7. Disconnect the coolant hoses from the air
cleaner outlet tube.

Gasoline engines

8. Loosen the clamp and disconnect the air cleaner 11. Remove the 2 powertrain control module
outlet tube. (PCM) bracket nuts and position the PCM and

bracket aside.

9. Disconnect the mass air flow (MAF) sensor
electrical connector.

• Slide out the red lock.

• Press the tab and remove the electrical
connector.
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206-06-3 206-06-3Hydraulic Brake Actuation

REMOVAL AND INSTALLATION (Continued)

All vehicles 13. Remove the brake master cylinder.

14. To install, reverse the removal procedure.12. NOTE: Discard the brake master cylinder nuts.
They are a torque-prevailing type and cannot be • Bleed the brake system. For additional
reused. information, refer to Section 206-00.

Remove the brake master cylinder nuts.
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206-06-1 206-06-1Hydraulic Brake Actuation

REMOVAL AND INSTALLATION

Brake Master Cylinder —
Hydro-Boost

Removal and Installation

WARNING: Carefully read cautionary
information on product label. For EMERGENCY
MEDICAL INFORMATION seek medical advice.
In the USA or Canada on Ford/Motorcraft
products call: 1-800-959-3673. For additional
information, consult the product Material  Safety
Data Sheet (MSDS) if available. Failure to follow
these instructions may result in personal injury. 5. Loosen the clamp and disconnect the air cleaner

outlet tube.
All vehicles

1. Disconnect the battery. For additional
information, refer to Section 414-01.

2. Use a suitable suction device to remove the
brake fluid from the brake master cylinder
reservoir.

3. Remove the coolant reservoir bolts and position
the reservoir aside.

6. Disconnect the mass air flow (MAF) sensor
electrical connector.

• Slide out the red lock.

• Press the tab and remove the electrical
connector.

Diesel engine

4. Disconnect the coolant hoses from the air
cleaner outlet tube.
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206-06-2 206-06-2Hydraulic Brake Actuation

REMOVAL AND INSTALLATION (Continued)

7. Disconnect the three latches and remove the air
cleaner cover.

11. Disconnect the master cylinder brake lines.

Gasoline engines

8. Disconnect the power cable at the power
distribution box and position the box aside.

All vehicles

9. Disconnect the brake fluid level switch
electrical connector.

12. Remove the nuts and the power steering line
clamp.

10. Disconnect the speed control deactivator switch
electrical connector.
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206-06-3 206-06-3Hydraulic Brake Actuation

REMOVAL AND INSTALLATION (Continued)

13. NOTE: Discard the brake master cylinder nuts.
They are a torque-prevailing type and cannot be
reused.

Remove the brake master cylinder nuts.

15. Remove the brake master cylinder.

16. To install, reverse the removal procedure.

• Bleed the brake system. For additional
information, refer to Section 206-00.

14. Remove the power steering line bracket.
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Torque Specifications
SPECIFICATIONS

Description Nm lb-ft
General Specifications

Brake booster nuts 30 23
Item Specification

Hydro-Boost power steering 31 23
MERCON MERCON gear and supply fittings (at
Multi-Purpose (ATF) the Hydro-Boost)
Transmission Fluid

Power steering fluid return 11 8XT-2-QDX
line bolt (at the
Hydro-Boost)

Power steering pressure hose 35 26
fittings

Brake vacuum pump bolts 47 35
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206-07-1 206-07-1Power Brake Actuation

DESCRIPTION AND OPERATION
Hose and Check ValveBrake Booster
The power brake booster check valve:The power brake booster:

• is located on the front of the power brake booster.• is a dual diaphragm, vacuum assisted power brake
booster. • check valve and grommet can be installed new

separately.• reduces brake pedal pressure.
• is positioned between the power brake booster and• is located on the LH side of the bulkhead in the

the power brake booster hose.engine compartment, between the brake pedal and
brake master cylinder. • closes when the engine is turned off.

• is divided into separate chambers by the • in the closed position, traps engine vacuum in the
diaphragm. power brake booster.

• will not operate if vacuum is restricted or if any • retains vacuum to provide several power-assisted
of the vacuum related power brake components brake applications with the engine off.
fail.

• is installed new as an assembly.

If the power assist fails, the brake system will
continue to operate with increased brake pedal
effort.
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206-07-1 206-07-1Power Brake Actuation

DESCRIPTION AND OPERATION

For low assist concerns on vehicles equipped withBrake Booster — Hydro-Boost
the Hydro-Boost system, refer to Section 211-00The Hydro-Boost brake booster is a hydraulically
to check the power steering pump pressure andoperated brake booster powered by the power
flow.steering pump. The power steering pump provides
The brakes can also be applied manually if thethe fluid pressure to operate both the power brake
reserve system is depleted.booster and the power steering gear.
Model identification is stamped into the powerA Hydro-Boost reserve system (accumulator)
brake booster housing near the power steeringstores sufficient fluid under pressure to provide at
pressure hose.least 2 power-assisted brake applications in the

event the power steering pump fluid flow is Any leakage goes directly back to the power
interrupted. steering pump reservoir.
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DIAGNOSIS AND TESTING

Power Brake System
Refer to Section 206-00.
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206-07-1 206-07-1Power Brake Actuation

REMOVAL AND INSTALLATION

5. Remove the brake booster nuts.Brake Booster — Vacuum

Removal and Installation

1. With the engine off, apply the brake pedal
several times to deplete the brake booster
vacuum reserve.

2. Remove the brake master cylinder. For
additional information, refer to Section 206-06.

3. Disconnect the brake booster check valve.

6. Remove the brake booster.

4. Disconnect the brake booster push rod.

1 Remove the stoplamp switch self-locking
clip.

7. To install, reverse the removal procedure.2 Remove the stoplamp switch.

3 Remove the brake booster push rod
bushing.

4 Disconnect the brake booster push rod from
the brake pedal pin.
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REMOVAL AND INSTALLATION

Brake Booster — Hydro-Boost

Special Tool(s)

Installer Set, Teflon Seal
211-D027 (D90P-3517-A) or
equivalent

Removal and Installation

3. Using the special tool, install new Teflon
WARNING: The power brake booster seals on the power steering pressure fittings.

must not be carried by the accumulator, nor
should it ever be dropped on the accumulator.
The snap ring on the accumulator must be
checked for proper seating before the power
brake booster is used. The accumulator  contains
high-pressure nitrogen gas and can be dangerous
if mishandled. Failure to follow these instructions
may result in personal injury.

WARNING: If the accumulator is to be
disposed of, it must not be exposed to excessive
heat, fire or incineration. Before discarding the
accumulator, drill a 1.6-mm (1/16-inch) diameter
hole in the end of the accumulator can to relieve
the gas pressure.  Always wear safety glasses 4. Disconnect the power steering fluid return hose.
when performing this operation. Failure to follow
these instructions may result in personal injury.

1. CAUTION: Do not activate the brake
booster with the brake master cylinder
removed.

With the engine off, apply the brake pedal
several times to deplete the brake booster
accumulator reserve.

2. Disconnect the power steering pressure hoses.

5. Remove the brake master cylinder. Refer to
Section 206-06.
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REMOVAL AND INSTALLATION (Continued)

6. Disconnect the brake booster push rod. 7. Remove the brake booster nuts.

1 Remove the stoplamp switch self-locking
pin.

2 Remove the stoplamp switch.

3 Remove the brake booster push rod
bushing.

4 Disconnect the brake booster push rod from
the brake pedal pin.

8. Remove the brake booster.

9. To install, reverse the removal procedure.

• Fill the power steering fluid reservoir. For
additional information, refer to Section
211-00.
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REMOVAL AND INSTALLATION

Brake Vacuum Pump

Item Part Number Description

1 W500321 Vacuum pump bolt (3
required)

2 2A451 Vacuum pump assembly

3 — Clamp

4 — Vacuum hose

1. Remove the accessory drive belt. For additional
information, refer to Section 303-05.

2. Release the clamp and disconnect the vacuum
hose.
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REMOVAL AND INSTALLATION (Continued)

3. NOTE: The bolt behind the pulley is accessed 4. To install, reverse the removal procedure.
through the pulley with an extension and a
short socket.

Remove the 3 bolts and the vacuum pump.

• To install, tighten to 47 Nm (35 lb-ft).
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Torque Specifications (Continued)
SPECIFICATIONS

Description Nm lb-ft lb-in
Torque Specifications

Front wheel speed 11 8 —
Description Nm lb-ft lb-in sensor bolt (E-150)

1/2-20 Brake Line 20 15 — Front wheel speed 9 — 80
sensor bolt (E-250,7/16-24 Brake Line 17 13 —
E-450)

Anti-lock brake (ABS) 5 — 44
Power steering pump 27 20 —module screws
reservoir bracket bolts

Brake line-to-brake 19 14 —
Radiator coolant 7 — 64master cylinder
recovery reservoir bolts

Hydraulic control unit 29 21 —
Rear wheel speed 27 20 —bracket to inner fender
sensor boltwell nuts
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DESCRIPTION AND OPERATION

Anti-Lock Control — 4-Wheel
The four-wheel anti-lock brake system (4WABS)
consists of the following components:

• anti-lock brake system (ABS) module

• hydraulic control unit (HCU) (serviced separately
from the ABS module)

• front wheel speed sensor

• front wheel speed sensor ring

• rear wheel speed sensor

• rear wheel speed sensor ring
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DIAGNOSIS AND TESTING
Dynamic Rear Proportioning (DRP)Anti-Lock Control

Refer to Wiring Diagrams Cell 42, Anti-Lock Brake Vehicles with four wheel disc brakes are equipped
System for schematic and connector information. with dynamic rear proportioning (DRP). The DRP

system is integral to the ABS module. The DRP
Special Tool(s) maintains brake balance and maximizes brake

efficiency for all loading configurations. DRPWorldwide Diagnostic System
(WDS) detects  the onset of front versus rear slip imbalance
418-F224, and limits the rear pressure. If the rear slip
New Generation STAR (NGS) significantly exceeds the front slip, the DRP system
Tester will reduce the rear pressure. If this condition
418-F052, or equivalent occurs, the driver will feel a slight pulsation in thediagnostic tool with appropriate

brake pedal. The DRP system will be disabled ifcable
diagnostic trouble code (DTC) C1226 is set or if a73III Automotive Meter
DTC is set from condition 1 and condition 2 or105-R0057 or equivalent
condition 3, or if one DTC from condition 2 and
condition 3, or if two or more DTCs are set from
condition 1.

Condition one:

• C1095
Principles of Operation • C1196
The anti-lock brake system (ABS) module receives • C1200
wheel speed readings from both front wheel speed • C1212
sensors and the differential speed sensor. The ABS

• C1216module then processes this information, along with
other sensor inputs, to determine if an ABS  event Condition two:
is necessary. The wheel speed sensor electrically

• C1155senses each tooth on the ABS sensor indicators as it
• C1158passes through the wheel speed sensor’s magnetic

field. • C1233
The ABS module continuously monitors and Condition three:
compares the rotational speed of each wheel speed

• C1145sensor ring and, when it detects an impending wheel
lock, modulates brake pressure to the appropriate • C1148
brake caliper(s). This is accomplished by  triggering • C1234
the hydraulic control unit (HCU) to open and close

If any DTCs are retrieved, GO to Inspection andthe appropriate solenoid valves. Once the affected
Verification.wheel returns to normal speed, the ABS module

returns the solenoid valves to their normal position, Inspection and Verification
and normal (base) braking resumes.

Communication CheckThe ABS module is self-monitoring. When the
ignition switch is turned to the RUN position, the 1. Verify the customer concern by applying the
ABS module will do a preliminary electrical check. brakes under different conditions.
At approximately 20 km/h (12 mph), the pump 2. Visually inspect for obvious signs of
motor is turned on for approximately one-half mechanical and electrical damage.
second.  Any malfunction of the ABS system will
cause the ABS to shut off; however, normal
power-assisted braking remains.
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DIAGNOSIS AND TESTING (Continued)

Visual Inspection Chart Inspection and Verification — Drive
Cycle TestMechanical Electrical
The drive cycle test can be used as a system• Wheel speed sensor • Central junction box
evaluation test or repair verification test, or during• Wheel speed sensor ring (CJB) fuse(s):

• Wheel speed sensor gap — 1 (5A) diagnosis (for intermittent concerns).
• Parking brake cable — 11 (15A) For system evaluation, the customer may only have• Tire pressure • Battery junction box

a general concern about the way the vehicle is• Tire size or mismatched (BJB) fuse 11 (60A)
braking. There may not be a clear system concerntires • Connectors or

• Base brake system connections to troubleshoot. This test is designed to produce
• Harness routing common system concern symptoms. Once a
• Circuitry symptom  is found, a symptom diagnostic procedure

can be followed to repair the vehicle.
3. If the concern remains after the inspection, Always use this test after vehicle repairs because

connect the diagnostic tool to the data link the anti-lock brake control module is unable to
connector (DLC) located beneath the instrument detect some system concerns unless the vehicle is
panel, and select the vehicle to be tested from driven under specific conditions. After completing
the diagnostic tool menu. If the diagnostic tool the drive cycle test, carry out the  self-test using the
does not  communicate with the vehicle: diagnostic tool.
• check that the program card is correctly NOTE: Wetting down the area where the testing is

installed. to be carried out will aid in this test.
• check the connection of the DLC to the NOTE: An assistant should be used to monitor the

vehicle. wheels during the ABS stop. Momentary lockup is
permissible.• check that the ignition switch is in the RUN

position. 1. While driving the vehicle approximately 16
km/h (10 mph), press the brake pedal hard4. If the diagnostic tool still does not communicate
enough to lock all four wheels.with the vehicle, refer to the diagnostic tool

operating manual. 2. Does one wheel lock consistently?
5. Carry out the diagnostic tool data link test. If • If yes and the yellow ABS warning

the diagnostic tool responds with: indicator is not illuminated, GO to Symptom
Chart to continue diagnosis.• SCP or ISO circuit fault; all electronic

control units no response/not equipped, refer • If yes and the yellow ABS warning
to Section 418-00. indicator is illuminated, retrieve and

document the DTCs. Proceed to Anti-Lock• No response/not equipped for the ABS
Brake System (ABS) Module Diagnosticmodule, GO to Pinpoint Test A.
Trouble Code (DTC) Index.• System passed, retrieve and record the

3. While driving the vehicle approximately 32continuous diagnostic trouble codes (DTCs),
km/h (20 mph), perform a light-to-mediumerase the continuous DTCs and carry out the
(normal traffic) stop.self-test diagnostics for the ABS module.

4. Does the pump motor turn on and are brake6. If the DTCs retrieved are related to the concern,
pedal pulsations felt at any time during thego to the Anti-Lock Brake System (ABS)
stop?Module Diagnostic Trouble Code (DTC) Index

to continue diagnostics. • If yes and the yellow ABS warning
indicator is not illuminated, GO to Symptom7. If no DTCs related to the concern are retrieved,
Chart to continue diagnosis.GO to Symptom Chart to continue diagnosis.

• If yes and the yellow ABS indicator does
illuminate, retrieve and document DTCs.
Proceed to the ABS Module Diagnostic
Trouble Code (DTC) Index.
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DIAGNOSIS AND TESTING (Continued)

5. Clear continuous DTCs. 10. Does the yellow ABS warning indicator
illuminate?6. Start the vehicle and shift the transmission into

low gear. • If yes, retrieve and document the DTCs.
Proceed to the Anti-Lock Brake System7. Allow the vehicle to creep forward at idle for at
(ABS) Module Diagnostic Trouble Codeleast 45 seconds.
(DTC) Index.

8. Does the yellow ABS indicator illuminate?
11. Has the customer concern been addressed and

• If yes, retrieve and document theDTCs. corrected by the previous actions?
Proceed to the ABS Module Diagnostic

• If yes, the system is OK.Trouble Code (DTC) Index.
• If no, GO to Symptom Chart to continue9. Slowly accelerate to 40 km/h (25 mph). Let at

diagnosis. least 45 seconds elapse before reaching 40 km/h
(25 mph). Anti-Lock Brake System (ABS) Module

Diagnostic Trouble Code (DTC) Index

ABS Module Diagnostic Trouble Code (DTC) Index

DTCS Description Action

B1342 ABS Module Internal Failure INSTALL a new ABS module.
REFER to Anti-Lock Brake System

(ABS) Module in this section.

B1676 Battery Voltage Out of Range GO to Pinpoint Test J.

C1095/C1096 Anti-Lock Brake System (ABS) GO to Pinpoint Test I.
Hydraulic Pump Motor Circuit

Failure

C1145 RF Wheel Speed Sensor Input Circuit GO to Pinpoint Test B.
Failure

C1148 RF Wheel Speed Sensor Coherency GO to Pinpoint Test D.
Fault

C1155 LF Wheel Speed Sensor Input Circuit GO to Pinpoint Test B.
Failure

C1158 LF Wheel Speed Sensor Coherency GO to Pinpoint Test D.
Fault

C1169 Excessive Anti-Lock Brake System REPAIR all other DTCs, GO to
(ABS) Fluid Dump Time Pinpoint Test E.

C1184 Anti-Lock Brake System (ABS) Time GO to Pinpoint Test H.
Out

C1185 Anti-Lock Brake System (ABS) GO to Pinpoint Test F.
Power Relay Output Circuit Failure

C1194, C1196, C1198, C1200, ABS Valve Coil Circuit Failure INSTALL a new ABS module.
C1202, C1204, C1206, C1208, REFER to Anti-Lock Brake System

C1210, C1212, C1214 or C1216 (ABS) Module in this section.

C1220 Lamp ABS Warning Output Circuit REFER to Section 413-01A
Short To Battery (Conventional) or Section 413-01B

(NGV) to continue diagnosis of the
lamp.

C1222 Wheel Speed Mismatch GO to Pinpoint Test C.

C1225/C1226 Lamp Brake Warning Output Circuit REFER to Section 413-01A
Failure (Conventional), or Section 413-01B

(NGV) to continue diagnosis of the
lamp.
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DIAGNOSIS AND TESTING (Continued)

ABS Module Diagnostic Trouble Code (DTC) Index (Continued)

DTCS Description Action

C1229 Differential Wheel Speed Sensor GO to Pinpoint Test D.
Coherency Fault

C1230 Differential Wheel Speed Sensor GO to Pinpoint Test B.
Input Circuit Failure

C1233 LF Wheel Speed Input Signal GO to Pinpoint Test C.
Missing

C1234 RF Wheel Speed Input Signal GO to Pinpoint Test C.
Missing

C1237 Differential Wheel Speed Input GO to Pinpoint Test C.
Signal Missing

Symptom Chart

Symptom Chart

Condition Possible Sources Action
• No communication with the • Circuitry. • GO to Pinpoint Test A.

anti-lock brake system (ABS) • ABS module.
module

• Soft/excessive brake pedal • Inlet (isolation) valve or • GO to Pinpoint Test G.
travel hydraulic outlet (dump) valve.

• Leaky inlet (isolation) valve
during ABS applications
(soft).

• Brake line or hose, fitting, • ELIMINATE the base brake
master cylinder, wheel system as the cause of the
cylinder or caliper. problem. REFER to Section

• Air in brake system. 206-00.
• Brake shoe or pad linings.
• Parking brake.
• Rear axle seal.

• ABS false activation, ABS • Front anti-lock brake sensor • INSPECT for damaged teeth.
too sensitive, ABS activates indicators. INSPECT both front ABS
on normal stop sensor indicators. CHECK the

ABS sensor gap.
• Chafed wire insulation or • INSPECT the wiring harness

pinched wire. from the front ABS sensor
knuckle to the frame and
from the rear axle to the
frame.

• Open or shorted ABS sensor • GO to Pinpoint Test B.
circuit.

• Rear ABS sensor indicator. • INSPECT the rear ABS
indicator.

• ABS sensor • GO to Pinpoint Test D.
• Rear brake adjustment. • ELIMINATE the base brake
• Linings. system as the cause of the

problem. REFER to Section
206-00.
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DIAGNOSIS AND TESTING (Continued)

Symptom Chart (Continued)

Condition Possible Sources Action
• Wheels lock up • Hydraulic outlet (dump) • GO to Pinpoint Test G.

valve.
• Leaky inlet (isolation) valve

during ABS (soft).
• Front or rear brakes. • ELIMINATE the base brake
• Parking brake. system as the cause of the
• Rear axle seal. problem. REFER to Section

206-00.
• Vehicle pulls during braking • Sensor failure. • GO to Pinpoint Test B.

• Base brake system. • ELIMINATE the base brake
system as the cause of the
problem. REFER to Section
206-00.

• ABS warning indicator • Circuitry. • REFER to Section 413-01A
illuminated • ABS module. (Conventional) or Section

413-01B (NGV) to continue
diagnosis on the warning
indicator.

• The red BRAKE warning • Circuitry. • REFER to Section 206-00 for
indicator stays on when the • Brake fluid level. diagnosis of the red BRAKE
ignition switch is in RUN • Instrument cluster. warning indicator is always

• ABS module. on.
• The yellow ABS warning • Circuitry. • REFER to Section 413-01A

indicator does not self-check • Instrument cluster. (Conventional) or Section
• ABS module. 413-01B (NGV) to continue

diagnosis of the warning
indicator.

• The red BRAKE warning • Dynamic rear proportioning • GO to the Anti-Lock Brake
indicator and yellow ABS (DRP). System (ABS) Module
warning indicator are Diagnostic Trouble Code
illuminated (DTC) Index.

Pinpoint Tests

PINPOINT TEST A: NO COMMUNICATION WITH THE ANTI-LOCK BRAKE SYSTEM (ABS) MODULE

Test Step Result / Action to Take
A1 CHECK CIRCUIT 601 (LB/PK) FOR VOLTAGE

• Key in OFF position.
• Disconnect: ABS Module C135.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST A: NO COMMUNICATION WITH THE ANTI-LOCK BRAKE SYSTEM (ABS) MODULE

(Continued)

Test Step Result / Action to Take
A1 CHECK CIRCUIT 601 (LB/PK) FOR VOLTAGE (Continued)

• Measure the voltage between the ABS module C135 pin 16,
circuit 601 (LB/PK), harness side and ground.

Yes
GO to A2.
No
REPAIR the circuit. REPEAT the self-test.

• Is the voltage greater than 10 volts? TEST the system for normal operation.
A2 CHECK CIRCUIT 530 (LG/YE) FOR GROUND

• Measure the resistance between the ABS module C135 pin 8,
circuit 530 (LG/YE), harness side and ground; and between the
ABS module C135 pin 24, circuit 530 (LG/YE), harness side and
ground.

Yes
REFER to Section 418-00 to continue
diagnosis of the ABS module
communication.
No
REPAIR the circuit. REPEAT the self-test.

• Is the resistance less than 5 ohms? TEST the system for normal operation.

PINPOINT TEST B: DTC C1145 (RF), DTC C1155 (LF), DTC C1230 (REAR) — WHEEL SPEED SENSOR
INPUT CIRCUIT FAILURE

Test Step Result / Action to Take
B1 CHECK FOR ANTI-LOCK BRAKE SYSTEM (ABS) MODULE

DTCS
• Connect the scan tool. Yes
• Key in ON position. If DTC C1145, C1155 or C1230 is

present, GO to B2.Retrieve and record the ABS module DTCs.
• Are any DTCs present? All other DTCs, GO to the Anti-Lock Brake

System (ABS) Module Diagnostic Trouble
Code (DTC) Index.
No
System is operating correctly at this time.

B2 CHECK THE ANTI-LOCK BRAKE SYSTEM (ABS) CONTROL
MODULE OUTPUT
• Key in OFF position.
• Disconnect: ABS Module C135.
• Measure the resistance between the ABS module C135 pins as

follows:

(Continued)

2004 E-Series, 12/2003 



206-09-7 206-09-7Vehicle Dynamic Systems

DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST B: DTC C1145 (RF), DTC C1155 (LF), DTC C1230 (REAR) — WHEEL SPEED SENSOR

INPUT CIRCUIT FAILURE (Continued)

Test Step Result / Action to Take
B2 CHECK THE ANTI-LOCK BRAKE SYSTEM (ABS) CONTROL

MODULE OUTPUT (Continued)

ABS Module C135

Connector-Pin Circuit Connector-Pin Circuit

5 516 (YE/BK) 13 514 (YE/RD)

4 522 (TN/BK) 12 521 (TN/OG) Yes
GO to B3.14 523 (RD/PK) 6 519 (LG/BK)
No

• Are the resistances between 2160 and 2640 ohms for the REPAIR the circuit(s) in question. TEST
front, and between 800 and 2500 ohms for the rear? the system for normal operation.

B3 CHECK WHEEL SPEED SENSOR CIRCUITS FOR A SHORT TO
POWER
NOTE: Both circuits must be checked for each DTC.
• Key in OFF position.
• Disconnect: ABS Module C135.
• Disconnect: Suspect Wheel Speed Sensor.
• Key in ON position.
• Measure the voltage between the ABS module C135, harness

side and ground, as follows:

Connector-Pin Circuit

C135 pin 5 516 (YE/BK)

C135 pin 13 514 (YE/RD)

C135 pin 4 522 (TN/BK)

C135 pin 12 521 (TN/OG)

C135 pin 6 519 (LG/BK)

C135 pin 14 523 (RD/PK)

Yes
REPAIR the circuit(s) in question. CLEAR
the DTCs. TEST the system for normal
operation.
No

• Is voltage present? GO to B4.
B4 CHECK WHEEL SPEED SENSOR CIRCUITS FOR A SHORT TO

GROUND
NOTE: Both circuits must be checked for each DTC.
• Key in OFF position.
• Measure the resistance between the ABS module C135 harness

side and ground, as follows:

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST B: DTC C1145 (RF), DTC C1155 (LF), DTC C1230 (REAR) — WHEEL SPEED SENSOR

INPUT CIRCUIT FAILURE (Continued)

Test Step Result / Action to Take
B4 CHECK WHEEL SPEED SENSOR CIRCUITS FOR A SHORT TO

GROUND (Continued)

Connector-Pin Circuit

C135 pin 5 516 (YE/BK)

C135 pin 13 514 (YE/RD)

C135 pin 4 522 (TN/BK)

C135 pin 12 521 (TN/OG)

C135 pin 6 519 (LG/BK)

C135 pin 14 523 (RD/PK)

Yes
GO to B5.
No
REPAIR the circuit(s) in question. CLEAR
the DTCs. TEST the system for normal

• Are the resistances greater than 10,000 ohms? operation.
B5 CHECK THE WHEEL SPEED SENSOR CIRCUITS FOR AN OPEN

NOTE: Both circuits must be checked for each DTC.
• Measure the resistance between ABS module C135, harness

side and the suspected front wheel speed sensor connector
pins, harness side, as follows:

Wheel Speed
Sensor Connector

Connector-Pin Circuit Pin

C135 pin 5 516 (YE/BK) C160 pin 2

C135 pin 13 514 (YE/RD) C160 pin 1

C135 pin 4 522 (TN/BK) C150 pin 2

C135 pin 12 521 (TN/OG) C150 pin 1

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST B: DTC C1145 (RF), DTC C1155 (LF), DTC C1230 (REAR) — WHEEL SPEED SENSOR

INPUT CIRCUIT FAILURE (Continued)

Test Step Result / Action to Take
B5 CHECK THE WHEEL SPEED SENSOR CIRCUITS FOR AN OPEN

(Continued)

• Measure the resistance between ABS module C135, harness
side and the rear wheel speed sensor C455 harness side, as
follows:

Circuit Connector-Pin Connector-Pin

519 (LG/BK) C135 pin 6 C455 pin 2

523 (RD/PK) C135 pin 14 C455 pin 1

Yes
GO to B6.
No
REPAIR the circuit(s) in question. CLEAR
the DTCs. TEST the system for normal

• Are the resistances less than 5 ohms? operation.
B6 CHECK FOR SHORTED WHEEL SPEED SENSOR CIRCUITS

NOTE: For this test you must use the megaohm scale on the meter
to get the correct resistance reading.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST B: DTC C1145 (RF), DTC C1155 (LF), DTC C1230 (REAR) — WHEEL SPEED SENSOR

INPUT CIRCUIT FAILURE (Continued)

Test Step Result / Action to Take
B6 CHECK FOR SHORTED WHEEL SPEED SENSOR CIRCUITS

(Continued)

• Measure the resistance between the suspect front wheel speed
sensor pins, harness side.

• Measure the resistance between the rear wheel speed sensor
pins, harness side.

Yes
REPAIR the circuit(s) in question. CLEAR
the DTCs. TEST the system for normal
operation.
No

• Are there any resistance readings? GO to B7.
B7 CHECK FOR CORRECT ABS MODULE OPERATION

• Disconnect all ABS connectors. Yes
• Check for: INSTALL a new ABS module. REFER to

Anti-Lock Brake System (ABS) Module in• corrosion this section. TEST the system for normal• pushed-out pins operation.• Connect all ABS connectors and make sure they seat correctly.
• Operate the system and verify the concern is still present. No
• Is the concern still present? The system is operating correctly at this

time. Concern may have been caused by
a loose or corroded connector. CLEAR the
DTCs. REPEAT the self-test. TEST the
system for normal operation.
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST C: DTC C1222 — WHEEL SPEED MISMATCH, DTC C1237 (REAR), DTC C1233 (LF), DTC

C1234 (RF) — WHEEL SPEED INPUT SIGNAL MISSING

Test Step Result / Action to Take
C1 CHECK FOR ANTI-LOCK BRAKE SYSTEM (ABS) MODULE

DTCS
• Connect the scan tool. Yes
• Key in ON position. If DTC C1222, C1233, C1234 or C1237 is

present, GO to C2.Retrieve and record the ABS module DTCs.
• Are any DTCs present? No

All other DTCs, GO to the Anti-Lock Brake
System (ABS) Module Diagnostic Trouble
Code (DTC) Index.

C2 MONITOR THE WHEEL SPEED SENSOR PIDS
• Enter the following diagnostic mode on the scan tool: Anti-Lock Yes

Brake System (ABS) PIDs. RETRIEVE the DTCs. If DTC C1233,
• Use the diagnostic tool to monitor the wheel speed sensor PIDs C1234 or C1237 is present, GO to C5.

while driving the vehicle at a constant speed. No• Are the wheel speed sensor PID values similar? GO to C3.
C3 CHECK THE WHEEL SPEED SENSOR FOR DAMAGE AND/OR

LOOSENESS
• Key in OFF position.
• Raise and support the vehicle. Refer to Section 100-01. Yes

GO to C4.• CAUTION: Examine the wheel speed sensor wire
carefully with a good light. Failure to verify damage in the No
wheel speed sensor wire can lead to unnecessary INSTALL a new wheel speed sensor. For
installation of a new component. the front sensor, REFER to Front Wheel
Inspect the wheel speed sensor mounting for looseness. If the Speed Sensor Ring in this section. CLEAR
rear wheel speed sensor is suspected, inspect the sensor for the DTCs. TEST the system for normal
corrosion. If the front wheel speed sensor is suspected, check operation. For the rear sensor, REFER to
for corrosion on the front anti-lock brake mounting  flange. Clean Rear Wheel Speed Sensor Ring in this
as necessary. section. CLEAR the DTCs. TEST the

• Is the wheel speed sensor OK? system for normal operation.
C4 CHECK FOR WHEEL SPEED SENSOR RING DAMAGE

• Remove the wheel speed sensor. Yes
• Inspect the wheel speed sensor rings for damaged or missing GO to C5.

teeth. No• Is the wheel speed sensor ring OK? INSTALL a new wheel speed sensor ring.
For the front wheel speed sensor ring,
REFER to Front Wheel Speed Sensor
Ring in this section. CLEAR the DTCs.
TEST the system for normal operation. For
the rear  wheel speed sensor ring, REFER
to Rear Wheel Speed Sensor Ring in this
section. CLEAR the DTCs. TEST the
system for normal operation.

C5 CHECK THE SENSOR OUTPUT TO THE ANTI-LOCK BRAKE
SYSTEM (ABS) MODULE
• Key in OFF position.
• Disconnect: ABS Module C135.
• Select NEUTRAL.
• Raise and support the vehicle. Refer to Section 100-01.
• NOTE: For the rear speed sensor, spinning the wheel will not

turn the tone ring. You must spin the driveshaft to get accurate
test results.
Measure the A/C voltage between the ABS module C135,
harness side, while spinning the front tire or the driveshaft by
hand as follows:

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST C: DTC C1222 — WHEEL SPEED MISMATCH, DTC C1237 (REAR), DTC C1233 (LF), DTC

C1234 (RF) — WHEEL SPEED INPUT SIGNAL MISSING (Continued)

Test Step Result / Action to Take
C5 CHECK THE SENSOR OUTPUT TO THE ANTI-LOCK BRAKE

SYSTEM (ABS) MODULE (Continued)

Connector-Pin Circuit Connector-Pin Circuit

C135 pin 13 514 (YE/RD) C135 pin 5 516 (YE/BK)

C135 pin 12 521 (TN/OG) C135 pin 4 522 (TN/BK) Yes
GO to C8.C135 pin 14 523 (RD/BK) C135 pin 6 519 (LG/BK)
No

• Is there an A/C voltage present while the wheel is spinning? GO to C6.
C6 CHECK THE WHEEL SPEED SENSOR OUTPUT

• Disconnect: Suspect Wheel Speed Sensor.
• NOTE: For the rear speed sensor, spinning the wheel will not

turn the tone ring. You must spin the driveshaft to get accurate
test results.
Measure the A/C voltage between the suspect wheel speed
sensor pins 1 and 2, component side while spinning the front tire
or the driveshaft by hand.

Yes
GO to C7.
No
INSTALL a new wheel speed sensor. For
the front sensor, REFER to Front Wheel
Speed Sensor Ring in this section. CLEAR
the DTC. TEST the system for normal
operation. For the rear sensor, REFER to
Rear Wheel Speed Sensor Ring in this

• Is the wheel speed sensor output between 300 and 3,500 section. CLEAR the DTC. TEST the
mVolts? system for normal operation.

C7 CHECK THE ANTI-LOCK BRAKE SYSTEM (ABS) CONTROL
MODULE OUTPUT
• Key in OFF position.
• Measure the resistance between the ABS module C135 harness

side, and the suspect wheel speed sensor connector, harness
side as follows:

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST C: DTC C1222 — WHEEL SPEED MISMATCH, DTC C1237 (REAR), DTC C1233 (LF), DTC

C1234 (RF) — WHEEL SPEED INPUT SIGNAL MISSING (Continued)

Test Step Result / Action to Take
C7 CHECK THE ANTI-LOCK BRAKE SYSTEM (ABS) CONTROL

MODULE OUTPUT (Continued)

Connector-Pin Circuit

C135 pin 5 516 (YE/BK)

C135 pin 13 514 (YE/RD)

C135 pin 4 522 (TN/BK)

C135 pin 12 521 (TN/OG)
YesC135 pin 14 523 (RD/PK) GO to C8.

C135 pin 6 519 (LG/BK) No
REPAIR the circuit(s) in question. TEST

• Are the resistance less than 5 ohms? the system for normal operation.
C8 CHECK FOR CORRECT ABS MODULE OPERATION

• Disconnect all ABS connectors. Yes
• Check for: INSTALL a new ABS module. REFER to

Anti-Lock Brake System (ABS) Module in• corrosion this section. TEST the system for normal• pushed-out pins operation.• Connect all ABS connectors and make sure they seat correctly.
• Operate the system and verify the concern is still present. No
• Is the concern still present? The system is operating correctly at this

time. Concern may have been caused by
a loose or corroded connector. CLEAR the
DTCs. REPEAT the self-test. TEST the
system for normal operation.

PINPOINT TEST D: DTCS C1148, C1158, AND C1229 WHEEL SPEED SENSOR COHERENCY FAULT

Test Step Result / Action to Take
D1 MONITOR THE WHEEL SPEED SENSOR PIDS

• Key in OFF position.
• Connect the scan tool.
• Key in ON position. Yes• Enter the following diagnostic mode on the scan tool: Anti-Lock CLEAR the DTCs. The system isBrake System (ABS) PIDs. operating correctly at this time.• Use the diagnostic tool to monitor the wheel speed sensor PIDs

while driving the vehicle at a constant speed. No
• Are the wheel speed sensor PIDs similar? GO to D2.

D2 CHECK ALL TIRE SIZES
• Make sure that all tire sizes are correct and matching. Yes
• Are the tire sizes correct? GO to D3.

No
INSTALL a new tire of the correct size for
each tire that is incorrect. CLEAR the
DTCs. REPEAT the self-test. TEST the
system for normal operation.

D3 CHECK THE ANTI-LOCK BRAKE SYSTEM (ABS) CONTROL
MODULE OUTPUT
• Key in OFF position.
• Disconnect: ABS Module C135.
• Measure the resistance between the ABS module C135 pins as

follows:

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST D: DTCS C1148, C1158, AND C1229 WHEEL SPEED SENSOR COHERENCY FAULT

(Continued)

Test Step Result / Action to Take
D3 CHECK THE ANTI-LOCK BRAKE SYSTEM (ABS) CONTROL

MODULE OUTPUT (Continued)

ABS Module C135

Pin Circuit Pin Circuit

5 516 (YE/BK) 13 514 (YE/RD)

 4 522 (TN/BK) 12 521 (TN/OG) Yes
GO to D4.14 523 (RD/PK) 6 519 (LG/BK)
No

• Are the resistances between 2160 and 2640 ohms for the REPAIR the circuit(s) in question. TEST
front, and between 800 and 2500 ohms for the rear? the system for normal operation.

D4 CHECK WHEEL SPEED SENSOR RINGS FOR DAMAGE
• Raise and support the vehicle. Refer to Section 100-01. Yes
• Remove the suspect wheel speed sensor. GO to D5.

No• CAUTION: Examine the wheel speed sensor wire
INSTALL a new wheel speed sensor ring.carefully with a good light. Failure to verify damage in the
For the front wheel speed sensor ring,wheel speed sensor wire at this time will lead to
REFER to Front Wheel Speed Sensorunnecessary component replacement and diagnostic time.
Ring in this section.Inspect the wheel speed sensor rings for damaged or missing
For the rear wheel speed sensor ring,teeth. Rotate the wheel speed sensor rings to verify that all the
REFER to Rear Wheel Speed Sensorteeth are checked.
Ring in this section. CLEAR the DTCs.• Is the wheel speed sensor ring OK?
REPEAT the self-test. TEST the system
for normal operation.

D5 CHECK THE WHEEL SPEED SENSORS FOR DAMAGE AND
LOOSENESS
• Key in OFF position. Yes

GO to D6.
• CAUTION: Examine the wheel speed sensor wires

Nocarefully with a good light. Failure to verify damage in the
If the wheel speed sensor mounting iswheel speed sensor wires at this time will lead to
loose or corroded, REMOVE the wheelunnecessary component replacement and diagnostic time.
speed sensor, plug the opening, andInspect the wheel speed sensor mounting for looseness. If the thoroughly clean the mounting surfaces.wheel speed sensor is suspected, inspect the sensor for
If the wheel speed sensor is damaged,corrosion on the rear axle housing boss, or on the front wheel
INSTALL a new wheel speed sensor.speed sensor mounting flange. Clean as necessary.

• Is the wheel speed sensor OK? For the front sensor, REFER to Front
Wheel Speed Sensor — E-150, or Front
Wheel Speed Sensor — E250-E450 in this
section.
For the rear sensor, REFER to Rear
Wheel Speed Sensor in this section.
CLEAR the DTCs. REPEAT the self-test.
TEST the system for normal operation.

D6 CHECK WHEEL SPEED SENSOR RESISTANCE
• Disconnect: Suspect Wheel Speed Sensor.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST D: DTCS C1148, C1158, AND C1229 WHEEL SPEED SENSOR COHERENCY FAULT

(Continued)

Test Step Result / Action to Take
D6 CHECK WHEEL SPEED SENSOR RESISTANCE (Continued)

• Measure the resistance between the suspect wheel speed
sensor terminals.

Yes
GO to D7.
No
INSTALL a new wheel speed sensor. For
the front sensor, REFER to Front Wheel
Speed Sensor — E-150, or Front Wheel
Speed Sensor — E250-E450 in  this
section. CLEAR the DTCs. REPEAT the
self-test. TEST the system for normal
operation.
For the rear sensor, REFER to Rear
Wheel Speed Sensor in this section.

• Are the resistances between 2160 and 2640 ohms for the CLEAR the DTCs. REPEAT the self-test.
front, and between 1600 and 2300 ohms for the rear? TEST the system for normal operation.

D7 CHECK THE WHEEL SPEED SENSOR OUTPUT
• Disconnect: Suspect Wheel Speed Sensor.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST D: DTCS C1148, C1158, AND C1229 WHEEL SPEED SENSOR COHERENCY FAULT

(Continued)

Test Step Result / Action to Take
D7 CHECK THE WHEEL SPEED SENSOR OUTPUT (Continued)

• NOTE: For the rear speed sensor, spinning the wheel will not
turn the tone ring. You must spin the driveshaft to get accurate
test results.
Measure the A/C voltage between the suspect wheel speed
sensor pins 1 and 2, component side while spinning the front tire
or the driveshaft by hand.

Yes
GO to D8.
No
INSTALL a new wheel speed sensor. For
the front sensor, REFER to Front Wheel
Speed Sensor — E-150 or Front Wheel
Speed Sensor — E250-E450 in  this
section. For the rear sensor, REFER to
Rear Wheel Speed Sensor in this section.

• Is the wheel speed sensor output between 300 and 3,500 CLEAR the DTCs. REPEAT the self-test.
mVolts? TEST the system for normal operation.

D8 CHECK FOR CORRECT ABS MODULE OPERATION
• Disconnect all ABS connectors. Yes
• Check for: INSTALL a new ABS module. REFER to

Anti-Lock Brake System (ABS) Module in• corrosion this section. TEST the system for normal• pushed-out pins operation.• Connect all ABS connectors and make sure they seat correctly.
• Operate the system and verify the concern is still present. No
• Is the concern still present? The system is operating correctly at this

time. Concern may have been caused by
a loose or corroded connector. CLEAR the
DTCs. REPEAT the self-test. TEST the
system for normal operation.
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST E: DTC C1169 — EXCESSIVE ANTI-LOCK BRAKE SYSTEM (ABS) FLUID DUMP TIME

NOTE: Repair all other DTCs before proceeding.
Test Step Result / Action to Take

E1 CHECK FOR ANTI-LOCK BRAKE SYSTEM (ABS) MODULE
DTCS
• Connect the scan tool.

Yes• Key in ON position.
GO to E2.Clear the DTCs and road test the vehicle.

• Retrieve the DTCs. No
• If DTC C1169 is present? System is operating correctly at this time.

E2 CHECK THE BASE BRAKE SYSTEM
• Check the base brake system. REFER to Section 206-00. Yes
• Is the base brake system OK? INSTALL a new hydraulic control unit

(HCU). REFER to Hydraulic Control Unit
(HCU) in this section. TEST the system for
normal operation.
No
REPAIR the base brake system. REFER
to Section 206-00. TEST the system for
normal operation.

PINPOINT TEST F: DTC C1185 — ANTI-LOCK BRAKE SYSTEM (ABS) POWER RELAY OUTPUT CIRCUIT
FAILURE

NOTE: Repair all other DTCs before proceeding.
Test Step Result / Action to Take

F1 CHECK THE ANTI-LOCK BRAKE SYSTEM (ABS) MODULE FOR
DTCS
• Key in OFF position. Yes
• Connect the scan tool. GO to F2.
• Retrieve and record the ABS module DTCs. No• Is DTC C1185 retrieved? CLEAR the DTCs. DRIVE the vehicle over

a rough road. REPEAT the self-test. TEST
the system for normal operation.

F2 CHECK CIRCUIT 532 (OG/YE) FOR POWER
• Measure the voltage between the ABS module C135 pin 9,

circuit 532 (OG/YE), harness side and ground; and between the
ABS module C135 pin 25, circuit 532 (OG/YE), harness side
and ground.

Yes
GO to F3.
No
REPAIR the circuit. REPEAT the self-test.

• Is the voltage greater than 10 volts? TEST the system for normal operation.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST F: DTC C1185 — ANTI-LOCK BRAKE SYSTEM (ABS) POWER RELAY OUTPUT CIRCUIT

FAILURE (Continued)

Test Step Result / Action to Take
F3 CHECK FOR CORRECT ABS MODULE OPERATION

• Disconnect all ABS connectors. Yes
• Check for: INSTALL a new ABS module. REFER to

Anti-Lock Brake System (ABS) Module in• corrosion this section. TEST the system for normal• pushed-out pins operation.• Connect all ABS connectors and make sure they seat correctly.
• Operate the system and verify the concern is still present. No
• Is the concern still present? The system is operating correctly at this

time. Concern may have been caused by
a loose or corroded connector. CLEAR the
DTCs. REPEAT the self-test. TEST the
system for normal operation.

PINPOINT TEST G: SOFT/EXCESSIVE BRAKE PEDAL TRAVEL

Test Step Result / Action to Take
G1 CHECK BASE BRAKE COMPONENTS

• Visually inspect the brake lines from the hydraulic control unit Yes
(HCU) to the wheel cylinders. REPAIR as necessary. REFER to Section

• Visually inspect the calipers and the brake components. 206-00 to continue diagnosis of the base
• Are any of these components damaged or leaking? brake system.

No
GO to G2.

G2 CHECK FOR LEAKING DUMP VALVE
• Key in START position.
• Remove the rubber caps from the two HCU low pressure

accumulators and insert a clean steel implement (such as a
paper clip) into each low pressure accumulator.

Yes
INSTALL a new HCU. REFER to Hydraulic• NOTE: A leaking dump valve is similar to the master cylinder
Control Unit (HCU) in this section.bypass condition. It is important that the pedal be quickly and

forcefully applied to rule out the master cylinder bypass as a No
cause. Typically a master cylinder bypass occurs only at low System is operating correctly at this time.
pedal pressure rates and low tire pressures. REMOVE the steel implements and
Have an assistant press hard on the brake pedal while INSTALL the rubber caps. CLEAR the
observing the steel implements. DTCs. DRIVE the vehicle over rough

• Do any of the steel implements move out 12.7 mm (0.5 in) roads. REPEAT the self-test. TEST the
or more? system for normal operation.
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST H: DTC C1184 — ANTI-LOCK BRAKE SYSTEM (ABS) SYSTEM TIME-OUT

Test Step Result / Action to Take
H1 CHECK THE ANTI-LOCK BRAKE SYSTEM (ABS) MODULE FOR

DTCS
NOTE: Repair all other DTCs before proceeding. Yes

GO to H2.• Key in OFF position.
• Connect the scan tool. No
• Retrieve and record the ABS module DTCs. CLEAR the DTCs. DRIVE the vehicle over
• Is DTC C1184 retrieved? a rough road. REPEAT the self-test. TEST

the system for normal operation.
H2 CHECK FOR WHEEL SPEED SENSORS RING DAMAGE

• Remove the wheel speed sensors. Yes
INSTALL a new wheel speed sensor ring.

• CAUTION: Examine the wheel speed sensor wire For the front wheel speed sensor ring,
carefully with a good light. Failure to verify damage in the REFER to Front Wheel Speed Sensor
wheel speed sensor wire at this time will lead to Ring in this section. TEST the system for
unnecessary component replacement and diagnostic time. normal operation.
Inspect the wheel speed sensor rings for damaged or missing For the rear wheel speed sensor ring,teeth. Rotate the wheel speed sensor rings to verify that all the REFER to Rear Wheel Speed Sensorteeth are checked. Ring in this section. CLEAR the DTCs.• Are the wheel speed sensor rings damaged or missing REPEAT the self-test. TEST the systemteeth? for normal operation.

No
CLEAR the DTCs. DRIVE the vehicle over
rough pavement. REPEAT the self-test.
TEST the system for normal operation.

PINPOINT TEST I: DTC C1095 AND C1096 — ANTI-LOCK BRAKE SYSTEM (ABS) HYDRAULIC PUMP
MOTOR CIRCUIT FAILURE

Test Step Result / Action to Take
I1 CHECK CIRCUIT 532 (OG/YE) FOR VOLTAGE

• Disconnect: ABS Module C135.
• Measure the voltage between the ABS module C135 pin 9,

circuit 532 (OG/YE), harness side and ground; and between the
ABS module C135 pin 25, circuit 532 (OG/YE), harness side
and ground.

Yes
GO to I2.
No
REPAIR the circuit. REPEAT the self-test.
DRIVE the vehicle over a rough road.

• Is the voltage greater than 10 volts? TEST the system for normal operation.
I2 CHECK CIRCUIT 530 (LG/YE) FOR GROUND

• Key in OFF position.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST I: DTC C1095 AND C1096 — ANTI-LOCK BRAKE SYSTEM (ABS) HYDRAULIC PUMP

MOTOR CIRCUIT FAILURE (Continued)

Test Step Result / Action to Take
I2 CHECK CIRCUIT 530 (LG/YE) FOR GROUND (Continued)

• Measure the resistance between the ABS module C135 pin 8,
circuit 530 (LG/YE), harness side and ground; and between the
ABS module C135 pin 24, circuit 530 (LG/YE), harness side and
ground.

Yes
GO to I3.
No
REPAIR the circuit. CLEAR the DTCs.
REPEAT the self-test. DRIVE the vehicle
over a rough road. TEST the system for

• Is the resistance less than 5 ohms? normal operation.
I3 CHECK THE ANTI-LOCK BRAKE SYSTEM (ABS) MODULE FOR

DTCS
NOTE: Repair all other DTCs before proceeding. Yes

INSTALL a new ABS module. REFER to• Key in OFF position.
Anti-Lock Brake System (ABS) Module in• Connect the scan tool.
this section.• Clear and retrieve the ABS module DTCs.

• Are DTCs C1095 and C1096 still present? No
GO to I4.

I4 CARRY OUT AN ABS EVENT
• Clear the DTCs, road test the vehicle and carry out an ABS Yes

event. INSTALL a new hydraulic control unit
• Retrieve the ABS module DTCs. (HCU). REFER to Hydraulic Control Unit
• Did DTCs C1095 and C1096 return? (HCU) in this section.

No
The system is operating correctly at this
time.

PINPOINT TEST J: DTC C1676 — BATTERY VOLTAGE OUT OF RANGE

Test Step Result / Action to Take
J1 CHECK FOR POWER AT THE ANTI-LOCK BRAKE SYSTEM

(ABS) MODULE
• Key in OFF position.
• Disconnect: ABS Module C135.
• Key in ON position.
• Measure the voltage between the ABS module and ground as

follows:

ABS Module Connector-Pin Circuit

C135 pin 9 532 (OG/YE)

C135 pin 25 532 (OG/YE)

C135 pin 16 601 (LB/PK)

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST J: DTC C1676 — BATTERY VOLTAGE OUT OF RANGE (Continued)

Test Step Result / Action to Take
J1 CHECK FOR POWER AT THE ANTI-LOCK BRAKE SYSTEM

(ABS) MODULE (Continued)

Yes
REFER to Section 414-00 to continue
diagnosis of the charging system.
No
REPAIR the circuit(s) in question. TEST

• Is the voltage greater than 10 volts? the system for normal operation.
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REMOVAL AND INSTALLATION

Hydraulic Control Unit (HCU)

Removal and Installation

WARNING: Carefully read cautionary
information on product label. For EMERGENCY
MEDICAL INFORMATION seek medical advice.
In the USA or Canada on Ford/Motorcraft
products call: 1-800-959-3673. For additional
information, consult the product Material  Safety
Data Sheet (MSDS) if available. Failure to follow
these instructions may result in personal injury.

4. Disconnect the brake lines from the brake
CAUTION: Brake fluid is harmful to master cylinder.

painted and plastic surfaces. If brake fluid is
spilled onto a painted or plastic surface,
immediately wash it with water.

1. Disconnect the battery. For additional
information refer to Section 414-01.

2. Position the radiator coolant reservoir aside.

1 Remove the bolts.

5. NOTE: Plug each port of the hydraulic control
unit (HCU) to prevent brake fluid from spilling.

Disconnect the brake lines from the HCU.

3. NOTE: Do not disconnect the hose from the
power steering pump reservoir.

Remove the bolts and position the power
steering pump reservoir aside.
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REMOVAL AND INSTALLATION (Continued)

6. Disconnect the ABS module electrical 8. Remove the screws and the ABS module.
connector.

9. NOTE: Bleed the HCU after installation. For
7. Remove the HCU bracket to inner fender well additional information, refer to Section 206-00.

nuts and remove the HCU assembly. To install, reverse the removal procedure.
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REMOVAL AND INSTALLATION

5. Disconnect the ABS module electricalAnti-Lock Brake System (ABS)
connector.Module
1 Release the lock tab.

Removal and Installation 2 Pull the connector from the module.

All vehicles

1. Disconnect the battery. For additional
information, refer to Section 414-01.

2. Position the radiator coolant reservoir aside.

1 Remove the bolts.

Vehicles equipped with a 6.0L engine and
Hydroboost

3. Remove the air cleaner. For additional
information, refer to Section 303-12.

All vehicles

4. Remove the four screws and position the ABS
module to gain access to the electrical
connector.
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REMOVAL AND INSTALLATION (Continued)

6. Remove the ABS module. 7. To install, reverse the removal procedure.

1 Lift the ABS module slightly and
disconnect the ABS pump motor electrical
connector.

2 Remove the ABS module from the vehicle.
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REMOVAL AND INSTALLATION

Front Wheel Speed Sensor — E-150

Removal and Installation

1. Detach the front anti-lock brake system (ABS)
sensor wire from the front brake hose.

1 Disconnect the electrical connector.

2 Detach the sensor wire from the retainers.
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REMOVAL AND INSTALLATION (Continued)

2. Remove the front ABS sensor. 3. To install, reverse the removal procedure.

1 Remove the bolt.
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REMOVAL AND INSTALLATION

Front Wheel Speed Sensor —
E250-E450

Removal and Installation

1. Detach the front anti-lock brake system (ABS)
sensor wire from the front brake hose.

1 Disconnect the electrical connector.

2 Detach the sensor wire from the retainers.

2. Remove the front disc brake rotor. For
additional information, refer to Section 206-03.
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REMOVAL AND INSTALLATION (Continued)

3. Remove the front ABS sensor. 4. To install, reverse the removal procedure.

1 Remove the bolts.
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REMOVAL AND INSTALLATION

Rear Wheel Speed Sensor

Removal and Installation

1. Raise and support vehicle. For additional
information, refer to Section 100-02.

2. NOTE: Clean off dirt and debris that may have
collected around the rear wheel speed sensor
before removal.

Remove the rear wheel speed sensor.

1 Disconnect the electrical connector.
3. NOTE: Thoroughly clean the mounting surface.2 Remove the bolt.

NOTE: Inspect the wheel speed sensor O-ring
for damage; lightly lubricate the O-ring with
SAE-75W-140 High Performance Rear Axle
Lubricant F1TZ-19580-B or equivalent meeting
Ford specification WSL-M2C192-A.

To install, reverse the removal procedure.
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REMOVAL AND INSTALLATION

Front Wheel Speed Sensor Ring

Special Tool(s)

2-3 Jaw Puller or equivalent
205-D027 (D80L-1013-A)

Step Plate Adapter Set or
equivalent
205-DS011 (D80L-630-A) Installation

1. CAUTION: The front wheel speed
sensor ring must be pressed on straight.

Use an appropriate size cylinder and press to
Removal install the front wheel speed sensor ring.

1. Remove the front disc brake rotor. For
additional information, refer to Section 206-03.

2. CAUTION: Discard the front wheel
speed sensor ring.

Use the special tools to remove the front wheel
speed sensor ring.

2. Install the front disc brake rotor. For additional
information, refer to Section 206-03.
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REMOVAL AND INSTALLATION

Rear Wheel Speed Sensor Ring

Removal and Installation

NOTE: The rear wheel speed sensor ring is
attached to the ring gear. It is necessary to remove
the ring gear in order to remove the rear wheel
speed sensor ring.
For additional information, refer to Sections
205-02B, 205-02C and 205-02D.
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General Specifications (Continued)
SPECIFICATIONS

Item Specification
General Specifications

Minimum capacity 5.3 liters/minute
Item Specification  (1.4 gpm)

 Fluid @ 74°-80°CLubricants
(165°-176°F)

MERCON MERCON  Engine at idle
Multi-Purpose (ATF)  Pressure at 5,171 kPa
Transmission Fluid (750 psi)
XT-2-QDX

Pressure 1,034 kPa
Power Steering Gear  (150 psi)

 Fluid @ 74°-80°CTurning effort 31 Nm (23 lb-ft)
(165°-176°F)

Turns lock-to-lock 4  Engine at 1,500 rpm
Meshload 0.9 Nm (8 lb-in) Relief pressure 9,000-9,900 kPa

15,200 and 18,000 GVWR  (1,300-1,430 psi)Power Steering Purge 68-85 kPa (20-25 in/hg)
Vacuum Relief pressure 20,500 17,000 kPa

 (2,465 psi)Power Steering Pump

Flow 10.6-12.0 liters/minute
 (2.8-3.2 gpm) Torque Specifications

 Fluid @ 74°-80°C
(165°-176°F) Description Nm lb-ft

 Engine at 1,500 rpm
Sector shaft lock nut 26-35 20-25

Sector shaft arm drag link nut 77-103 57-76
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DESCRIPTION AND OPERATION

Steering System
The steering system consists of the following:

Steering System Components

Item Part Number Description Item Part Number Description

4 — Power Steering Fluid Lines1 — Steering Linkage

5 3105 Front Wheel Spindle2 3A697 Power Steering Oil Reservoir

6 3A674 Power Steering Pump3 — Steering Wheel and Column
Assy 7 3504 Steering Gear

(Continued) 8 3D746 Power Steering Fluid Cooler
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DESCRIPTION AND OPERATION (Continued)

For additional information on the power steering oil For additional information on the power steering
reservoir (3A697), refer to Section 211-02. fluid cooler (3D746), refer to Section 211-02.

For additional information on the steering wheel and For additional information on the power steering
column assembly, refer to Section 211-04. pump (3A674), refer to Section 211-02.

For additional information on the power steering For additional information on the steering gear
fluid lines, refer to Section 211-02. (3504), refer to Section 211-02.

For additional information on the front wheel For additional information on the steering linkage,
spindles (3105), refer to Section 204-01. refer to Section 211-03.
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DIAGNOSIS AND TESTING
MaterialSteering System

Item Specification
Special Tool(s)

MERCON Multi-Purpose MERCON
Automatic TransmissionVehicle Communication Module
Fluid(VCM) and Integrated
XT-2-QDX (US);Diagnostic System (IDS)
XT-2-LM12 (Canada)software with appropriate

hardware, or equivalent scan Automatic —
tool Transmission/Power

Steering Dye
164-R3701 or equivalent

Dial Thermometer 0-220°F
Principles of Operation023-R0007 or equivalent

Power Steering
The power steering system uses a vane-type pump
to move the fluid from the reservoir to the
rack-and-pinion steering gear and through the rest of
the steering hydraulic system. The power steering

100W/12 Volt DC UV Lamp pump is mounted to the engine and driven by the
164-R0751 engine accessory drive belt. Power steering fluid is

pulled into the pump from the reservoir. The power
steering fluid is trapped between the pump vanes
and moved to the high pressure side of the pump
creating a flow of fluid. The restriction of  this flow
by the steering gear creates the pressure that

Vacuum Pump Kit provides the steering assist. A combined pressure
416-D002 (D95L-7559-A) or relief/flow valve is built into the pump to control
equivalent the maximum pressure and flow provided to the

steering system. This action prevents damage  to the
system and provides the correct level of assist
during all engine speeds. While under pressure, the
power steering fluid flows through the high pressure

Evacuation Cap, Power Steering power steering line to the steering gear. The fluid
211-265 or equivalent exits the gear and flows through the  return line,

cooler and finally to the reservoir. The reservoir
slows the fluid, allows air to escape and filters the
fluid before returning it to the pump.

Inspection and Verification
Power Steering Analyzer 1. Verify the customer concern.
211-F001 (014-00207) or 2. Visually inspect for obvious signs ofequivalent

mechanical damage.
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211-00-2 211-00-2Steering System — General Information

DIAGNOSIS AND TESTING (Continued)

Visual Inspection Chart 5. Visually inspect the power steering hydraulic
line/hose connections for leaks.Mechanical

• Fluid level • If a leak is detected at a threaded fitting or
• Tire pressure clamp plate joint or banjo bolt fitting, tighten
• Tires to specification. If the leak is still evident,
• Drive belt

visually inspect the O-rings, Teflon seals or• Drive belt tensioner
banjo bolt washer seals. Install new O-rings,• Steering column alignment

• Tie-rod ends Teflon seals or banjo bolt washer seals as
• Suspension components necessary. Refer to the appropriate section in
• Steering column shaft U-joints Group 211 for the procedure.
• Intermediate shaft bolts

• If a leak is detected at a constant tension• Power steering reservoir baffle
• Power steering reservoir screen spring clamp, verify that the hose is not
• Power steering pressure lines, fittings or O-rings damaged and fully installed on the hose
• Power steering return hoses and clamps fitting. Make sure that the constant tension
• Steering gear

spring clamp is correctly positioned. If the• Power steering pump
leak remains, install a new  constant tension• Power steering pressure switch
spring clamp.

• If a leak is detected at a screw clamp joint,3. Inspect the power steering fluid for the
verify that the hose is fully installed on thefollowing conditions:
hose fitting before tightening the screw

• Aeration or foam: Purge the power steering clamp. If the leak remains, install a new
system. Refer to Power Steering System screw clamp. Refer to the appropriate section
Purging in this section. in Group 211 for the procedure.

• Overheating or contamination: Flush the • If a leak is detected at the power steering
power steering system. Refer to Power pressure switch, install a new switch. Refer to
Steering System Flushing in this section. the appropriate section in Group 303 for the

4. NOTE: It may be necessary to add power procedure.
steering fluid to achieve the correct level. 6. Visually inspect the power steering components
Check the fluid level and clean the power for leaks.
steering components.

• If a leak is detected in the power steering
With the ignition OFF: pressure line or return hose, install a new
• Check the power steering fluid level and hose. Refer to the appropriate section in

add fluid as necessary. Group 211 for the procedure.

• Wipe off any visible signs of fluid or • If a leak is detected in the power steering
residue build up. pump, install a new power steering pump.

Refer to the appropriate section in Group 211
• CAUTION: Do not hold the for the procedure.

steering wheel at the stops for more than
• NOTE: On vehicles with rack and pinion3-5 seconds. Damage to the power

steering gear, it may be necessary to removesteering pump can occur.
the bellows boot clamp from the steering gear

Start the engine and turn the steering wheel bellows boot to inspect for internal steering
from stop-to-stop several times. gear leaks.

If a leak is detected in the steering gear,
install a new steering gear. Refer to the
appropriate section in Group 211 for the
procedure.
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211-00-3 211-00-3Steering System — General Information

DIAGNOSIS AND TESTING (Continued)

• If a leak is detected in the power steering Drift describes what a vehicle with this condition
reservoir, install a new reservoir. Refer to the does with the hands off the steering wheel.
appropriate section in Group 211 for the

• A vehicle-related drift/pull on a flat road canprocedure.
cause a consistent deviation from the

7. For information on power steering leak straight-ahead path and require constant steering
detection, refer to Component Tests in this input in the opposite direction to counteract the
section. effect.

8. If an obvious cause for an observed or reported • Drift/pull can be induced by conditions external to
concern is found, correct the cause (if possible) the vehicle, such as wind or road camber.
before proceeding.

Excessive Steering Wheel Play
9. If the cause is not visually evident, verify the Excessive steering wheel play is a condition in

symptom and GO to Symptom Chart. which there is too much steering wheel movement
before the wheels move. A small amount of steeringTools For Steering System Noise Diagnosis
wheel free play is considered normal.

Combination EngineEAR/ChassisEAR
Lack of Assist or Inconsistant AssistAn electronic listening device used to quickly
Lack of assist or inconsistant assist is experiencedidentify noise and the location under the chassis
when the steering wheel effort is higher thanwhile the vehicle is being road tested. The
normal. Hard steering can remain constant throughChassisEAR can identify the noise and location of
the full turn or occur near the end of a turn. It isdamaged/worn steering components, wheel bearings,
important to know the difference between  hardCV  joints, brakes, springs, axle bearings or
steering/lack of assist and poor returnability/stickydriveshaft carrier bearings.
steering.

EngineEAR Basic Unit
Hard steering or lack of assist can result from eitherAn electronic listening device used to detect even
hydraulic or mechanical conditions. It is extremelythe faintest noises, the EngineEAR can detect the
important to know if this concern occurs duringnoise of damaged/worn bearings in generators,
driving or during high-effort parking maneuvers.coolant pumps, A/C compressors and power steering

pumps. It is also used to identify noisy  lifters, Poor Returnability/Sticky Steering
exhaust manifold leaks, chipped gear teeth and for Poor returnability and sticky steering is used to
detecting wind noise. The EngineEAR has a sensing describe the poor return of the steering wheel to
tip, amplifier and headphones. The directional center after a turn or steering correction is
sensing tip is used to listen to the various completed.
components. Point the sensing tip at the  suspect

Wandercomponent and adjust the volume with the
Wander is the tendency of the vehicle to requireamplifier. Placing the tip in direct contact with a
frequent, random left and right steering wheelcomponent will reveal structure-borne noise and
corrections to maintain a straight path down a levelvibrations, generated by or passing through, the
road.component. Various volume levels can reveal

different sounds. Steering System Noise Definitions

Steering System Symptom Definitions Belt Squeal
Belt squeal is a high frequency air-borne noiseSome amount of the following steering noises is
generated by accessory drive belt slippage on theconsidered acceptable. If in doubt of the
P/S pump pulley. Squeal increases with systemacceptability, compare to another vehicle.
loading and at the steering stops.

Drift/Pull
ChirpPull is described as a tugging sensation felt by the
A short-duration high-pitched noise associated withhands on the steering wheel that must be overcome
a slipping drive belt.to keep the vehicle going straight.
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DIAGNOSIS AND TESTING (Continued)

Clonk Hiss
Clonk is a structure-borne noise heard as a Hiss or valve hiss is a high-frequency sound coming
loose-sounding rattle or vibration coming from the from the steering gear when the system is loaded. It
steering column. Clonk is identified by driving and is a rushing or ‘‘swish’’ noise that does not change
turning over cobble stones, rough roads or high frequency with rpm. Hiss is the general noise
frequency bumps, such as 1-2 inch tall tar strips  or generated by flow of hydraulic fluid  though
frost heaves. Clonk is a noise heard only while restrictions in the steering system and typically
cornering over bumps. Clonk requires a tie-rod load worsens with increasing temperatures. Restrictions
impact. Clonk can sound identical to Column include the rotary steering valve, power steering
Knock, that also occurs when driving over cobble tubes, connectors, tuning orifices, etc. Hiss can be
stones or rough road. Clonk may appear to emanate air-borne and structure-borne, but the
from a location closer to the floor than for column structure-borne path through the steering
knock. intermediate shaft is usually dominant.

Clunk Grinding
A heavy or dull, short-duration, low-frequency Grinding is a low frequency noise in the column
sound that can be temperature sensitive. Clunk can when the steering wheel is turned. This is generally
occur when accelerating or decelerating abruptly. caused by interference between moving components,
Also described as a thunk. Clunk can also occur such as steering wheel to shroud.
when cornering over a bump.

Grunt (Squawk)
Cold Start Noise Grunt is a ‘‘honking’’ sound elicited when coming
Cold start noise is the air-borne noise generated by off one of the steering stops. The phenomenon may
pump cavitation when hydraulic fluid does not flow also be tactile. Grunt is a structure-borne noise (and
freely through the suction hose from the reservoir to vibration) generated at the steering valve. Grunt
pump. Zip is primarily a cold weather start-up frequency is system dependent and in the  range of
phenomenon. Some noise during an  extremely cold 30 Hz to 200 Hz. Grunt is generally excited during
start (-12.2°C [-10°F]) is normal and should parking maneuvers with a low to medium speed
improve as the steering system warms up (usually steering input.
within 60 seconds).

Knock
Column Rattle Knock is a loose-sounding rattle or vibration
Column rattle is a metallic sounding noise created generated by the steering column shaft contacting
when applying a highly impulsive force to the other portions of the column assembly. The noise is
steering wheel. Column rattle is often used to both audible and tactile. Knock is generated driving
combine the more general group of column noises over cobble stones or rough pavement. It is  not
including Clonk and Knock. Column rattle noises necessary to turn the steering wheel to create this
can  be caused by clonk, knock, loose column noise.
components, extra loose parts such as fasteners or

Moanbroken plastic pieces, etc. A series of parked,
Moan is the general structure-borne noise of thestraight-line driving and cornering tests must be
steering system. Moan is typically in the frequencyused to isolate the source(s).
range of 100 Hz to 600 Hz. Moan is primarily
transmitted to the driver via body structure, through
the pump mount, engine mounts, power  steering
lines and brackets. For problem vehicles, moan is a
loud humming noise, often present when the wheel
is turned and the system is loaded. It may change in
frequency with rpm and if the system is loaded or
unloaded.
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DIAGNOSIS AND TESTING (Continued)

Shudder Whine
Shudder is a low frequency (10-20 Hz) oscillation Whine is the general air-borne noise of the P/S
of the entire steering system (tires, wheels, steering pump. Whine is in the frequency range of 1 kHz to
gear and linkage, etc.) when the vehicle is steered 4 kHz. Whine is generated when engine rpm, pump
during static park or at low speeds. Shudder is very rotational natural frequency and pump/bracket
dependent on road surface. natural vibration frequency align.

WhistleSqueak
Whistle is similar to hiss but is louder and of aSqueaks are noises due to friction or component
higher frequency. It is also more of a pure tonerubbing anywhere in the steering system. Squeaks
noise than hiss. Whistle is air-borne and ishave appeared in steering linkage joints, in steering
generated by a high flow rate of hydraulic fluidcolumn components, steering gear rotary seals and
through a small restriction.steering wheel trim parts.

Symptom Charts

Symptom Chart—Steering System

Condition Possible Sources Action
• Steering has lack of assist or • Steering gear • GO to Pinpoint Test A.

inconsistent assist • Power steering pump
• Restricted power steering

lines/hoses
• Excessive steering wheel play • Steering gear • ADJUST the steering gear

meshload. REFER to Steering
Gear Meshload Adjustment in
this section.

• Steering column • GO to Pinpoint Test B.
• Steering column

shaft/coupling
• Steering linkage
• Ball joints
• Strut bearing plate

• Steering system • Unevenly loaded vehicle • CORRECT the vehicle
drift/pull/wander loading as necessary.

• Tire pressure • GO to Pinpoint Test C.
• Wheel alignment
• Steering column

shaft/coupling
• Frame alignment
• Steering gear • ADJUST the steering gear

meshload. REFER to Steering
Gear Meshload Adjustment in
this section.
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DIAGNOSIS AND TESTING (Continued)

Symptom Chart—Steering System (Continued)

Condition Possible Sources Action
• Poor returnability/sticky • Binding steering column • INSTALL a new steering

steering shaft/coupling U-joints column shaft. Refer to the
appropriate section in Group
211 for the procedure.

• Loose, worn or damaged • GO to Steering Linkage
steering linkage Component Test in this

section.
• Binding suspension • To continue the suspension

components diagnosis, Refer to the
appropriate section in Group
204 for the procedure.

• Binding steering column • INSTALL a new steering
bearing(s) column. Refer to the

appropriate section in Group
211 for the procedure.

• Binding dash boot seal • INSTALL a new dash boot
seal. Refer to the appropriate
section in Group 211 for the
procedure.

• Steering gear • ADJUST the steering gear
meshload. REFER to Steering
Gear Meshload Adjustment in
this section.

Symptom Chart — Steering Noise/Vibration

Condition Possible Sources Action
• Steering system cold start • Blockage in the power • NOTE: Some noise during

noise steering fluid reservioir an extremely cold start
caused by power steering (-12.2°C [-10°F]) is normal
fluid contamination and should improve as the

steering system warms up
(usually within 60 seconds).
NOTE: It may be necessary
to remove the power steering
fluid reservoir to flush
contamination trapped in the
reservoir screen.
CHECK the power steering
fluid reservoir for
contamination. FLUSH the
power steering system as
necessary. REFER to Power
Steering System Flushing in
this section.

• Air in the steering hydraulic • CHECK for leaks in the
system (aerated fluid) system. REFER to Power

Steering Leak Test
Component Test. PURGE the
air from the system. REFER
to Power Steering System
Purging in this section.
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DIAGNOSIS AND TESTING (Continued)

Symptom Chart — Steering Noise/Vibration (Continued)

Condition Possible Sources Action
• Steering grunt or shudder — • Air in the steering hydraulic • CHECK for leaks in the

occurs when turning into or system (aerated fluid) system. REFER to Power
out of a turn at low speeds Steering Leak Test
(temperature sensitive) Component Test. PURGE the

air from the system. REFER
to Power Steering System
Purging in this section.

• Steering gear or power • GO to Steering Gear
steering hoses Grunt/Shudder Component

Test in this section.
• Steering system clonk — • Air in the steering hydraulic • NOTE: Some amount of

hydraulic knocking sound system (aerated fluid) clonk noise is considered
acceptable. If in doubt of the
acceptability, compare to
another vehicle.
CHECK for leaks in the
system. REFER to Power
Steering Leak Test
Component Test. PURGE the
air from the system. REFER
to Power Steering System
Purging in this section.

• Power steering pump moan • Low fluid • CHECK the fluid level. FILL
— loud humming noise as necessary. REFER to
occurs when the steering Power Steering System
wheel is rotated to the stop Filling in this section.
position. Produces a 120-600
Hz frequency that changes
with rpm

• Air in the steering hydraulic • CHECK for leaks in the
system (aerated fluid) system. REFER to Power

Steering Leak Test
Component Test. PURGE the
air from the system. REFER
to Power Steering System
Purging in this section. If a
pump moan still exists,
INSTALL  a new power
steering pump. Refer to the
appropriate section in Group
211 for the procedure.

• Power steering fluid reservoir • INSPECT the reservoir. Flush
or screen is blocked or or INSTALL an new
damaged reservoir as necessary.

• Power steering line/hose • INSPECT the power steering
grounded to chassis lines/hoses. REPAIR as

necessary.
• Power steering pump brackets • CHECK bolts, brackets and

loose or misaligned bracket alignment. TIGHTEN
bolts to specification.
REPAIR or INSTALL new
brackets as necessary. Refer
to the appropriate section in
Group 211 for the procedure.

• Steering gear isolators • INSPECT the isolators for
wear or damage. REPAIR as
necessary.
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DIAGNOSIS AND TESTING (Continued)

Symptom Chart — Steering Noise/Vibration (Continued)

Condition Possible Sources Action
• Steering gear clunk — occurs • Steering gear • INSPECT the steering gear

only while cornering over a for loose mounting bolts.
bump (can be temperature TIGHTEN to specification as
sensitive) necessary. Refer to the

appropriate section in Group
211 for the procedure.

• Feedback (rattle, chuckle or • Steering column • INSTALL a new steering
knocking noise in the steering shaft/coupling joints damaged column shaft. Refer to the
gear) — roughness is felt in or worn appropriate section in Group
the steering wheel when the 211 for the procedure.
vehicle is driven over rough
surfaces

• Loose, damaged or worn • INSPECT and INSTALL new
tie-rod ends tie-rod ends as necessary. GO

to Steering Linkage
Component Test in this
section.

• Steering gear insulators or • TIGHTEN the bolts to
mounting bolts loose or specification or INSTALL
damaged new bolts as necessary. Refer

to the appropriate section in
Group 211 for the procedure.

• Steering column • TIGHTEN the bolts to
shaft/coupling bolts are loose specification. Refer to the

appropriate section in Group
211 for the procedure.

• Steering column damaged or • REPAIR or INSTALL a new
worn steering column as necessary.

Refer to the appropriate
section in Group 211 for the
procedure.

• Loose suspension bushings, • INSPECT the suspension
bolts or ball joints system. TIGHTEN the bolts

to specification or INSTALL
new components as necessary.
Refer to the appropriate
section in Group 204 for the
procedure.

• Accessory drive belt • Loose or worn accessory • ADJUST or INSTALL a new
squeal/chirp — when rotating drive belt accessory drive belt as
the steering wheel from necessary. Refer to the
stop-to-stop appropriate section in Group

303 for the procedure.
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DIAGNOSIS AND TESTING (Continued)

Symptom Chart — Steering Noise/Vibration (Continued)

Condition Possible Sources Action
• Power steering hiss or whistle • Steering column • REPAIR or INSTALL a new

shaft/coupling-to-steering gear steering column shaft as
is binding or misaligned necessary. Refer to the

appropriate section in Group
211 for the procedure.

• Grounded or loose steering • REPAIR as necessary.
column boot at the dash panel

• Damaged or worn steering • REPAIR or INSTALL a new
gear input shaft and valve steering gear as necessary.

Refer to the appropriate
section in Group 211 for the
procedure.

• Power steering pump low • GO to Pinpoint Test A.
relief pressure

• Restricted power steering • GO to Pinpoint Test A.
lines/hoses

• Steering column rattle • Loose bolts or attaching • TIGHTEN the bolts to
brackets specification.

• Loose, worn or insufficiently • LUBRICATE bearings or
lubricated column bearings INSTALL new steering

column bearings or steering
column as necessary. Refer to
the appropriate section in
Group 211 for the procedure.

• Steering shaft insulators • INSTALL new insulators.
damaged or worn Refer to the appropriate

section in Group 211 for the
procedure.

• Steering column • INSPECT the rubber spider
shaft/coupling compressed or coupling for damage.
extended INSTALL a new

intermediate/flexible shaft.
Refer to the appropriate
section in Group 211 for the
procedure.
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DIAGNOSIS AND TESTING (Continued)

Symptom Chart — Steering Noise/Vibration (Continued)

Condition Possible Sources Action
• Steering gear squeak • Incorrect power steering fluid • If incorrect power steering

in system fluid is suspected, FLUSH the
power steering system.
REFER to Power Steering
System Flushing. If noise
persists after system flush,
INSTALL a new steering
gear.  Refer to the appropriate
section in Group 211 for the
procedure.

• Steering gear rotary seal • NOTE: Use the chassis ears
to verify that the steering gear
is the source of the noise. It
may be necessary to replicate
the customer operating
conditions (fluid temperature,
turning rate of steering wheel)
to get the squeak to reoccur.
INSTALL a new steering
gear as necessary. Refer to
the appropriate section in
Group 211 for the procedure.

• Stone shield (if equipped) • Make sure that the stone
shield is correctly installed
and that it is not making
contact with the steering
shaft. REPOSITION stone
shield or INSTALL a new
stone shield as necessary.

• Steering column squeak, • Insufficiently lubricated • LUBRICATE the steering
cracks or grinds steering shaft bushings shaft and shaft tube seals.

• Loose or misaligned steering • TIGHTEN or ALIGN the
column shrouds steering column shrouds.

• Steering wheel rubbing • REPOSITION the steering
against steering column column shrouds.
shrouds

• Upper or lower bearing • REPOSITION the bearing
sleeves out of position sleeves.

• Power steering pump noisy • Power steering pump • INSTALL a new power
steering pump as necessary.
Refer to the appropriate
section in Group 211 for the
procedure.

• Power steering pump relief • Power steering fluid flow into • Acceptable condition.
noise the bypass valve of the pump

valve housing, with fluid
temperature below 54°C
(130°F)
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DIAGNOSIS AND TESTING (Continued)

Symptom Chart — Steering Noise/Vibration (Continued)

Condition Possible Sources Action
• Power steering pump whine • Aerated fluid • CHECK for a leak in the

noise system. REFER to Power
Steering Fluid Leak Test
Component Test. PURGE the
air from the system. REFER
to Power Steering System
Purging.

• Damaged power steering • INSTALL a new power
pump steering pump as necessary.

Refer to the appropriate
section in Group 211 for the
procedure.

Pinpoint Tests

Pinpoint Test A: Steering Has Lack of Assist
or Inconsistent Assist

NOTE: Hard steering or lack of assist is
experienced when the steering wheel effort exceeds
specifications. Hard steering can remain constant
through the full turn, occur near the end of a turn or
differ right to left. It is important to know the
difference between hard steering/lack of assist and
poor returnability/sticky steering.

Possible Causes

• Steering gear

• Power steering pump

• Power steering hoses

PINPOINT TEST A: STEERING HAS LACK OF ASSIST OR INCONSISTENT ASSIST

Test Step Result / Action to Take
A1 CHECK THE STEERING ASSIST WITH THE ENGINE RPM

RAISED

Yes• CAUTION: Do not hold the steering wheel at the
INSTALL a new power steering pump.stops for an extended amount of time. Damage to the power
Refer to the appropriate section in Groupsteering pump can occur.
211 for the procedure.Set the engine at 2,100 rpm and turn the steering wheel fully to

the left and right. No
• Is steering assist normal with the engine rpm raised? GO to A2.

A2 CHECK FOR A CHANGE OF ASSIST ON LEFT AND RIGHT
TURNS
• With the engine at idle, turn the steering wheel fully to the left Yes

and to the right. INSTALL a new steering gear. Refer to
• Does the steering assist change when turning from right to the appropriate section in Group 211 for

left? the procedure.
No
CARRY OUT the Pump Flow and
Pressure Component Test in this section.
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DIAGNOSIS AND TESTING (Continued)

Pinpoint Test B: Excessive Steering Wheel
Play

Possible Causes

• Steering column bearings

• Steering linkage

• Suspension components

PINPOINT TEST B: EXCESSIVE STEERING WHEEL PLAY

Test Step Result / Action to Take
B1 CHECK THE STEERING COLUMN BEARINGS

• Inspect the steering column mounting fasteners and bearings for Yes
looseness. GO to B2.

• Are the fasteners and bearings OK? No
TIGHTEN the steering column mounting
fasteners or INSTALL a new steering
column. Refer to the appropriate section in
Group 211 for the procedure.

B2 CHECK THE STEERING LINKAGE FOR LOOSENESS
• Carry out the Steering Linkage Component Test in this section. Yes
• Is the steering linkage OK? To diagnose suspension components,

Refer to the appropriate section in Group
204 for the procedure.
No
INSTALL new steering linkage
components as necessary. Refer to the
appropriate section in Group 211 for the
procedure.

Pinpoint Test C: Steering System • Intermediate shaft U-joints
Drift/Pull/Wander • Steering gear mounts
Possible Causes • Suspension components
• Steering gear

• Intermediate shaft

PINPOINT TEST C: STEERING SYSTEM DRIFT/PULL/WANDER

Test Step Result / Action to Take
C1 CHECK FOR TIRE PULL

• Rotate the front wheel and tire assemblies side to side. Refer to Yes
the appropriate section in Group 204 for the procedure. If vehicle pulls in the opposite direction,

• Carry out a road test on a smooth, flat road. GO to C2.
• Does the vehicle drift/pull? If vehicle pulls in the original direction, GO

to C3.
No
The concern has been corrected.

C2 ROTATE THE WHEEL AND TIRE ASSEMBLIES FRONT TO
REAR
• Rotate the wheel and tire assemblies front to rear. Refer to the Yes

appropriate section in Group 204 for the procedure. GO to C3.
• Carry out a road test on a smooth, flat road. No• Does the vehicle drift/pull? The concern has been corrected.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST C: STEERING SYSTEM DRIFT/PULL/WANDER (Continued)

Test Step Result / Action to Take
C3 CHECK THE STEERING COLUMN INTERMEDIATE SHAFT

NOTE: Be sure to keep the clockspring centered when
disconnecting the intermediate shaft. Refer to the appropriate
section in Group 501 for the procedure.

Yes• Check the steering column and intermediate shaft for grounding. GO to C4.• Disconnect the steering column intermediate shaft at the
steering column. No

• Inspect the steering column intermediate shaft U-joints for INSTALL a new steering column
looseness or wear. intermediate shaft as necessary. Refer to

• Are the steering column intermediate shaft universal joints the appropriate section in Group 211 for
OK? the procedure.

C4 CHECK THE STEERING GEAR MOUNTING
• Check the steering gear mounts for looseness or wear. Yes
• Are the steering gear mounts OK? GO to C5.

No
INSTALL a new steering gear as
necessary. Refer to the appropriate
section in Group 211 for the procedure.

C5 CHECK THE STEERING GEAR
• Carry out the Steering Gear Valve Component Test in this Yes

section. GO to C6.
• Is the steering gear valve OK? No

REPAIR or INSTALL a new steering gear
as necessary. Refer to the appropriate
section in Group 211 for the procedure.

C6 CHECK THE SUSPENSION COMPONENTS
• Check for loose or worn suspension components. Yes
• Are the suspension components OK? GO to C7.

No
INSTALL new suspension components as
necessary. Refer to the appropriate
section in Group 204 for the procedure.

C7 CHECK THE WHEEL ALIGNMENT
NOTE: The vehicle will tend to pull toward the side with the least Yes
positive caster and the most positive camber. CHECK for correct frame alignments.

Refer to the appropriate section in Group• Using a suitable alignment system, measure the wheel
502 for the procedure.alignment settings. Refer to the appropriate section in Group 204

for the procedure. No
• Are the alignment settings within specifications? ADJUST the alignment angles to

specifications. DO NOT exceed the
specifications. TEST the system for normal
operation.

Component Tests 3. Install the hose from the fill adapter manifold
tee to the evacuation cap on the power steering

Power Steering Fluid Leak Test pump reservoir.
NOTE: This test should only be carried out if a 4. Install the vacuum pump to the evacuation cap.
leak in the system has not been detected during a

5. Using the vacuum pump, apply 68-85 kPathorough visual inspection. Refer to Inspection and
(20-25 in-Hg) of vacuum to the power steeringVerification.
system.

1. Check the power steering fluid level. If
6. Observe the vacuum gauge for 30 seconds. Ifnecessary, add the specified power steering

the vacuum gauge reading drops more than 3fluid.
kPa (0.88 in-Hg) a leak is present.

2. Remove the power steering pump reservoir cap
7. Remove the vacuum pump.and tightly install the evacuation cap to the

power steering pump reservoir.
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DIAGNOSIS AND TESTING (Continued)

8. CAUTION: Do not hold the steering 1. CAUTION: Make sure that the
wheel at the stops for more than 3-5 seconds. connection point will not interfere with any
Damage to the power steering pump can of the engine accessory drive components or
occur. drive belts.

Start the engine. With the engine at idle, raise Install the power steering analyzer at the high
the power steering fluid temperature to 74-80°C pressure port of the power steering pump. Make
(165-176°F) by rotating the steering wheel fully sure the power steering analyzer gate valve is
to the left and right several times. fully open.

9. Visually inspect the system for leaks. If a leak 2. Place a dial thermometer in the power steering
is evident, repair as necessary. If a leak is not pump reservoir.
evident, add the specified UV fluorescent tracer 3. Check the power steering fluid level. If
dye to the power steering fluid. Use 14.78 mL necessary, add specified power steering fluid.
(1/2 oz) of dye solution for every 1.89L (2 qt)

4. Install a digital tachometer.of  power steering fluid. For steering system
fluid capacity, refer to Specifications in this 5. CAUTION: Do not hold the steering
section. wheel against the stops for more than 3 to 5

seconds at a time. Damage to the power10. CAUTION: Do not hold the steering
steering pump can occur.wheel at the stops for more than 3-5 seconds.
Start the engine. Place the transmission inDamage to the power steering pump can
NEUTRAL. Set the parking brake. Raise theoccur.
power steering fluid temperature to 74-80°CStart the engine. With the engine at idle, raise
(165-175°F) by rotating the steering wheel fullythe power steering fluid temperature to 74-80°C
to the left and right several times.(165-176°F) by rotating the steering wheel fully

6. With the steering wheel in the straight-aheadto the left and right several times.
position, set the engine speed to 2,100 rpm.11. NOTE: On vehicles with rack and pinion
Record the flow rate and pressure readings.steering gear, it may be necessary to remove
• If the flow rate is below the flow ratethe bellows boot clamp from the steering gear

specification, continue with the testbellows boots to inspect for internal steering
procedure.gear leaks.

• If the pressure reading is above the pressureUsing the special tool (UV lamp), inspect the
specification, check the power steering hosessystem for traces of UV dye. Repair as
for kinks and restrictions.necessary.

7. Partially close the gate valve to obtain 750 psi.Pump Flow and Pressure Test
Set the engine speed at idle. Record the flow

WARNING: Do not touch the flowmeter rate.
during the test procedure, or severe burns and • If the flow is less than the specified flow
serious injury can occur. Failure to follow these rate, install a new power steering pump.
instructions may result in personal injury.

8. CAUTION: Do not allow the gate valveNOTE: For power steering pump flow, pressure and
to remain closed for more than 5 seconds.relief pressure specifications, refer to General
Completely close and partially open the gateSpecifications/Power Steering Pump in this section.
valve 3 times. Record the pressure relief valve
actuation pressure reading.

• If the pressure does not meet the relief
pressure specification, then install a new
power steering pump.
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DIAGNOSIS AND TESTING (Continued)

9. Set engine speed to 2,100 rpm. Record the flow 3. If the vehicle pulls to the opposite side, switch
rate. the front wheels with the rear wheels keeping

them on the same side of the vehicle.• If the flow rate varies more than 3.785
liters/minute (1 gallon/minute) from the 4. If the vehicle pull direction does not change,
initial flow rate reading, install a new power check the front suspension components, wheel
steering pump. alignment and frame alignment. Refer to the

appropriate section in Group 204 for the
10. CAUTION: Do not hold the steering procedure.

wheel against the stops for more than 3 to 5
seconds at a time. Damage to the power Steering Gear Grunt/Shudder Test
steering pump can occur. 1. Start and run the vehicle to operating
Set the engine speed at idle. Turn (or have an temperature.
assistant turn) the steering wheel to the left and 2. Set engine idle speed to 1200 rpm.
right stops. Record flow rate and pressure
readings at the stops. 3. CAUTION: Do not hold the steering

wheel against the stops for more than 3 to 5• The pressure reading at both stops should be
seconds at a time. Damage to the powernearly the same as the pump relief pressure.
steering pump will occur.

• The flow rate should drop below 1.9
Rotate the steering wheel to the RH stop, thenliters/minute (0.5 gallons/minute).
turn the steering wheel 90 degrees back from

• If the pressure does not reach the pump that position. Slowly turn the steering wheel
relief pressure or the flow rate does not drop back and forth approximately 1/12 of a full
below the specified value, excessive internal turn.
leakage is occurring. Install a new steering

4. Turn the steering wheel another 90 degrees.gear as necessary. Refer to  Section 211-02.
Slowly turn the steering wheel back and forth

11. Turn (or have an assistant turn) the steering approximately 1/12 of a full turn.
wheel slightly in both directions and release

5. Repeat the test with the power steering fluid atquickly while watching the pressure gauge.
different temperatures.

• The pressure reading should move from the
6. If a light grunt is heard or a low (50-200 Hz)normal back pressure reading and snap back

shudder is present, this is a normal steeringas the steering wheel is released.
system condition.

• If the pressure returns slowly or sticks, the
7. If a loud grunt is heard, or a strong shudder isrotary valve in the steering gear is sticking

felt, purge the power steering system. Refer toor the steering column is binding. Check the
Power Steering System Purging in this section.steering column and linkages before
If a loud grunt or strong shudder still exists,repairing the steering gear.
check the  power steering lines/hoses for

Steering Gear Valve Test restrictions or damage and repair as necessary.
Refer to the appropriate section in Group 2111. With the vehicle in motion, place the
for the procedure. If the lines/hoses are OK,transmission in NEUTRAL and turn the engine
install a new steering gear. Refer to theOFF.
appropriate section in Group 211 for the

• If the vehicle does not pull with the engine procedure.
OFF, repair or install a new steering gear.
Refer to the appropriate section in Group
211 for the procedure.

2. If the vehicle pulls with the engine OFF, switch
the right side front wheel to the left side of the
vehicle and the left side front wheel to the right
side of the vehicle.
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DIAGNOSIS AND TESTING (Continued)

Outer Tie-Rod Ends 6. Zero the dial indicator.

NOTE: The outer tie-rod end ball studs are spring 7. NOTE: Make sure that the tie-rod end does not
loaded and will normally have a small amount of up roll during inspection.
and down movement when the spring is Using a suitable prying device (approximately
compressed. However, excessive vertical movement 457 mm [18 in] long), pry up on the tie-rod
of the studs relative to the sockets may indicate end forging while observing the movement of
excessive  wear. the dial indicator pointer.
1. Turn the steering wheel to the straight-ahead • Only apply moderate force. Do not move

position and turn the ignition switch to the OFF the vehicle suspension.
position.

8. If the movement of the tie-rod end exceeds 1.52
2. Remove the wheel and tire assembly. Refer to mm (0.06 in), install a new tie-rod end.

Section 204-04.
Inner Tie-Rod End and Drag Link3. Check and, if necessary, adjust the front wheel

bearings. Refer to Section 100-04. 1. Turn the steering wheel to the straight-ahead
position and turn the ignition switch to the OFF4. NOTE: The flexible arm of the dial indicator
position.must be attached to the nut of the tie-rod end

being tested. 2. With the vehicle in NEUTRAL, position it on a
hoist. Refer to Section 100-02.Install a suitable dial indicator with a flexible

arm to the outer tie-rod end being tested. 3. Check, and if necessary, adjust the front wheel
bearings. Refer to Section 204-00.• Position the flex-arm so that the indicator is

positioned on the center of the tie-rod end 4. NOTE: The flexible arm of the dial indicator
cap. must be attached to the steering linkage

component that is closest to the component
being tested.

NOTE: Inner tie-rod end shown, drag link
similar.

Install a suitable dial indicator to the steering
linkage component being tested.

5. Grasp the tie-rod end forging near the ball stud,
pull straight downward and then release it.

5. Have an assistant grasp the tire and move the
steering linkage from side-to-side. Observe and
record the movement measured with the dial
indicator.
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DIAGNOSIS AND TESTING (Continued)

6. If the movement exceeds 1.52 mm (0.06 in),
install a new steering linkage component. Refer
to Section 211-03.
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GENERAL PROCEDURES

Power Steering System Flushing 9. CAUTION: Avoid turning the steering
wheel without the engine running as this may
cause air to be pulled into the steering gear.Material

Item Specification CAUTION: Do not overfill the
reservoir.MERCON Multi-Purpose MERCON

Automatic Transmission Fill the power steering fluid reservoir with the
Fluid approved power steering fluid.XT-2-QDX (US);
XT-2-LM12 (Canada)

10. Repeat Steps 8 and 9, turning the steering
wheel in the opposite direction each time, untilWARNING: Do not mix oil types. Any
the fluid exiting the power steering fluid returnmixture or any unapproved oil can lead to seal
hose is clean and clear of foreign material.deterioration and leaks. A leak can ultimately

cause loss of fluid, which can result in a loss of
11. Remove the extension hose from the powerpower steering assist. Failure to follow these

steering return hose.instructions may result in  personal injury.

12. Remove the plug from the power steering fluid1. Remove the power steering fluid reservoir cap.
reservoir inlet port.

2. Using a suitable suction device, remove the
13. Install the power steering return hose to thepower steering fluid from the reservoir.

reservoir.

3. Disconnect the power steering fluid return hose • Install the clamp.
from the reservoir.

• Remove the clamp.

4. Plug the power steering fluid reservoir inlet
port.

5. Attach an extension hose to the power steering
return hose.

6. NOTE: Do not reuse the power steering fluid
that has been flushed from the power steering
system.

Place the open end of the extension hose into a
suitable container.

7. CAUTION: Do not overfill the
reservoir.

Fill the power steering fluid reservoir with new
fluid.

8. CAUTION: Do not allow the power
steering pump to run completely dry of
power steering fluid.

Start the engine while simultaneously turning
the steering wheel to lock and then immediately
turn the ignition switch to the OFF position.
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GENERAL PROCEDURES (Continued)

14. NOTE: It is necessary to correctly fill the
power steering system to remove any trapped
air and completely fill the power steering
system components.

If, after correctly filling the power steering
system, there is power steering noise
accompanied by evidence of aerated fluid and
there are no fluid leaks, it may be necessary to
purge the power steering system. For additional
information,  refer to Power Steering System
Purging in this section.

Fill the power steering system. For additional
information, refer to Power Steering System
Filling in this section.
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GENERAL PROCEDURES

5. Install the vacuum pump, apply vacuum andPower Steering System Purging
maintain the maximum vacuum of 68-85 kPa
(20-25 in-Hg).Special Tool(s)

Vacuum Pump Kit 6. If equipped with Hydro-Boost, apply the
416-D002 (D95L-7559-A) or brake pedal twice.
equivalent

7. CAUTION: Do not hold the steering
wheel against the stops for more than 3 to 5
seconds at a time. Damage to the power
steering pump can occur.

Evacuation Cap, Power Steering
Cycle the steering wheel fully from stop-to-stop211-265 or equivalent
10 times.

8. Stop the engine.

9. Release the vacuum and remove the vacuum
pump.

Material
10. CAUTION: Do not overfill the

Item Specification
reservoir.

MERCON Multi-Purpose MERCON
Fill the reservoir.Automatic Transmission

Fluid • Use approved transmission fluid.
XT-2-QDX (US);
XT-2-LM12 (Canada) 11. Start the engine.

CAUTION: If the air is not purged from 12. Install the vacuum pump. Apply and maintain
the power steering system correctly, premature the maximum vacuum of 68-85 kPa (20-25
power steering pump failure can result. The in-Hg).
condition can occur on pre-delivery vehicles with
evidence of aerated fluid or on vehicles that have

13. CAUTION: Do not hold the steeringhad steering component  repairs.
wheel against the stops for more than 3 to 5
seconds at a time. Damage to the power1. NOTE: A whine heard from the power steering
steering pump can occur.pump can be caused by air in the system. The
Cycle the steering wheel fully from stop-to-stoppower steering purge procedure must be carried
10 times.out prior to any component repair for which

power steering noise complaints are
14. Stop the engine, release the vacuum andaccompanied by evidence of aerated  fluid.

remove the vacuum pump.Remove the power steering pump reservoir cap.
Check the fluid.

15. CAUTION: Do not overfill the
reservoir.2. Raise the front wheels off the floor. Refer to

the appropriate section in Group 100 for the Fill the reservoir as needed and install the
procedure. reservoir cap.

3. Tightly insert the stopper of the vacuum pump 16. Visually inspect the power steering system for
into the reservoir. leaks.

4. Start the engine.
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GENERAL PROCEDURES (Continued)

18. Install the reservoir cap.17. CAUTION: Do not overfill the
reservoir.

Fill the reservoir as needed and visually inspect
the power steering system for leaks.
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GENERAL PROCEDURES

4. Install the vacuum pump to the fill adapterPower Steering System Filling
manifold control valve.

Special Tool(s)
5. Install the hose to the opposite fill adapter

Vacuum Pump Kit manifold control valve and submerge the open
416-D002 (D95L-7559-A) or end of the hose into a container of new power
equivalent steering fluid.

6. NOTE: The fill adapter manifold control valves
are in the open position when the point of the
handles face the center of the fill adapter

Evacuation Cap, Power Steering manifold.
211-265 or equivalent Close the fill adapter manifold control valve

connected to the power steering fluid container.

7. Open the fill adapter manifold control valve
connected to the vacuum pump.

Fill Adapter Manifold, Power 8. Using the vacuum pump, apply 68-85 kPa
Steering (20-25 in-Hg) of vacuum to the power steering
211-327 or equivalent system.

9. Observe the vacuum gauge for 30 seconds.

10. If the vacuum gauge reading drops more than 3
kPa (0.88 in-Hg), correct any leaks in the

Material power steering system or the filling tools before
proceeding.Item Specification

MERCON Multi-Purpose MERCON
11. NOTE: The vacuum pump gauge reading willAutomatic Transmission

drop slightly during this step.Fluid
XT-2-QDX (US); Slowly open the fill adapter manifold control
XT-2-LM12 (Canada)

valve connected to the power steering fluid
container until power steering fluid completely

1. CAUTION: If the air is not purged fills the hose.
from the power steering system correctly,
premature power steering pump failure can 12. Close the fill adapter manifold control valve
result. The condition can occur on connected to the power steering fluid container.
pre-delivery vehicles with evidence of aerated
fluid or on vehicles that have had steering 13. Using the vacuum pump, apply 68-85 kPa
component  repairs. (20-25 in-Hg) of vacuum to the power steering

system.Remove the power steering pump reservoir cap.

14. Close the fill adapter manifold control valve2. Tightly install the evacuation cap to the power
connected to the vacuum pump.steering pump reservoir.

15. Slowly open the fill adapter manifold control3. Install the hose from the fill adapter manifold
valve connected to the power steering fluidtee to the evacuation cap on the power steering
container.pump reservoir.
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GENERAL PROCEDURES (Continued)

16. When the power steering fluid has drained from 20. If equipped with Hydro-Boost, apply the
the hose connected to the power steering fluid brake pedal twice.
container, close the fill adapter manifold control

21. Turn the ignition switch to the OFF position.valve connected to the power steering fluid
container.

22. CAUTION: Do not overfill the
17. Remove the tools from the vehicle. reservoir.

Remove the power steering reservoir cap and18. Install the power steering reservoir cap.
fill the reservoir.

19. CAUTION: Do not hold the steering 23. Install the power steering reservoir cap.
wheel against the stops for more than 3 to 5
seconds at a time. Damage to the power
steering pump can occur.

NOTE: There will be a slight drop in the
power steering fluid level in the power steering
fluid reservoir when the engine is started.

Start the engine and turn the steering wheel
from stop-to-stop.
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GENERAL PROCEDURES

5. Separate the steering sector shaft arm drag link.Steering Gear Meshload Adjustment
• Use the Pitman Arm Puller to separate the

Special Tool(s) steering sector shaft arm drag link.

Pitman Arm Puller
T65P-3590-F

1. NOTE: The engine should not be running.

Turn the steering wheel from right lock to left
lock at least once.

6. NOTE: The front wheels should not touch the
ground.

Lower and support the front of the vehicle; for
additional information, refer to Section 100-02.

7. NOTE: Reset the steering gear meshload only
if the measured rotating torque for total
on-center load is less than specification.

Attach a lb/in torque wrench to the bolt and
measure the steering gear meshload from center.

2. Remove the driver air bag; for additional
information, refer to Section 501-20B.

3. Raise and support the vehicle; for additional
information, refer to Section 100-02.

4. Remove the castellated nut.

1 Remove the cotter pin.

2 Remove the castellated nut.
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GENERAL PROCEDURES (Continued)

8. Adjust if not within specification. 11. Tighten the lock nut.

1 Hold the sector shaft.

2 Tighten the lock nut.

9. Adjust the sector shaft to proper rotating torque.

1 Hold the sector shaft and loosen the lock
nut. 12. Install the steering sector shaft arm drag link,

2 Adjust the sector shaft. castellated nut and cotter pin.

10. Verify that the rotating torque is to 13. Lower the vehicle; for additional information,
specification. refer to Section 100-02.

• Reset if necessary.
14. Install the driver air bag; for additional

information, refer to Section 501-20B.
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Torque Specifications (Continued)
SPECIFICATIONS

Description Nm lb-ft lb-in
General Specifications

Race Retaining Nut 99 73 —
Item Specification

Pressure Hose Fitting 20 15 —
Lubricants

Steering Gear Sector 270 199 —
Multi-Purpose Grease ESB-M1C93-A Shaft Arm to Sector
DOAZ-19584-AA Shaft Nut

MERCON ATF MERCON Steering Gear Ball 6 — 53
XT-2-QDX Return Guide Clamp

Bolts

Steering Gear Allen 2.3 — 20Torque Specifications
Head Race Lock Nut

Description Nm lb-ft lb-in Power Steering Pump 26 19 —
BoltsIntermediate Shaft 25 18 —

Pinch Bolt Power Steering Cooler 11 8 —
BoltsSteering Gear-to-Frame 82 60 —

Bolts (vehicles built to Steering Sector Shaft 92 68 —
1/17/04) Arm Drag Link

Castellated NutSteering Gear-to-Frame 165 122 —
Bolts (vehicles built Pressure Hose at 20 15 —
from 1/17/04) Steering Gear
Sector Shaft Housing 68 50 — Return Hose Fitting at 20 15 —
Bolts Steering Gear
Meshload Adjuster 31 23 — Steering Wheel 1.5 — 13
Lock Nut Rotating Torque
Valve Housing to Gear 58 43 — Sector Shaft Rotating 2.0 — 18
Bolts Torque
Valve Housing Bolt 50 37 —
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Steering Gear
DESCRIPTION AND OPERATION

Power Steering
The power steering system consists of the following
components:

• steering linkage

• power steering oil reservoir

• steering wheel and column assembly

• power steering fluid lines

• front wheel spindle

• power steering pump

• steering gear

The steering gear has the following features:• power steering fluid cooler

• It is a torsion-bar type hydraulic assisted system.Power Steering Pump
• It reduces road shock and vibration.4.6L, 5.4L, 6.8L show; 6.0L similar
• It includes a rotary-style hydraulic valve.

• It uses a dot matrix ID mark on the gear housing
between the valve housing and the sector shaft
housing cover. 

Steering Gear Identification

CAUTION: Always use the ID code when
ordering service parts.

An identification tag may be attached to the valve
housing.

The CIII power steering pump has the following
features:

• It is a belt-driven, vane-type, power steering
pump.

• It is mounted directly to the engine block by 3
bolts (4.6L, 5.4L or 6.8L) or 4 bolts (6.0L).

• The power steering pump is replaced as an
assembly.

•  An identification tag attached to the power
steering pump indicates the model number and bar

Item Part Number Descriptioncode. Refer to these when pump replacement is
required. 1 — Model Code

2 — Build Code• The power steering pump uses a quick connect
fitting for the power steering pressure hose. 3 — Day

4 — Shift

5 — Year

6 — Month
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DESCRIPTION AND OPERATION (Continued)

Pump Identification Item Part Number Description

3 — Day of the MonthCAUTION: Always use the ID code when
ordering service parts. 4 — Shift

5 — MonthThe pump identification code is located on a tag
attached to the power steering pump. 6 — Year

Item Part Number Description

1 — Model Code

2 — For Manufacturing Purposes
Only

(Continued)
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DIAGNOSIS AND TESTING

Power Steering
Refer to Section 211-00.
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REMOVAL AND INSTALLATION

Power Steering Fluid Reservoir

Removal

CAUTION: While repairing the power
steering system, care should be taken to prevent
the entry of contaminants or premature failure
of the power steering components can occur.

All vehicles

1. Raise the vehicle. For additional information, 6. Remove the bolts and remove the bracket.
refer to Section 100-02.

2. Remove the return hose from the power
steering pump and drain the power steering oil
reservoir.

All vehicles

7. Compress the clamps and disconnect the power
steering return hose and the power steering
reservoir pump hose from the reservoir.

3. Lower the vehicle.

8. Remove the power steering oil reservoir.Vehicles with 4.6L, 5.4L or 6.8L engine

4. Lift the reservoir out of the reservoir bracket.

Vehicles with 6.0L engine

5. Remove the reservoir bolts from the bracket.
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REMOVAL AND INSTALLATION (Continued)

Installation

1. To install, reverse the removal procedure.

2. Fill and leak check the system. For additional
information, refer to Section 211-00.
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REMOVAL AND INSTALLATION

Power Steering Pump

Special Tool(s)

Teflon Seal Replacer Set
211-D027 (D90P-3517-A) or
equivalent

Removal and Installation Vehicles with 6.0L engine

CAUTION: While repairing the power 4. Remove the bolts and the pump.
steering system, care should be taken to prevent
the entry of contaminants or premature failure All vehicles
of the power steering components can occur.

5. To install, reverse the removal procedure.All vehicles
• Install a new power steering seal on the

power steering pressure fitting by stretching1. Remove the power steering pump pulley. For
the seal over the seal replacer until it isadditional information, refer to Power Steering
large enough to slip over the threads of thePump Pulley in this section.
fitting.

2. Disconnect the power steering reservoir pump
hose and pressure line from the power steering
pump.

• Drain the power steering oil reservoir.

6. Install the power steering pump pulley. For
additional information, refer to Power Steering
Pump Pulley in this section.

7. Fill and leak check the system. For additional
Vehicles with 4.6L, 5.4L and 6.8L engines

information, refer to Section 211-00.

3. Remove the bolts and the pump.
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5. NOTE: Make sure to install the power steering
REMOVAL AND INSTALLATION

pump pulley until it is flush with the powerPower Steering Pump Pulley
steering pump shaft. Inspect the belt alignment
following installation to ensure correctSpecial Tool(s)
alignment and prevent intermittent belt noise.

Remover, Power Steering Pump Using the special tool, remove the pulley.Pulley
211-016 (T69L-10300-B) • Inspect the pulley for paint marks in the

web area near the hub. If there are 2 paint
marks, install a new pulley. If there is no
paint mark, use a paint pencil to mark the
web area of the pulley near the hub.

Installer, Power Steering Pump
Pulley
211-185 (T91P-3A733-A)

Removal and Installation

Vehicles with 6.0L engine

1. Remove the engine cooling fan. For additional
information, refer to Section 303-00.

6. To install, reverse the removal procedure.

All vehicles
7. CAUTION: Replacement of the power

steering pump pulley is necessary after being2. Rotate the tensioner clockwise and remove the
removed and installed 2 times.belt from the power steering pump pulley.
Using the special tool, install the pulley.

3. With the vehicle in NEUTRAL, position on a
hoist.

4. If equipped, remove the deflector shield.
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Installation
REMOVAL AND INSTALLATION

Power Steering Fluid Cooler
1. To install, reverse the removal procedure.

Removal • Install the transmission cooler. For
additional information, refer to Section
307-02.CAUTION: While repairing the power

steering system, care should be taken to prevent • Fill and leak check the system. For
the entry of contaminants or premature failure additional information, refer to Section
of the power steering components can occur. 211-00.

1. Remove the transmission fluid cooler. For
additional information, refer to Section 307-02.

2. Disconnect the power steering hoses at the fluid
cooler.

3. Remove the 2 power steering cooler bolts and
remove the power steering cooler.
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REMOVAL AND INSTALLATION

Steering Gear

Special Tool(s)

Remover, Steering Arm
211-003 (T64P-3590-F)

Removal and Installation 4. With vehicle in NEUTRAL, place on a hoist.
For additional information, refer to Section

NOTE: New O-ring seals must be installed any 100-02.
time the lines are disconnected from the steering
gear. 5. Remove and discard the cotter pin and nut.

All vehicles

1. Place the front wheels in the straight-ahead
position and the ignition switch in the OFF
position.

2. CAUTION: Do not allow the steering
column shaft to rotate while the intermediate
shaft is disconnected or damage to the
clockspring can result. If there is evidence
that the shaft has rotated, the clockspring
must be removed and recentered. For
additional information, refer to Section

6. Using the special tool, separate the drag link.501-20B.

Remove the bolt and detach the intermediate
shaft from the gear.

3. Disconnect the lines.

• Discard the O-ring seals.
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REMOVAL AND INSTALLATION (Continued)

Vehicles built to 1/17/04

7. Remove the bolts and the steering gear.

10. Using the special tool, remove the steering gear
sector shaft arm.

Vehicles built from 1/17/04

8. Remove the bolts and the steering gear.

11. To install, reverse the removal procedure.

• Install a new high pressure hose O-ring seal
(N803256-S) and a new return hose O-ring
seal (N802357-S).

All vehicles 12. Fill and leak check the system. For additional
information, refer to Section 211-00.

9. Secure the steering gear in a vise and remove
the nut and lockwasher.
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Disassembly
DISASSEMBLY AND ASSEMBLY

Steering Gear
NOTE: The steering gear input shaft and seals
cannot be repaired or installed separately. New gearSpecial Tool(s)
installation may be necessary.

Installer, Worm Bearing
Locknut 1. Secure the steering gear in a vise with the
211-012 (T66P-3553-B) indexing flat pointed down. Use protective caps

on the vise jaws.

Holding Fixture, Transmission
307-003 (T57L-500-B)

Service Set, Steering Gear
Bearing and Oil Seal
211-S005 (T65P-3524-A)

2. Rotate the power steering gear input shaft and
control from stop-to-stop and then center the
gear.

Remover, Pilot Bearing
308-001 (T58L-101-B)

Installer, Sector Shaft Seal
211-044 (T77L-3576-A)

Material

Item Specification

Multi-Purpose Grease ESB-M1C93-A
D0AZ-19584-AA
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211-02-2 211-02-2Power Steering

DISASSEMBLY AND ASSEMBLY (Continued)

3. Remove the steering gear sector shaft housing 6. Remove the locking nut from the steering gear
cover bolts. sector shaft adjustment screw.

4. Tap on the lower end of the steering gear sector 7. Remove the sector shaft housing cover.
shaft. • Hold the steering gear sector shaft.

• Turn the housing cover counterclockwise.

CAUTION: If there is evidence of damage
or wear to the steering gear sector shaft, you

8. Remove the valve housing bolts and themust install a new steering gear assembly.
identification tag.

5. Remove the steering gear sector shaft.
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211-02-3 211-02-3Power Steering

DISASSEMBLY AND ASSEMBLY (Continued)

9. Remove the valve housing and piston assembly. 12. Remove the input shaft valve and housing
assembly from the piston.

10. Remove and discard the gasket.
13. Remove and discard the seal.

11. Remove the ball bearings.
14. Place the valve housing in the holding fixture1 Remove the bolts.

special tool and loosen the setscrew.
2 Remove the steering gear ball return guide

clamp.

3 Remove the steering gear ball return guide.

4 Rotate the piston over a container to collect
the 28 steering gear worm balls.
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211-02-4 211-02-4Power Steering

DISASSEMBLY AND ASSEMBLY (Continued)

15. Using the special tool, remove the race nut.

20. Rotate the valve housing with the holding
fixture, and using the special tool, remove the

16. Remove the power steering gear input shaft and bearing and power steering gear input shaft
control from the valve housing. seal.

17. Rotate the valve housing with the holding 21. Remove the valve housing from the holding
fixture. fixture.

18. Use the puller to remove the power steering 22. Install the steering gear housing in the holding
gear input shaft seal dust seal. fixture and remove the steering gear sector shaft

dust seal from the sector shaft seal bore.

19. Remove the input shaft snap ring.
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211-02-5 211-02-5Power Steering

DISASSEMBLY AND ASSEMBLY (Continued)

23. Remove the spacer.

1 Remove the snap ring.

2 Remove the spacer.

2. Using the special tool, install the sector shaft
seal.

• Lubricate the sector shaft seal, using
multi-purpose grease.

24. NOTE: The steering gear sector shaft bearing
is not replaceable.

Using the special tool, remove the sector shaft
seal.

3. Install the spacer.

Assembly

1. Lubricate the sector shaft seal bore.

• Use multi-purpose grease.
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211-02-6 211-02-6Power Steering

DISASSEMBLY AND ASSEMBLY (Continued)

4. Install the snap ring.

8. Use the special tool and a press to seat the
power steering gear input shaft seal.

5. NOTE: Place the steering gear sector shaft dust
seal on the Sector Shaft Seal Replacer so the
raised lip is toward the tool.

Using the special tool, install the sector shaft
dust seal.

• Lubricate the steering gear sector shaft dust
seal using multi-purpose grease.

9. Install the input shaft snap ring.

6. Remove the steering gear housing from the
holding fixture.

7. Position the input shaft bearing in the valve
housing and use the special tool and a press to
seat the bearing.
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211-02-7 211-02-7Power Steering

DISASSEMBLY AND ASSEMBLY (Continued)

10. Using the special tool, install the power steering 13. Position the power steering gear race nut into
gear input shaft seal dust seal. the valve housing.

11. Mount the valve housing to the special tool. 14. Using the special tool, tighten the race nut.

12. Install the power steering gear input shaft and 15. Install the setscrew.
control into the valve housing.

2004 E-Series, 12/2003 



211-02-8 211-02-8Power Steering

DISASSEMBLY AND ASSEMBLY (Continued)

16. Remove the valve housing from the holding 18. WARNING: The correct number of
fixture and position the piston on the worm balls are required for correct gear operation.
gear. Count the balls and insert each carefully.

WARNING: To make sure the balls
are correctly installed, rotate the steering
gear input worm gear and rack from one
end of travel to the other without allowing
the poppet adjuster to contact the valve
housing or moving the valve housing pilot
face more  than 69.1 mm (2-3/4 inches) from
the input end of the rack piston. If the
steering gear input worm gear and rack
cannot be rotated, reinstall the balls. If a
steering gear is installed with a steering gear
input worm gear and rack that cannot
rotate, the steering gear will not function
correctly and steering and gear failure can17. WARNING: Hold the ball return
result.guides until the cap or clip is reinstalled.

Failure to hold the guides will result in a Rotate the piston while holding the steering
trapped ball or balls, which can cause a gear ball return guide and install the 28 ball
vehicle accident. If the ball guides become bearings into the opening in the ball guide.
unseated at any time, remove all the balls
and  repeat the procedure.

Install the steering gear ball return guide on the
piston.
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211-02-9 211-02-9Power Steering

DISASSEMBLY AND ASSEMBLY (Continued)

19. Install the steering gear ball return guide clamp. 22. NOTE: Make sure to align the oil passages in
the steering gear housing.1 Position the steering gear ball return guide

clamp. Install the piston assembly into the steering gear
housing.2 Install the bolts.

23. Rotate the teeth so they are on the same plane20. Install a new gasket.
as the steering gear sector shaft.

21. Lubricate and install the seal on the piston.
24. Loosely install the valve housing bolts and the

• Use multi-purpose grease. identification tag, if so equipped.
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211-02-10 211-02-10Power Steering

DISASSEMBLY AND ASSEMBLY (Continued)

25. Lubricate the O-ring on the sector shaft housing 28. NOTE: Loosely install the sector shaft housing
cover. bolts.

• Use multi-purpose grease. Install the sector shaft and housing assembly.

26. Rotate the housing clockwise and install the 29. Tighten the bolts.
sector shaft into the sector shaft housing.

30. Tighten the valve housing bolts.
27. NOTE: The sector shaft lock nut will be

tightened during the steering gear meshload
adjustment.

Install the sector shaft lock nut.
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211-03-1 211-03-1Steering Linkage

Torque Specifications (Continued)
SPECIFICATIONS

Description Nm lb-ft
Torque Specifications

Nut, Steering Damper RH 68-92 50-68
Description Nm lb-ft Bracket

Tie Rod Adjusting Sleeve 40-57 30-42 Nut, Steering Damper LH 68-92 50-68
Bolts Bracket

Castellated Nut, Tie Rod End 76-114 56-84 Nut, Steering Sector Shaft 230-310 170-228
to Drag Link Arm

Castellated Nut, Tie Rod End 76-114 56-84
to Spindle
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211-03-1 211-03-1Steering Linkage

DESCRIPTION AND OPERATION

Steering Linkage
The steering linkage components are shown in the
following illustration.

Steering Linkage Components

Item Part Number Description Item Part Number Description

3 3590 Steering Gear Sector Shaft1 5482 Front Stabilizer Bar
Arm2 3304 Steering Sector Shaft Arm

4 3A130 Tie Rod End — InnerDrag Link
(Continued)(Continued)
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211-03-2 211-03-2Steering Linkage

DESCRIPTION AND OPERATION (Continued)

Item Part Number Description Item Part Number Description

5 3287 Tie Rod Adjusting Sleeve 10 W611645-S60 Screw
Clamp 11 N806085-S8 Nut

6 3A131 Tie Rod End 12 3E651 Shock Absorber — Steering
7 3105 Front Wheel Spindles Linkage

8 3504 Steering Gear 13 N806496-S100 Nut and Washer

9 3E652 Steering Shock Absorber 14 N805704-S2 Bolt
Bracket — RH

(Continued)

2004 E-Series, 11/2003 



211-03-1 211-03-1Steering Linkage

DIAGNOSIS AND TESTING

Steering Linkage
Refer to Section 211-00.
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211-03-1 211-03-1Steering Linkage

3. Using the Pitman Arm Puller, remove the ball
REMOVAL AND INSTALLATION

stud from the steering sector shaft arm drag linkTie Rod End — Inner
(3304).

Special Tool(s)

Pitman Arm Puller
211-003 (T64P-3590-F)

Removal

NOTE: Replace the steering tie rod if the ball stud
is loose in the steering control ball stud socket
(3A754) or the rod is bent. Replace the front 4. Remove the tie rod.
suspension steering ball stud dust seal (3332) if any

1 Loosen the bolts on the tie rod adjustingnicks, cuts or tears are present. Do not attempt  to
sleeve clamp (3287).straighten a bent rod.

2 Count and record the number of turns
1. Position the wheels in the straight-ahead required to remove the tie rod end (3A131)

position. Raise and support the vehicle. For from the tie rod adjusting sleeve clamp.
additional information, refer to Section 100-02.

2. Remove the tie rod end castellated nut.

1 Remove the cotter pin.

2 Remove the nut.
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211-03-2 211-03-2Steering Linkage

REMOVAL AND INSTALLATION (Continued)

Installation 2. NOTE: Make sure the ball stud is seated in the
taper, to prevent rotation while tightening.

1. NOTE: The two bolts and nuts on the tie rod Install the castle nut and a new cotter pin.
adjusting sleeve clamp for the tie rod end must
be positioned within a limit of 45 degrees (±).
The threaded ends of the bolts on the left tie
rod end point toward the front of the vehicle.
The  threaded ends of the bolts on the right tie
rod end face rearward.

Install the tie rod end.

1 Turn the tie rod end into the tie rod
adjusting sleeve clamp with the same
number of turns as required for removal.

2 Tighten the tie rod end adjusting sleeve
clamp bolts.

3. Check toe-in. For additional information, refer
to Section 204-00. Check clear vision. For
additional information, refer to  Section 211-00.
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211-03-1 211-03-1Steering Linkage

4. Remove the tie rod end (3A130).
REMOVAL AND INSTALLATION

Tie Rod End — Outer 1 Loosen the bolts on the tie rod adjusting
sleeve clamp (3287).

Special Tool(s) 2 Count the number of turns required to
remove the tie rod end from the tie rodPitman Arm Puller
adjusting sleeve clamp.211-003 (T64P-3590-F)

Removal

1. Raise and support the vehicle. For additional
information, refer to Section 100-02.

2. Remove the tie rod end castellated nut.

1 Remove the cotter pin.

2 Remove the nut. Installation

1. Install the tie rod end (3A131).

• Turn the tie rod end into the tie rod
adjusting sleeve clamp approximately the
same number of turns used to remove old
tie rod end. This will provide an
approximate toe-in setting.

3. Using the Pitman Arm Puller, remove the tie
rod end ball stud from the front wheel spindle
(3105).
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211-03-2 211-03-2Steering Linkage

REMOVAL AND INSTALLATION (Continued)

2. Tighten the tie rod adjusting sleeve clamp. 4. Install a new cotter pin.

5. Check toe-in. For additional information, refer
to Section 204-00. Check clear vision. For
additional information, refer to  Section 211-00.

3. Install the ball stud in the front wheel spindle,
then tighten the castle nut.
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211-03-1 211-03-1Steering Linkage

REMOVAL AND INSTALLATION

Adjusting Sleeve

Special Tool(s)

Pitman Arm Puller
211-003 (T64P-3590-F)

Removal 4. Remove the tie rod end.

1 Loosen the nuts on the tie rod adjustingNOTE: Replace the ball stud if loose in the steering
sleeve (3281).control ball stud socket (3A754) or the tie rod end

(3A131) is bent. Replace the front suspension 2 Count the number of turns while removing
steering ball stud dust seal (3332) if any nicks, cuts the tie rod end from the tie rod adjusting
or tears are present. Do not attempt to  straighten a sleeve.
bent tie rod end .

1. Raise the vehicle on a hoist, with the wheels in
the straight-ahead position.

2. Remove the tie rod end castle nut.

1 Remove the cotter pin.

2 Remove the nut.

5. Remove the tie rod adjusting sleeve. Count the
number of turns required to remove the tie rod
adjusting sleeve clamp (3287).

Installation

1. NOTE: The two bolts and nuts on the tie rod
adjusting sleeve clamp for the tie rod end must
be positioned within a limit of 45 degrees (±).

3. Using the Pitman Arm Puller, remove the ball The threaded ends of the bolts on the left tie
stud from the front wheel spindle (3105). rod end point toward the front of the vehicle.

The  threaded ends on the right tie rod end face
rearward.

Follow the removal procedure in reverse order.
Make sure the adjuster clamps are in the correct
position.
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211-03-2 211-03-2Steering Linkage

REMOVAL AND INSTALLATION (Continued)

2. Tighten the tie rod adjusting sleeve. 4. Install a new cotter pin.

5. Check toe-in. For additional information, refer
to Section 204-00.

6. Check clear vision. For additional information,
refer to Section 211-00.

3. Install the ball stud in the front wheel spindle,
then tighten the castle nut.
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211-03-1 211-03-1Steering Linkage

3. Remove the damper from the mounting
REMOVAL AND INSTALLATION

brackets.Damper

Special Tool(s)

Pitman Arm Puller
211-003 (T64P-3590-F)

Removal

1. Remove the nut retaining the damper to the
Installationbracket on the steering linkage.

1. NOTE: When installing a new steering linkage
bracket, make sure the bracket is properly
positioned on the steering sector shaft arm drag
link (3304) before tightening the U-bolt
retaining nuts.

Install the damper into the mounting brackets.

2. Install the bolt and nut retaining the damper to
the RH bracket.

2. NOTE: The RH damper bracket and the
steering linkage bracket can be removed from
the vehicle, if necessary, by removing the
retaining bolts and nuts.

Remove the nut and bolt retaining the damper
to the RH damper bracket.
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211-03-2 211-03-2Steering Linkage

REMOVAL AND INSTALLATION (Continued)

3. Install the nut retaining the damper to the 4. Rotate the steering wheel (3600) from stop to
steering linkage LH bracket. stop. Verify that the steering linkage damper is

not bottoming out and that the steering linkage
reaches its full travel when the steering wheel is
turned from stop to stop.
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211-03-1 211-03-1Steering Linkage

4. Remove the steering sector shaft arm drag link
REMOVAL AND INSTALLATION

castellated nut.Sector Shaft Arm Drag Link
1 Remove and discard the cotter pin.

Removal 2 Remove the nut.

NOTE: Replace the steering sector shaft arm drag
link or tie rod end if the following conditions are
present:

• Ball stud is excessively loose in the socket of the
tie rod end.

• Steering sector shaft arm drag link is bent.

• Taper for the tie rod end is loose.

Replace the front suspension steering ball stud dust
seal if any nicks, cuts or tears are present. Do not
attempt to straighten a steering sector shaft arm drag
link or tie rod end .

5. Using the Pitman Arm Puller, separate the1. Remove the steering drag link castellated nuts.
steering sector shaft arm drag link.

1 Remove the cotter pins and discard.

2 Remove the castellated nuts.

6. Remove the tie rod adjusting sleeve from the
drag link. Count the number of turns required

2. Remove the outer tie rod end from the RH to remove the tie rod adjusting sleeve.
steering knuckle. For additional information,

Installationrefer to Tie Rod End — Outer in this section.

3. Remove the LH inner tie rod end from the 1. Follow the removal procedure in reverse order.
steering sector shaft arm drag link. For Install new cotter pins.
additional information, refer to Tie Rod End —
Inner in this section.
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211-03-2 211-03-2Steering Linkage

REMOVAL AND INSTALLATION (Continued)

2. NOTE: The two bolts and nuts on the tie rod 3. Check toe-in. For additional information, refer
adjusting sleeve clamp for the tie rod end must to Section 204-00.
be positioned within a limit of 45 degrees (±).

4. Check clear vision. For additional information,The threaded ends of the bolts on the left tie
refer to Section 211-00.rod end point toward the front of the vehicle.

The  threaded ends on the right tie rod end face
rearward.

Tighten the castellated nuts and the tie rod
adjusting sleeve bolts.
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Torque Specifications (Continued)
SPECIFICATIONS

Description Nm lb-ft lb-in
General Specifications

Steering column 49 36 —
Item Specification shaft-to-steering gear

pinch bolt (commercialLubricants
chassis)

Premium Long Life ESA-M1C75-B
Steering column 28 21 —Grease XG-1-C
shaft-to-steering gear

Multi-Purpose Grease ESB-M1C93-B pinch bolt
XG-4 (non-commercial

chassis)Penetrating and Lock —
Lubricant XL-1 Lock cylinder housing 22 16 —

screws

Multifunction switch 3 — 27Torque Specifications
screws

Description Nm lb-ft lb-in Shift tube clamp bolts 9 — 80
Brake shift interlock 9 — 80 Steering column lower 10 — 89
solenoid bolts bearing retainer bolts
Steering column 49 36 — Steering column nuts 15 11 —
shaft-to-steering

Steering column 18 13 —column pinch bolt
support nuts(commercial chassis)
(commercial chassis)

Steering column 28 21 —
Steering wheel bolt 38 28 —shaft-to-steering

column coupler pinch Transmission selector 15 11 —
bolt (non-commercial lever arm bolts
chassis)
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211-04-1 211-04-1Steering Column

DESCRIPTION AND OPERATION

Steering Column
NOTE: All fasteners are important because they
can affect the performance of vital parts and
systems. Incorrect installation of the fasteners can
result in major repair expenses. Install new fasteners
of the same part number if replacement becomes
necessary. Do not use a replacement part of lesser
quality or substitute a design. Torque values must
be used as specified during assembly to make sure
these parts function correctly.

The body of a steering column is made of
magnesium die castings. The steering column is
attached to a support that is an integral part of the
instrument panel. The lower attachments of the
steering column are through a bracket that bends
during  collapse. The upper attachments are through
plastic shear modules that separate from the main
casting during collapse.
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DIAGNOSIS AND TESTING

Steering Column
Refer to Section 211-00.
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211-04-1 211-04-1Steering Column

REMOVAL AND INSTALLATION

Steering Wheel 3. CAUTION: Removing the steering
wheel without using a puller can damage the
column bearings.Special Tool(s)

Using the special tool, detach the steeringRemover, Differential Bearing
wheel.205-116 (T77F-4220-B1)

Removal and Installation

1. NOTE: Make sure the wheels are in the
straight-ahead position.

Remove the driver air bag module. For
additional information, refer to Section
501-20B.

4. Remove and discard the steering wheel bolt.2. Loosen the steering wheel bolt, but do not
remove it.

5. Remove the steering wheel while routing the
wires from the clockspring through the steering
wheel.

6. To install, reverse the removal procedure.
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211-04-1 211-04-1Steering Column

REMOVAL AND INSTALLATION

Clockspring

Removal and Installation

For additional information, refer to Section
501-20B.
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211-04-1 211-04-1Steering Column

REMOVAL AND INSTALLATION

Steering Column

Removal and Installation

NOTE: All steering column components are
assembled with specific fasteners. They are designed
with a thread-locking system to prevent loosening
due to vibrations associated with normal vehicle
operation.

All vehicles

1. Make sure the front wheels are in the 5. Disconnect the clockspring electrical connectors
straight-ahead position. at the base of the steering column.

2. Depower the supplemental restraint system
(SRS). For additional information, refer to
Section 501-20B.

3. Pull to release the retaining clips and remove
the steering column opening lower finish panel.

Commercial chassis

6. Remove the nuts.

4. Remove the steering column opening lower
finish panel reinforcement.

1 Release the pin-type retainers and remove
the electrical connector.

2 Remove the screw and data link connectors.

3 Remove the bolts.

4 Remove the steering column opening lower
finish panel reinforcement.
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211-04-2 211-04-2Steering Column

REMOVAL AND INSTALLATION (Continued)

7. Remove the nuts and the steering column
support.

All vehicles

10. Remove the ignition switch lock cylinder.
Vehicles with 4-speed automatic transmission

1 Insert the ignition key into the ignition
switch lock cylinder and turn to the RUN

8. Remove the transmission range indicator from position.
the steering column.

2 Insert a punch through the hole in the lower
1 Remove the bolt. steering column shroud and push the
2 Disconnect the cable and position the range ignition switch lock cylinder release tab

indicator aside. while pulling out the ignition switch lock
cylinder.

Vehicles with 5-speed automatic transmission

9. Remove the transmission range indicator from
the steering column.

1 Remove the nut.

2 Disconnect the cable and position the range
indicator aside.
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211-04-3 211-04-3Steering Column

REMOVAL AND INSTALLATION (Continued)

11. NOTE: The steering wheel is removed for 14. Re-install the ignition lock cylinder and remove
clarity. the key.

If equipped, twist the tilt wheel handle and
15. Disconnect the brake shift interlock electricalshank and remove.

connector.

12. Remove the upper and lower steering column Commercial chassis
shrouds.

1 Remove the screws.
16. Remove the pinch bolt and detach the

2 Remove the lower steering column shroud. intermediate shaft from the steering column.
3 Remove the upper steering column shroud.

13. Disconnect the multifunction switch electrical
connectors.
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REMOVAL AND INSTALLATION (Continued)

All except commercial chassis

17. Remove the pinch bolt and detach the
intermediate shaft from the steering column.

All except commercial chassis

23. CAUTION: Do not allow the steering
wheel to rotate while the intermediate shaft
is disconnected from the steering column or

All vehicles damage to the clockspring can occur. If there
is evidence that the steering wheel has

18. Disconnect the shift cable from the selector rotated, the clockspring must be removed
lever pivot arm. and recentered. For additional information,

refer to Section 501-20B.
19. Remove the shift cable from the steering

While supporting the steering column, remove
column lower mounting bracket by pushing the

the nuts and the steering column.
tab on the cable in and sliding the cable off the
bracket.

20. Disconnect the ignition switch electrical
connectors.

21. Lower the steering column bend bracket and
disconnect the electrical connectors.

Commercial chassis

22. CAUTION: Do not allow the steering
wheel to rotate while the intermediate shaft
is disconnected from the steering column or
damage to the clockspring can occur. If there All vehicles
is evidence that the steering wheel has
rotated, the clockspring must be removed 24. To install, reverse the removal procedure.
and recentered. For additional information,
refer to Section 501-20B. 25. Repower the SRS. For additional information,

refer to Section 501-20B.While supporting the steering column, remove
the nuts and the steering column.
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211-04-1 211-04-1Steering Column

REMOVAL AND INSTALLATION

Steering Column Shaft

Removal and Installation

All vehicles

NOTE: Non-commercial chassis is shown;
commercial chassis is similar.

1. CAUTION: Do not allow the steering
wheel to rotate while the steering column
intermediate shaft is disconnected, or damage
to the clockspring can occur. If there is 4. Remove the steering column shaft-to-steering
evidence that the steering column shaft has column coupler pinch bolt and disconnect the
rotated, the clockspring must be removed intermediate shaft from the coupler.
and  recentered. For additional information,

• Compress the steering column shaft.
refer to Section 501-20B.

Turn the steering wheel to the straight-ahead
position and turn the ignition switch to the OFF
position.

Non-commercial chassis

2. Remove the coupler-to-steering gear pinch bolt
and disconnect the steering column shaft from
the steering gear.

5. Remove the steering column shaft dash panel
seal.

3. Disconnect the steering column shaft seal from
the dash panel.
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211-04-2 211-04-2Steering Column

REMOVAL AND INSTALLATION (Continued)

6. Remove the steering column shaft. 8. Remove the steering column shaft-to-steering
column pinch bolt and disconnect the steering
column shaft from the steering column.

Commercial chassis

9. Remove the steering column shaft.7. Remove the steering column shaft-to-steering
gear shaft bolt.

All vehicles

10. To install, reverse the removal procedure.
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211-04-1 211-04-1Steering Column

DISASSEMBLY AND ASSEMBLY

Steering Column

Material

Item Specification

Premium Long Life ESA-M1C757-B
Grease
XG-1-C

Multi-Purpose Grease ESB-M1C93-B
XG-4

Ignition Lock Grease —
XL-1

Disassembly
6. Remove the steering column lock housing

bearing.All vehicles

1. Remove the steering column. For additional
information, refer to Steering Column in this
section.

2. Remove the steering wheel. For additional
information, refer to Steering Wheel in this
section.

3. Remove the clockspring. For additional
information, refer to Section 501-20B.

4. Remove the 2 screws and the multifunction
switch. 7. Remove the steering column lock gear.

5. CAUTION: Carefully note the position
of the steering column lock gear, bearing and
retainer prior to removal.

Remove the bearing retainer.
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211-04-2 211-04-2Steering Column

DISASSEMBLY AND ASSEMBLY (Continued)

Vehicles with tilt column All vehicles

8. Remove the sensor ring. 10. Remove the steering column bearing tolerance
ring from the steering column shaft.1 Remove the steering column lower bearing

spring.

2 Remove the sensor ring.

11. Remove the lock cylinder housing pivot screws.

Vehicles with fixed column

9. Remove the snap ring from the bottom of the
steering column shaft.
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DISASSEMBLY AND ASSEMBLY (Continued)

12. WARNING: Be careful when removing
the steering column position spring. The
spring is under the tension and may eject
with great force. Failure to follow these
instructions may result in personal injury.

Remove the steering column lock cylinder
housing and the steering column shaft from the
steering actuator housing.

1 Pry up on the steering column locking
levers using a shop-fabricated tool.

2 On tilt steering columns, remove the
steering column position spring.

15. Remove the steering column bearing sleeve.

13. Remove the snap ring.
16. Remove the steering column bearing tolerance

ring.

1 Slide the steering column shaft in toward
the steering column lock cylinder housing,
then out.

2 Slide the steering column bearing tolerance
ring off the steering column shaft.

14. Remove the steering column upper bearing
spring.
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211-04-4 211-04-4Steering Column

DISASSEMBLY AND ASSEMBLY (Continued)

17. Using a suitable punch, remove the steering
column bearing from the steering column lock
cylinder housing.

20. Remove the shift tube.

1 Remove the bolts.

2 Remove the shift tube clamps.
Vehicles with tilt column 3 Remove the shift tube.

18. Use a suitable punch to remove the steering
column bearing from the steering column lock
cylinder housing.

21. Remove the transmission selector lever arm and
support.

1 Remove the range bolts.

2 Remove the lever arm and support.All vehicles

19. CAUTION: If installing a new shift
selector position insert, make sure that the
correct part is being installed.

Remove the brake shift interlock solenoid.

1 Remove the bolts.

2 Remove the brake shift interlock solenoid
and the shift selector position insert.
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211-04-5 211-04-5Steering Column

DISASSEMBLY AND ASSEMBLY (Continued)

22. Remove the gearshift selector tube spring. 25. Remove the column shift selector lever plunger.

• If it is bent, discard the plunger.

23. Drive out the gearshift lever pin from the shift
tube. 26. Remove the gearshift lever socket bushings and

the transmission control selector lever spring
clip.

24. Remove the gearshift lever.
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211-04-6 211-04-6Steering Column

DISASSEMBLY AND ASSEMBLY (Continued)

27. Remove the steering column lock pawl.

1 Drive out the steering column lock lever
pin.

2 Remove the steering column lock pawl.

30. Remove the steering column lower bearing
retainer.

1 Remove the bolts.

2 Remove the steering column lower bearing
retainer.

28. Remove the ignition switch.

1 Remove the bolts.

2 Remove the ignition switch.

31. Remove the upper steering column lock
actuator and the lower steering column lock
actuator.

29. Remove the lower steering column bearing and
sleeve.
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211-04-7 211-04-7Steering Column

DISASSEMBLY AND ASSEMBLY (Continued)

Assembly

All vehicles

1. Install the steering column lock actuators.

1 Use multi-purpose grease to lubricate the
steering column lock actuators.

2 Install the steering column lock actuators.

4. NOTE: The UP position of the bearing must be
facing forward, toward the engine.

NOTE: Install the steering column bearing and
sleeve so that the inner race is visible when
installed.

Install the steering column bearing and sleeve.

2. NOTE: Coat all surfaces with ignition lock
grease.

Install the steering column lock pawl.

1 Position the steering column lock pawl.

2 Drive in the steering column lock lever pin.

3. Install the steering column lower bearing
retainer.

1 Position the steering column lower bearing
retainer.

Item Part Number Description
2 Install the bolts.

1 — Outer race

2 3517 Bearing (in the UP position)

3 — Ball

4 — Inner race
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211-04-8 211-04-8Steering Column

DISASSEMBLY AND ASSEMBLY (Continued)

5. Install the ignition switch. Align the ignition 7. Install the column shift selector lever plunger.
switch with the slot and index mark on the • If the plunger was discarded during
steering column. disassembly, install a new plunger.
• Install the bolts. Tighten to specification. • Coat the column shift selector plunger with

steering gear grease.

8. Position the gearshift lever in the shift tube.

6. Install the transmission range selector lever
spring clip and the gearshift lever socket
bushings on the shift tube.

9. CAUTION: The gearshift lever pin• Coat the gearshift lever socket bushings with
must be installed correctly or 1st gearsteering gear grease.
position may be blocked.

Install the gearshift lever pin in the shift tube.
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211-04-9 211-04-9Steering Column

DISASSEMBLY AND ASSEMBLY (Continued)

10. Install the gearshift selector tube spring in the 12. Install the shift tube.
shift tube. 1 Position the shift tube.
• Coat the end of the spring with steering gear 2 Position the shift tube clamps.

grease.
3 Install the bolts.

11. Install the transmission selector lever arm and
13. CAUTION: If installing a new shiftsupport on the shift tube.

selector position insert, make sure that the1 Position the transmission selector lever arm
correct part is being installed.and support.
Position the brake shift interlock solenoid and2 Install the bolts.
the shift selector position insert.

• Install the bolts.
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211-04-10 211-04-10Steering Column

DISASSEMBLY AND ASSEMBLY (Continued)

14. NOTE: Install the upper steering column Item Part Number Description
bearing so that the inner race is visible when 3 — Ball
installed.

4 — Inner race
Using an appropriate bearing installer, install
the upper steering column bearing on the
steering column lock cylinder housing.

Item Part Number Description

1 — Outer race

2 — Bearing (in the UP position)
(Continued)
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211-04-11 211-04-11Steering Column

DISASSEMBLY AND ASSEMBLY (Continued)

Vehicles with tilt column

15. NOTE: Install the large steering column
bearing so that the inner race is visible when
installed.

NOTE: Use an appropriate bearing installer.

Install the large steering column bearing into
the steering column lock cylinder housing.

All vehicles

16. Position the steering column shaft in the
steering column lock cylinder housing.

• Install the steering column bearing tolerance
ring on the steering column shaft.

Item Part Number Description

1 — Bearing slot

2 351 Steering column lock cylinder
housing

3 — Outer race

4 — Bearing (in the UP position)

5 — Ball

6 — Inner race

2004 E-Series, 12/2003 



211-04-12 211-04-12Steering Column

DISASSEMBLY AND ASSEMBLY (Continued)

17. Install the steering column bearing sleeve.

20. Install the lock cylinder housing screws loosely
and position the steering actuator housing in a

18. Install the steering column bearing spring. vise.

19. Install the snap ring.
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211-04-13 211-04-13Steering Column

DISASSEMBLY AND ASSEMBLY (Continued)

21. NOTE: Lubricate the lock cylinder housing
bushings with rust penetrant and inhibitor.

Position the steering column lock cylinder
housing and the steering column shaft on the
steering actuator housing.

• Make sure the upper and lower steering
column lock actuators are aligned.

22. Position the steering column locking levers on 23. Position the lock cylinder housing and steering
the steering actuator housing. actuator housing, and tighten the lock cylinder

housing screws.1 Use a shop fabricated tool.

2 On tilt steering columns, install and
compress the steering column position
spring.
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211-04-14 211-04-14Steering Column

DISASSEMBLY AND ASSEMBLY (Continued)

All vehicles24. Install the steering column bearing tolerance
ring.

27. NOTE: The narrow section of the keyhole in
the lock gear must be in the 1 o’clock position.

Install the steering column lock gear.

• Use ignition lock grease to coat the steering
column lock gear.

Vehicles with tilt column

25. Install the sensor ring.

1 Install the sensor ring.

2 Install the steering column bearing spring.
28. Install the steering column lock housing

bearing.

• The narrow section of the keyhole should be
in the 1 o’clock position, with the tab
inboard at the 3 o’clock position and rotate
it counterclockwise.

• Lubricate the steering column lock housing
bearing with ignition lock grease.

Vehicles with fixed column

26. Install the snap ring.
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211-04-15 211-04-15Steering Column

DISASSEMBLY AND ASSEMBLY (Continued)

29. Install the steering column upper bearing
retainer firmly to engage the 4 retention tabs
into the lock housing.

31. Install the clockspring. For additional
information, refer to Section 501-20B.

32. Install the steering wheel. For additional
30. Position the multifunction switch and install the information, refer to Steering Wheel in this

2 screws. section.

33. Install the steering column. For additional
information, refer to Steering Column in this
section.
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211-05-1 211-05-1Steering Column Switches

Torque Specifications (Continued)
SPECIFICATIONS

Description Nm lb-in
Torque Specifications

Ignition switch screws 5-7 44-62
Description Nm lb-in

Multifunction switch screws 2-3 18-27
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211-05-1 211-05-1Steering Column Switches

DESCRIPTION AND OPERATION

Steering Column Switches

Component Location

The shift interlock system prevents movement of theItem Part Number Description
gearshift lever from the PARK position with the1 13K359 Multifunction Switch
ignition switch placed in the RUN position until the

2 — Ignition Switch brake pedal is actuated or until vehicle electrical
power is interrupted. The shift lock  actuator is partThe multi-function switch is mounted to the LH
of the shift interlock system and is mounted at theside of the steering column and controls the
base of the steering column tube. It engages thefollowing:
transmission shift selector position insert to lock the

• turn signal transmission column shift selector tube and gearshift
• windshield wiper/washer control lever.

• headlamp dimmer/flash-to-pass/hazard The transmission control switch (TCS) and
transmission control indicator lamp (TCIL) areThe ignition switch is mounted on the underside of
located inside the end of the gearshift lever. Pushingthe steering column and is activated by rotating the
the TCS either disengages or engages the overdrivekey lock cylinder on the steering column tube.
function of the transmission. When overdrive is

The key-in-ignition switch terminal is part of the disengaged, the TCIL illuminates the word OFF.
key lock cylinder. Each time the ignition switch is placed in the RUN

position, the transmission automatically provides
overdrive operation regardless of TCS position the
last time the vehicle was running.

For information on the turn signal, refer to Section
417-01.
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211-05-2 211-05-2Steering Column Switches

DESCRIPTION AND OPERATION (Continued)

For information on windshield wiper/washer control, For information on hazard flasher, refer to Section
refer to Section 501-16. 417-01.

For information on headlamp dimmer/flash-to-pass,
refer to Section 417-01.
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211-05-1 211-05-1Steering Column Switches

DIAGNOSIS AND TESTING

2. Visually inspect for the following obvious signsSteering Column Switches
of mechanical and electrical damage.Refer to Wiring Diagrams Cell 13, Power

Distribution for schematic and connector
Visual Inspection Chartinformation.

Refer to Wiring Diagrams Cell 90, Mechanical Electrical
Turn/Stop/Hazard Lamps for schematic and • Damaged multifunction • Blown fuse(s)
connector information. switch • Damaged wiring harness

• Damaged ignition • Loose or corrodedRefer to Wiring Diagrams Cell 85, Headlamps for
switch connectionsschematic and connector information.

• Steering column shroudsRefer to Wiring Diagrams Cell 81, Interval
Wiper/Washer for schematic and connector
information. 3. If the fault is not visually evident, determine

the symptom and proceed to Symptom Chart.
Special Tool(s)

73 Digital Multimeter
105-R0051 or equivalent

Inspection and Verification

1. Verify the customer concern by operating the
multifunction switch or ignition switch.

Symptom Chart

Symptom Chart

Condition Possible Sources Action
• The Ignition Switch Is • Fuse. • GO to Pinpoint Test A.

Inoperative • Ignition switch.
• Circuitry.

• No Power in ACC • Ignition switch. • GO to Pinpoint Test B.
• Circuitry.

• No Power in RUN • Ignition switch. • GO to Pinpoint Test C.
• Circuitry.

• No Power in START • Ignition switch. • GO to Pinpoint Test D.
• Circuitry.

• The Multifunction • Fuse. • REFER to Section 501-16 for
Switch/Hazard Switch Does wiper/washer diagnosis.
Not Operate Properly

• Circuitry. • REFER to Section 417-01 for
exterior lighting diagnosis.

• Multifunction switch. • REFER to Wiring Diagrams
Cell 149 for component
testing.

• The ignition key is hard to • Key. • GO to Pinpoint Test E.
turn • Ignition lock cylinder.

• Ignition switch rod.
• Ignition switch.
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211-05-2 211-05-2Steering Column Switches

DIAGNOSIS AND TESTING (Continued)

Pinpoint Tests

PINPOINT TEST A: THE IGNITION SWITCH IS INOPERATIVE

Test Step Result / Action to Take
A1 CHECK THE FUSE

• Key in OFF position. Yes
• Check fuse: Maxi-Fuse 23 (60A). REPAIR circuit 37 (Y). TEST the system
• Check the power distribution box maxi-fuse 23 (60A). for normal operation.
• Is the fuse OK? No

REPLACE maxi-fuse 23 (60A). TEST the
system for normal operation. If the fuse
fails again, CHECK for short to ground.
REPAIR as necessary. TEST the system
for normal operation.

PINPOINT TEST B: NO POWER IN ACC

Test Step Result / Action to Take
B1 CHECK THE RADIO OPERATION

• Key in ON position. Yes
• Turn the radio on. REPLACE the ignition switch. REFER to
• Does the radio operate? Ignition Switch. TEST the system for

normal operation.
No
GO to Pinpoint Test C.

PINPOINT TEST C: NO POWER IN RUN

Test Step Result / Action to Take
C1 CHECK THE IGNITION SWITCH

• Perform the Ignition Switch Continuity Test. Refer to Wiring Yes
Diagrams Cell 149 for component testing. GO to C2.

• Does the ignition switch test OK? No
REPLACE the ignition switch. REFER to
Ignition Switch. TEST the system for
normal operation.

C2 CHECK THE VOLTAGE SUPPLY TO THE INTERIOR FUSE
PANEL
• Key in ON position.
• Measure the voltage between the interior fuse panel and ground:

Interior Fuse Panel Circuit

Fuse 2 (15A) 16 (R/LG)

Fuse 6 (10A) 687 (GY/Y)

Fuse 7 (10A) 687 (GY/Y)

Fuse 34 (10A) 33 (W/PK)

(Continued)
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211-05-3 211-05-3Steering Column Switches

DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST C: NO POWER IN RUN (Continued)

Test Step Result / Action to Take
C2 CHECK THE VOLTAGE SUPPLY TO THE INTERIOR FUSE

PANEL (Continued)

Yes
REVERIFY the concern. GO to Symptom
Chart.
No
If fuse location 2 (15A), REPAIR circuit 16
(R/LG).
If fuse location 6 (10A), REPAIR circuit
687 (GY/Y).
If fuse location 7 (10A), REPAIR circuit
687 (GY/Y).
If fuse location 34 (10A), REPAIR circuit
33 (W/PK).

• Are the voltages greater than 10 volts? TEST the system for normal operation.

PINPOINT TEST D: NO POWER IN START

Test Step Result / Action to Take
D1 CHECK THE IGNITION SWITCH

• Perform the Ignition Switch Continuity Test. Refer to Wiring Yes
Diagrams Cell 149 for component testing. GO to D2.

• Does the ignition switch test OK? No
REPLACE the ignition switch. REFER to
Ignition Switch. TEST the system for
normal operation.

D2 CHECK CIRCUIT 33 (W/PK) AND CIRCUIT 16 (R/LG)
• Key in START position. Yes

REPAIR circuit 16 (R/LG). TEST theTurn the key to the START position.
system for normal operation.• Does the starter motor engage?
No
REPAIR circuit 33 (W/PK) and/or REFER
to Section 303-06A. TEST the system for
normal operation.
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211-05-4 211-05-4Steering Column Switches

DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST E: THE IGNITION KEY IS HARD TO TURN

Test Step Result / Action to Take
E1 CHECK THE STEERING WHEEL POSITION

NOTE: The ignition lock cylinder should return from the START Yes
position back to the ON position without assistance. APPLY turning effort to the steering wheel

in the direction of lock while turning the• Check to see if the steering wheel is turned and locked full left
key to the ON position. TEST the systemor full right.
for normal operation.• Is the steering wheel locked full left or full right?
No
GO to E2.

E2 CHECK THE IGNITION LOCK CYLINDER KEY
• Check the ignition lock cylinder key for burrs, damaged key or Yes

incorrect key cut. GO to E3.
• Is the key OK? No

REPLACE the ignition key. TEST the
system for normal operation.

E3 CHECK THE IGNITION LOCK CYLINDER
• Remove the ignition lock cylinder. REFER to Section 501-14. Yes
• Check the ignition lock cylinder by rotating the ignition lock INSTALL a new ignition lock cylinder.

cylinder through all of the switch positions. REFER to Section 501-14.
• Does the ignition lock cylinder stick or bind in any of the Nopositions? GO to E4.

E4 CHECK THE IGNITION LOCK CYLINDER HOUSING
• Check for binding or sticking ignition switch actuating rod, burrs Yes

around the rack and pinion actuator in the ignition lock cylinder INSTALL a new ignition switch. REFER
housing, or insufficient lube. toIgnition Switch in this section. TEST the

• Is the ignition switch actuating rod, rack and pinion actuator system for normal operation.
and lubrication OK? No

REPAIR or LUBRICATE as necessary.
TEST the system for normal operation.

Component Tests

Ignition Switch Continuity Check

Refer to Wiring Diagrams Cell 149 for component
testing.

2004 E-Series, 12/2003 



211-05-5 211-05-5Steering Column Switches

DIAGNOSIS AND TESTING (Continued)

Multi-Multifunction Switch
Function

Multifunction Switch — Component Side Switch Resistance
Function Position Terminals Values

Wiper OFF 589 and Approx.
590 150,000

Ohms

INT 589 and Between
590 14,000

Ohms and
11,000
Ohms

LO 589 and Approx.
590 7,200

Ohms

HI 589 and Approx.
590 3,200

Ohms

Wiper OFF 590 and Approx.
993 100,000

Ohms

INT 590 and Between
993 100,000

Ohms and
3,200
Ohms

LO 590 and Approx.
993 3,200

Ohms

HI 590 and Approx.
993 3,2001. Measure the resistance between the following

Ohmsmultifunction switch terminals:
Hazard ON 49 and Less than 5

Multi- BATT Ohms
Function OFF 49 and IGN Less than 5
Switch Resistance Ohms

Function Position Terminals Values
Turn Signal Center (no 511 and 9, Less Than

Washer ON 590 and Less than 5 turn) 511 and 5 5 Ohms
993 Ohms Position

OFF 590 and Greater Left Turn Place the 44 and 3, Less than 5
993 than 10,000 Signal Multi-Func- 44 and 9 Ohms

Ohms  tion
Wiper OFF 589 and Approx. Switch in

993 47,000 the LEFT
Ohms TURN

PositionINT 589 and Approx.
993 11,000 Right Turn Place the 44 and 5, Less than 5

Ohms Signal Multi-Func- 44 and 2 Ohms
 tionLO 589 and Approx.

Switch in993 4,000
the RIGHTOhms

TURN
HI 589 and Less than 5 Position

993 ohms
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211-05-6 211-05-6Steering Column Switches

DIAGNOSIS AND TESTING (Continued)

Multi- Multi-
Function Function
Switch Resistance Switch Resistance

Function Position Terminals Values Function Position Terminals Values

High Beam Place the 15 and Less than 5 Low Beam Place the 15 and Less than 5
Multi-Func- 527/12 Ohms Multi-Func- 507/13, 196 Ohms

 tion  tion and 527/12
Switch in Switch in

the HI the LO
BEAM BEAM
Position Position

Flash-To-Pass Hold the 196 and Less than 5
Multi-Func- 527/12, 15 Ohms

 tion and 507/13
Switch in

the
FLASH-TO-

 PASS
Position

If the resistances are as specified, the multifunction
switch is OK. Return the multifunction switch to the
vehicle. Test the system for normal operation.

If the resistances are not as specified, replace the
multifunction switch. Refer to Multifunction Switch.
Test the system for normal operation.
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211-05-1 211-05-1Steering Column Switches

REMOVAL AND INSTALLATION

4. Remove the upper and lower steering columnMultifunction Switch
shrouds.

Removal 1 Remove the screws.

2 Remove the lower steering column shroud.
1. Depower the supplemental restraint system 3 Remove the upper steering column shroud.

(SRS). For additional information, refer to
Section 501-20B.

2. Remove the ignition switch lock cylinder.

1 Insert the ignition key into the ignition
switch lock cylinder and turn to the RUN
position.

2 Insert a punch through the hole in the lower
steering column shroud and push the
ignition switch lock cylinder release tab
while pulling out the ignition switch lock
cylinder.

5. Remove the multifunction switch.

1 Remove the screws.

2 Disconnect the 2 electrical connectors.

3 Remove the multifunction switch.

3. NOTE: The steering wheel is removed for
clarity.

If equipped, twist the tilt wheel handle and
shank and remove.
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211-05-2 211-05-2Steering Column Switches

REMOVAL AND INSTALLATION (Continued)

Installation

1. NOTE: When the battery has been
disconnected and reconnected, some abnormal
drive symptoms may occur while the vehicle
relearns its adaptive strategy. The vehicle may
need to be driven 16 km (10 mi) or more to
relearn the strategy.

To install, reverse the removal procedure.

• Repower the supplemental restraint system
(SRS). For additional information, refer to
Section 501-20B.
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211-05-1 211-05-1Steering Column Switches

REMOVAL AND INSTALLATION

Ignition Switch

Removal

1. Depower the supplemental restraint system
(SRS). For additional information, refer to
Section 501-20B.

2. Pull the steering column opening cover off the
lower instrument panel.

Installation

1. NOTE: When the battery is disconnected and
reconnected, some abnormal drive symptoms
may occur while the vehicle relearns its
adaptive strategy. The vehicle may need to be
driven 16 km (10 mi) or more to relearn the
strategy.

To install, reverse the removal procedure.

• Repower the supplemental restraint system
(SRS). For additional information, refer to

3. NOTE: For clarity, the driver side knee brace Section 501-20B.
and the steering column opening reinforcement
are not shown in the illustration. It is not
necessary to remove these items to remove the
ignition switch.

Disconnect the wiring harness from the ignition
switch.

4. Remove the ignition switch screws and the
ignition switch.
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211-05-1 211-05-1Steering Column Switches

REMOVAL AND INSTALLATION

Key Release Interlock Actuator

Removal and Installation

For additional information, refer to Section 211-04.
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303-12-1 303-12-1Intake Air Distribution and Filtering

SPECIFICATIONS

Torque Specifications

Description Nm lb-ft lb-in

Air cleaner assembly 9 — 80
screws

Charge air cooler 12 9 —
(CAC) inlet/outlet duct
retaining clamps

CAC-to-radiator bolts 9 — 80
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303-12-1 303-12-1Intake Air Distribution and Filtering

DESCRIPTION AND OPERATION

• mass air flow (MAF) sensor. For additionalIntake Air Distribution and Filtering
information, refer to Section 303-14A.

Gasoline Engines • air cleaner outlet tube assembly, consisting of:
The intake air system consists of the following — air cleaner outlet tube
components:

— resonator
• air inlet tube

— throttle body inlet tube
• air cleaner (ACL), inlet and outlet

• control sensor extension wiring
• air cleaner element (ACL element)

Air Cleaner Component Locations — 4.6L, 5.4L and 6.8L Gasoline Engine
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303-12-2 303-12-2Intake Air Distribution and Filtering

DESCRIPTION AND OPERATION (Continued)

Item Part Number Description Item Part Number Description

6 9B642 Throttle body inlet tube 4.6L1 9F823 Air cleaner inlet
(part of 9F805)2 9A612 Air cleaner tray (part of

7 9F763 Resonator 5.4L and 6.8L (part9600)
of 9F805)3 9661 Air cleaner cover (part of

8 9B642 Throttle body inlet tube 5.4L9600)
(part of 9F805)4 9B659 Air cleaner outlet tube (part

9 9B642 Throttle body inlet tube 6.8Lof 9F805)
(part of 9F805)5 9F763 Resonator 4.6L (part of

10 9C632 Clamps9F805)
(Continued)

Air Cleaner Assembly — 4.6L, 5.4L and 6.8L Gasoline Engine

Item Part Number Description Item Part Number Description

7 9628 Air box clamp1 9A612 Air box cover

8 N811339-S424 Screws2 9601 Filter element

9 17C431 Round isolator and insert3 12A690 Mass air flow sensor (MAF)
sensor pigtail 10 9643 Air box cover

4 W505562 Screws 11 9B929 Oval isolator and insert
5 12B579 MAF sensor 12 N62332-S301 J-nut
6 9A628 MAF sensor body

(Continued)

2004 E-Series, 12/2003 



303-12-3 303-12-3Intake Air Distribution and Filtering

DESCRIPTION AND OPERATION (Continued)

Variable Resonance Induction System • mass air flow (MAF) sensor 

The variable resonance induction system is used on • air cleaner outlet tube
the 4.6L engine only. A solenoid-operated shutter • engine charge air cooler
valve is located in the dynamic chamber of the

• charge air cooler ductsvariable resonance induction system in the lower
intake manifold. The variable resonance  induction The engine air cleaner contains an air cleaner
system opens and closes the shutter according to the element made of treated, pleated paper, a new air
engine speed and throttle opening angle, to improve cleaner element must be installed periodically as
the charging efficiency by using the pressure waves scheduled. Engine performance and fuel economy
of the intake air. The powertrain control module are adversely affected when maximum restriction of
(PCM) applies voltage to the  variable resonance the air cleaner element is reached. The charge air
induction system solenoid, and actuates and moves cooler subsystem cools and increases the density of
the shutter valve. the compressed turbocharger air.

Diesel Engines

The intake air system consists of the following
components:

• engine air cleaner

• air cleaner element
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303-12-4 303-12-4Intake Air Distribution and Filtering

DESCRIPTION AND OPERATION (Continued)

Air Cleaner Assembly — 6.0L Diesel Engine

Item Part Number Description Item Part Number Description

8 9601 Air cleaner element1 9C632 Clamps

9 9A612 Tray2 W709287-S Bolt

10 9P686 Isolators3 12B579 Mass air flow (MAF) sensor

11 W701152 Nut and washer4 9N622 Restriction gauge

12 9C609 Bracket5 9N608 Grommet

13 9P686 Isolators6 9643 Air cleaner cover

14 9628 Bail clips (3 req’d)7 9B660 Auxiliary inlet hose
(Continued)(Continued)
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303-12-5 303-12-5Intake Air Distribution and Filtering

DESCRIPTION AND OPERATION (Continued)

Item Part Number Description

15 9C623 Air cleaner outlet tube
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303-12-1 303-12-1Intake Air Distribution and Filtering

DIAGNOSIS AND TESTING

Intake Air Distribution and Filtering —
4.6L, 5.4L and 6.8L
Refer to the Powertrain Control/Emissions Diagnosis
(PC/ED) manual.
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303-12-1 303-12-1Intake Air Distribution and Filtering

DIAGNOSIS AND TESTING

Intake Air Distribution and Filtering —
6.0L Diesel
NOTE: Some engine oil may be present in the air
intake components. This is a normal condition due
to the crankcase breather system.

Refer to the Powertrain Control/Emissions Diagnosis
(PC/ED) manual.

Symptom Chart

Symptom Chart

Condition Possible Sources Action
• Excessive black smoke under • Pressurized air leaking from • CHECK the entire intake air

load/low power loose connections or cracks in system for leaks. CARRY
the charge air cooler, ducts or OUT the charge air cooler
intake components. leak test. REFER to Leak

Test — Charge Air Cooler
under Charge Air Cooler
Repairs within this section.
REPAIR the intake  air
system. RESTORE the
vehicle. TEST the system for
correct operation.

• Leaks or restrictions in the • REPAIR the exhaust system.
exhaust system will cause the
turbine and impeller to
operate at a lower speed and
reduce the amount of air
being forced into the
cylinders.

• A restriction in the pressure • CHECK for a restricted or
side of the intake air system leaking charge air cooler.
will change the air-to-fuel CARRY OUT the charge air
ratio. cooler leak test. REFER to

Leak Test — Charge Air
Cooler under Charge Air
Cooler Repairs within this
section. REPAIR the  intake
air system.

• High restriction caused by the • CHECK the air intake duct. If
air inlet being iced over. frozen, carefully thaw out.

• Failure of the turbocharger • INSTALL a new
internal components. A turbocharger. CARRY OUT
bearing failure can produce the bearing clearance check.
friction, reducing the speed of REFER to Section 303-04E.
the rotor assembly. Bearing
failure can allow the
compressor and impeller
blades to rub the housing,
reducing the rotor assembly
speed.

• Restriction in the air cleaner • INSTALL a new air cleaner
element. element.
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DIAGNOSIS AND TESTING (Continued)

Symptom Chart (Continued)

Condition Possible Sources Action
• High oil consumption • A restricted or damaged oil • CLEAN or REPAIR as

return passage will cause the necessary. RESTORE the
turbocharger housing to vehicle. TEST the system for
become pressurized, causing correct operation.
engine oil to migrate past the
turbocharger seals.

• Suspect unserviceable seal • INSTALL a new
rings only if there is an turbocharger.
excessive amount of engine
oil in the turbocharger
housing, and no other causes
are found for the excessive
oil consumption.

• Excessive crankcase pressure • REFER to the Powertrain
will not allow the oil to drain Control/Emissions Diagnosis
from the turbocharger. This (PC/ED) manual for causes of
will load the bearing housing the excessive blow-by.
and allow the engine oil to
leak past the compressor seals
and into the engine.

• Boost pressure high/low • Pressurized air leaking from • REFER to Excessive black
loose connections or cracks in smoke under load/low power
the charge air cooler, ducts or within this symptom chart.
intake manifold runners.

• A restriction in the pressure
side of the intake air system
will change the air-to-fuel
ratio.

• Leaks or restrictions in the
exhaust system will cause the
turbine and impeller to
operate at a lower speed and
reduce the amount of air
being forced into the
cylinders.
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GENERAL PROCEDURES

2. Refer to the Charge Air Cooler Cross-ReferenceCharge Air Cooler Repairs
Chart to determine if the damage is repairable
and what types can be made.

1. Determine what type of damage has been done
to the charge air cooler.

Charge Air Cooler Cross-Reference Chart

Condition Action To Take

• Tubes torn or cracked. • Install a new charge air cooler. Refer to Charge Air
Cooler — 6.0L Diesel in this section.

• Tubes dented, kinked or bent, resulting in a round edge • Weld or epoxy. Refer to Welding Repairs — Tubes or
(radius LESS than 1 mm (0.04 in) ). Tube Header Joints or to Epoxy Repairs — Tubes or

Headers in this section.

• Tubes dented, kinked or bent, resulting in a round edge • No repair required.
(radius GREATER than 1 mm (0.04 in) [1/32 inch]).

• Holes in tubes LESS than 1 mm (0.04 in) (1/32 inch) in • Weld or epoxy to fill. Refer to Welding Repairs —
all directions on the tube surface. Tubes or Tube Header Joints or to Epoxy Repairs —

Tubes or Headers in this section.

• External fins crushed or bent; MORE than 1 mm (0.04 • No repair required.
in) (1/32 inch) height reduction per fin row and the
sidemember-to-sidemember dimension is within
specification 686.81 mm (26-3/4 inch).

• External fins pushed in with no tearing. • Straighten the fins.

• External fins pushed in with tearing LESS than 10 mm • Remove loose fin material and straighten.
(0.4 in) (3/8 inch) deep from core face. Also tearing is
LESS than 20 percent of a given fin row and LESS
than 5 percent of the total fin row.

• External fins pushed in with tearing MORE than 10 mm • Install a new charge air cooler. Refer to Charge Air
(0.4 in) (3/8 inch) deep from core face. Also tearing is Cooler — 6.0L Diesel in this section.
MORE than 20 percent of a given fin row and MORE
than 5 percent of the total fin row.

• Sidemembers bent or dented. • Straighten the sidemember to original form. If the tubes
are dented or the fins crushed, then straighten. Refer to
Tube and Fin conditions above.

• Sidemember surfaces cracked or broken through. • Weld the sidemember. Refer to Welding Repairs —
Sidemembers in this section.

NOTE: If the crack is less than 1 mm (0.04 in) (1/32• Headers bent or dented, resulting in three or FEWER
inch), repair can be made with epoxy.tube or tube-to-header leaks, and cracks are LESS than
Weld the header. Refer to Welding Repairs — Tubes or2 mm (0.08 in) (1/16 inch).
Tube Header Joints in this section.

• Headers bent or dented, resulting in three or MORE • Install a new charge air cooler. Refer to Charge Air
tube or tube-to-header leaks, crack width is GREATER Cooler — 6.0L Diesel in this section.
than 2mm (0.08 in) (1/16 inch).

• Headers cracked. • Install a new charge air cooler. Refer to Charge Air
Cooler — 6.0L Diesel in this section.

• Tank wall cracked. • Install a new charge air cooler. Refer to Charge Air
Cooler — 6.0L Diesel in this section.

• Tank wall punctured. • Install a new charge air cooler. Refer to Charge Air
Cooler — 6.0L Diesel in this section.
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303-12-2 303-12-2Intake Air Distribution and Filtering

GENERAL PROCEDURES (Continued)

Charge Air Cooler Cross-Reference Chart (Continued)

Condition Action To Take

• Mounting brackets cracked or broken off. • Install a new charge air cooler. Refer to Charge Air
Cooler — 6.0L Diesel in this section.

• Mounting hardware cracked, broken or otherwise • Repair to original condition.
damaged, and repair DOES NOT affect fit, function or
durability.

• Mounting hardware cracked, broken or otherwise • Install a new charge air cooler. Refer to Charge Air
damaged, and repair DOES effect fit, function or Cooler — 6.0L Diesel in this section.
durability.

• Tank wall scratched or gouged, but not cracked or • No repair necessary.
broken through, and fit and function of cooler is not
affected.

• Tank-to-header leak. • Install a new charge air cooler. Refer to Charge Air
Cooler — 6.0L Diesel in this section.

• CAC hoses torn. Over-torque or clamp misalignment • Inspect the clamp for smooth inside surface of its
causes the hose to tear. bridge. Any visible bumps on the inside surface indicate

damage, due to prior over-torque. Install a new hose
and clamp. Tighten to specification.

• Clamp falls off, won’t stay on. • Duct becomes out of round or tapered at the end. This
condition arises from clamp over-torque. Install a new
duct and clamp.

• Charge air cooler (CAC) hose blow off • Clean the ends of the CAC with brake parts cleaner to
make sure a clean and dry surface.

Welding Repairs — Sidemembers 2. CAUTION: Care must be taken not to
melt the fins or the tube-to-header braze

1. All surfaces to be welded must be free of all joint. If welding near the core, shield the
paint, oil, grease, water and other foreign matter core with a large steel plate. This will protect
in the area, so the weld repair will adhere to the it from sparks and weld splatter and will act
bare aluminum and will not be contaminated. as a heat sink.

Tack-weld the bracket in place.
2. Cut a V-shaped groove along the length of the

• This will retain the bracket in its correctcrack to a depth equal to the member thickness.
orientation.

3. Weld-fill the groove. • Use a suitable MIG welder.
• Use a suitable MIG welder.

3. Weld the bracket in place.
4. Wire brush and grind any excess weld material • Use a suitable MIG welder.

to provide a flat surface.
4. Allow the bracket to air-cool.

5. Clean the charge air cooler.
5. Check the bracket alignment.

Welding Repairs — Mounting Brackets
6. Clean the charge air cooler.

1. All surfaces to be welded must be free of all
paint, oil, grease, water and other foreign matter
in the area, so the weld repair will adhere to the
bare aluminum and will not be contaminated.
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GENERAL PROCEDURES (Continued)

Welding Repairs — Tubes or Tube 5. Drain all of the water from the charge air
Header Joints cooler and allow it to air-dry.

6. NOTE: A leak test must be carried out on all1. All surfaces to be welded must be free of all
repairs prior to painting or installing the chargepaint, oil, grease, water and other foreign matter
air cooler.in the area, so the weld repair will adhere to the

bare aluminum and will not be contaminated. Leak test the charge air cooler.

Cleaning After Weld or Epoxy Repairs —2. Weld the tube or tube header joint.
Alternate Method

• Use a suitable MIG welder.

• Use Alcan MIG Electrode Wire, 1.20 mm 1. Lay the charge air cooler flat with the inlet and
(3/16 inch) diameter, 4043 aluminum alloy, outlet ports pointing up.
aluminum wire or equivalent.

2. Fill the charge air cooler to 40 percent of its
3. Clean the charge air cooler. volume with water.

Epoxy Repairs — Tubes or Headers
3. Agitate the charge air cooler by hand for at

least 10 minutes.
1. All surfaces to be repaired must be free of all

paint, oil, grease, water and other foreign matter 4. Drain the water from the charge air cooler.
in the area, so the epoxy will adhere to the bare
aluminum and will not be contaminated. 5. Repeat Steps 1 through 4 until no foreign

material is found in the flushing water.
2. Apply epoxy to the damaged tube or header.

6. Allow the charge air cooler to air-dry.• Use only a high-temperature epoxy.

X Use resin CIBA GEIGY ARADLITE AV
7. NOTE: A leak test must be carried out on all138M and hardener CIBA GEIGY HV

repairs prior to painting or installing the charge
998 or equivalents.

air cooler.
X The mix and cure instructions on the

Leak test the charge air cooler.
products must be strictly adhered to.

Leak Test — Charge Air Cooler
3. Clean the charge air cooler.

1. NOTE: All repaired charge air coolers must beCleaning After Weld or Epoxy Repairs —
leak tested and pressure checked prior toPower Flushing
painting or installing into the vehicle.

Install an air pressure gauge in one port of the1. Orient the charge air cooler so that the tank
charge air cooler.containing the repair or closest to the repair

point is at the bottom.
2. Install a stop/air supply in the other port.

2. Power flush the charge air cooler from the
3. Apply 50 psig of air pressure.opposite tank at the top.

• Power flush with water at a rate of 1.5 mm
4. Reduce air pressure to 29 psig.

(0.06 in) per second for 3 minutes.

5. Let the charge air cooler stand for a few
3. Invert the charge air cooler.

minutes and note any loss in pressure.

• If the pressure loss exceeds 1.5 psig per4. Power flush the charge air cooler in the
minute, repair the leak.opposite direction.

• Power flush with water at a rate of 1.5 mm
(0.06 in) per second for 3 minutes.
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GENERAL PROCEDURES (Continued)

6. Install a new charge air cooler if there is any
permanent distortion.
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REMOVAL AND INSTALLATION

Air Cleaner — 4.6L, 5.4L and 6.8L

Removal and Installation

1. Detach the air cleaner dirty air inlet tube from
the plastic seal on the radiator support.

4. Disconnect the two vent hoses from the air
cleaner outlet tube.

2. Disconnect the air cleaner housing.

1 Remove the air cleaner housing screws at
the cowl and the radiator support.

2 Loosen the air cleaner outlet tube clamp.
Remove the outlet tube from the air cleaner
housing.

5. Loosen the air cleaner outlet tube clamp at the
throttle body and remove the air cleaner outlet
tube.

3. Reposition the air cleaner housing and
disconnect the mass airflow (MAF) sensor
electrical connector.

6. To install, reverse the removal procedure.
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303-12-1 303-12-1Intake Air Distribution and Filtering

REMOVAL AND INSTALLATION

4. Disconnect the mass air flow (MAF) sensorAir Cleaner — 6.0L Diesel
electrical connector.

Removal • Slide out the red lock.

• Press the tab and remove the electrical
1. Remove the bolts and position the degas bottle connector.

aside.

5. Disconnect the three latches and remove the air
2. Disconnect the coolant hoses from the air cleaner cover.

cleaner outlet tube.

6. Remove the air cleaner element.
3. Loosen the clamp and disconnect the air cleaner

outlet tube.
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303-12-2 303-12-2Intake Air Distribution and Filtering

REMOVAL AND INSTALLATION (Continued)

7. Remove the LH headlamp assembly. For 2. NOTE: This step is carried out through the
additional information, refer to Section 417-01. opening behind the LH headlamp assembly.

Inspect the rubber seal flap for correct position,
8. NOTE: Air cleaner housing removed for flat against the body.

clarity.
• If the flap is kinked or distorted, reposition

Remove the air cleaner housing. it as necessary.
1 Lift straight up to release the bottom legs

from the insulators in the bracket. 3. Install the LH headlamp assembly. For
additional information, refer to Section 417-01.2 Move to the left to release the side

insulators and remove the air cleaner
4. Install the air cleaner element.housing.

5. Install the air cleaner cover and connect theInstallation
three latches.

1. NOTE: Air cleaner housing removed for
clarity.

Install the air cleaner housing.

1 Position the air cleaner housing in the
vehicle and move it to the right into the
fender opening.

2 Push the air cleaner housing down into the
isolators in the bracket.
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REMOVAL AND INSTALLATION (Continued)

6. Connect the MAF sensor electrical connector.

• Slide in the red lock.

9. Position the degas bottle and install the bolts.

7. Connect the air cleaner outlet tube and tighten
the clamp.

8. Connect the coolant hoses to the air cleaner
outlet tube.

• Install the engine vent tube in the bottom
and rear retainers.

• Install the radiator vent tube in the top
retainer.
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REMOVAL AND INSTALLATION

Air Cleaner Element — 4.6L, 5.4L and
6.8L

Removal and Installation

1. Detach the air cleaner dirty air inlet tube from
the plastic seal on the radiator support, rotate
the tube up, and remove it.

2. Unlatch the clamp on the air cleaner assembly
and remove the air cleaner cover.

3. Remove the air cleaner (ACL) element. 4. To install, reverse the removal procedure.

• Align the tab on the air cleaner cover with
the slot in the tray assembly.

• Make sure the band clamp is over both the
tray and the cover, and is latched closed.
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REMOVAL AND INSTALLATION

Air Cleaner Element — 6.0L Diesel

Removal and Installation

1. Disconnect the hoses from the air cleaner outlet
tube.

4. Disconnect the three latches and remove the air
cleaner cover.

2. Loosen the clamp and disconnect the air cleaner
outlet tube.

5. Remove the air cleaner element.

3. Disconnect the mass air flow (MAF) sensor
electrical connector.

• Slide out the red lock.

• Press the tab and remove the electrical
connector.

6. To install, reverse the removal procedure.
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REMOVAL AND INSTALLATION

Charge Air Cooler — 6.0L Diesel

Removal and Installation

1. Remove the radiator. For additional
information, refer to Section 303-03.

2. NOTE: LH shown, RH similar.

Remove the bolts and separate the radiator from
the charge air cooler.

3. To install, reverse the removal procedure.
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Torque Specifications
SPECIFICATIONS

Description Nm lb-ft lb-in
General Specifications

Evaporative emissions 18 13 —
Item Specification canister assembly

bracket boltsLubricant
Evaporative emissions 9 — 80SAE 5W-20 Premium WSS-M2C153-H
canister purge valveSynthetic Blend Motor Oil
nuts
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303-13-1 303-13-1Evaporative Emissions

DESCRIPTION AND OPERATION

Evaporative Emissions

Evaporative Emission System Components — Midship Fuel Tank

Item Part Number Description Item Part Number Description

5 9F945 Canister vent solenoid1 9B593 Fuel vapor/grade vent valve

6 9C052 Fuel tank pressure sensor2 9G723 Evaporative emission
hydrocarbon filter canister 7 9C915 Evaporative emission canister

purge valve3 9D653 Evaporative emission canister

4 9B328 Evaporative emissions
canister dust separator

(Continued)
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303-13-2 303-13-2Evaporative Emissions

DESCRIPTION AND OPERATION (Continued)

Evaporative Emission System — Aft-of-Axle Fuel Tank

The evaporative emission (EVAP) system:Item Part Number Description

1 9C915 Evaporative emission canister • prevents hydrocarbon emissions from reaching the
purge valve atmosphere.

2 9B593 Fuel vapor/grade vent valve • stores fuel vapors in the evaporative emissions
3 9C052 Fuel tank pressure sensor (EVAP) canister that are generated during vehicle
4 9B328 Evaporative emissions operation or hot soak, until they can be consumed

canister dust separator by the engine during normal engine operation.
5 9G723 Evaporative emissions • routes the stored fuel vapors to the engine duringhydrocarbon filter canister

engine operation.
6 9D653 Evaporative emission canister

7 9F945 Canister vent solenoid
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DESCRIPTION AND OPERATION (Continued)

• is controlled by the powertrain control module The fuel tank filler cap:
(PCM) which uses various sensor inputs to

• relieves system vacuum below 3.5 kPa (15.09calculate the desired amount of EVAP purge flow.
inches H2O).The PCM regulates the purge flow, induced by

The canister vent solenoid:the application of intake manifold vacuum, by
varying the  duty cycle applied to the canister • is normally open.
purge valve.

• seals the EVAP system for the OBD II leak and
• has an evaporative emission test port for test pressure tests.

purposes.
• is mounted to the EVAP canister.

The fuel vapors are routed:
• is repaired as a separate item.

• from the fuel tank through the fuel vapor vent The evaporative emission canister purge valve:
valves.

• is normally closed.• to the evaporative emissions (EVAP) canister
through a vapor line. • regulates the purging of the EVAP canister.

• to the engine when the evaporative emission • is controlled by the powertrain control module
(EVAP) canister purge valve is opened by the (PCM).
powertrain control module (PCM). The evaporative emission (EVAP) system test

The fuel tank pressure (FTP) sensor: port:

• monitors the pressure levels in the fuel tank. • is located near the EVAP canister purge valve.

• communicates the pressure reading to the PCM • is used to connect the Evaporative Emission
during the OBD II leak test. System Leak Tester to the EVAP system.

The evaporative emissions (EVAP) canister:

• is located along the LH frame rail for vehicles
with rear fuel tanks or on the rear crossmember
for vehicles with a midship fuel tank.

• contains activated carbon.

• stores fuel vapors.
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DIAGNOSIS AND TESTING

Evaporative Emissions

Special Tool(s)

Evaporative Emission System
Leak Tester
310-F007 (134-00056) or
equivalent

Worldwide Diagnostic System
(WDS)
418-F224,

New Generation STAR (NGS)
Tester
418-F052, or equivalent scan
tool

Evaporative Emission System

Item Part Number Description Item Part Number Description

4 9C915 Evaporative emission canister1 9030 Fuel filler cap
purge valve2 9C052 Fuel tank pressure sensor

5 9F945 Canister vent solenoid3 9B190 Fuel limit vent valve
(Continued)

(Continued)

Copyright  2003, Ford Motor Company
Last updated: 10/27/2003 2004 E-Series, 12/2003 



303-13-2 303-13-2Evaporative Emissions

DIAGNOSIS AND TESTING (Continued)

Fuel Vapor Vent Valve AssemblyItem Part Number Description
The fuel vapor vent valve assembly is mounted on6 9B328 Evaporative emission dust

separator the top of the fuel tank. It is used to control the
flow of fuel vapors entering the EVAP system. The7 9D653 Evaporative emission canister
head portion of the assembly prevents the fuel tank8 9002 Fuel tank
from overfilling during refueling. The  assembly9 9B593 Fuel vapor vent valve
also has a spring float, which prevents liquid fuel

10 9189 Fuel filler pipe check valve from entering the vapor delivery system under
11 9G723 Evaporative emissions severe handling or vehicle rollover conditions. In

hydrocarbon filter canister the upright position the open bottom of the float
will lift and shut off the orifice. Under  severe

Principles of Operation handling conditions, the spring will push the float
closed when angles allow liquid fuel to reach theEvaporative Emissions (EVAP) Canister
orifice. In a rollover condition the weight of thePurge Valve
open bottom float and spring pressure will close theThe EVAP canister purge valve is controlled by the
orifice.powertrain control module (PCM). The EVAP

canister purge valve controls the flow of fuel vapors Fuel Filler Pipe Check Valve
from the EVAP canister to the engine intake

The fuel filler check valve is an integral part of themanifold during various engine-operating modes.
fuel tank. It is intended to prevent liquid fuel fromThe  EVAP canister purge valve is normally closed.
re-entering the fuel filler pipe from the fuel tank on
refueling or rollover conditions.Evaporative Emission (EVAP) Canister

Fuel vapors from the fuel tank are stored in the Evaporative Emissions System Monitor
EVAP canister. When the engine is running, the

When a fault occurs, the EVAP system monitor isvapors are purged from the EVAP canister for
reset to NO and a diagnostic trouble code (DTC) iscombustion.
set in the PCM memory. After the DTC is repaired
the vehicle drive cycle must be completed to resetCanister Vent Solenoid
the monitor in preparation for inspection andDuring the Evaporative Emission Running Loss
maintenance testing.System Test Monitor, Evaporative Emissions Repair

Verification Drive Cycle and the Evaporative EVAP Running Loss System Test
Emission System Leak Test the canister vent

To start the testing, conditions of stable purging andsolenoid is closed to allow a vacuum to be drawn
vehicle speed must be satisfied. During the firston the  vapor management system. The canister
stage, the EVAP canister vent solenoid is closedvent solenoid is normally open.
while the EVAP canister purge valve remains open,
applying and building vacuum in the  system asFuel Tank Pressure (FTP) Sensor
indicated by the fuel tank pressure (FTP) sensor.The fuel tank pressure sensor is used to measure the
This phase checks for major leaks in the EVAPfuel tank pressure during the Evaporative Emissions
system.monitor test. It is also used to control excessive fuel
In the second stage, the EVAP canister purge valvetank pressures by forcing the EVAP system to
closes and the system looks for minimal decay ratepurge. The fuel tank pressure sensor  can be either
in the EVAP vacuum, indicating the absence of anytank mounted or remotely mounted in the fuel vapor
small EVAP system leaks.control valve tube as it crosses over the fuel tank.

2004 E-Series, 12/2003 



303-13-3 303-13-3Evaporative Emissions

DIAGNOSIS AND TESTING (Continued)

The last stage is entered only if stage two of the 4. If the scan tool still does not communicate with
leak test has failed and checks whether the failed the vehicle, refer to the scan tool manual.
test was due to excess vapor generation. It monitors 5. Carry out the DATA LINK DIAGNOSTICS
fuel vapor generation rate. Initially the canister vent test. If the scan tool responds with:
solenoid is opened to equalize  EVAP system

• CKT914, CKT915 or CKT70 = ALL ECUSpressure to atmosphere. Then the canister vent
NO RESP/NOT EQUIP, refer to Sectionsolenoid is closed allowing pressure to build, if
418-00.vapor generation is present in sufficient quantity. If

the rate of generation is found to be too high, the • NO RESP/NOT EQUIP for PCM, refer to the
EVAP running loss system leak  test is aborted. If Powertrain Control/Emissions Diagnosis
not, then a small leak is diagnosed. (PC/ED) manual.

• SYSTEM PASSED, retrieve and record theInspection and Verification
continuous diagnostic trouble codes (DTCs),

1. Verify the customer concern is with the erase the continuous DTCs and carry out the
evaporative emission (EVAP) system. PCM KOEO self-test.

2. Visually inspect for the following obvious signs 6. If the DTCs retrieved are related to the concern,
of mechanical damage. refer to the Powertrain Control/Emissions

Diagnosis (PC/ED) manual.Visual Inspection Chart
7. If the concern remains after the inspection,Mechanical

determine the symptom, and refer to the
• Fuel filler cap Powertrain Control/Emissions Diagnosis
• EVAP test port

(PC/ED) manual.• EVAP canister or vent solenoid
• Canister hoses
• Vacuum lines or hoses

3. If the concern remains after the inspection,
connect the scan tool to the data link connector
(DLC) located beneath the instrument panel and
select the vehicle to be tested from the scan
tool menu. If the scan tool does not
communicate with the  vehicle:

• check that the program card is correctly
installed.

• check the connections to the vehicle.

• check the ignition switch position.
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GENERAL PROCEDURES

Canister Vent Solenoid Closing CAUTION: The canister vent solenoid
must not be energized for more than 9 minutesProcedure
at one time. Once the canister vent solenoid is
energized and de-energized, adequate time mustSpecial Tool(s)
be allowed for the component to cool adequately.

Worldwide Diagnostic System Failure to allow the  component to cool may
(WDS) create a false failure in the diagnostics, causing
Vehicle Communication Module unnecessary repairs.
(VCM) with appropriate
adapters, or equivalent

1. Connect the diagnostic tool and select thediagnostic tool
output test mode.

2. If PID monitors are not active, select PIDs.

3. Select the fuel tank pressure (FTP) and the
volts (V) parameter identification (PID) for
monitoring.

4. Select the ALL OFF mode.

5. Close the canister vent solenoid by pushing the
START button on the diagnostic tool.
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GENERAL PROCEDURES

4. Monitor the indicator flag on the SmokeEvaporative Emission System Leak
Machine Tester. If the measurement is belowTest
the indicator flag, the system has passed the
leak test and the test procedure is complete. If

Special Tool(s)
the measurement is above the indicator flag the

VACUTEC Smoke Machine system has failed  the leak test. Proceed to
Fuel EVAP Emissions System Phase 2.
Tester
218-0002 or equivalent Phase 2 — System Leak Check

1. Introduce smoke from the Rotunda Smoke
Machine into the EVAP system. For additional
information, refer to the manufacturer’s

Phase 1 — Leak Verification instructions.

1. Connect the Rotunda Smoke Machine Leak 2. Use the halogen light provided with the Smoke
Tester to the evaporative emission (EVAP) test Machine to look for smoke coming from the
port. For additional information, refer to the EVAP system. This will indicate a leak point.
manufacturer’s instructions.

3. Repair any leaks as necessary.
2. Close the canister vent solenoid. For additional

information, refer to Canister Vent Solenoid 4. Repeat the leak test until the system passes.
Closing Procedure in this section.

3. Using the Rotunda Smoke Machine, pressurize
the EVAP system.
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GENERAL PROCEDURES
Drive Cycle PreparationEvaporative Emission Repair

Verification Drive Cycle
NOTE: For best results, follow each of the
following steps as accurately as possible.Special Tool(s)

Worldwide Diagnostic System 4. NOTE: This step bypasses the engine soak
(WDS) timer and resets OBD II monitor status.
Vehicle Communication Module Install the diagnostic tool. Turn the key ON(VCM) with appropriate

with the engine OFF. Cycle the key OFF, thenadapters, or equivalent
ON. Select the appropriate vehicle and enginediagnostic tool
qualifier. Clear all diagnostic trouble codes
(DTCs) and carry out a PCM reset.

Drive Cycle Recommendations 5. Begin to monitor the following PIDs: ECT,
EVAPDC, FLI (if available) and TP MODE.

NOTE: The following procedure is designed to Press Diagnostic Data Link, PCM, PID/Data
execute and complete the evaporative emission monitor and record, press trigger to select each
repair verification drive cycle and to clear the Ford PID, then start.
P1000, inspection and maintenance (I/M) readiness
code. When the ambient air temperature is below 6. Start the engine without returning the key to the
4.4°C (40°F) or above 37.8°C (100°F), or the OFF position.
altitude is above 2,438 meters (8,000 feet), the

Preparation for Monitor EntryEVAP monitor will not run. If the P1000 must be
cleared in these conditions, the powertrain control
module (PCM) must detect them once  (twice on WARNING: Strict observance of posted
some applications) before the EVAP monitor can be speed limits and attention to driving conditions
bypassed and the P1000 cleared. The EVAP are mandatory when proceeding through the
bypassing procedure is described in the following following drive cycle.
drive cycle.

7. NOTE: This step allows engine warm-up and
1. Most OBD II monitors will complete more provides intake air temperature (IAT) input to

readily using a steady foot driving style during the PCM.
cruise or acceleration modes. Operating the

Idle the vehicle for 15 seconds. Drive at 64throttle in a smooth fashion will minimize the
km/h (40 mph) until the engine coolanttime necessary for monitor completion.
temperature (ECT) is at least 76.7°C (170°F).

2. Fuel tank level should be between 1/2 and 3/4
8. Is IAT above 4.4°C (40°F) and below 37.8°Cfull with 3/4 full being the most desirable.

(100°F)? If not, continue with the following
steps but note that the EVAP Monitor Bypass3. The evaporative monitor can only operate
portion of the drive cycle (Step 13) will beduring the first 30 minutes of engine operation.
required to bypass the EVAP monitor and clearWhen executing the procedure for this monitor,
the  P1000.stay in part throttle mode and drive in a smooth

fashion to minimize fuel slosh.
9. NOTE: This step executes the heated oxygen

sensor (HO2S) monitor.

Cruise at 64 km/h (40 mph) for 60 seconds.
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GENERAL PROCEDURES (Continued)

Pending Code and EVAP Monitor Bypass10. NOTE: This executes the EVAP monitor if
CheckIAT is above 4.4°C (40°F) and below 37.8°C

(100°F).
12. NOTE: This determines if a pending code isNOTE: To initiate the monitor, TP MODE

preventing the clearing of P1000.should equal PT, EVAPDC must be greater
than 75 percent, and FLI must be between 15 NOTE: If the EVAP monitor is not complete
and 85 percent. and IAT was below 4.4°C (40°F) or above

37.8°C (100°F) temperature range in Step 8, orNOTE: Avoid sharp turns and hills.
the altitude is above 2,438 meters (8,000 feet),

Cruise at 72 to 104 km/h (45 to 65 mph) for 10 the EVAP Monitor Bypass (Step 13) must be
minutes. carried out.

Using the diagnostic tool, check for pending11. NOTE: This step executes the ISC portion of
codes. Conduct normal repair procedures forthe Secondary Air/CCM.
any pending code concerns. Rerun any

Bring the vehicle to a stop. Idle with the
incomplete monitor.

transmission in DRIVE (for automatic
transmission) or NEUTRAL (for manual EVAP Monitor Bypass
transmission) for 2 minutes.

13. NOTE: This allows the bypass counter to
increment to 2.

NOTE: Do not repeat Step 4.

Park the vehicle for a minimum of 8 hours.
Repeat Steps 5 through 12.
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REMOVAL AND INSTALLATION

Evaporative Emission Canister

Material

Item Specification

SAE 5W-20 Premium WSS-M2C153-H
Synthetic Blend Motor Oil
XO-5W20-DSD

Removal and Installation

WARNING: The evaporative emission
system contains fuel vapor and condensed fuel
vapor. Although not present in large quantities, 6. Remove the bolts.
it still presents the danger of explosion or fire.
Disconnect the battery ground cable from the
battery to minimize the  possibility of an
electrical spark occurring, possibly causing a fire
or explosion if fuel vapor or liquid fuel is present
in the area. Failure to follow these instructions
may result in personal injury.

1. With the vehicle in NEUTRAL, position it on a
hoist. For additional information, refer to
Section 100-02.

2. Disconnect the battery ground cable. For
additional information, refer to Section 414-01.

7. Disconnect the EVAP tube from the EVAP
3. Remove the spare tire. canister.

4. Disconnect the evaporative emissions (EVAP)
hose and tube.

5. Disconnect the EVAP canister vent solenoid
electrical connector and harness retainer.

Copyright  2003, Ford Motor Company
Last updated: 10/27/2003 2004 E-Series, 12/2003 



303-13-2 303-13-2Evaporative Emissions

REMOVAL AND INSTALLATION (Continued)

8. Separate and remove the EVAP canister from 9. NOTE: Lubricate the O-ring seals with clean
the bracket. engine oil.

To install, reverse the removal procedure.

• Carry out the evaporative emission system
leak test. For additional information, refer to
Evaporative Emission System Leak Test in
this section.

• Carry out the evaporative emission repair
verification drive cycle. For additional
information, refer to Evaporative Emission
Repair Verification Drive Cycle in this
section.
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REMOVAL AND INSTALLATION

4. Disconnect the EVAP hoses and remove theEvaporative Emission Canister Purge
nuts and the EVAP canister purge valve.Valve

Removal and Installation

1. WARNING: The evaporative emission
system contains fuel vapor and condensed
fuel vapor. Although not present in large
quantities, it still presents the danger of
explosion or fire. Disconnect the battery
ground cable from the battery to minimize
the  possibility of an electrical spark
occurring, possibly causing a fire or
explosion if fuel vapor or liquid fuel is
present in the area. Failure to follow these

5. To install, reverse the removal procedure.instructions may result in personal injury.

• Carry out the evaporative emission systemDisconnect the battery ground cable. For
leak test. For additional information, refer toadditional information refer toSection 414-01.
Evaporative Emission System Leak Test in

2. Remove the engine cover. For additional this section.
information, refer to Section 501-05. • Carry out the evaporative emission repair

verification drive cycle. For additional
3. Disconnect the evaporative emission (EVAP) information, refer to Evaporative Emission

canister purge valve electrical connector and the Repair Verification Drive Cycle in this
vacuum hose. section.
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REMOVAL AND INSTALLATION

Fuel Vapor Vent Valve

Removal and Installation

1. Remove the fuel tank. For additional
information, refer to Section 310-01A.

2. CAUTION: The fuel vapor vent valve
must be disengaged from the fuel tank before
it can be removed. While pressing down,
rotate the fuel vapor vent valve
counterclockwise to disengage from the fuel
tank. Failure to do so can cause damage to 3. To install, reverse the removal procedure.
the fuel  vapor vent valve or the fuel tank.

• Carry out the evaporative emission system
Remove the fuel vapor vent valve. leak test. For additional information, refer to

Evaporative Emission System Leak Test in1 Disconnect the evaporative emission
this section.(EVAP) canister tube.

• Carry out the evaporative emission repair2 Press down and rotate the fuel vapor vent
verification drive cycle. For additionalvalve counterclockwise and remove from
information, refer to Evaporative Emissionthe fuel tank.
Repair Verification Drive Cycle in this
section.
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REMOVAL AND INSTALLATION

4. Press down and rotate the fuel pressure sensorFuel Tank Pressure Sensor
counterclockwise and remove from the fuel
tank.Removal and Installation

All fuel tanks

1. With the vehicle in NEUTRAL, position it on a
hoist. For additional information, refer to
Section 100-02.

Midship fuel tanks

2. Disconnect the electrical connector and the
hoses and remove the fuel tank pressure sensor.

All fuel tanks

5. To install, reverse the removal procedure.

• Carry out the evaporative emission system
leak test. For additional information, refer to
Evaporative Emission System Leak Test in
this section.

• Carry out the evaporative emission repair
verification drive cycle. For additional
information, refer to Evaporative Emission
Repair Verification Drive Cycle in this

Aft-of-axle fuel tanks section.

3. Disconnect the fuel tank pressure sensor
electrical connector.
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REMOVAL AND INSTALLATION

Evaporative Emission Canister Vent
Solenoid

Material

Item Specification

SAE 5W-20 Premium WSS-M2C153-H
Synthetic Blend Motor Oil
XO-5W20-5QSP

Removal and Installation

WARNING: The evaporative emission
system contains fuel vapor and condensed fuel 6. Remove the bolts and remove the EVAP
vapor. Although not present in large quantities, canister and bracket assembly from the vehicle.
it still presents the danger of explosion or fire.
Disconnect the battery ground cable from the
battery to minimize the  possibility of an
electrical spark occurring, possibly causing a fire
or explosion if fuel vapor or liquid fuel is present
in the area. Failure to follow these instructions
may result in personal injury.

1. With the vehicle in NEUTRAL, position it on a
hoist. For additional information, refer to
Section 100-02.

2. Disconnect the battery ground cable. For
additional information, refer to Section 414-01.

7. NOTE: Inspect and install new O-ring seals as
3. Remove the spare tire. necessary.

NOTE: A twisting and pulling motion is4. Disconnect the evaporative emissions (EVAP)
necessary to remove the evaporative emissionhose and tube.
canister vent solenoid.

Disconnect the hose and remove the canister
vent solenoid.

5. Disconnect the EVAP canister vent solenoid
electrical connector and harness retainer.
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REMOVAL AND INSTALLATION (Continued)

8. NOTE: Lubricate the O-ring seals with clean
engine oil.

To install, reverse the removal procedure.

• Carry out the evaporative emission system
leak test. For additional information, refer to
Evaporative Emission System Leak Test in
this section.

• Carry out the evaporative emission repair
verification drive cycle. For additional
information, refer to Evaporative Emission
Repair Verification Drive Cycle in this
section.
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Torque Specifications (Continued)
SPECIFICATIONS

Description Nm lb-ft lb-in
Torque Specifications

EGR valve adapter 10 — 89
Description Nm lb-ft lb-in bolts

Engine coolant 20 15 — Heated oxygen sensor 46 34 —
temperature (ECT) (HO2S)
sensor (4.6L, 5.4L and

Catalyst monitor sensor 46 34 —6.8L)
Cylinder head 26 19 —Idle air control (IAC) 10 — 89
temperature (CHT)valve bolts
sensor (4.6L, 5.4L,

Knock sensor (KS) nut 25 18 — 6.8L)
(4.6L, 5.4L, 6.8L)

EGR valve tube fitting 40 30 —
Powertrain control 6 — 53

Intake manifold runner 10 — 89module (PCM)
control (IMRC) boltselectrical connector

bolt Mass air flow (MAF) 10 — 89
sensor nutsThrottle position (TP) 3 — 27

sensor screws Generator bracket bolts 10 — 89

Camshaft position 10 — 89 Generator bolts 25 18 —
(CMP) sensor bolt Fuel rail pressure 10 — 89
(4.6L, 5.4L, 6.8L) (FRP) sensor bolts
Crankshaft position 10 — 89
(CKP) sensor bolt
(4.6L, 5.4L, 6.8L)
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The ECT sensor:
DESCRIPTION AND OPERATION

Electronic Engine Controls • provides the PCM a signal for coolant
The electronic engine controls consist of the temperature.
following: • is mounted on top of the lower intake manifold.

• powertrain control module (PCM) The CMP sensor:

• throttle position (TP) sensor • sends the PCM a signal indicating camshaft
• idle air control (IAC) valve position used for fuel synchronization.

• camshaft position (CMP) sensor The CKP sensor:

• crankshaft position (CKP) sensor • sends the PCM a signal indicating crankshaft
position.• mass air flow (MAF) sensor

• is essential for calculating spark timing.• intake air temperature (IAT) sensor

The MAF sensor:• heated oxygen sensor (HO2S) — front

• catalyst monitor sensor—rear • sends the PCM a signal indicating the temperature
of the air entering the engine.• knock sensor (KS)

• sends the PCM a signal indicating mass air flow• fuel rail pressure (FRP) sensor
rate of air entering the engine.• cylinder head temperature (CHT) sensor

The IAT sensor:• engine coolant temperature (ECT) sensor
• is repaired as an assembly with the MAF sensor.• intake manifold runner control (IMRC) actuator
The HO2S:• output shaft speed (OSS) sensor

The PCM needs the following inputs to calibrate the • has the ability to create a voltage signal dependent
engine correctly: on exhaust oxygen content.

• provides feedback information to the PCM used to• air temperature
calculate fuel delivery.

• throttle position
The catalyst monitor oxygen sensors:

• crankshaft position
• monitor oxygen content after the catalytic• camshaft position

converter.
• engine rpm

• provide a voltage to the PCM used to calculate
• cylinder head temperature catalytic converter integrity.
• amount of engine detonation The fuel rail pressure (FRP) sensor:
• engine coolant temperature

• measures the pressure of the fuel in the fuel
• mass air flow injection supply manifold and sends a signal to
• fuel rail pressure the PCM.

The TP sensor: • uses intake manifold vacuum as a pressure
reference.

• sends the PCM a signal indicating the throttle
The knock sensor (KS):plate angle.

• is the main input to the PCM from the driver. • is located in the intake valley (4.6L/5.4L/6.8L).

The IAC valve: • sends a signal to the PCM indicating engine
detonation.

• controls bypass air around the throttle plate at low
The CHT sensor:speeds.

• is controlled by the PCM. • is mounted into the back of the left cylinder head
and is not connected to any coolant passages.
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DESCRIPTION AND OPERATION (Continued)

• sends a signal to the PCM indicating the cylinder The OSS sensor:
head temperature.

• is gear driven by the transmission.
— If the temperature exceeds approximately

• sends a signal to the PCM indicating transmission121°C (260°F), the PCM disables some fuel
output shaft speed. For additional information,injectors. The PCM will alternate which fuel
refer to Section 307-01A  (4R100 transmission) orinjectors are disabled every 24 engine cycles.
Section 307-01B (4R70W transmission).The cylinders that are not being fuel injected

act as air  pumps to aid in cooling the engine.

— If the temperature exceeds approximately
166°C (330°F), the PCM disables all of the
fuel injectors until the engine temperature
drops below approximately 124°C (260°F).
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DIAGNOSIS AND TESTING

Electronic Engine Controls
Refer to the Powertrain Control/Emissions Diagnosis
(PC/ED) manual.
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3. Remove the bolt and the CMP sensor.
REMOVAL AND INSTALLATION

Camshaft Position (CMP) Sensor —
4.6L, 5.4L, 6.8L

Removal and Installation

1. Disconnect the battery ground cable. For
additional information, refer to Section 414-01.

2. Disconnect the camshaft position (CMP) sensor
electrical connector.

4. To install, reverse the removal procedure.
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REMOVAL AND INSTALLATION

Crankshaft Position (CKP) Sensor —
4.6L, 5.4L, 6.8L

Removal and Installation

1. Disconnect the battery ground cable. For
additional information, refer to Section 414-01.

2. Raise and support the vehicle. For additional
information, refer to Section 100-02.

3. Remove the splash shield. 7. Disconnect the A/C compressor field coil
electrical connector.

4. Remove the accessory drive belt from the A/C
compressor pulley.

8. NOTE: It is not necessary to remove the A/C
compressor bolts.

5. Disconnect and detach the crankshaft position
Loosen the bolts enough to slide the A/C(CKP) sensor electrical connector and position
compressor down one inch, allowing access forthe wiring harness aside.
CKP sensor removal.

6. Detach the wiring harness from the bracket.
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REMOVAL AND INSTALLATION (Continued)

9. Remove the CKP sensor bolt and the crankshaft 10. To install, reverse the removal procedure.
sensor.

2004 E-Series, 11/2003 



303-14-1 303-14-1Electronic Engine Controls — Gasoline Engines

4. Remove the PCM.
REMOVAL AND INSTALLATION

Powertrain Control Module (PCM) 1 Remove the nuts.

2 Remove the cover.
Removal and Installation

3 Remove the PCM.

1. Disconnect the battery ground cable. For
additional information, refer to Section 414-01.

2. Remove the air cleaner assembly. For additional
information, refer to Section 303-12.

3. Disconnect the powertrain control module
(PCM) electrical connector.

5. To install, reverse the removal procedure.
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4. Remove the screws and the sensor.
REMOVAL AND INSTALLATION

Throttle Position (TP) Sensor

Removal and Installation

1. Disconnect the battery ground cable. For
additional information, refer to Section 414-01.

2. Remove the air cleaner outlet tube. For
additional information, refer to Section 303-12.

3. Disconnect the throttle position (TP) sensor
electrical connector.

5. To install, reverse the removal procedure.
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REMOVAL AND INSTALLATION

Idle Air Control (IAC) Valve — 4.6L

Removal and Installation

1. Disconnect the battery ground cable. For
additional information, refer to Section 414-01.

2. Remove the air cleaner assembly. For additional
information, refer to Section 303-12.

3. Remove the accelerator control snow shield.

5. To install, reverse the removal procedure.4. Disconnect the idle air control (IAC) valve
electrical connector and remove the bolts and
the IAC valve.
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REMOVAL AND INSTALLATION

Idle Air Control (IAC) Valve — 5.4L,
6.8L

Removal and Installation

1. Disconnect the battery ground cable. For
additional information, refer to Section 414-01.

2. Remove the engine cover. For additional
information, refer to Section 501-05.

3. Disconnect the idle air control (IAC) valve 5. Remove the two bolts and the IAC valve.
electrical connector.

6. To install, reverse the removal procedure.
4. Disconnect the throttle bypass hose.
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REMOVAL AND INSTALLATION

Engine Coolant Temperature (ECT)
Sensor — 6.8L

Removal and Installation

1. Disconnect the battery ground cable. For
additional information, refer to Section 414-01.

2. Partially drain the cooling system. For
additional information, refer to Section 303-03.

3. Remove the engine coolant temperature (ECT) 4. To install, reverse the removal procedure.
sensor.

1 Disconnect the connector.

2 Remove the ECT sensor.
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5. Disconnect the MAF sensor electrical
REMOVAL AND INSTALLATION

connector.Mass Air Flow (MAF) Sensor

Removal and Installation

1. Disconnect the battery ground cable. For
additional information, refer to Section 414-01.

2. Remove the air cleaner assembly. For additional
information, refer to Section 303-12.

3. CAUTION: Do not tamper with the
mass air flow (MAF) sensing elements
located in the airflow meter. Tampering may
result in unit failure.

6. Remove the nuts and separate the MAF sensorNOTE: The MAF sensor and body are
from the MAF sensor plate.calibrated and serviced as a unit.

Open the air cleaner.

• Release the air cleaner clamp.

• Separate the inlet side from the outlet side
of the air cleaner.

7. CAUTION: The grommet used to seal
the engine air cleaner housing at the
extension harness must be fully seated.
Failure to do so will result in unmetered air
entering the engine.

4. Remove the MAF assembly. NOTE: Use the alignment notch to correctly
align the inlet side and the outlet side of the
engine air cleaner.

NOTE: When reinstalling the mass air flow
(MAF) sensor, make sure wires are not trapped
behind MAF. Make sure electrical connector is
pointing up on installation.

To install, reverse the removal procedure.
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4. Using the special tool, remove the HO2S.
REMOVAL AND INSTALLATION

Heated Oxygen Sensor (HO2S)

Special Tool(s)

Socket, Exhaust Gas Oxygen
Sensor
303-476 (T94P-9472-A)

Removal and Installation

1. Disconnect the battery ground cable. For 5. To install, reverse the removal procedure.
additional information, refer to Section 414-01.

2. With the vehicle in NEUTRAL, position it on a
hoist. For additional information, refer to
Section 100-02.

3. Disconnect the heated oxygen sensor (HO2S)
electrical connector.
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REMOVAL AND INSTALLATION

Knock Sensor (KS) — 4.6L, 5.4L, 6.8L

Removal and Installation

1. Remove the intake manifold. For additional
information, refer to Section 303-01A  (4.6L
and 5.4L engines) or  Section 303-01B  (6.8L
engine).

2. Remove the knock sensor (KS).

1 Disconnect the electrical connector.
3. To install, reverse the removal procedure.2 Remove the nut and the KS.
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REMOVAL AND INSTALLATION

Cylinder Head Temperature (CHT)
Sensor — 4.6L, 5.4L, 6.8L

Removal and Installation

1. Disconnect the battery ground cable. For
additional information, refer to Section 414-01.

2. Remove the air cleaner and bracket assembly.
For additional information, refer to Section
303-12.

6. Disconnect the intake manifold-tuning valve
3. Rotate the drive belt tensioner clockwise and (IMTV) connector.

remove the drive belt from the generator pulley.

7. Disconnect the cylinder head temperature
4. Remove the bolts retaining the upper intake (CHT) sensor electrical connector.

plenum to the generator mounting bracket.

5. Remove the lower mounting bolts and position
the generator aside.
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REMOVAL AND INSTALLATION (Continued)

8. Remove the CHT sensor. 9. To install, reverse the removal procedure.
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6.8L engines
REMOVAL AND INSTALLATION

Fuel Rail Pressure (FRP) Sensor
5. Disconnect the FRP sensor electrical connector

and the vacuum hose.Material

Item Specification

SAE 5W-20 Motor Oil WSS-M2C153-H
XO-5W20-QSP

All engines

1. Release the fuel system pressure. For additional
information, refer to Section 310-00A.

2. Disconnect the battery ground cable. For
additional information, refer to Section 414-01.

4.6L and 5.4L engines

6. Remove the bolts and the FRP sensor.
3. Disconnect the fuel rail pressure (FRP) sensor

electrical connector and the vacuum hose.

All engines

4. Remove the bolts and the FRP sensor. 7. NOTE: Before installing the FRP sensor,
inspect and lubricate the O-ring seal with clean
engine oil.

NOTE: Hand-tighten both bolts before
tightening to specification.

To install, reverse the removal procedure.
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Torque Specifications (Continued)
SPECIFICATIONS

Description Nm lb-ft lb-in
Torque Specifications

CKP sensor bolt (4.6L, 10 — 89
Description Nm lb-ft lb-in 5.4L, 6.8L)

Engine coolant 20 15 — EGR valve adapter 10 — 89
temperature (ECT) bolts
sensor (4.6L, 5.4L and

Heated oxygen sensor 46 34 —6.8L)
(HO2S)

Idle air control (IAC) 10 — 89
Catalyst monitor sensor 46 34 —valve bolts
Cylinder head 26 19 —Knock sensor (KS) nut 25 18 —
temperature (CHT)(4.6L, 5.4L, 6.8L)
sensor (4.6L, 5.4L,

PCM electrical 6 — 53 6.8L)
connector bolt

EGR valve tube fitting 40 30 —
Throttle position (TP) 3 — 27

Mass air flow sensor 10 — 89sensor screws
nuts

Camshaft position 10 — 89
Generator bracket bolts 10 — 89(CMP) sensor bolt

(4.6L, 5.4L, 6.8L) Generator bolts 25 18 —
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The CMP sensor:
DESCRIPTION AND OPERATION

Electronic Engine Controls • sends the PCM a signal indicating camshaft
The electronic engine controls consist of the position used for fuel synchronization.
following: The CKP sensor:

• powertrain control module (PCM) • sends the PCM a signal indicating crankshaft
• throttle position (TP) sensor position.

• idle air control (IAC) valve • is essential for calculating spark timing.

• camshaft position (CMP) sensor The MAF sensor:

• crankshaft position (CKP) sensor • sends the PCM a signal indicating the temperature
of the air entering the engine.• mass air flow (MAF) sensor

• sends the PCM a signal indicating mass air flow• intake air temperature (IAT) sensor
rate of air entering the engine.• heated oxygen sensor (HO2S) — front

The IAT sensor:• catalyst monitor sensor (CMS)—rear
• is repaired as an assembly with the MAF sensor.• knock sensor (KS)
The HO2S:• cylinder head temperature (CHT) sensor

• engine coolant temperature (ECT) sensor • has the ability to create a voltage signal dependent
on exhaust oxygen content.• output shaft speed (OSS) sensor

• provides feedback information to the PCM used toThe PCM needs the following inputs to calibrate the
calculate fuel delivery.engine correctly:

The catalyst monitor oxygen sensors:• air temperature
• monitor oxygen content after the catalytic• throttle position

converter.
• crankshaft position

• provide a voltage to the PCM used to calculate
• camshaft position catalytic converter integrity.
• engine rpm The knock sensor (KS):
• cylinder head temperature

• is located in the intake valley (4.6L/5.4L/6.8L).
• amount of engine detonation

• sends a signal to the PCM indicating engine
• engine coolant temperature detonation.
• mass air flow The CHT sensor:
The TP sensor:

• is mounted into the back of the left cylinder head
• sends the PCM a signal indicating the throttle and is not connected to any coolant passages.

plate angle. • sends a signal to the PCM indicating the cylinder
• is the main input to the PCM from the driver. head temperature.

The IAC valve: — If the temperature exceeds approximately
121°C (260°F), the PCM disables some fuel• controls bypass air around the throttle plate at low
injectors. The PCM will alternate which fuelspeeds.
injectors are disabled every 24 engine cycles.

• is controlled by the PCM. The cylinders that are not being fuel injected
act as air  pumps to aid in cooling the engine.The ECT sensor:

— If the temperature exceeds approximately• provides the PCM a signal for coolant
166°C (330°F), the PCM disables all of thetemperature.
fuel injectors until the engine temperature

• is mounted on top of the lower intake manifold. drops below approximately 124°C (260°F).
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DESCRIPTION AND OPERATION (Continued)

The OSS sensor:

• is gear driven by the transmission.

• sends a signal to the PCM indicating transmission
output shaft speed. For additional information,
refer to Section 307-01A (4R100 transmission) or
Section 307-01B (4R70W transmission).
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DIAGNOSIS AND TESTING

Electronic Engine Controls
Refer to the Powertrain Control/Emissions Diagnosis
(PC/ED) manual.
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3. Remove the bolt and the CMP sensor.
REMOVAL AND INSTALLATION

Camshaft Position (CMP) Sensor —
4.6L, 5.4L, 6.8L

Removal and Installation

1. Disconnect the battery ground cable. For
additional information, refer to Section 414-01.

2. Disconnect the camshaft position (CMP) sensor
electrical connector.

4. To install, reverse the removal procedure.
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REMOVAL AND INSTALLATION

Crankshaft Position (CKP) Sensor —
4.6L, 5.4L, 6.8L

Removal and Installation

1. Disconnect the battery ground cable. For
additional information, refer to Section 414-01.

2. Raise and support the vehicle. For additional
information, refer to Section 100-02.

3. Remove the splash shield. 7. Disconnect the A/C compressor field coil
electrical connector.

4. Remove the accessory drive belt from the A/C
compressor pulley.

8. NOTE: It is not necessary to remove the A/C
compressor bolts.

5. Disconnect and detach the crankshaft position
Loosen the bolts enough to slide the A/Csensor electrical connector and position the
compressor down one inch, allowing access forwiring harness aside.
crankshaft position (CKP) sensor removal.

6. Detach the wiring harness from the bracket.
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REMOVAL AND INSTALLATION (Continued)

9. Remove the CKP sensor bolt and the crankshaft 10. To install, reverse the removal procedure.
sensor.
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4. Remove the PCM.
REMOVAL AND INSTALLATION

Powertrain Control Module (PCM) 1 Remove the nuts.

2 Remove the cover.
Removal and Installation

3 Remove the PCM.

1. Disconnect the battery ground cable. For
additional information, refer to Section 414-01.

2. Remove the air cleaner assembly. For additional
information, refer to Section 303-12.

3. Disconnect the powertrain control module
(PCM) electrical connector.

5. To install, reverse the removal procedure.

Copyright  2003, Ford Motor Company
Last updated: 10/24/2003 2004 E-Series, 12/2003 



303-14A-1 303-14A-1Electronic Engine Controls — Gasoline Engines

4. Remove the screws and the sensor.
REMOVAL AND INSTALLATION

Throttle Position (TP) Sensor

Removal and Installation

1. Disconnect the battery ground cable. For
additional information, refer to Section 414-01.

2. Remove the air cleaner outlet tube. For
additional information, refer to Section 303-12.

3. Disconnect the throttle position (TP) sensor
electrical connector.

5. To install, reverse the removal procedure.

Copyright  2003, Ford Motor Company
Last updated: 10/24/2003 2004 E-Series, 12/2003 



303-14A-1 303-14A-1Electronic Engine Controls — Gasoline Engines

REMOVAL AND INSTALLATION

Idle Air Control (IAC) Valve — 4.6L

Removal and Installation

1. Disconnect the battery ground cable. For
additional information, refer to Section 414-01.

2. Remove the air cleaner assembly. For additional
information, refer to Section 303-12.

3. Remove the accelerator control snow shield.

5. To install, reverse the removal procedure.4. Disconnect the idle air control (IAC) valve
electrical connector and remove the bolts and
the IAC valve.
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REMOVAL AND INSTALLATION

Idle Air Control (IAC) Valve — 5.4L,
6.8L

Removal and Installation

1. Disconnect the battery ground cable. For
additional information, refer to Section 414-01.

2. Remove the engine cover. For additional
information, refer to Section 501-05.

3. Disconnect the idle air control (IAC) valve 5. Remove the two bolts and the IAC valve.
electrical connector.

6. To install, reverse the removal procedure.
4. Disconnect the throttle bypass hose.
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REMOVAL AND INSTALLATION

Engine Coolant Temperature (ECT)
Sensor — 4.6L, 5.4L, 6.8L

Removal and Installation

1. Disconnect the battery ground cable. For
additional information, refer to Section 414-01.

2. Partially drain the cooling system. For
additional information, refer to Section 303-03.

3. Remove the engine coolant temperature (ECT) 4. To install, reverse the removal procedure.
sensor.

1 Disconnect the connector.

2 Remove the ECT sensor.
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5. Disconnect the MAF sensor electrical
REMOVAL AND INSTALLATION

connector.Mass Air Flow (MAF) Sensor

Removal and Installation

1. Disconnect the battery ground cable. For
additional information, refer to Section 414-01.

2. Remove the air cleaner assembly. For additional
information, refer to Section 303-12.

3. CAUTION: Do not tamper with the
mass air flow (MAF) sensing elements
located in the airflow meter. Tampering may
result in unit failure.

6. Remove the nuts and separate the MAF sensorNOTE: The MAF sensor and body are
from the MAF sensor plate.calibrated and serviced as a unit.

Open the air cleaner.

• Release the air cleaner clamp.

• Separate the inlet side from the outlet side
of the air cleaner.

7. CAUTION: The grommet used to seal
the engine air cleaner housing at the
extension harness must be fully seated.
Failure to do so will result in unmetered air
entering the engine.

4. Remove the MAF assembly. NOTE: Use the alignment notch to correctly
align the inlet side and the outlet side of the
engine air cleaner.

NOTE: When reinstalling the mass air flow
(MAF) sensor, make sure wires are not trapped
behind MAF. Make sure electrical connector is
pointing up on installation.

To install, reverse the removal procedure.
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4. Using the special tool, remove the HO2S.
REMOVAL AND INSTALLATION

Heated Oxygen Sensor (HO2S)

Special Tool(s)

Socket, Exhaust Gas Oxygen
Sensor
303-476 (T94P-9472-A)

Removal and Installation

1. Disconnect the battery ground cable. For 5. To install, reverse the removal procedure.
additional information, refer to Section 414-01.

2. Raise the vehicle. For additional information,
refer to Section 100-02.

3. Disconnect the heated oxygen sensor (HO2S)
electrical connector.
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REMOVAL AND INSTALLATION

Knock Sensor (KS) — 4.6L, 5.4L, 6.8L

Removal and Installation

1. Remove the intake manifold. For additional
information, refer to Section 303-01B (4.6L and
5.4L engines) or  Section 303-01C (6.8L
engines).

2. Remove the knock sensor (KS).

1 Disconnect the electrical connector.
3. To install, reverse the removal procedure.2 Remove the nut and the KS.
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REMOVAL AND INSTALLATION

Cylinder Head Temperature (CHT)
Sensor — 4.6L, 5.4L, 6.8L

Removal and Installation

1. Disconnect the battery ground cable. For
additional information, refer to Section 414-01.

2. Remove the air cleaner and bracket assembly.
For additional information, refer to Section
303-12.

6. Disconnect the intake manifold-tuning valve
3. Rotate the drive belt tensioner clockwise and (IMTV) connector.

remove the drive belt from the generator pulley.

7. Disconnect the cylinder head temperature
4. Remove the bolts retaining the upper intake (CHT) sensor electrical connector.

plenum to the generator mounting bracket.

5. Remove the lower mounting bolts and position
the generator aside.
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REMOVAL AND INSTALLATION (Continued)

8. Remove the CHT sensor. 9. To install, reverse the removal procedure.
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Torque Specifications (Continued)
SPECIFICATIONS

Description Nm lb-ft lb-in
General Specifications

Crankshaft position 11 8 —
Item Specification (CKP) sensor

SAE 15W-40 Super Duty WSS-M2C171-B Camshaft position 11 8 —
Motor Oil (CMP) sensor
XO-15W40-QSD or

Intake air temperature 17 13 —equivalent
(IAT) sensor

Exhaust back pressure 10 — 89
Torque Specifications (EBP) sensor

Engine oil temperature 12 9 —Description Nm lb-ft lb-in
(EOT) sensor

Engine coolant 12 9 —
Engine oil pressure 12 9 —temperature (ECT)
(EOP) sensorsensor
Turbocharger variable 24 18 —Fuel injector control 13 10 —
geometry control valvemodule (FICM)

mounting bolts Mass airflow screws 2 — 18

Powertrain control 7 — 62 Bulkhead electrical 5 — 44
module (PCM) connector
mounting bolt
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DESCRIPTION AND OPERATION

• engine oil temperature (EOT) sensorElectronic Engine Controls
• exhaust back pressure (EBP) sensorThe electronic engine controls consist of:
• crankshaft position (CKP) sensor• camshaft position (CMP) sensor
• engine oil pressure (EOP) sensor• powertrain control module (PCM)
• barometric pressure (BARO) sensor• fuel injector control module (FICM)
• turbocharger variable vane hydraulic control valve• engine coolant temperature (ECT) sensor
• mass airflow (MAF) sensor• manifold absolute pressure (MAP) sensor
For further component description and operation,• intake air temperature (IAT) sensor
refer to the Powertrain Control/Emissions Diagnosis

• accelerator pedal position (APP) sensor (PC/ED) manual.
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DIAGNOSIS AND TESTING

Electronic Engine Controls
Refer to the Powertrain Control/Emissions Diagnosis
(PC/ED) manual.
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REMOVAL AND INSTALLATION

Accelerator Pedal Position (APP)
Sensor

Removal and Installation

NOTE: The accelerator pedal position (APP) sensor
is not serviced separately.

NOTE: Install a new accelerator pedal assembly if
the APP sensor requires service.
For additional information, refer to Section 310-02.
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REMOVAL AND INSTALLATION

Barometric Pressure (BARO) Sensor

Removal and Installation

1. Remove the instrument panel steering column
cover.

3. Disconnect and remove the BARO sensor.

2. Disconnect the pin-type retainer and position
the barometric pressure (BARO) sensor out of
the dash.

4. To install, reverse the removal procedure.
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REMOVAL AND INSTALLATION

Camshaft Position (CMP) Sensor

Material

Item Specification

SAE 15W-40 Super Duty WSS-M2C171-B
Motor Oil
XO-15W40-QSD or
equivalent

Removal and Installation

1. With the vehicle in NEUTRAL, position it on a
hoist. For additional information, refer to

4. Remove the bolt and the CMP sensor.Section 100-02.

2. CAUTION: Make sure the ignition
switch is in the OFF position prior to
working on the electronic engine controls.

Turn the ignition switch to the OFF position.

3. NOTE: The CMP sensor is located behind the
power steering pump.

Disconnect the camshaft position (CMP) sensor
electrical connector.

5. NOTE: Apply clean engine oil to the O-ring
seal before installation.

To install, reverse the removal procedure.
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REMOVAL AND INSTALLATION

4. Disconnect the crankshaft position (CKP) sensorCrankshaft Position (CKP) Sensor
electrical connector.

Material

Item Specification

SAE 15W-40 Super Duty WSS-M2C171-B
Motor Oil
XO-15W40-QSD or
equivalent

Removal and Installation

1. With the vehicle in NEUTRAL, position it on a
hoist. For additional information, refer to
Section 100-02.

2. CAUTION: Make sure the ignition 5. Remove the bolt and the CKP sensor.
switch is in the OFF position prior to
working on the electronic engine controls.

Turn the ignition switch to the OFF position.

3. Remove the bolt and position the ground cable
aside.

6. NOTE: Apply clean engine oil to the O-ring
seal before installation.

To install, reverse the removal procedure.
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REMOVAL AND INSTALLATION

Engine Coolant Temperature (ECT)
Sensor

Material

Item Specification

SAE 15W-40 Super Duty WSS-M2C171-B
Motor Oil
XO-15W40-QSD or
equivalent

Removal and Installation

1. CAUTION: Make sure the ignition 4. Remove the power steering reservoir bracket
switch is in the OFF position prior to retainers.
working on the electronic engine controls.

Turn the ignition switch to the OFF position.

2. WARNING: Never remove the
pressure radiator relief cap while the engine
is hot. Failure to follow these instructions
can result in damage to the cooling system or
engine or result in personal injury. To avoid
having scalding hot coolant or steam blow
out of the degas bottle when removing the
pressure relief cap, wait until the engine has
cooled, then wrap a thick cloth around the
pressure relief cap and turn it slowly. Step
back while the pressure is released from the

5. Remove the power steering fluid indicator andcooling system. When  certain all the
retainers. Remove the power steering reservoirpressure has been released, (still with a
bracket. Install the power steering indicator andcloth) turn and remove the pressure relief
position aside.cap. Failure to follow these instructions can

result in personal injury.

CAUTION: The coolant must be
recovered in a suitable, clean container for
reuse. If the coolant is contaminated, it must
be recycled or disposed of correctly and
system filled with new coolant.

CAUTION: Always fill the cooling
system with the same type of coolant that
was drained from the system. Do not mix
coolant types.

Partially drain the cooling system.

3. Remove the retainers and the air deflector.
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REMOVAL AND INSTALLATION (Continued)

6. Disconnect the coolant hoses from the air
cleaner outlet pipe.

9. Disconnect the engine coolant temperature
(ECT) electrical connector.

7. NOTE: Air cleaner side shown, engine side
similar.

Loosen the clamps and remove the air cleaner
outlet pipe.

10. Remove the ECT sensor.

8. NOTE: If there is any oil residue, clean both
connecting ports and the inside surface of the
charge air cooler pipe to prevent the pipe from
blowing off.

Loosen the clamps and remove the charge air
cooler (CAC) pipe.

11. NOTE: Apply clean engine oil to the O-ring
seal before installation.

To install, reverse the removal procedure.

• Fill and bleed the engine cooling system.
For additional information refer to Section
303-03.
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REMOVAL AND INSTALLATION

5. NOTE: It may be necessary to position theEngine Oil Pressure (EOP) Switch
engine wire harness aside.

Removal and Installation Disconnect the engine oil pressure (EOP)
switch electrical connector.

1. CAUTION: Make sure the ignition
switch is in the OFF position prior to
working on the electronic engine controls.

Turn the ignition switch to the OFF position.

2. Remove the turbocharger inlet tube. For
additional information, refer to Section
303-04E.

3. NOTE: If there is any oil residue, clean both
connecting ports and the inside surface of the
charge air cooler duct to prevent the duct from
blowing off.

6. Remove the EOP switch.Loosen the clamps and remove the charge air
cooler duct.

4. Remove the bolts and position the turbocharger
oil tube aside.

• Remove and discard the gasket.
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REMOVAL AND INSTALLATION (Continued)

7. To install, reverse the removal procedure.

• Install a new turbocharger oil tube gasket.
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REMOVAL AND INSTALLATION

Exhaust Back Pressure Sensor 4. CAUTION: Use a backup wrench to
remove the exhaust back pressure sensor.

Removal and Installation Remove the EBP sensor.

1. CAUTION: Make sure the ignition
switch is in the OFF position prior to
working on the electronic engine controls.

Turn the ignition switch to the OFF position.

2. Remove the engine cover. For additional
information, refer to Section 501-05.

3. Disconnect the exhaust back pressure (EBP)
sensor electrical connector.

5. To install, reverse the removal procedure.
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REMOVAL AND INSTALLATION

4. Disconnect the bulkhead connector and positionFuel Injector Control Module
aside.

Removal and Installation

1. CAUTION: Make sure the ignition
switch is in the OFF position prior to
working on the electronic engine controls. 

Turn the ignition switch to the OFF position.

2. Remove the bolts and position the degas bottle
aside.

5. Remove the bolts and the fuel injector control
module (FICM).

3. CAUTION: Make sure both latches are
released before removing the electrical
connectors or connector damage can occur.

Disconnect the fuel injector control module
(FICM) electrical connectors. Position the
wiring harness aside. 6. To install, reverse the removal procedure.
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REMOVAL AND INSTALLATION

Intake Air Temperature (IAT) Sensor

Removal and Installation

1. CAUTION: Make sure the ignition
switch is in the OFF position prior to
working on the electronic engine controls.

Turn the ignition switch to the OFF position.

2. Remove the retainers and the air deflector.

5. Disconnect the coolant hoses from the air
cleaner outlet tube.

3. Remove the power steering reservoir bracket
retainers.

6. Loosen the clamps and remove the air cleaner
outlet pipe.

4. Remove the power steering fluid indicator and
retainers. Remove the power steering reservoir
bracket. Install the power steering indicator and
position aside.
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REMOVAL AND INSTALLATION (Continued)

7. NOTE: If there is any oil residue, clean both
connecting ports and the inside surface of the
charge air cooler pipe to prevent the pipe from
blowing off.

Loosen the clamps and remove the charge air
cooler (CAC) pipe.

9. Remove the IAT sensor.

8. NOTE: Picture taken from inside the vehicle
for clarity.

Disconnect the intake air temperature (IAT)
electrical connector.

10. To install, reverse the removal procedure.
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REMOVAL AND INSTALLATION

Manifold Absolute Pressure (MAP)
Sensor

Removal and Installation

1. CAUTION: Make sure the ignition
switch is in the OFF position prior to
working on the electronic engine controls.

Turn the ignition switch to the OFF position.

2. Disconnect the manifold absolute pressure
(MAP) sensor.

4. To install, reverse the removal procedure.
• Disconnect the pressure hose.

• Disconnect the electrical connector.

3. Remove the mounting screws and the MAP
sensor.
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REMOVAL AND INSTALLATION

Mass Air Flow (MAF) Sensor

Removal and Installation

1. CAUTION: Make sure the ignition
switch is in the OFF position prior to
working on the electronic engine controls.

Turn the ignition switch to the OFF position.

2. Disconnect the mass airflow (MAF) sensor
electrical connector.

4. To install, reverse the removal procedure.

3. Remove the screws and the MAF sensor.
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REMOVAL AND INSTALLATION

5. Remove the conduit and position the wiringOil Temperature Sensor
aside.

Removal and Installation • Disconnect the locking tab.

• Remove the bolts.
1. CAUTION: Make sure the ignition • Disconnect the push pin and remove the

switch is in the OFF position prior to wiring harness.
working on the electronic engine controls.

Turn the ignition switch to the OFF position.

2. Remove the engine cover. For additional
information, refer to Section 501-05.

3. NOTE: If there is any oil residue, clean both
connecting ports and the inside surface of the
charge oil cooler pipe to prevent the pipe from
blowing off.

NOTE: Charge air cooler (CAC) side shown,
turbocharger side similar.

Loosen the CAC tube clamps.

6. Remove the bolts for the charge air cooler tube
and the oil fill tube.

4. Remove the bolt and position the ground wire
aside. Disconnect the electrical connector push
pin. 7. Disconnect and remove the oil fill tube at the

valve cover.
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REMOVAL AND INSTALLATION (Continued)

8. Remove the retaining nuts, charge air cooler 10. Remove the EOT sensor.
tube, oil fill tube and bracket.

11. To install, reverse the removal procedure.
9. Disconnect the engine oil temperature (EOT)

sensor.
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REMOVAL AND INSTALLATION

Powertrain Control Module (PCM)

Removal and Installation

1. CAUTION: Make sure the ignition
switch is in the OFF position prior to
working on the electronic engine controls.

Turn the ignition switch to the OFF position.

2. Remove the retainers and the air deflector.

5. Disconnect the coolant hoses from the air
cleaner outlet pipe.

3. Remove the power steering reservoir bracket
retainers.

6. NOTE: Air cleaner side shown, engine side
similar.

Loosen the clamps and remove the air cleaner
outlet pipe.

4. Remove the power steering fluid indicator and
retainers. Remove the power steering reservoir
bracket. Install the power steering indicator and
position aside.
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REMOVAL AND INSTALLATION (Continued)

7. Disconnect the powertrain control module 8. Remove the bolt and PCM.
(PCM) electrical connectors.

9. To install, reverse the removal procedure.
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REMOVAL AND INSTALLATION

Turbocharger Variable Vane Hydraulic
Control Valve

Material

Item Specification

SAE 15W-40 Super Duty WSS-M2C171-B
Motor Oil
XO-15W40-QSD or
equivalent

Removal and Installation

1. Remove the engine cover. For additional
4. CAUTION: Do not use the retaininginformation, refer to Section 501-05.

bolt to draw the valve into the housing or
damage to the valve can occur.2. Disconnect the turbocharger variable vane

hydraulic control valve electrical connector. NOTE: Inspect the O-ring seals to make sure
they are not twisted or distorted.

To install, reverse the removal procedure.

• Apply clean engine oil to the O-ring seals
prior to installing.

3. Remove the bolt, bracket and the turbocharger
variable vane hydraulic control valve.

Copyright  2003, Ford Motor Company
Last updated: 1/30/2004 2004 E-Series, 12/2003 



303-01A-1 303-01A-1Engine — 4.6L and 5.4L

General Specifications (Continued)
SPECIFICATIONS

Item Specification
General Specifications

Valve stem diameter — 6.995-6.975 mm
Item Specification intake (0.2754-0.2746 in)

Lubricants and Sealants Valve stem diameter — 6.970-6.949 mm
exhaust (0.2744-0.2736 in)SAE 5W-20 Premium WSS-M2C153-H

Synthetic Blend Engine Valve stem-to-guide 0.020-0.069 mm
Oil XO-5W20-QSP clearance — intake (0.0008-0.0027 in)

Motorcraft Premium Gold WSS-M97B51-A1 (yellow Valve stem-to-guide 0.045-0.095 mm
Engine Coolant VC-7-A color) clearance — exhaust (0.0018-0.0037 in)
(in Oregon VC-7-B)

Valve head diameter — 44.5 mm (1.751 in)
Motorcraft Silicone — intake
Gasket Remover ZC-30

Valve head diameter — 34.0 mm (1.338 in)
Motorcraft Metal Surface — exhaust
Prep ZC-31

Valve face runout 0.05 mm (0.0019 in)
Silicone Gasket and WSE-M4G323-A4

Valve face angle 45.25-45.75 degreesSealant F7AZ-19554-EA
Valve seat width 1.9-2.1 mmInstant Adhesive WSK-M2G402-A4

(0.0748-0.0827 in)E8AZ-19554-A
Valve seat runout (T.I.R.) 0.025 mm (0.0010 in)High Temperature Nickel ESE-M12A4-A
max.Anti-Seize Lubricant XL-2
Valve seat angle 45.50 degreesPetroleum Jelly WSD-M1C226-A
Valve spring free length 49.55 mm (1.9508 in)

Valve spring squareness 2 degrees
General Specifications

Valve spring compression 587.14 N @ 28.02 mm
Item Specification pressure (131.994 lb @ 1.1032 in)

Engine — 4.6L Valve spring installed 39.7-40.3 mm
height (1.5630-1.5866 in)Displacement 4.6L (281 CID)
Valve spring installed 587.165 N @ 27.99 mmNumber of cylinders 8
pressure — valve open (132 lb @ 1.102 in)

Bore 90.2 mm (3.55 in)
Valve spring installed 244.652 N @ 39.98 mm

Stroke 90.0 mm (3.54 in) pressure — valve closed (55 lb @ 1.574 in)
Firing order 1-3-7-2-6-5-4-8 Roller follower ratio 1.75:1
Oil pressure (@ 2000 rpm 275.8-517.1 kPa (40-75 Hydraulic Lash Adjuster
— hot) psi)

Diameter 16.000-15.9888 mm
Oil capacity (includes 5.7 L (6.0 qts) (0.6299-0.6295 in)
filter change)

Clearance-to-bore 0.018-0.069 mm
Compression ratio 9.3:1 (0.0007-0.0027 in)
Cylinder Head and Valve Train Service limit 0.016 mm (0.0006 in)
Combustion chamber 51.5-52.5 cc (3.14-3.20 cu Hydraulic leakdown rate 5-25 seconds a

volume in)
Collapsed lash adjuster 0.085-0.450 mm

Valve arrangement (front E-I-E-I-E-I-E-I gap (0.0033-0.0177 in)
to rear) — LH

Camshaft
Valve arrangement (front I-E-I-E-I-E-I-E

Theoretical valve lift @ 0 12.0 mm (0.472 in)to rear) — RH
lash

Valve guide bore diameter 7.044-7.015 mm
Lobe lift 6.5 mm (0.2560 in)(0.2773-0.2762 in)
Allowable lobe lift loss 0

Copyright  2003, Ford Motor Company
Last updated: 08/27/2003 2004 E-Series, 12/2003 



303-01A-2 303-01A-2Engine — 4.6L and 5.4L

SPECIFICATIONS (Continued)

General Specifications (Continued) General Specifications (Continued)

Item Specification Item Specification

Journal diameter (all) 26.962-26.936 mm Piston diameter — coded 90.203-90.223 mm
(1.0615-1.0605 in) yellow 3 (3.513-3.5521 in)

Camshaft journal bore 27.012-26.987 mm Piston-to-cylinder bore 0.012-0.0026 mm
inside diameter (all) (1.0635-1.0625 in) clearance (0.0005-0.001 in)

Camshaft 0.025-0.076 mm Piston ring end gap — 0.23-0.49 mm
journal-to-bearing (0.0010-0.0030 in) compression (top and (0.010-0.020 in)
clearance bottom)

Runout 0.05 mm (0.002 in) Piston ring end gap — oil 0.05-0.66 mm
ring (steel rail) (0.006-0.026 in)End play 0.09-0.19 mm

(0.0035-0.0075 in) Piston ring groove width 1.520-1.550 mm
— compression (top) (0.060-0.610 in)Cylinder Block
Piston ring groove width 1.520-1.530 mmCylinder bore diameter — 90.200-90.213 mm
— compression (bottom) (0.060-0.0602 in)grade 1 (3.5512-3.5517 in)
Piston ring groove width 6.996-7.224 mmCylinder bore diameter — 90.213-90.226 mm
— oil ring (0.275-0.2844 in)grade 2 (3.5517-3.5522 in)
Piston ring width — 1.49-1.47 mmCylinder bore diameter — 90.226-90.239 mm
compression (0.0587-0.0579 in)grade 3 (3.5522-3.5527 in)
Piston ring width — oil 0.473-0.447 mmCylinder bore maximum 0.006 mm (0.0002 in)
ring rail (2) (0.0186-0.0176 in), 0.483taper

mm (0.0190 in) max. at
Cylinder bore maximum 0.020 mm (0.0008 in) ID
out-of-round

Piston ring width — oil 2.038-1.960 mm
Main bearing bore inside 72.401-72.422 mm ring expander (0.080-0.077 in)
diameter (2.850-2.851 in)

Piston ring-to-groove 0.030-0.070 mm
Crankshaft clearance — compression (0.0012-0.0028 in)

Main bearing journal 63.0 mm (2.4803 in) Piston ring-to-groove 0.046-0.196 mm
diameter clearance — oil ring (0.0018-0.0077 in)

assemblyMain bearing journal 0.020 mm (0.0007 in)
maximum taper Piston pin bore diameter 22.0015-22.004 mm

(0.866-0.8663 in)Main bearing journal 0.05 mm (0.002 in)
maximum out-of-round Piston pin diameter 22.0 mm (0.866 in)

Main bearing 0.027-0.065 mm Piston pin length 61.8 mm (2.433 in)
journal-to-cylinder block (0.0011-0.0026 in)

Piston pin-to-piston fit 0.005-0.010 mmclearance
(0.0002-0.0004 in)

Connecting rod journal 52.988-53.003 mm
Connecting rod-to-pin 0.015-0.040 mmdiameter (2.0861-2.0867 in)
clearance (0.0006-0.0016 in)

Connecting rod journal 0.015 mm (0.0006 in)
Connecting rod pin bore 21.959-21.979 mmmaximum taper
diameter (0.864-0.865 in)

Connecting rod journal 0.05 mm (0.0020 in)
Connecting rod length 150.7 mm (5.93 in)maximum out-of-round
(center-to-center)

Crankshaft maximum end 0.130-0.301 mm
Connecting rod maximum 0.038 mm (0.0015 in) perplay (0.0051-0.012 in)
allowed bend 25 mm (0.984 in)

Piston and Connecting Rod
Connecting rod maximum 0.050 mm (0.0019 in) per

Piston diameter — coded 90.177-90.197 mm allowed twist b 25 mm (0.984 in)
red 1 (3.550-3.551 in)

Connecting rod bearing 56.756-56.876 mm
Piston diameter — coded 90.190-90.210 mm bore diameter (2.234-2.24 in)
blue 2 (3.5507-3.5515 in)
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303-01A-3 303-01A-3Engine — 4.6L and 5.4L

SPECIFICATIONS (Continued)

General Specifications (Continued) General Specifications (Continued)

Item Specification Item Specification

Connecting rod 0.027-0.069 mm Valve stem-to-guide 0.095-0.045 mm
bearing-to-crankshaft (0.001-0.0027 in) clearance — exhaust (0.0037-0.0018 in)
clearance Valve head diameter — 44.63-44.37 mm
Connecting rod side 0.015-0.45 mm intake (1.7571-1.7469 in)
clearance (assembled to (0.0006-0.0177 in) Valve head diameter — 36.01 mm (1.4177 in)
crank) — standard exhaust
Connecting rod side 0.05 mm (0.02 in) max. Valve face runout 0.05 mm (0.0020 in)
clearance (assembled to

Valve face angle 45.75-45.25 degreescrank) — service limit

Valve seat width — 1.3-1.5 mma Time required for the plunger to leak down 1.6 mm
intake (0.0512-0.0591 in)of travel with 222 N force and leak-down fluid in

the lash adjuster. Valve seat width — 2.1-1.9 mm
b The pin bore and crank bearing bore must be exhaust (0.0827-0.0748 in)

parallel and in the same vertical plane within the Valve seat runout (T.I.R.) 0.025 mm (0.0010 in)
specified total difference when measured at the ends

Valve seat angle 45.50 degreesof a 203 mm bar, 105.5 mm on each side of rod
centerline. Valve spring free length 53.37 mm (2.10 in)

Valve spring squareness 2.0 degrees
General Specifications

Valve spring compression 720-800 N
Item Specification pressure (161.862-179.847 lb) @

28.02 mm (1.10 in)Engine — 5.4L
Valve spring installed 42.9-42.3 mmDisplacement 5.4L (330 cu in)
height (1.6890-1.6654 in)

Number of cylinders 8
Valve spring installed 760 N @ 28.80 mm

Bore 90.2 mm (3.55 in) pressure — valve open (170.855 lb @ 1.1339 in)

Stroke 105.8 mm (4.17 in) Valve spring installed 302 N @ 42.56 mm
pressure — valve closed (67.8923 lb @ 1.6756 in)Firing order 1-3-7-2-6-5-4-8
Roller follower ratio 1.75:1Oil pressure (@ 2000 rpm 275.8-517.1 kPa (40-75

— hot) psi) Hydraulic Lash Adjuster

Oil capacity (includes 5.7 L (6.0 qts) Diameter 16.000-15.988 mm
filter change) (0.6299-0.6295 in)

Compression ratio 9.0:1 Clearance-to-bore 0.018-0.069 mm
(0.0007-0.0027 in)Cylinder Head and Valve Train

Service limit 0.016 mm (0.0006 in)Combustion chamber 42.45-45.45 cc (2.59-2.77
volume cu in) Hydraulic leakdown rate 5-25 seconds a

Valve arrangement (front E-I-E-I-E-I-E-I Collapsed lash adjuster 0.085-0.450 mm
to rear) — LH gap (0.0335-0.0177 in)

Valve arrangement (front I-E-I-E-I-E-I-E Camshaft
to rear) — RH

Theoretical valve lift @ 0 12.02 mm (0.4732 in)
Valve guide bore diameter 7.044-7.015 mm lash — intake

(0.2773-0.2762 in)
Theoretical valve lift @ 0 12.67 mm (0.4988 in)

Valve stem diameter — 6.995-6.975 mm lash — exhaust
intake (0.2754-0.2746 in)

Lobe lift — intake 7.1104 mm (0.2799 in)
Valve stem diameter — 6.970-6.949 mm

Lobe lift — exhaust 7.4979 mm (0.2952 in)exhaust (0.2744-0.2736 in)
Allowable lobe lift loss 0Valve stem-to-guide 0.069-0.020 mm

clearance — intake (0.0027-0.0008 in)
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303-01A-4 303-01A-4Engine — 4.6L and 5.4L

SPECIFICATIONS (Continued)

General Specifications (Continued) General Specifications (Continued)

Item Specification Item Specification

Journal diameter 26.962-26.936 mm Piston diameter — grade 90.175-90.165 mm
(1.0615-1.0605 in) 1 (at right angle to pin (3.5502-3.5498 in)

bore)Camshaft journal bore 27.012-26.987 mm
inside diameter (cap (1.0635-1.0625 in) Piston diameter — grade 90.185-90.175 mm
assembled) 2 (at right angle to pin (3.5506-3.5502 in)

bore)Camshaft 0.076-0.025 mm
journal-to-bearing (0.0030-0.0010 in) Piston diameter — grade 90.195-90.185 mm
clearance 3 (at right angle to pin (3.5510-3.5506 in)

bore)Runout b 0.03 mm (0.0012 in)
Piston-to-cylinder bore -0.005-0.025 mmEnd play 0.0270-0.0190 mm
clearance (at grade size) (-0.0002-0.0001 in)(0.0011-0.0075 in)
Piston ring end gap — top 0.15-0.30 mmCylinder Block

(0.0006-0.0012 in)
Cylinder bore diameter — 90.200-90.210 mm

Piston ring end gap — 0.25-0.50 mmgrade 1 (3.5512-3.5516 in)
intermediate (0.0098-0.0197 in)

Cylinder bore diameter — 90.210-90.220 mm
Piston ring end gap — oil 0.15-0.65 mmgrade 2 (3.5516-3.5520 in)
control (0.0059-0.0256 in)

Cylinder bore diameter — 90.220-90.230 mm
Piston ring groove width 1.503-1.505 mmgrade 3 (3.5520-3.5524 in)
— top (0.0592-0.0593 in)

Cylinder bore maximum 0.006 mm (0.00023 in)
Piston ring groove width 1.502-1.504 mmtaper
— intermediate (0.0591-0.0592 in)

Cylinder bore maximum 0.020 mm (0.00079 in)
Piston ring groove width 3.030-3.050 mmout-of-round
— oil control (0.1193-0.1201 in)

Main bearing bore inside 72.400-72.424 mm
Piston ring width 1.5-1.47 mmdiameter (2.850-2.851 in)

(0.0591-0.0579 in)
Cylinder bore diameter — 0.2-0.6 microns

Piston ring-to-groove 0.033-0.005 mmsurface finish (RMS)
clearance — top (0.0013-0.0002 in)

Crankshaft
Piston ring-to-groove 0.033-0.005 mm

Main bearing journal 67.482-67.504 mm clearance — intermediate (0.0013-0.0002 in)
diameter (2.6568-2.6576 in)

Piston pin bore diameter 22.001-22.014 mm
Main bearing journal 0.004 mm (0.0002 in) (0.8662-0.8667 in)
maximum taper

Piston pin diameter 22.0001-22.0030 mm(straightness)
(0.8662-0.8663 in)

Main bearing journal 0.0075 mm (0.0003 in)
Piston pin length 61.8 mm (2.433 in)maximum out-of-round between cross sections
Piston pin-to-piston fit 0.005-0.013 mmMain bearing 0.048-0.024 mm
(clearance) (0.0002-0.0005 in)journal-to-cylinder block (0.0019-0.0009 in)

clearance Connecting rod-to-pin 0.009-0.023 mm
clearance (0.0004-0.0093 in)Connecting rod journal 53.003-52.983 mm

diameter (2.0867-2.0859 in) Connecting rod pin bore 22.012-22.024 mm
diameter (0.8666-0.8671 in)Connecting rod journal 0.004 mm (0.0002 in)

maximum taper Connecting rod length 169.1 mm (6.6575 in)
(centerline bore-to-bore)Connecting rod journal 0.0075 mm (0.0003 in)

maximum out-of-round between cross sections Connecting rod maximum ± 0.0 mm (±0.03 in)
allowed bendCrankshaft maximum end 0.075-0.377 mm

play (0.0030-0.0148 in) Connecting rod maximum ± 0.0 mm (±0.04 in)
allowed twistPiston and Connecting Rod
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303-01A-5 303-01A-5Engine — 4.6L and 5.4L

SPECIFICATIONS (Continued)

General Specifications (Continued) Torque Specifications (Continued)

Item Specification Description Nm lb-ft lb-in

Connecting rod bearing 53.049-53.027 mm Differential pressure 10 — 89
bore diameter (with (2.0885-2.0877 in) feedback EGR sensor
assembled liners) bracket bolts (5.4L)

Connecting rod 0.064-0.026 mm Drive belt idler pulley 25 18 —
bearing-to-crankshaft (0.0025-0.0010 in) bolt
clearance EGR valve to intake — — —
Connecting rod side 0.475-0.125 mm manifold boltsa

clearance (0.0187-0.0049 in) Engine front cover — — —
boltsa

a Time required for the plunger to leak down 1.6 mm
of travel with 222 N force and leak-down fluid in Exhaust manifold nuts 25 18 —
the lash adjuster.

Exhaust manifold studs 12 9 —b Full indicator measurement on all journals when
supported on front and rear journals (4 places). Exhaust manifold to — — —

EGR valve tube
fittingsaTorque Specifications
Exhaust 40 30 —

Description Nm lb-ft lb-in manifold-to-Y-pipe nuts

Accelerator cable 10 — 89 Fan shroud bolts 6 — 53
bracket bolts

Flexplate bolts 80 59 —
42-pin bulkhead 6 — 53

Fuel injection supply 10 — 89connector bolt
manifold bracket bolts

Camshaft bearing cap 10 — 89
Generator upper 10 — 89bolts
mounting bracket bolts

Camshaft position 10 — 89
Generator lower 25 18 —sensor bolt
mounting bolts

Camshaft sprocket — — —
Heater inlet tube studs 25 18 —bolts a

(4.6L)
Connecting rod boltsa — — —

Heater inlet tube studs 40 30 —
Crankshaft main — — — (5.4L)
bearing bolts

Ignition coil 6 — 53(cross-mounted)a

Lower intake manifold — — —Crankshaft main — — —
to upper intakebearing bolts (vertical)a
manifold boltsa

Crankshaft position 10 — 89
Upper intake manifold — — —sensor bolt
to cylinder head boltsa

Crankshaft pulley bolta — — —
Intake manifold tuning — — —

Crankshaft rear seal 10 — 89 valve screwsa
retainer plate bolts

Knock sensor 20 15 —
Cylinder heads boltsa — — —

Motor mount to 63 44 —
Cylinder head 26 19 — cylinder block bolts
temperature sensor

Motor mount nuts 90 66 —(CHT)
Oil cooler threaded 58 43 —Differential pressure 10 — 89
insertfeedback EGR sensor

nuts (5.4L) Oil filler tube bolt 10 — 89

Differential pressure 4 — 35 Oil filter 16 12 —
feedback EGR sensor

Oil filter adapter front 25 18 —nuts (4.6L)
bolts (4.6L)
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303-01A-6 303-01A-6Engine — 4.6L and 5.4L

SPECIFICATIONS (Continued)

Torque Specifications (Continued) Torque Specifications (Continued)

Description Nm lb-ft lb-in Description Nm lb-ft lb-in

Oil filter adapter front 25 18 — Starter mounting bolts 25 18 —
nuts (4.6L) and nut

Oil filter adapter rear 48 35 — Starter solenoid ground 20 15 —
bolt (4.6L) nut

Oil filter adapter front 25 18 — Starter solenoid power 12 9 —
bolts (5.4L) cable nut

Oil filter adapter rear 48 35 — Starter solenoid signal 6 — 53
nut (5.4L) lead nut

Oil filter adapter studs 12 9 — Thermostat housing 25 18 —
boltsOil level indicator tube 25 18 —

nut Throttle body 10 — 89
adapter-to-intakeOil level indicator tube 10 — 89
manifold boltsbolt
Timing chain guide 10 — 89Oil line connector 25 18 —
boltsadapter assembly bolt
Timing chain hydraulic 25 18 —Oil pan boltsa — — —
tensioner bolts

Oil pan drain plug 14 10 —
Transmission fluid 10 — 89

Oil pressure switch 14 10 — filler tube nut (4.6L)

Oil pump bolts 10 — 89 Transmission fluid 28 21 —
filler tube nut (5.4L)Oil pump screen and 10 — 89

pickup tube front bolts Transmission fluid 10 — 89
cooler tube supportOil pump screen and 25 18 —
bracket nut (4.6L)pickup tube spacer
Transmission fluid 28 21 —Oil pump screen and 25 18 —
cooler tube supportpickup tube spacer bolt
bracket nut (5.4L)

Power steering pressure 20 15 —
Transmission-to-engine 60 44 —tube nut
bolts

Power steering pump 25 18 —
Torque 35 26 —bolts
converter-to-flexplate

Power steering 20 15 — nuts
reservoir bracket bolts

Valve cover bolts 10 — 89
Lower radiator support 20 15 —

Coolant pump bolts 25 18 —bolts
Coolant pump pulley 25 18 —Upper radiator support 20 15 —
boltsbolts
Water temperature 20 15 —Spark plugs 18 13 —
sensor

a Refer to the procedure in this section.
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303-01A-1 303-01A-1Engine — 4.6L and 5.4L

DESCRIPTION AND OPERATION

Engine

Engine Identification

Item Part Number Description

1 — Engine code information label

2 — Emission calibration label

3 — Safety certification label

Copyright  2003, Ford Motor Company
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303-01A-1 303-01A-1Engine — 4.6L and 5.4L

DESCRIPTION AND OPERATION

Engine Component View
The concept of modularity allows engine designs to
share commonization between concepts and engine
hardware. The four modules are the:

• intake module

• cylinder head module (RH)

• cylinder head module (LH)

• lower engine module

The modular engine concept supports efficiencies
during repairs by allowing the removal and
installation of these modules. While not all
in-vehicle repairs can take advantage of the modular
concept, most out-of-vehicle repairs benefit in
reduction of time and labor needed to repair the
engine.

The basic engine components consist of:

• single overhead camshafts.

• two valves per cylinder.

• sequential multiport fuel injection (SFI).

• aluminum cylinder heads.

• individual ignition coils for each spark plug.

• cast iron, 90-degree V-cylinder block.

• on 4.6L engines, two-piece intake manifold
system.

• composite-material lower intake manifold with
noise insulator.

• large-bore throttle body.

Copyright  2003, Ford Motor Company
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303-01A-2 303-01A-2Engine — 4.6L and 5.4L

DESCRIPTION AND OPERATION (Continued)

Engine Lubrication

2004 E-Series, 12/2003 



303-01A-3 303-01A-3Engine — 4.6L and 5.4L

DESCRIPTION AND OPERATION (Continued)

Item Part Number Description Item Part Number Description

12 — Plant prelube access1 — To hydraulic chain tensioner

13 — Primary main gallery pressure2 — Head gallery oil reservoir
(not restricted)3 — Orifice and strainer

14 — Oil drain to sump4 — Metered oil travels through
15 6714 Oil filtertappet and rocker arm and is

splashed onto the cam lobe, 16 9278 Oil pressure switch
roller bearings in rocker arm,

17 6881 Oil filter adapterand valve tip. Valve stem is
lubricated by metered leakage 18 Part of 6621 Oil pump integral relief valve
past the lip of the stem seal 19 — Bypass

5 6049 LH cylinder head 20 6621 Oil pump
6 — Oil drain to sump 21 — Oil drain to sump
7 — Plant prelube access 22 — To LH cylinder head
8 — From the left bank of the 23 — To hydraulic chain tensioner.

cylinder block Chain lubrication is metered
9 — Tappet and cam bearing feed through the tensioners

gallery (reduced pressure) 24 — Tappet vent gallery (open to
10 — Orifice and strainer crankcase)

11 — Head gallery oil reservoir
(Continued)

2004 E-Series, 12/2003 



303-01A-4 303-01A-4Engine — 4.6L and 5.4L

DESCRIPTION AND OPERATION (Continued)

4.6L Romeo Engine — Lower End
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303-01A-5 303-01A-5Engine — 4.6L and 5.4L

DESCRIPTION AND OPERATION (Continued)

Item Part Number Description Item Part Number Description

17 6303 Crankshaft1 18B402 Water bypass connector

18 6A339 Crankshaft thrust bearing —2 6C070 Access plug
lower3 12A699 Knock sensor

19 6A636 Oil filter adapter gasket4 6211 Connecting rod bearing —
20 6881 Oil filter adapterupper (8 req’d)

21 6A642 Oil cooler5 — Connecting rod (8 req’d) (part
of 6200) 22 6714 Oil filter

6 6135 Piston pin (8 req’d) 23 N811342 Stud
7 6110 Piston (8 req’d) 24 6675 Oil pan
8 6159 Oil control ring — outer (8 25 6710 Oil pan gasket

req’d)
26 6622 Oil pump screen and pickup

9 6159 Oil control ring — outer (8 tube
req’d)

27 6C630 Jack screw — main bearing
10 6152 Compression ring — lower (8 cap adjusting (10 req’d)

req’d)
28 6325 Crankshaft bearing cap (5

11 6150 Compression ring — upper (8 req’d)
req’d)

29 6A338 Crankshaft main bearing —
12 6161 Oil control ring — inner (8 lower (4 req’d)

req’d)
30 — Connecting rod cap (8 req’d)

13 6750 Oil level indicator (part of 6200)
14 6754 Oil level indicator tube 31 6211 Connecting rod bearing —

lower (8 req’d)15 6A341 Crankshaft thrust washer —
upper 32 6010 Cylinder block

16 6333 Crankshaft main bearing —
upper (5 req’d)

(Continued)
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303-01A-6 303-01A-6Engine — 4.6L and 5.4L

DESCRIPTION AND OPERATION (Continued)

4.6L Romeo Engine — Front End

Item Part Number Description Item Part Number Description

12 6L253 Timing chain tensioner arm1 8A528 Coolant pump pulley
— LH2 8501 Coolant pump

13 6010 Cylinder block3 19A216 Idler pulley
14 6621 Oil pump4 18801 Radio ignition interference
15 6K297 Timing chain guide — LHcapacitor (2 req’d)

16 6268 Timing chain — LH5 6C086 Engine front cover

17 6306 Crankshaft sprocket6 6B288 Camshaft position sensor

18 12A227 Ignition pulse wheel7 6L266 Timing chain tensioner —
RH 19 3A696 Power steering pump

assembly8 6L253 Timing chain tensioner arm
— RH 20 6700 Crankshaft front oil seal

9 6268 Timing chain — RH 21 6316 Crankshaft pulley
10 6K297 Timing chain guide — RH 22 6C315 Crankshaft position sensor
11 6L266 Timing chain tensioner — LH

(Continued)
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303-01A-7 303-01A-7Engine — 4.6L and 5.4L

DESCRIPTION AND OPERATION (Continued)

4.6L Upper End Components
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303-01A-8 303-01A-8Engine — 4.6L and 5.4L

DESCRIPTION AND OPERATION (Continued)

Item Part Number Description Item Part Number Description

18 6758 Crankcase ventilation hose1 6256 Camshaft sprocket — RH

19 6C501 Hydraulic lash adjuster (162 6265 Spacer
req’d)3 6B280 Camshaft bearing cap — RH,

20 6529 Roller follower (16 req’d)front

21 6518 Valve spring retainer key (324 6582 Valve cover — RH
req’d)5 6C324 Crankcase ventilation tube

22 6514 Valve spring retainer (166 6B280 Camshaft bearing cap — RH,
req’d)rear

23 6513 Valve spring (16 req’d)7 6250 Camshaft — RH
24 6A517 Valve stem seal (16 req’d)8 12405 Spark plug (8 req’d)
25 6050 Cylinder head — LH9 18663 Heater outlet tube
26 9Y431 Exhaust manifold gasket —10 14B102 Jumper wire — CHT sensor

LH (2 req’d)
11 6G004 Cylinder head temperature

27 9429 Exhaust manifold — LHsensor
28 6507 Intake valve (8 req’d)12 6256 Camshaft sprocket — LH
29 6505 Exhaust valve (8 req’d)13 6265 Spacer
30 6083 Cylinder head gasket — LH14 6250 Camshaft — LH
31 6051 Cylinder head gasket — RH15 6B280 Camshaft bearing cap — LH,
32 9430 Exhaust manifold — RHfront

33 9448 Exhaust manifold gasket —16 6B280 Camshaft bearing cap — LH,
RHrear

34 6049 Cylinder head — RH17 6A505 Valve cover — LH
(Continued)
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303-01A-9 303-01A-9Engine — 4.6L and 5.4L

DESCRIPTION AND OPERATION (Continued)

4.6L Engine Induction System Components
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303-01A-10 303-01A-10Engine — 4.6L and 5.4L

DESCRIPTION AND OPERATION (Continued)

Item Part Number Description Item Part Number Description

10 9424 Intake manifold — upper1 12B637 Engine sensor control wiring
harness 11 9461 Intake manifold gasket—

lower2 6E822 Throttle body and spacer
assembly 12 9K461 Intake manifold — lower

3 9J466 Differential pressure feedback 13 6N041 Noise shield
EGR system

14 9439 Intake manifold gasket —
4 9D477 Exhaust manifold-to-EGR upper (2 req’d)

valve tube
15 9L490 Intake manifold tuning valve

5 9F792 Fuel injection supply
16 10884 Water temperature sendermanifold
17 N806807 O-ring seal6 9L437 Throttle body adapter gasket
18 8594 Water outlet housing7 8575 Water thermostat
19 9E498 Vacuum harness8 9F593 Fuel injector (8 req’d)

9 12A366 Ignition coil (8 req’d)
(Continued)

4.6L Engine Rear End Components

Item Part Number Description Item Part Number Description

4 6310 Rear main seal oil slinger1 6010 Cylinder block

5 6375 Flexplate2 6K318 Rear main seal retainer

3 6701 Rear main oil seal
(Continued)
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303-01A-11 303-01A-11Engine — 4.6L and 5.4L

DESCRIPTION AND OPERATION (Continued)

5.4L Engine — Upper End

Item Part Number Description Item Part Number Description

8 6G004 Cylinder head temperature1 6C324 Crankcase ventilation hose
sensor2 6582 Valve cover — RH

9 6C501 Hydraulic lash adjuster (163 6B284 Camshaft bearing cap
req’d)

4 6251 Camshaft — RH
10 6529 Roller follower (16 req’d)

5 12405 Spark plug (8 req’d)
11 6C255 Camshaft — LH

6 18663 Heater outlet tube
12 6B284 Camshaft bearing cap

7 14B102 Cylinder head temperature
13 6A505 Valve cover — LHsensor jumper harness

(Continued)
(Continued)
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303-01A-12 303-01A-12Engine — 4.6L and 5.4L

DESCRIPTION AND OPERATION (Continued)

Item Part Number Description Item Part Number Description

14 6B280 Camshaft bearing cap (5 22 6505 Exhaust valve (8 req’d)
req’d) 22 6507 Intake valve (8 req’d)

15 5618 Valve spring retainer key (32 23 6083 Cylinder head gasket — LH
req’d)

24 6010 Cylinder block
16 6514 Valve spring retainer (16

25 6051 Cylinder head gasket — RHreq’d)
26 9430 Exhaust manifold — RH17 6513 Valve spring (16 req’d)
27 9448 Exhaust manifold gasket —18 6A517 Valve stem seal (16 req’d)

RH
19 9Y431 Exhaust manifold gasket (2

28 6049 Cylinder head — RHreq’d)
29 6B280 Camshaft bearing cap (520 9431 Exhaust manifold — LH

req’d)
21 6050 Cylinder head — LH

(Continued)
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303-01A-13 303-01A-13Engine — 4.6L and 5.4L

DESCRIPTION AND OPERATION (Continued)

5.4L Engine Induction System
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303-01A-14 303-01A-14Engine — 4.6L and 5.4L

DESCRIPTION AND OPERATION (Continued)

Item Part Number Description Item Part Number Description

15 9J433 Differential pressure EGR1 9E926 Throttle body
sensor2 9E930 Throttle body gasket

16 9E498 Vacuum harness3 N808598 Bolt (4 req’d)
17 N606500 Bolt (8 req’d)4 9A589 Throttle body adapter
18 N808130 Bolt (9 req’d)5 9F715 Idle air control valve
19 9424 Intake manifold6 N806154 Bolt (2 req’d)
20 9439 Intake manifold gasket (27 9S429 Engine vacuum regulator

req’d)valve
21 6010 Cylinder block8 N807309 Bolt (2 req’d)
22 W704688 Hollow dowel (4 req’d)9 9D460 Exhaust gas recirculation
23 W500225 Boltvalve

24 12A699 Knock sensor10 9D477 Exhaust gas recirculation
valve to exhaust manifold 25 8575 Thermostat
tube

26 N806807 O-ring seal
11 N804394 Bolt (4 req’d)

27 8594 Water outlet housing
12 9F792 Fuel injection supply

28 8597 Water bypass fittingmanifold
29 N806178 Bolt (2 req’d)13 9F593 Fuel injector (8 req’d)
30 12A366 Ignition coil (8 req’d)14 N807309 Bolt (2 req’d)

(Continued)
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303-01A-15 303-01A-15Engine — 4.6L and 5.4L

DESCRIPTION AND OPERATION (Continued)

5.4L Engine — Lower End

Item Part Number Description Item Part Number Description

6 6159 Outer oil control ring (161 6010 Cylinder block
req’d)2 6100 Piston and rod assembly (8

7 6135 Piston pin (8 req’d)req’d)

8 6110 Piston (8 req’d)3 6152 Lower compression ring (8
req’d) 9 6140 Piston pin retainer (16 req’d)

4 6161 Inner oil control ring (8 10 6200 Connecting rod assembly (8
req’d) req’d)

5 6150 Upper compression ring (8 11 6211 Connecting rod bearing (16
req’d) req’d)

(Continued) (Continued)
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303-01A-16 303-01A-16Engine — 4.6L and 5.4L

DESCRIPTION AND OPERATION (Continued)

Item Part Number Description Item Part Number Description

12 6A341 Crankshaft thrust washer — 19 6622 Oil pump screen and pickup
upper (2 req’d) tube

13 6303 Crankshaft 20 6325 Crankshaft main bearing cap
(5 req’d)14 6K302 Crankshaft thrust washer —

lower 21 6621 Oil pump

15 6A338 Crankshaft bearing — lower 22 6W337 Front crankshaft bearing —
(5 req’d) upper

16 6A346 Dowel (10 req’d) 23 6333 Crankshaft bearing — upper
(4 req’d)17 6710 Oil pan gasket

18 6675 Oil pan
(Continued)

5.4L Engine — Front End

Item Part Number Description Item Part Number Description

8 6K255 Timing chain tensioner arm1 19A216 Idler pulley
— RH2 8A528 Water pump pulley

9 6268 Timing chain — RH3 6B288 Camshaft position sensor
10 6M256 Timing chain guide — RH4 6C315 Crankshaft position sensor
11 6M269 Timing chain tensioner — LH5 18801 Radio ignition interference
12 6M274 Timing chain tensioner armcapacitor (2 req’d)

— LH6 6C086 Engine front cover
13 6268 Timing chain — LH7 6L266 Timing chain tensioner —
14 6010 Cylinder blockRH

(Continued)(Continued)
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303-01A-17 303-01A-17Engine — 4.6L and 5.4L

DESCRIPTION AND OPERATION (Continued)

Item Part Number Description Item Part Number Description

15 6B274 Timing chain guide — LH 18 3A696 Power steering pump

16 6306 Crankshaft sprocket 19 6700 Front crankshaft oil seal

17 12A227 Ignition pulse wheel 20 6316 Crankshaft pulley
(Continued)
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303-01A-18 303-01A-18Engine — 4.6L and 5.4L

DESCRIPTION AND OPERATION (Continued)

5.4L Engine — Exterior Components
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303-01A-19 303-01A-19Engine — 4.6L and 5.4L

DESCRIPTION AND OPERATION (Continued)

Item Part Number Description Item Part Number Description

9 6375 Flexplate1 8501 Coolant pump

10 W704787 Stud2 6750 Oil level indicator

11 6714 Oil filter3 6K873 Oil level indicator tube

12 6A642 Oil cooler4 6010 Cylinder block

13 9278 Oil pressure sender5 N807198 Dowel (2 req’d)

14 6884 Oil filter adapter6 6K318 Crankshaft rear oil seal
retainer plate 15 6A636 Oil filter adapter gasket

7 6701 Crankshaft rear oil seal 16 18B402 Coolant pump outlet
8 6310 Crankshaft rear oil seal

slinger
(Continued)
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303-01A-1 303-01A-1Engine — 4.6L and 5.4L

DIAGNOSIS AND TESTING

Engine
For basic engine mechanical concerns, refer to
Section 303-00.

For driveability concerns, refer to the Powertrain
Control/Emissions Diagnosis (PC/ED) manual.

Copyright  2003, Ford Motor Company
Last updated: 08/27/2003 2004 E-Series, 12/2003 



303-01A-1 303-01A-1Engine — 4.6L and 5.4L

IN-VEHICLE REPAIR

Intake Manifold — 4.6L

Removal

1. Release the fuel system pressure. For additional
information, refer to Section 310-00A.

2. Disconnect the battery ground cable. For
additional information, refer to Section 414-01.

3. Remove the engine cover. For additional
information, refer to Section 501-05.

8. Disconnect the two hoses.4. Disconnect the fuel hose spring lock coupling.
For additional information, refer to Section
310-00A (Gasoline and Diesel) or  Section
310-00B (NGV).

5. Drain the cooling system. For additional
information, refer to Section 303-03.

6. Position the engine air cleaner (ACL).

1 Remove the four bolts.

2 Loosen the clamp.

3 Position the ACL to gain access to the mass
airflow (MAF) sensor electrical connector.

9. Loosen the clamp and remove the air cleaner
outlet pipe.

7. Disconnect the MAF sensor electrical connector
and remove the ACL.

Copyright  2003, Ford Motor Company
Last updated: 1/11/2005 2004 E-Series, 12/2003 



303-01A-2 303-01A-2Engine — 4.6L and 5.4L

IN-VEHICLE REPAIR (Continued)

10. Remove the accelerator cable snow shield.

14. Disconnect the evaporative emission canister
purge valve hose and vacuum hose.

11. Compress and slide the hose clamp and
disconnect the upper radiator hose.

15. Remove the two evaporative emission canister
purge valve nuts and position the valve aside.

12. Remove the bolt retaining the transmission fluid
filler tube support bracket.

13. If equipped, disconnect the auxiliary heater
hoses and position aside. For additional
information, refer to Section 412-00.
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303-01A-3 303-01A-3Engine — 4.6L and 5.4L

IN-VEHICLE REPAIR (Continued)

16. NOTE: Typical is shown.

Disconnect the throttle body control linkage.

1 Disconnect the accelerator cable.

2 Disconnect the speed control actuator cable.

3 Disconnect the throttle control return spring.

19. Disconnect the differential pressure feedback
exhaust gas recirculation (EGR) sensor
electrical connector.

17. NOTE: Typical is shown.

Remove the bolts retaining the accelerator cable
bracket to the throttle body. Remove the
accelerator cable bracket.

20. Disconnect the vacuum hoses from the EGR
valve tube.

18. NOTE: Typical is shown.

Disconnect the connector from the throttle
position (TP) sensor.
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303-01A-4 303-01A-4Engine — 4.6L and 5.4L

IN-VEHICLE REPAIR (Continued)

21. Remove the exhaust manifold to EGR valve 23. Disconnect the following hoses:
tube. • The brake booster vacuum hose.
• Disconnect the upper and lower fittings. • The positive crankcase ventilation (PCV)
• Remove the tube. valve hose.

• The coolant hose.

• The IAC valve fresh air hose.

24. Disconnect the IAC valve electrical connector
and the EGR valve vacuum connector.

22. Disconnect the EGR vacuum regulator solenoid
electrical connector and the vacuum hoses.

25. Disconnect the coolant hoses and the emissions
tube.
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303-01A-5 303-01A-5Engine — 4.6L and 5.4L

IN-VEHICLE REPAIR (Continued)

26. Remove the four bolts, and the throttle body 29. Remove the eight bolts and the eight ignition
and adapter as an assembly. coils.

• Discard the throttle body adapter gasket.

30. Remove the bolts and the generator upper
support bracket.27. NOTE: LH is shown, RH is similar.

Disconnect the eight coil-on-plug electrical
connectors.

31. Disconnect the fuel pressure sensor vacuum
hose and the electrical connector.

28. NOTE: RH shown, LH similar.

Disconnect the eight fuel injector electrical
connectors.
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303-01A-6 303-01A-6Engine — 4.6L and 5.4L

IN-VEHICLE REPAIR (Continued)

32. NOTE: Typical is shown. 34. Remove the intake manifold assembly.

Remove the bolts, thermostat housing and 1 Lift the intake manifold.
thermostat. 2 Disconnect the intake manifold tuning valve
• Discard the O-ring seal. electrical connector.

3 Remove the intake manifold and discard the
gaskets.

• Inspect the intake manifold assembly for
damage.

33. Remove the nine bolts.

Installation

1. CAUTION: Do not use metal scrapers,
power abrasive discs or any abrasive means
to clean the sealing surfaces, these tools
cause scratches and gouges that make leak
paths. Use a plastic scraper only.

Clean all the sealing surfaces.
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303-01A-7 303-01A-7Engine — 4.6L and 5.4L

IN-VEHICLE REPAIR (Continued)

2. Install the upper intake manifold. 4. Install the thermostat.

1 Position the new intake manifold gaskets. 1 Install the thermostat.

2 Position the upper intake manifold. 2 Install a new O-ring seal.

3 Loosely install nine bolts.

5. NOTE: The thermostat housing bolts are
tightened in sequence with the intake manifold
bolts.

Install the thermostat housing and loosely install
the bolts.

3. Connect the intake manifold tuning valve
electrical connector.
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303-01A-8 303-01A-8Engine — 4.6L and 5.4L

IN-VEHICLE REPAIR (Continued)

6. Tighten the 11 bolts in two stages in the 8. Install the generator upper support bracket.
sequence shown.

• Stage 1: Tighten to 2 Nm (18 lb-in).

• Stage 2: Tighten to 25 Nm (18 lb-ft).

9. Install the eight ignition coils and bolts.

10. NOTE: LH shown, RH similar.

Connect the eight fuel injector electrical
7. Connect the fuel pressure sensor electrical connectors.

connector and the vacuum hose.

2004 E-Series, 12/2003 



303-01A-9 303-01A-9Engine — 4.6L and 5.4L

IN-VEHICLE REPAIR (Continued)

11. NOTE: LH shown, RH similar.

Connect the eight coil-on-plug electrical
connectors.

15. Connect the following vacuum hoses:

• The brake booster vacuum hose.

• The positive crankcase ventilation (PCV)
valve hose.

12. Position a new throttle body adapter gasket and
• The coolant hose.install the throttle body adapter assembly.
• The IAC fresh air hose.

13. Connect the coolant hoses and the emissions
tube. 16. Connect the EGR vacuum regulator solenoid

electrical connector and the vacuum hoses.

14. Connect the IAC valve electrical connector and
the EGR valve vacuum connector.
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303-01A-10 303-01A-10Engine — 4.6L and 5.4L

IN-VEHICLE REPAIR (Continued)

17. Install the exhaust manifold to EGR valve tube.

• Hand-tighten the upper and lower fittings.

• Tighten the fittings to 40 Nm (30 lb-ft).

20. Connect the fuel hose spring lock coupling. For
additional information, refer to Section 310-00A
(Gasoline and Diesel) or  Section 310-00B
(NGV).

21. NOTE: Typical is shown.

Connect the TP sensor electrical connector.

18. Connect the differential pressure feedback EGR
sensor vacuum hoses to the EGR valve tube.

22. NOTE: Typical is shown.

Position the accelerator cable bracket and install
the bolts.

19. Connect the differential pressure feedback EGR
sensor electrical connector.
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303-01A-11 303-01A-11Engine — 4.6L and 5.4L

IN-VEHICLE REPAIR (Continued)

23. NOTE: Typical is shown. 26. If equipped, connect the auxiliary heater hoses.
For additional information, refer to SectionConnect the throttle body control linkage.
412-00.

1 Connect the accelerator cable.

2 Connect the speed control actuator cable.

3 Connect the throttle control return spring.

27. Install the transmission fluid filler tube bracket
and bolt.

24. Install the accelerator cable snow shield.

28. Install the evaporative emission canister purge
valve and bracket.

25. Connect the evaporative emission canister purge
valve hoses.
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303-01A-12 303-01A-12Engine — 4.6L and 5.4L

IN-VEHICLE REPAIR (Continued)

29. Install the upper radiator hose and position the 32. Connect the MAF sensor and position the ACL.
clamp.

33. Install the ACL.
30. Install the air cleaner outlet pipe and tighten the • Install the four bolts.

clamp.
• Tighten the clamp.

31. Connect the two hoses to the air cleaner outlet
34. Install the interior engine cover. For additionalpipe.

information, refer to Section 501-05.

35. Connect the battery ground cable. For additional
information, refer to Section 414-01.

36. Fill and bleed the engine cooling system. For
additional information, refer to Section 303-03.
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303-01A-1 303-01A-1Engine — 4.6L and 5.4L

IN-VEHICLE REPAIR

Intake Manifold — 5.4L

Removal

1. Disconnect the battery ground cable. For
additional information, refer to Section 414-01.

2. Remove the interior engine cover. For
additional information, refer to Section 501-05.

3. Disconnect the fuel hose spring lock couplings.
For additional information, refer to Section
310-00A (Gasoline and Diesel) or  Section

7. Disconnect the two hoses.310-00B (Natural Gas).

4. Drain the cooling system. For additional
information, refer to Section 303-03.

5. Position the engine air cleaner (ACL).

1 Remove the four bolts.

2 Loosen the clamp.

3 Position the ACL to gain access to the mass
airflow (MAF) sensor electrical connector.

8. Loosen the clamp and remove the air cleaner
outlet pipe.

6. Disconnect the MAF sensor electrical connector
and remove the ACL.

Copyright  2003, Ford Motor Company
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303-01A-2 303-01A-2Engine — 4.6L and 5.4L

IN-VEHICLE REPAIR (Continued)

9. Remove the accelerator cable snow shield. 12. Disconnect the coolant hose.

10. Disconnect the throttle body controls. 13. Disconnect the coolant hose.

1 Disconnect the accelerator cable.

2 Disconnect the speed control actuator cable.

3 Remove the throttle return spring.

14. Disconnect the throttle position (TP) sensor.

1 Disconnect the TP sensor electrical
connector.

2 Detach the harness routing clip.11. Compress and slide the hose clamp and
disconnect the upper radiator hose.
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303-01A-3 303-01A-3Engine — 4.6L and 5.4L

IN-VEHICLE REPAIR (Continued)

15. Disconnect the differential pressure feedback 18. Remove the bolts and the generator upper
exhaust gas recirculation (EGR) system. support bracket.

1 Disconnect the electrical connector.

2 Disconnect the two hoses.

19. Remove the bolt retaining the transmission fluid
filler tube support bracket.

16. Remove the differential pressure feedback EGR
system bracket.

20. Remove the bolts and position the accelerator
cable bracket and cables aside.

17. Remove the bolt and the bracket.
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303-01A-4 303-01A-4Engine — 4.6L and 5.4L

IN-VEHICLE REPAIR (Continued)

21. If equipped, disconnect the auxiliary heater 24. Remove the two evaporative emission canister
hoses and position aside. For additional purge valve nuts and position the valve aside.
information, refer to Section 412-00.

25. Disconnect the fuel pressure sensor vacuum
22. Disconnect and remove the idle air control hose and the electrical connector.

(IAC) valve fresh air hose.

26. Disconnect the EGR vacuum regulator solenoid
23. Disconnect the evaporative emission canister connections.

purge valve hose and vacuum hose.
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303-01A-5 303-01A-5Engine — 4.6L and 5.4L

IN-VEHICLE REPAIR (Continued)

27. Disconnect the EGR valve vacuum hose.

31. Remove the exhaust manifold-to-EGR valve
tube.

28. Disconnect the IAC valve electrical connector. • Disconnect the upper fitting.

• Disconnect the lower fitting and remove the
tube.

29. Disconnect the brake booster and main engine
vacuum harness and position aside.

30. Disconnect the differential pressure feedback
EGR sensor hoses from the EGR valve.
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303-01A-6 303-01A-6Engine — 4.6L and 5.4L

IN-VEHICLE REPAIR (Continued)

32. Remove the four bolts, and the throttle body 35. NOTE: LH is shown, RH is similar.
and adapter as an assembly. Disconnect the eight fuel injector electrical
• Discard the throttle body adapter gasket. connectors.

33. Disconnect and remove the positive crankcase 36. Remove the eight bolts and the eight ignition
ventilation hose. coils.

34. NOTE: LH is shown, RH is similar. 37. Remove the bolts, the thermostat housing and
the thermostat.Disconnect the eight ignition coil electrical

connectors. • Disconnect the O-ring seal.
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303-01A-7 303-01A-7Engine — 4.6L and 5.4L

IN-VEHICLE REPAIR (Continued)

38. Remove the nine bolts retaining the intake
manifold.

40. Inspect the throttle body, the intake manifold,
and their sealing surfaces for damage.

Installation39. Remove the intake manifold.

• Discard the intake manifold gaskets.
1. CAUTION: Do not use metal scrapers,

wire brushes, power abrasive discs or any
other abrasive means to clean the sealing
surfaces. These tools cause scratches and
gouges which can cause leak paths. Use a
plastic scraping tool to clean these surfaces.

Clean and inspect all sealing surfaces.
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303-01A-8 303-01A-8Engine — 4.6L and 5.4L

IN-VEHICLE REPAIR (Continued)

2. Position the intake manifold gaskets and the
intake manifold.

4. Install the thermostat.

1 Install the thermostat.

2 Install a new O-ring seal.3. Loosely install the nine bolts.
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303-01A-9 303-01A-9Engine — 4.6L and 5.4L

IN-VEHICLE REPAIR (Continued)

5. NOTE: The thermostat housing bolts are 7. Install the eight ignition coils and bolts.
tightened in sequence with the intake manifold
bolts.

Loosely install the thermostat housing and bolts.

8. NOTE: LH shown, RH similar.

Connect the eight fuel injector electrical
connectors.

6. Tighten the bolts in two stages, in the sequence
shown.

• Stage 1: Tighten to 2 Nm (18 lb-in).

• Stage 2: Tighten to 25 Nm (18 lb-ft).

9. NOTE: LH shown, RH similar.

Connect the eight ignition coil electrical
connectors.

2004 E-Series, 12/2003 



303-01A-10 303-01A-10Engine — 4.6L and 5.4L

IN-VEHICLE REPAIR (Continued)

10. Install the PCV hose and valve.

11. Install the new throttle body adapter gasket.

14. Connect the differential presssure EGR sensor
hoses to the EGR valve tube.

12. Install the throttle body and adapter assembly.

13. Install the exhaust manifold-to-EGR valve tube
and tighten the fitting in two stages.

• Hand-tighten the fittings.

• Tighten the fittings to 50 Nm (37 lb-ft).
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303-01A-11 303-01A-11Engine — 4.6L and 5.4L

IN-VEHICLE REPAIR (Continued)

15. Connect the brake booster and the main engine
vacuum harnesses.

19. Connect the fuel pressure sensor vacuum hose
and electrical connector.

16. Connect the IAC electrical connector.

20. Install the evaporative emission canister purge
valve and bracket.

17. Connect the EGR vacuum hose.

18. Connect the EGR vacuum regulator solenoid
connections.
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303-01A-12 303-01A-12Engine — 4.6L and 5.4L

IN-VEHICLE REPAIR (Continued)

21. Connect the evaporative emission canister purge 25. Install the accelerator cable bracket.
valve hoses.

26. Install the transmission fluid filler tube bracket
22. Connect the IAC fresh air hose. and bolt.

23. If equipped, connect the auxiliary heater hoses. 27. Install the generator upper support bracket.
For additional information, refer to Section
412-00.

24. Connect the fuel hose spring lock couplings.
For additional information, refer to Section
310-00A (Gasoline and Diesel) or  Section
310-00B (Natural Gas).
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303-01A-13 303-01A-13Engine — 4.6L and 5.4L

IN-VEHICLE REPAIR (Continued)

28. Install the accelerator cable routing bracket. 31. Connect the TP sensor.

1 Connect the electrical connector.

2 Attach the harness routing clip.

29. Install the differential pressure feedback EGR
system bracket.

32. Connect the coolant hose.

30. Connect the differential pressure feedback EGR
sensor.

33. Connect the coolant hose.
1 Connect the electrical connector.

2 Connect the two hoses.
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303-01A-14 303-01A-14Engine — 4.6L and 5.4L

IN-VEHICLE REPAIR (Continued)

34. Connect the upper radiator hose. 37. Install the air cleaner outlet pipe and tighten the
clamp.

35. NOTE: Typical is shown.
38. Connect the two hoses to the air cleaner outletConnect the throttle controls.

pipe.
1 Connect the accelerator cable.

2 Connect the speed control actuator cable.

3 Install the throttle return spring.

39. Connect the MAF sensor and position the ACL.

36. Install the accelerator cable snow shield.
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303-01A-15 303-01A-15Engine — 4.6L and 5.4L

IN-VEHICLE REPAIR (Continued)

40. Install the ACL. 41. Install the interior engine cover. For additional
information, refer to Section 501-05.• Install the four bolts.

• Tighten the clamp. 42. Connect the battery ground cable. For additional
information, refer to Section 414-01.

43. Fill and bleed the engine cooling system. For
additional information, refer to Section 303-03.
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303-01A-1 303-01A-1Engine — 4.6L and 5.4L

IN-VEHICLE REPAIR
Romeo engine (4.6L)Valve Cover LH

5. Remove the retaining nut for the engine oilMaterial
level indicator tube support bracket.

Item Specification

Motorcraft Silicone Gasket —
Remover
ZC-30

Motorcraft Metal Surface —
Prep
ZC-31

Silicone Gasket and WSE-M4G323-A4
Sealant
F7AZ-19554-EA

Instant Adhesive WSK-M2G402-A4
E8AZ-19554-A

Removal

All engines

1. Disconnect the battery ground cable. For
additional information, refer to Section 414-01.

2. Remove the engine air cleaner (ACL) and the
air cleaner outlet pipe. For additional
information, refer to Section 303-12.

3. Remove the engine cover. For additional
information, refer to Section 501-05.

4. NOTE: 4.6L engine shown; 5.4L engine
similar. 6. Remove the bolt and position aside the oil level

indicator and tube.Remove the crankcase ventilation tube from the
valve cover.
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303-01A-2 303-01A-2Engine — 4.6L and 5.4L

IN-VEHICLE REPAIR (Continued)

7. Disconnect the differential pressure feedback
exhaust gas recirculation (EGR) sensor hoses
from the EGR valve tube.

10. Remove the EGR valve tube.

• Disconnect the upper and lower fittings.

• Remove the tube.

8. Remove the EGR valve tube.

• Disconnect the upper and lower fittings.

• Remove the tube.

Windsor engine (5.4L)

9. Disconnect the differential pressure EGR
feedback sensor hose from the EGR valve tube.
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303-01A-3 303-01A-3Engine — 4.6L and 5.4L

IN-VEHICLE REPAIR (Continued)

11. Remove the retaining nut for the oil level
indicator and tube.

14. Disconnect the camshaft position (CMP) sensor.

15. Disconnect the LH radio interference capacitor.

12. Remove the bolt and position the oil level
indicator and tube.

16. Position the engine control wiring harness off
of the valve cover.

All engines

13. Disconnect the LH fuel injector electrical
connectors, ignition coil electrical connectors
and the wire harness retainers.
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303-01A-4 303-01A-4Engine — 4.6L and 5.4L

IN-VEHICLE REPAIR (Continued)

17. CAUTION: Do not use metal scrapers,
wire brushes, power abrasive discs or other
abrasive means to clean the sealing surfaces.
These tools cause scratches and gouges which
make leak paths. Use a plastic scraping tool
to remove all traces of old sealant.

NOTE: The intake manifold is removed for
clarity.

NOTE: The bolts are part of the valve cover
and should not be removed.

Remove the LH valve cover.

• Fully loosen the bolts and remove the valve 2. NOTE: If not secured within four minutes, the
cover. sealant must be removed and the sealing area

• Clean the valve cover mating surface of the cleaned. To clean the sealing area, use silicone
cylinder head with silicone gasket remover gasket remover and metal surface prep. Follow
and metal surface prep. Follow the the directions on the packaging. Failure to
directions on the packaging. follow this  procedure can cause future oil

leakage.• Inspect the valve cover gasket. If the gasket
is damaged, remove and discard the gasket. Apply a bead of silicone gasket and sealant in
Clean the valve cover gasket groove with two places where the engine front cover meets
soap and water or a suitable solvent. the cylinder head.

Installation 3. Position the valve cover and gasket on the
cylinder head. Loosely install the bolts.

All engines

1. If a new gasket is being installed, apply instant
adhesive completely around the gasket groove
in the valve cover. Install the new valve cover
gasket.
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303-01A-5 303-01A-5Engine — 4.6L and 5.4L

IN-VEHICLE REPAIR (Continued)

Romeo engine (4.6L)

4. Tighten the bolts in the sequence shown.

All engines

6. Position the engine control wiring harness onto
the valve cover.

Windsor engine (5.4L)
7. Connect the LH radio interference capacitor

electrical connector.5. Tighten the bolts in the sequence shown.
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303-01A-6 303-01A-6Engine — 4.6L and 5.4L

IN-VEHICLE REPAIR (Continued)

8. Connect the CMP electrical connector.

9. Connect the LH ignition coil and fuel injector
electrical connectors and the wiring harness
retainers.

11. Connect the differential pressure feedback EGR
sensor hoses to the EGR valve tube.

Romeo engine (4.6L)

10. Install the EGR valve tube.

• Hand-tighten the upper and lower fittings.

• Tighten to 40 Nm (30 lb-ft).
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303-01A-7 303-01A-7Engine — 4.6L and 5.4L

IN-VEHICLE REPAIR (Continued)

12. Position back the oil level indicator and tube,
and install the bolt.

15. Install the retaining nut for the oil level
indicator and tube.

13. Install the retaining nut for the oil level
indicator and tube.

Windsor engine (5.4L)

14. Position back the oil level indicator and tube
and install the bolt.
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303-01A-8 303-01A-8Engine — 4.6L and 5.4L

IN-VEHICLE REPAIR (Continued)

16. Install the EGR valve tube.

• Hand-tighten the upper and lower fittings.

• Tighten to 50 Nm (37 lb-ft).

All engines

18. NOTE: 4.6L engine shown; 5.4L engine
similar.

Connect the crankcase ventilation tube to the
valve cover.

17. Connect the differential pressure feedback EGR
sensor hoses to the EGR valve tube.

19. Install the engine air cleaner and air cleaner
outlet pipe. For additional information, refer to
Section 303-12.

20. Install the engine cover. For additional
information, refer to Section 501-05.

21. Connect the battery ground cable. For additional
information, refer to Section 414-01.
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303-01A-1 303-01A-1Engine — 4.6L and 5.4L

IN-VEHICLE REPAIR

Valve Cover RH — 4.6L

Material

Item Specification

Motorcraft Silicone Gasket —
Remover
ZC-30

Motorcraft Metal Surface —
Prep
ZC-31

Silicone Gasket and WSE-M4G323-A4
Sealant
F7AZ-19554-EA

6. Disconnect the engine wiring harness electrical
Instant Adhesive WSK-M2G402-A4 connectors.E8AZ-19554-A

Removal

1. Disconnect the battery ground cable. For
additional information, refer to Section 414-01.

2. Remove the engine air cleaner (ACL) and the
air cleaner outlet pipe. For additional
information, refer to Section 303-12.

3. Remove the engine cover. For additional
information, refer to Section 501-05.

4. NOTE: Rotate the positive crankcase
7. Disconnect the electrical connectors from theventilation (PCV) valve to remove.

bracket. Remove the retaining nut, ground strap
Disconnect the hose and position it aside, then and bracket.
remove the PCV valve from the valve cover.

5. Remove the clamp and oil filler tube from the
valve cover.
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303-01A-2 303-01A-2Engine — 4.6L and 5.4L

IN-VEHICLE REPAIR (Continued)

8. Disconnect the radio ignition interference 11. CAUTION: Do not use metal scrapers,
capacitor. wire brushes, power abrasive discs or other

abrasive means to clean the sealing surfaces.
These tools cause scratches and gouges which
make leak paths. Use a plastic scraping tool
to remove all traces of old sealant.

NOTE: The bolts are part of the valve cover
and cannot be removed.

Remove the RH valve cover.

• Fully loosen the bolts and remove the valve
cover.

• Clean the valve cover mating surface of the
cylinder head with silicone gasket remover
and metal surface prep. Follow the
directions on the packaging.9. Disconnect the A/C compressor and the

• Inspect the valve cover gasket. If the gasketcrankshaft position (CKP) sensor electrical
is damaged, remove and discard the gasket.connectors and remove the tie-strap.
Clean the valve cover gasket groove with
soap and water or a suitable solvent.

10. Remove the fuel charging wiring harness from
the valve cover studs and position aside.
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303-01A-3 303-01A-3Engine — 4.6L and 5.4L

IN-VEHICLE REPAIR (Continued)

Installation 3. Position the valve cover on the cylinder head,
and install the bolts loosely.

1. If a new gasket is being installed, apply instant
adhesive completely around the gasket groove
in the valve cover. Install the new valve cover
gasket.

2. NOTE: If not secured within four minutes, the
sealant must be removed and the sealing area
cleaned. To clean the sealing area, use silicone
gasket remover and metal surface prep. Follow
the directions on the packaging. Failure to
follow this  procedure can cause future oil
leakage.

Apply a bead of silicone gasket and sealant in
two places where the engine front cover meets
the cylinder head.
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303-01A-4 303-01A-4Engine — 4.6L and 5.4L

IN-VEHICLE REPAIR (Continued)

4. Tighten the bolts in the sequence shown.

7. Connect the radio ignition interference capacitor
electrical connector.

5. Install the fuel charging wiring on the valve
8. Install the bracket, ground strap and retainingcover studs.

nut. Connect the electrical connectors to the
bracket.

6. Connect the A/C compresssor and the CKP
sensor electrical connectors and install a
tie-strap as shown.
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303-01A-5 303-01A-5Engine — 4.6L and 5.4L

IN-VEHICLE REPAIR (Continued)

9. Connect the engine wiring harness electrical 11. Install the oil filler tube and clamp on the valve
connectors. cover.

10. NOTE: Rotate the PCV valve to lock it in 12. Install the engine air cleaner and air cleaner
place. outlet pipe. For additional information, refer to

Section 303-12.Install the PCV valve in the valve cover and
connect the hose.

13. Install the engine cover. For additional
information, refer to Section 501-05.

14. Connect the battery ground cable. For additional
information, refer to Section 414-01.
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303-01A-1 303-01A-1Engine — 4.6L and 5.4L

IN-VEHICLE REPAIR

Valve Cover RH — 5.4L

Material

Item Specification

Motorcraft Silicone Gasket —
Remover
ZC-30

Motorcraft Metal Surface —
Prep
ZC-31

Silicone Gasket and WSE-M4G323-A4
Sealant
F7AZ-19554-EA

6. Disconnect the radio ignition interference
Instant Adhesive WSK-M2G402-A4 capacitor.E8AZ-19554-A

Removal

1. Disconnect the battery ground cable. For
additional information, refer to Section 414-01.

2. Remove the engine air cleaner (ACL) and the
air cleaner outlet pipe. For additional
information, refer toSection 303-12.

3. Remove the interior engine cover. For
additional information, refer to Section 501-05.

4. Disconnect the oil fill tube.
7. Disconnect the engine wiring harness

connectors.

5. Remove the crankcase ventilation tube.
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303-01A-2 303-01A-2Engine — 4.6L and 5.4L

IN-VEHICLE REPAIR (Continued)

8. Remove the connectors from the bracket. 11. Remove the fuel charging wiring from the valve
cover studs.

9. Remove the ground strap and remove the
bracket. 12. Disconnect the RH fuel injector connectors.

10. Disconnect the A/C compressor connector and 13. Remove the RH ignition coils. For additional
the crankshaft position sensor connector. information, refer to Section 303-07A.

14. Position the fuel charging wiring in the
passenger compartment.
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303-01A-3 303-01A-3Engine — 4.6L and 5.4L

IN-VEHICLE REPAIR (Continued)

Installation15. CAUTION: Do not use metal scrapers,
wire brushes, power abrasive discs or other

1. If a new gasket is being installed, apply instantabrasive means to clean the sealing surfaces.
adhesive completely around the gasket grooveThese tools cause scratches and gouges which
in the valve cover. Install the new valve covermake leak paths. Use a plastic scraping tool
gasket.to remove all traces of old sealant.

NOTE: The bolts are part of the valve cover
and cannot be removed.

Remove the RH valve cover.

• Fully loosen the bolts and remove the valve
cover.

• Clean the valve cover mating surface of the
cylinder head with silicone gasket remover
and metal surface prep. Follow the
directions on the packaging.

• Inspect the valve cover gasket. If the gasket
is damaged, remove and discard the gasket.
Clean the valve cover gasket groove with
soap and water or a suitable solvent. 2. NOTE: If not secured within four minutes, the

sealant must be removed and the sealing area
cleaned. To clean the sealing area, use silicone
gasket remover and metal surface prep. Follow
the directions on the packaging. Failure to
follow this  procedure can cause future oil
leakage.

Apply a bead of silicone gasket and sealant in
two places where the engine front cover meets
the cylinder head.
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303-01A-4 303-01A-4Engine — 4.6L and 5.4L

IN-VEHICLE REPAIR (Continued)

3. Position the valve cover on the cylinder head
and loosely install the bolts.

5. Position the fuel charging wiring on the engine.

6. Install the RH ignition coils. For additional
4. Tighten the bolts in the sequence shown. information, refer to Section 303-07A.

7. Connect the RH fuel injector connectors.
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303-01A-5 303-01A-5Engine — 4.6L and 5.4L

IN-VEHICLE REPAIR (Continued)

8. Position the fuel charging wiring on the valve 11. Install the engine wiring harness connectors on
cover studs. the bracket.

9. Connect the A/C compressor and the crankshaft 12. Connect the engine wiring harness connectors.
position sensor electrical connectors.

13. Connect the radio ignition interference
10. Install the bracket and ground strap. capacitors.
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303-01A-6 303-01A-6Engine — 4.6L and 5.4L

IN-VEHICLE REPAIR (Continued)

14. Install the crankcase ventilation tube.

16. Install the interior engine cover. For additional
information, refer to Section 501-05.

15. Connect the oil fill tube.
17. Install the air cleaner outlet pipe and the engine

air cleaner. For additional information, refer to
Section 303-12.

18. Connect the battery ground cable. For additional
information, refer to Section 414-01.
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303-01A-1 303-01A-1Engine — 4.6L and 5.4L

IN-VEHICLE REPAIR

Crankshaft Pulley

Special Tool(s)

Remover, Crankshaft Vibration
Damper
303-009 (T58P-6316-D)

Installer, Crankshaft Vibration
Damper
303-102 (T74P-6316-B) Installation

1. NOTE: If not secured within four minutes, the
sealant must be removed and the sealing area
cleaned. To clean the sealing area, use silicone
gasket remover and metal surface prep. Follow

Material the directions on the packaging. Failure to
Item Specification follow this  procedure can cause future oil

leakage.Motorcraft Silicone Gasket —
Remover Apply silicone gasket and sealant to the
ZC-30 woodruff key slot on the crankshaft pulley.
Motorcraft Metal Surface —
Prep
ZC-31

Silicone Gasket and WSE-M4G323-A4
Sealant
F7AZ-19554-EA

Removal

1. Remove the engine cooling fan and fan shroud.
For additional information, refer to Section
303-03.

2. Remove the drive belt. For additional
information, refer to Section 303-05.

3. Raise and support the vehicle. For additional
information, refer to Section 100-02.

4. Remove and discard the crankshaft pulley bolt.

5. Using the special tool, remove the crankshaft
pulley.
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303-01A-2 303-01A-2Engine — 4.6L and 5.4L

IN-VEHICLE REPAIR (Continued)

2. Using the special tool, install the crankshaft
pulley.

4. Lower the vehicle.

5. Install the drive belt. For additional information,
3. Install a new crankshaft pulley bolt. Tighten the refer to Section 303-05.

bolt in four stages.
6. Install the engine cooling fan and the fan• Stage 1: Tighten to 90 Nm (66 lb-ft).

shroud. For additional information, refer to
• Stage 2: Loosen 360 degrees. Section 303-03.
• Stage 3: Tighten to 50 Nm (37 lb-ft).

• Stage 4: Tighten an additional 90 degrees.
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303-01A-1 303-01A-1Engine — 4.6L and 5.4L

IN-VEHICLE REPAIR

Crankshaft Front Seal

Special Tool(s)

Installer, Front Cover Oil Seal
303-335 (T88T-6701-A)

Remover, Crankshaft Front Oil
Seal
303-107 (T74P-6700-A) Installation

1. Lubricate the engine front cover and the
crankshaft front seal inner lip with clean engine
oil.

Installer, Crankshaft Front Oil
Seal
303-635

Installer, Crankshaft Vibration
Damper
303-102 (T74P-6316-B)

2. Using the special tools, install the crankshaft
Material front seal into the engine front cover.

Item Specification

SAE 5W-20 Premium WSS-M2C153-H
Synthetic Blend Engine
Oil
XO-5W20-QSP or
equivalent

Removal

1. Remove the crankshaft pulley. For additional
information, refer to Crankshaft Pulley in this
section.

2. Using the special tool, remove the crankshaft
front seal.
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303-01A-2 303-01A-2Engine — 4.6L and 5.4L

IN-VEHICLE REPAIR (Continued)

3. Install the crankshaft pulley. For additional
information, refer to Crankshaft Pulley in this
section.
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303-01A-1 303-01A-1Engine — 4.6L and 5.4L

IN-VEHICLE REPAIR

Engine Front Cover

Material

Item Specification

Motorcraft Silicone Gasket —
Remover
ZC-30

Motorcraft Metal Surface —
Prep
ZC-31

Silicone Gasket and WSE-M4G323-A4
Sealant
F7AZ-19554-EA

SAE 5W-20 Premium WSS-M2C153-H
Synthetic Blend Engine
Oil
XO-5W20-QSP

Removal

1. Disconnect the battery ground cable. For
additional information, refer to Section 414-01.

2. Remove both of the valve covers. For
additional information, refer to Valve Cover
LH, Valve Cover RH — 4.6L or  Valve Cover
RH — 5.4L in this section. 7. Disconnect the crankshaft position (CKP) sensor

electrical connector.3. Remove the radiator. For additional
information, refer to Section 303-03.

4. Remove the water pump. For additional
information, refer to Section 303-03.

5. With the vehicle in NEUTRAL, position it on a
hoist. For additional information, refer to
Section 100-02.

6. Remove the top bolts and the lower bolt and
position the power steering pump aside.
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303-01A-2 303-01A-2Engine — 4.6L and 5.4L

IN-VEHICLE REPAIR (Continued)

8. Remove the drain plug and drain the engine oil. 11. Disconnect the camshaft position (CMP) sensor
electrical connector.

9. Remove the oil pan front bolts.
12. Remove the bolt and the belt idler pulley.

13. Remove the bolts.

10. Remove the crankshaft front seal. For additional
information, refer to Crankshaft Front Seal in
this section.

2004 E-Series, 12/2003 



303-01A-3 303-01A-3Engine — 4.6L and 5.4L

IN-VEHICLE REPAIR (Continued)

14. CAUTION: Do not use metal scrapers,
wire brushes, power abrasive discs or other
abrasive means to clean the sealing surfaces.
These tools cause scratches and gouges which
make leak paths. Use a plastic scraping tool
to remove all traces of old sealant.

Remove the engine front cover from the front
cover to cylinder block dowel.

• Discard the engine front cover gasket.

• Clean the mating surfaces with silicone
gasket remover and metal surface prep.
Follow the directions on the packaging.

• Inspect the mating surfaces.
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303-01A-4 303-01A-4Engine — 4.6L and 5.4L

IN-VEHICLE REPAIR (Continued)

Installation

All engines

1. CAUTION: Do not use metal scrapers,
wire brushes, power abrasive discs or other
abrasive means to clean the sealing surfaces.
These tools cause scratches and gouges which
make leak paths. Use a plastic scraping tool
to remove all traces of old sealant.

NOTE: If the engine front cover is not secured
within four minutes, the sealant must be
removed and the sealing area cleaned. To clean
the sealing area, use silicone gasket remover
and metal surface prep. Follow the directions
on the packaging.  Failure to follow this
procedure can cause future oil leakage.

NOTE: Make sure that the engine front cover
gasket is in place on the engine front cover
before installation.

Apply a bead of silicone gasket and sealant
along the cylinder head-to-cylinder block
surface and the oil pan-to-cylinder block
surface, at the locations shown.
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303-01A-5 303-01A-5Engine — 4.6L and 5.4L

IN-VEHICLE REPAIR (Continued)

Romeo engine (4.6L)2. Install the engine front cover with engine front
cover gasket on the front cover to cylinder
block dowel and loosely install the bolts. 3. Tighten the front cover fasteners in the

sequence shown to 25 Nm (18 lb-ft).

Item Part Number Description Item Part Number Description

5 N806177 Bolt, Hex Flange Head Pilot,1 N806177 Bolt, Hex Flange Head Pilot,
M8 x 1.25 x 53M8 x 1.25 x 53

6 W706508 Stud, Hex Shldr Pilot, M8 x2 N806177 Bolt, Hex Flange Head Pilot,
1.25 x 50 — M6 x 1 x 10M8 x 1.25 x 53

7 N808586 Stud and Washer, Hex Head3 N806177 Bolt, Hex Flange Head Pilot,
Pilot, M8 x 1.25 x 50 — M6M8 x 1.25 x 53
x 1 x 244 N806177 Bolt, Hex Flange Head Pilot,

(Continued)M8 x 1.25 x 53
(Continued)
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303-01A-6 303-01A-6Engine — 4.6L and 5.4L

IN-VEHICLE REPAIR (Continued)

Item Part Number Description Item Part Number Description

8 N806177 Bolt, Hex Flange Head Pilot, 15 N806300 Stud, Hex Shldr Pilot, M8 x
M8 x 1.25 x 53 1.25 x 65 — M6 x 1.25 x 26

9 N806177 Bolt, Hex Flange Head Pilot,
Windsor engine (5.4L)M8 x 1.25 x 53

10 N806177 Bolt, Hex Flange Head Pilot,
M8 x 1.25 x 53 4. Tighten the engine front cover fasteners in

sequence in three stages.11 N806300 Stud, Hex Shldr Pilot, M8 x
1.25 x 65 — M6 x 1.25 x 26 Stage 1: Tighten fasteners 1 through 7 to 25

12 N806300 Stud, Hex Shldr Pilot, M8 x Nm (18 lb-ft).
1.25 x 65 — M6 x 1.25 x 26

Stage 2: Tighten fasteners 6 and 7 to 48 Nm13 N806300 Stud, Hex Shldr Pilot, M8 x
(35 lb-ft).1.25 x 65 — M6 x 1.25 x 26
Stage 3: Tighten fasteners 8 through 15 to 4814 N806300 Stud, Hex Shldr Pilot, M8 x

1.25 x 65 — M6 x 1.25 x26 Nm (35 lb-ft).
(Continued)

Item Part Number Description Item Part Number Description

4 N806177 Bolt, Hex Flange Head Pilot,1 N806177 Bolt, Hex Flange Head Pilot,
M8 x 1.25 x 53M8 x 1.25 x 53

5 N806177 Bolt, Hex Flange Head Pilot,2 N806177 Bolt, Hex Flange Head Pilot,
M8 x 1.25 x 53M8 x 1.25 x 53

6 N808529 Stud, Hex Head Pilot, M10 x3 N806177 Bolt, Hex Flange Head Pilot,
1.5 x 59 — M10 x 1.5 x 30M8 x 1.25 x 53

(Continued)(Continued)
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303-01A-7 303-01A-7Engine — 4.6L and 5.4L

IN-VEHICLE REPAIR (Continued)

Item Part Number Description

7 N808529 Stud, Hex Head Pilot, M10 x
1.5 x 59 — M10 x 1.5 x 30

8 N808142 Screw and Washer, Hex Pilot,
M10 x 1.5 x 57.5

9 N808142 Screw and Washer, Hex Pilot,
M10 x 1.5 x 57.5

10 N808142 Screw and Washer, Hex Pilot,
M10 x 1.5 x 57.5

11 N808140 Stud and Washer, Hex Head
Pilot, M10 x 1.5 x 68 — M8
x 1.25 x 27

12 N808140 Stud and Washer, Hex Head
7. Install a new crankshaft front seal. ForPilot, M10 x 1.5 x 68 — M8

x 1.25 x 27 additional information, refer to Crankshaft Front
Seal in this section.13 N808140 Stud and Washer, Hex Head

Pilot, M10 x 1.5 x 68 — M8
x 1.25 x 27 8. Loosely install the bolts, then tighten the bolts

14 N808140 Stud and Washer, Hex Head in the two stages following the sequence
Pilot, M10 x 1.5 x 68 — M8 shown.
x 1.25 x 27

• Stage 1: Tighten to 20 Nm (15 lb-ft).
15 N808140 Stud and Washer, Hex Head

• Stage 2: Tighten an additional 60 degrees.Pilot, M10 x 1.5 x 68 — M8
x 1.25 x 27

All engines

5. Position the belt idler pulley and install the
bolt.

6. Connect the CMP electrical connection.
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303-01A-8 303-01A-8Engine — 4.6L and 5.4L

IN-VEHICLE REPAIR (Continued)

9. Connect the crankshaft position sensor electrical 11. Install the drain plug.
connector.

12. Install the valve covers. For additional
10. NOTE: The front lower hole in the power information, refer to Valve Cover LH, Valve

steering pump is not used. Cover RH — 4.6L or  Valve Cover RH —
5.4L in this section.Position the power steering pump and install the

bolts.
13. Fill the engine with clean engine oil.

14. Install the water pump. For additional
information, refer to Section 303-03.

15. Install the radiator. For additional information,
refer to Section 303-03.

16. Connect the battery ground cable. For additional
information, refer to Section 414-01.
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303-01A-1 303-01A-1Engine — 4.6L and 5.4L

IN-VEHICLE REPAIR

Timing Drive Components — Windsor
Engine (5.4L)

Special Tool(s)

Holding Tool, Crankshaft
303-448 (T93P-6303-A)

Aligner, Camshaft Position
303-557 (T96T-6256-B) 3. CAUTION: Unless otherwise

instructed, at no time when the timing chains
are removed and the cylinder heads are
installed is the crankshaft or camshaft to be
rotated. Severe piston and valve damage will
occur.

Alignment Set, Camshaft Position the crankshaft with the keyway at the
303-S568 (T96T-6256-AR)

12 o’clock position.

Material

Item Specification

Hydraulic Chain Tensioner —
Retaining Clip
1L3Z-6P250-AA

Removal

CAUTION: Since the engine is not 4. Install and fully tighten the special tools on
free-wheeling, the timing procedures must be both camshafts.
followed exactly or piston and valve damage can
occur.

1. Remove the engine front cover. For additional
information, refer to Engine Front Cover in this
section.

2. Remove the crankshaft sensor ring from the
crankshaft.
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303-01A-2 303-01A-2Engine — 4.6L and 5.4L

IN-VEHICLE REPAIR (Continued)

5. CAUTION: If one or both of the 6. CAUTION: Unless otherwise
tensioner mounting bolts are loosened or instructed, at no time when the timing chains
removed, the tensioner-sealing bead must be are removed and the cylinders heads are
inspected for seal integrity. If cracks, tears, installed is the crankshaft or camshaft to be
separation from the tensioner body or rotated. Severe piston and valve damage will
permanent compression of the seal bead is occur.
observed,  install a new tensioner. Remove the RH and LH timing chains and the
Remove the timing chain tensioning system crankshaft sprocket.
from both timing chains. • Remove the RH timing chain from the
1 Remove the bolts. camshaft sprocket.

2 Remove the timing chain tensioners. • Remove the RH timing chain from the
crankshaft sprocket.3 Remove the timing chain tensioner arms.

• Remove the LH timing chain from the
camshaft sprocket.

• Remove the LH timing chain and crankshaft
sprocket.
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303-01A-3 303-01A-3Engine — 4.6L and 5.4L

IN-VEHICLE REPAIR (Continued)

7. Remove both timing chain guides.

• Remove the bolts.

• Remove both timing chain guides.

2. Install a retaining clip on the tensioner to hold
the plunger in during installation.

3. Remove the tensioner from the vise.

Installation 4. If the copper links are not visible, mark two
links on one end and one link on the other end,
and use as timing marks.1. CAUTION: Timing chain procedures

must be followed exactly or damage to valves
and pistons will result.

CAUTION: Prior to installation,
inspect the tensioner-sealing bead for seal
integrity. If cracks, tears, separation from
the tensioner body or permanent
compression of the seal bead is observed,
install a new tensioner.

Compress the tensioner plunger, using a vise.
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303-01A-4 303-01A-4Engine — 4.6L and 5.4L

IN-VEHICLE REPAIR (Continued)

5. Install the timing chain guides.

6. CAUTION: Do not turn the engine
over with the Camshaft Alignment Set or
damage to the camshaft sprocket or the bolt
can occur.

Install the special tool.
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IN-VEHICLE REPAIR (Continued)

7. NOTE: Slightly loosen the Camshaft Position
Aligner tools to allow slight camshaft
movement.

Pre-position the camshafts.

1 Rotate the LH camshaft with the Camshaft
Alignment Set until the timing mark is
approximately at 12 o’clock.

2 Rotate the RH camshaft with the Camshaft
Alignment Set until the timing mark is
approximately at 11 o’clock.

• Tighten the Camshaft Position Aligner tools
to maintain camshaft pre-positioning.
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IN-VEHICLE REPAIR (Continued)

8. CAUTION: Unless otherwise
instructed, at no time when the timing chains
are removed and the cylinder heads are
installed is the crankshaft or camshaft to be
rotated. Severe piston and valve damage will
occur.

CAUTION: Rotate the crankshaft
counterclockwise only. Do not rotate past
position shown or severe piston and valve
damage can occur.

NOTE: The number one cylinder is at top dead
center (TDC) when the stud on the engine

11. Position the lower end of the LH (inner) timingblock fits into the slot in the handle of the
chain on the crankshaft sprocket, aligning thespecial tool.
timing mark on the outer flange of thePosition the crankshaft so the number one
crankshaft sprocket with the single coppercylinder is at TDC with the special tool.
(marked) link on the chain.

9. Remove the special tool.

10. Install the crankshaft sprocket, making sure the
flange faces forward.

2004 E-Series, 12/2003 



303-01A-7 303-01A-7Engine — 4.6L and 5.4L

IN-VEHICLE REPAIR (Continued)

12. NOTE: Make sure the upper half of the timing
chain is below the tensioner arm dowel.

NOTE: If necessary, use the Camshaft
Alignment Set to adjust the camshaft sprocket
slightly to obtain timing mark alignment.

Position the timing chain on the camshaft
sprocket with the camshaft sprocket timing
mark positioned between the two copper
(marked) chain links.

14. Remove the retaining clip from the LH timing
chain tensioner.

15. NOTE: The lower half of the timing chain
must be positioned above the tensioner arm
dowel.

Position the lower end of the RH (outer) timing
chain on the crankshaft sprocket, aligning the
timing mark on the sprocket with the single
copper (marked) link on the timing chain.

13. NOTE: The LH timing chain tensioner arm has
a bump near the dowel hole, for identification.

Position the LH timing chain tensioner arm on
the dowel pin and install the LH timing chain
tensioner.
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IN-VEHICLE REPAIR (Continued)

16. NOTE: If necessary, use the Camshaft 19. Remove the special tool.
Alignment Set to adjust the camshaft sprocket
slightly to obtain timing mark alignment.

Position the RH timing chain on the camshaft
sprocket. Make sure the camshaft sprocket
timing mark is positioned between the two
copper (marked) chain links.

20. As a post-check, verify correct alignment of all
timing marks.

17. Position the RH timing chain tensioner arm on
the dowel pin and install the RH timing chain
tensioner.

21. Remove the special tool.

18. Remove the retaining clip from the RH timing
chain tensioner.

2004 E-Series, 12/2003 



303-01A-9 303-01A-9Engine — 4.6L and 5.4L

IN-VEHICLE REPAIR (Continued)

22. Position the crankshaft sensor ring on the 23. Install the engine front cover. For additional
crankshaft. information, refer to Engine Front Cover in this

section.
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303-01A-1 303-01A-1Engine — 4.6L and 5.4L

IN-VEHICLE REPAIR
RemovalTiming Drive Components — Romeo

Engine (4.6L)
CAUTION: Since the engine is not

free-wheeling, timing procedures must beSpecial Tool(s)
followed exactly or piston and valve damage can

Aligner, Camshaft occur.
303-380 (T91P-6256-A)

1. Remove the engine front cover. For additional
information, refer to Engine Front Cover in this
section.

2. Remove the crankshaft sensor ring from the
Aligner, Camshaft Pulley crankshaft.
303-413 (T92P-6256-A)

Holding Tool, Crankshaft
303-448 (T93P-6303-A)

Material 3. Rotate the crankshaft until the timing mark on
the RH camshaft sprocket is approximately atItem Specification
the 11 o’clock position and the timing mark onHydraulic Chain Tensioner —
the LH camshaft sprocket is approximately atRetaining Clip

1L3Z-6P250-AA the 12 o’clock position.
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303-01A-2 303-01A-2Engine — 4.6L and 5.4L

IN-VEHICLE REPAIR (Continued)

4. Install the special tools on the camshaft.

5. CAUTION: If one or both of the
tensioner mounting bolts are loosened or
removed, the tensioner-sealing bead must be
inspected for seal integrity. If cracks, tears,
separation from the tensioner body or
permanent compression of the seal bead is
observed,  install a new tensioner.

Remove the timing chain tensioning system
from both timing chains.

1 Remove the bolts.

2 Remove the timing chain tensioners.

3 Remove the timing chain tensioner arms.
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IN-VEHICLE REPAIR (Continued)

6. Remove the timing chains and crankshaft
sprocket.
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303-01A-4 303-01A-4Engine — 4.6L and 5.4L

IN-VEHICLE REPAIR (Continued)

7. Remove the timing chain guides.

1 Remove the bolts.

2 Remove the LH timing chain guide.

3 Remove the bolts.

4 Remove the RH timing chain guide.

Installation

1. CAUTION: Timing chain procedures
must be followed exactly or damage to valves
and pistons will result.

CAUTION: Prior to installation,
inspect the tensioner-sealing bead for seal
integrity. If cracks, tears, separation from
the tensioner body or permanent
compression of the seal bead is observed,
install a new tensioner.

Compress the tensioner plunger, using a vise.
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303-01A-5 303-01A-5Engine — 4.6L and 5.4L

IN-VEHICLE REPAIR (Continued)

2. Install a retaining clip on the tensioner to hold 4. Install the crankshaft sprocket, making sure the
the plunger in during installation. flange faces forward.

3. If the copper links are not visible, mark one
link on one end and one link on the other end,
and use as timing marks.
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303-01A-6 303-01A-6Engine — 4.6L and 5.4L

IN-VEHICLE REPAIR (Continued)

5. Install the timing chain guide.

1 Position LH timing chain guide.

2 Install and tighten the bolts.

3 Position the RH timing chain guide.

4 Install and tighten the RH bolts.

6. CAUTION: Unless otherwise
instructed, do not rotate either the
crankshaft or the camshafts, when the timing
chains are removed and the cylinder heads
are installed. Severe piston and valve damage
will occur.

NOTE: The number one cylinder is at top dead
center (TDC) when the stud on the engine
block fits into the slot in the handle of the
special tool.

Using the special tool, position the crankshaft
so the number one cylinder is at TDC.

7. Remove the special tool.
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303-01A-7 303-01A-7Engine — 4.6L and 5.4L

IN-VEHICLE REPAIR (Continued)

8. Position the LH (inner) timing chain on the 11. Remove the retaining clip from the LH timing
crankshaft sprocket, aligning the copper chain tensioner.
(marked) link with the timing mark on the
sprocket.

12. Position the RH (outer) timing chain on the
crankshaft sprocket, aligning the copper

9. Install the LH timing chain on the camshaft (marked) link with the timing mark on the
sprocket, aligning the copper (marked) link with sprocket.
the timing marks on the sprocket.

13. Install the RH timing chain on the camshaft
10. NOTE: The LH timing chain tensioner arm has sprocket, aligning the copper (marked) link with

a bump near the dowel hole for identification. the timing marks on the sprocket.

Position the LH timing chain tensioner arm on
the dowel pin and install the LH timing chain
tensioner.
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303-01A-8 303-01A-8Engine — 4.6L and 5.4L

IN-VEHICLE REPAIR (Continued)

14. Position the RH timing chain tensioner arm on 17. Remove special tools from the camshaft.
the dowel pin and install the RH timing chain
tensioner.

18. Install the crankshaft sensor ring on the
crankshaft.

15. Remove the retaining clip from the RH timing
chain tensioner.

19. Install the engine front cover. For additional
information, refer to Engine Front Cover in this

16. Make sure that the copper (marked) chain links section.
are lined up with the dots on the crankshaft
sprockets and the camshaft sprocket.
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303-01A-1 303-01A-1Engine — 4.6L and 5.4L

IN-VEHICLE REPAIR

Valve Springs

Special Tool(s)

Compressor, Valve Spring
303-567 (T97P-6565-AH)

Compressor Spacer, Valve
Spring
303-382 (T91P-6565-AH) 5. Remove the valve springs.

1 Remove the valve spring retainer keys.

2 Remove the valve spring retainers.

3 Remove the valve springs.

Removal

1. Remove the camshaft roller followers. For
additional information, refer to Camshaft Roller
Follower in this section.

2. Position the piston at the top of the stroke.

Installation

1. Position the valve spring and the valve spring
retainers.

3. Remove the spark plug and install compressed
air in the cylinder to hold both valves in
position.

CAUTION: If air pressure has forced the
piston to the bottom of the cylinder, any loss of
air pressure will allow the valve to fall into the
cylinder. If air pressure must be removed,
support the valve prior to removal.

4. Use the special tool to compress the valve
springs.
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303-01A-2 303-01A-2Engine — 4.6L and 5.4L

IN-VEHICLE REPAIR (Continued)

2. Install the special tool between the valve spring
coils to prevent valve stem seal damage.

4. Install the camshaft roller followers. For
additional information, refer to Camshaft Roller
Follower in this section.

3. Use the special tool to compress the valve
spring. Install the valve spring retainer keys. 5. Install the spark plug.
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303-01A-1 303-01A-1Engine — 4.6L and 5.4L

IN-VEHICLE REPAIR
InstallationValve Seals

1. NOTE: The valve stem seal must be bottomedSpecial Tool(s)
on the valve seat.

Installer, Valve Stem Oil Seal
NOTE: Make sure that the garter spring is303-383 (T91P-6571-A)
present in the valve stem seal.

Use the special tools to install the valve stem
seals.

Compressor, Valve Spring
303-567 (T97P-6565-AH)

Removal

1. Remove the valve springs. For additional
information, refer to Valve Springs in this

2. Install the valve springs. For additionalsection.
information, refer to Valve Springs in this

2. Remove the valve stem seals. section.
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303-01A-1 303-01A-1Engine — 4.6L and 5.4L

IN-VEHICLE REPAIR

Hydraulic Lash Adjuster

Removal

1. Remove the camshaft roller followers. For
additional information, refer to Camshaft Roller
Follower in this section.

2. NOTE: The valve tappets are positional. Mark
each valve tappet for installation in its original
location.

Remove the valve tappets.
2. Install the camshaft roller followers. For

additional information, refer to Camshaft Roller
Follower in this section.

Installation

1. Install the valve tappets in their original
locations.
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303-01A-1 303-01A-1Engine — 4.6L and 5.4L

IN-VEHICLE REPAIR

Camshaft Roller Follower

Special Tool(s)

Compressor, Valve Spring
303-567 (T97P-6565-AH)

Compressor Spacer, Valve
Spring
303-382 (T91P-6565-AH) 4. Use the special tool to compress the valve

springs (6513) and remove the camshaft roller
followers.

Removal

1. Remove the valve cover (6582). For additional
information, refer to Valve Cover LH,in this
section. Valve Cover RH — 4.6L or  Valve
Cover RH — 5.4L in this section.

2. Position the piston (6108) of the cylinder being
repaired at the bottom of the stroke.

Installation

1. Install the camshaft roller followers.

1 Install the special tool.

2 Compress the valve spring.

3 Install the camshaft roller followers.

3. Install the special tool between the valve spring
coils to prevent valve stem seal damage.
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303-01A-2 303-01A-2Engine — 4.6L and 5.4L

IN-VEHICLE REPAIR (Continued)

2. Remove the special tool. 3. Install the valve covers. For additional
information, refer to Valve Cover LH,in this
section. Valve Cover RH — 4.6L or  Valve
Cover RH — 5.4L in this section.
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303-01A-1 303-01A-1Engine — 4.6L and 5.4L

IN-VEHICLE REPAIR

Camshaft

Material

Item Specification

Motorcraft Silicone Gasket —
Remover
ZC-30

Motorcraft Metal Surface —
Prep
ZC-31

SAE 5W-20 Premium WSS-M2C153-H
Synthetic Blend Engine
Oil

4. NOTE: The camshaft bearing caps must beXO-5W20-QSP or
installed in their original location. Recordequivalent
camshaft bearing cap location.

Removal
Remove the bolts, the bearing caps and the
camshaft.

All engines

1. Remove the camshaft roller followers. For
additional information, refer to Camshaft Roller
Follower in this section.

CAUTION: At no time, when the timing
chains are removed and the cylinder heads are
installed may the crankshaft or camshaft be
rotated. Severe piston and valve damage will
occur.

2. Remove the timing chains. For additional
information, refer toTiming Drive Components
— Romeo Engine (4.6L) orTiming Drive 5. Clean and inspect the camshaft bearing caps.
Components — Windsor Engine (5.4L) in this • One of the bearing caps contains an oil flow
section. restriction groove. Make sure the groove is

free of foreign material.Romeo engine (4.6L)

3. Remove the camshaft sprocket.

1 Remove the bolt.

2 Remove the camshaft sprocket.
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303-01A-2 303-01A-2Engine — 4.6L and 5.4L

IN-VEHICLE REPAIR (Continued)

Windsor engine (5.4L) Installation

All engines6. NOTE: The camshaft bearing caps must be
installed in their original location. Record
camshaft bearing cap location. 1. CAUTION: Do not use metal scrapers,
Remove the bolts, the bearing caps and the wire brushes, power abrasive discs or other
camshaft. abrasive means to clean the sealing surfaces.

These tools cause scratches and gouges which
make leak paths. Use a plastic scraping tool
to remove all traces of old sealant.

Clean the valve cover mating surface of the
cylinder head with silicone gasket remover and
metal surface prep. Follow the directions on the
packaging.

2. Lubricate the camshaft journals with clean
engine oil.

7. Clean and inspect the camshaft bearing caps.

• One of the bearing caps contains an oil flow
restriction groove. Make sure the groove is
free of foreign material.
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303-01A-3 303-01A-3Engine — 4.6L and 5.4L

IN-VEHICLE REPAIR (Continued)

Romeo engine (4.6L) 5. Install the camshaft sprocket.

1 Install the sprocket.
3. Install the camshaft and the camshaft bearing 2 Install and tighten the bolt.

caps in their original locations.
X Tighten in two stages.

• Lubricate the camshaft bearing caps with
X Stage 1: Tighten to 40 Nm (30 lb-ft).clean engine oil.
X Stage 2: Tighten an additional 90 degrees.• Position the camshaft bearing caps.

• Install the bolts loosely.

4. Tighten the bolts in the sequence shown.

2004 E-Series, 12/2003 



303-01A-4 303-01A-4Engine — 4.6L and 5.4L

IN-VEHICLE REPAIR (Continued)

Windsor engine (5.4L)

6. Install the camshaft and the camshaft bearing
caps in their original locations.

• Lubricate the camshaft bearing caps with
clean engine oil.

• Position the camshaft bearing caps.

• Install the bolts loosely.

All engines

8. Install the timing chains. For additional
information, refer to Timing Drive Components
— Romeo Engine (4.6L) or  Timing Drive
Components — Windsor Engine (5.4L) in this
section.

9. Install the camshaft roller followers. For
additional information, refer to Camshaft Roller

7. Tighten the bolts in the sequence shown. Follower in this section.
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303-01A-1 303-01A-1Engine — 4.6L and 5.4L

IN-VEHICLE REPAIR

5. Remove and discard the exhaust manifoldExhaust Manifold RH
gasket.

Removal and Installation

1. With the vehicle in NEUTRAL, position it on a
hoist. For additional information, refer to
Section 100-02.

2. Disconnect the battery ground cable. For
additional information, refer to Section 414-01.

3. NOTE: 4.6L engine shown; 5.4L engine
similar.

Remove the four exhaust Y-pipe-to-exhaust
manifold nuts.

6. Clean and inspect the exhaust manifold. For
additional information, refer to Section 303-00.

7. To install, reverse the removal procedure.

• Tighten the exhaust manifold nuts in the
sequence shown.

4. NOTE: It may be necessary to raise the
exhaust Y-pipe for additional clearance when
removing the exhaust manifold from the
vehicle.

Remove the eight nuts and the exhaust
manifold.
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303-01A-1 303-01A-1Engine — 4.6L and 5.4L

IN-VEHICLE REPAIR

Exhaust Manifold LH

Removal

All engines

1. With the vehicle in NEUTRAL, position it on a
hoist. For additional information, refer to
Section 100-02.

2. Remove the engine cover. For additional
information, refer to Section 501-05.

Romeo engine (4.6L)

3. Disconnect the differential pressure feedback
exhaust gas recirculation (EGR) sensor hoses
from the EGR valve tube.

Windsor engine (5.4L)

5. Disconnect the differential pressure feedback
EGR sensor hoses from the EGR valve tube.

4. Remove the EGR valve tube.

• Disconnect the upper and lower fittings.

• Remove the tube.
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303-01A-2 303-01A-2Engine — 4.6L and 5.4L

IN-VEHICLE REPAIR (Continued)

6. Disconnect the upper and lower fittings and
remove the EGR valve tube.

10. Remove and discard the exhaust manifold
gasket.

11. Clean and inspect the exhaust manifold. For7. Remove the front fender splash shield. For
additional information, refer to Section 303-00.additional information, refer to Section 501-02.

Installation
8. Remove the nuts.

All engines

1. Position the exhaust manifold gasket.

9. Remove the nuts and the exhaust manifold.
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IN-VEHICLE REPAIR (Continued)

Windsor engine (5.4L)2. NOTE: 4.6L is shown, 5.4L is similar.

Position the exhaust manifold and loosely
5. Install the EGR valve fittings in two stages.install the nuts.

• Stage 1: Hand-tighten the fittings.

• Stage 2: Tighten the lower fitting to 50 Nm
(37 lb-ft).

3. NOTE: 4.6L is shown, 5.4L is similar.

Tighten the nuts in the sequence shown.

4. Install the three-way catalytic converter to
6. Connect the differential pressure feedback EGRexhaust manifold nuts.

sensor hoses to the EGR valve tube.
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IN-VEHICLE REPAIR (Continued)

Romeo engine (4.6L) 8. Install the differential feedback EGR sensor
hoses to the EGR valve tube.

7. Install the EGR valve tube in two stages.

• Stage 1: Connect the upper and lower
fittings and hand-tighten.

• Stage 2: Tighten the fittings to 40 Nm (30
lb-ft).

All engines

9. Install the front fender splash shield. For
additional information, refer to Section 501-02.

10. Install the engine cover. For additional
information, refer to Section 501-05.
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303-01A-1 303-01A-1Engine — 4.6L and 5.4L

IN-VEHICLE REPAIR

5. Remove the oil filter.Oil Cooler

Material

Item Specification

SAE 5W-20 Premium WSS-M2C153-H
Synthetic Blend Engine
Oil
XO-5W20-QSP

Motorcraft Premium Gold WSS-M97B51-A1 (yellow
Engine Coolant in color)
VC-7-A (in Oregon
VC-7-B) or equivalent. Do
not mix coolant types.

Removal
6. Remove the threaded insert and the oil cooler.

1. With the vehicle in NEUTRAL, position on a
hoist. For additional information, refer to
Section 100-02.

2. Drain the engine cooling system. For additional
information, refer to Section 303-03.

3. Drain the engine oil.

7. Clean and inspect the oil cooler.

• Plug the coolant connections.

• Flush the oil passages with parts cleaner. If
metal particles are present in the oil cooler,
install a new cooler.

4. Disconnect the coolant hoses.
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303-01A-2 303-01A-2Engine — 4.6L and 5.4L

IN-VEHICLE REPAIR (Continued)

Installation 3. Connect the coolant hoses.

1. NOTE: Make sure the tab on the oil filter
adapter nests into the notch in the oil cooler.

Position the oil cooler on the oil filter adapter
and install the threaded insert.

4. Install the oil drain plug.

2. Install a new oil filter.

5. Fill the engine with clean engine oil.

6. Fill and bleed the engine cooling system. For
additional information, refer to Section 303-03.
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303-01A-1 303-01A-1Engine — 4.6L and 5.4L

IN-VEHICLE REPAIR

Oil Filter Adapter

Material

Item Specification

SAE 5W-20 Premium WSS-M2C153-H
Synthetic Blend Engine
Oil
XO-5W20-QSP

Motorcraft Premium Gold WSS-M97B51-A1 (yellow
Engine Coolant in color)
VC-7-A (in Oregon
VC-7-B) or equivalent. Do
not mix coolant types.

7. Remove the oil filter.
Removal

All engines

1. With the vehicle in NEUTRAL, position on a
hoist. For additional information, refer to
Section 100-02.

2. Disconnect the battery ground cable. For
additional information, refer to Section 414-01.

3. Drain the engine cooling system. For additional
information, refer to Section 303-03.

8. Remove the threaded insert and the oil cooler.4. Drain the engine oil.

5. Remove the left engine support insulator. For
additional information, refer to Engine Support
Insulators in this section.

6. Disconnect the coolant hoses.
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303-01A-2 303-01A-2Engine — 4.6L and 5.4L

IN-VEHICLE REPAIR (Continued)

9. Disconnect the oil pressure switch electrical
connector.

5.4L engines

13. Remove the nut, the bolts, the oil filter adapter
10. Remove the oil pressure switch. and the gasket.

• Discard the gasket.

11. Disconnect the lower radiator hose.

All engines

14. Clean the gasket surface at the cylinder block.

4.6L engines

12. Remove the nuts, the bolts, the oil filter adapter
and the gasket.

• Discard the gasket.
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IN-VEHICLE REPAIR (Continued)

Installation

4.6L engines

1. Position the oil filter adapter gasket and the oil
filter adapter. Install the nuts and bolts.

4. Install the oil pressure switch.

5.4L engines

2. Position the oil filter adapter gasket and the oil
filter adapter. Install the nut and bolts.

5. Connect the oil pressure switch electrical
connector.

All engines

3. Connect the lower radiator hose.
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IN-VEHICLE REPAIR (Continued)

6. NOTE: Make sure the tab on the oil filter
adapter nests into the notch in the oil cooler.

Position the oil cooler on the oil filter adapter
and install the threaded insert.

9. Install the left engine support insulator. For
additional information, refer to Engine Support
Insulators in this section.

10. Install the drain plug.

7. Install a new oil filter.

11. Fill the engine with clean engine oil.

8. Connect the coolant hoses.
12. Connect the battery ground cable. For additional

information, refer to Section 414-01.

13. Fill and bleed the engine cooling system. For
additional information, refer to Section 303-03.
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303-01A-1 303-01A-1Engine — 4.6L and 5.4L

IN-VEHICLE REPAIR

Oil Level Indicator and Tube

Material

Item Specification

SAE 5W-20 Premium WSS-M2C153-H
Synthetic Blend Engine
Oil
XO-5W20-QSP

Removal

1. Remove the engine air cleaner (ACL) and the
air cleaner outlet pipe. For additional
information, refer to Section 303-12.

2. Remove the LH exhaust manifold. For
additional information, refer to Exhaust
Manifold LH in this section.

3. Remove the oil level indicator and the nut
retaining the oil level indicator tube and bracket
assembly.

5. Inspect the oil level indicator tube for damage.

Installation

1. Lubricate the new O-ring seals with clean
engine oil.

4. Remove the bolt.
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303-01A-2 303-01A-2Engine — 4.6L and 5.4L

IN-VEHICLE REPAIR (Continued)

2. Insert the oil level indicator tube and install the
bolt.

4. Install the LH exhaust manifold. For additional
information, refer to Exhaust Manifold LH in
this section.

3. Install the nut and insert the oil level indicator.
5. Install the ACL outlet pipe and the ACL. For

additional information, refer to Section 303-12.
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303-01A-1 303-01A-1Engine — 4.6L and 5.4L

IN-VEHICLE REPAIR

3. Remove the retainers and the shield.Oil Pan

Special Tool(s)

Modular Engine Lift Bracket
303-F047 (014-00073) or
equivalent

Heavy Duty Engine Support
303-F070

4. Remove the nut and position the transmission
fluid filler tube aside.

Lift Bar Adapter, Modular
Engine
303-F694

Material

Item Specification

Motorcraft Silicone Gasket —
Remover
ZC-30

5. Release the wiring retainers from the heaterMotorcraft Metal Surface —
outlet tube bracket.Prep

ZC-31 1 Release the knock sensor electrical
Silicone Gasket and WSE-M4G323-A4 connector retainer.
Sealant

2 Release the engine harness routing clipF7AZ-19554-EA
retainer.SAE 5W-20 Premium WSS-M2C153-H

Synthetic Blend Engine
Oil
XO-5W20-QSP

Removal

1. Remove the intake manifold. For additional
information, refer to Intake Manifold — 4.6L or
Intake Manifold — 5.4L in this section.

2. Remove the fan shroud and the engine cooling
fan. For additional information, refer to Section
303-03.
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303-01A-2 303-01A-2Engine — 4.6L and 5.4L

IN-VEHICLE REPAIR (Continued)

6. Disconnect the hose from the heater outlet tube. 9. Remove the two transmission-to-engine bolts.

7. Remove the heater outlet tube studs. 10. Assemble the special tools.

8. Remove the heater outlet tube. 11. Install the special tools.
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303-01A-3 303-01A-3Engine — 4.6L and 5.4L

IN-VEHICLE REPAIR (Continued)

12. Install the special tool and support the engine. 18. Using the Heavy Duty Engine Support, raise
the engine 10-1/4 inches from the crankshaft
pulley to the lower edge of the No. 1
crossmember.

19. Raise the vehicle.

20. Remove the bolts and partially lower the oil
pan.

13. Raise and support the vehicle. For additional
information, refer to Section 100-02.

14. Drain the engine oil, and remove the oil filter.

15. NOTE: RH is shown; LH is similar.

Remove the four engine mount nuts.

21. NOTE: Oil pan is removed for clarity.

Remove the bolts retaining the oil pump screen
cover and pickup tube and let the bolts drop
into the oil pan.

16. Remove the flexplate inspection plate.

22. Remove the oil pan at the rear of the engine.

23. Clean the oil pan thoroughly and inspect the oil
pan gasket.

24. Clean the mating surfaces for the oil pan with
silicone gasket remover and metal surface prep.
Follow the directions on the packaging.

17. Lower the vehicle.
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303-01A-4 303-01A-4Engine — 4.6L and 5.4L

IN-VEHICLE REPAIR (Continued)

Installation 2. NOTE: If not secured within four minutes, the
sealant must be removed and the sealing area

All engines cleaned. To clean the sealing area, use silicone
gasket remover and metal surface prep. Follow
the directions on the packaging. Failure to

1. CAUTION: Make sure the O-ring is in follow this  procedure can cause future oil
place and not damaged. A missing or leakage.
damaged O-ring can cause foam in the

Apply a bead of silicone gasket and sealant atlubrication system, low oil pressure and
the crankshaft rear seal retainer-to-cylindersevere engine damage.
block surface, at the locations shown.

NOTE: Clean and inspect the mating surfaces
and install a new O-ring. Lubricate the O-ring
with clean engine oil.

Install the oil pump screen and pickup tube.
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303-01A-5 303-01A-5Engine — 4.6L and 5.4L

IN-VEHICLE REPAIR (Continued)

3. NOTE: If not secured within four minutes, the
sealant must be removed and the sealing area
cleaned. To clean the sealing area, use silicone
gasket remover and metal surface prep. Follow
the directions on the packaging. Failure to
follow this  procedure can cause future oil
leakage.

Apply a bead of silicone gasket and sealant at
the engine front cover-to-cylinder block surface,
at the locations shown.
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303-01A-6 303-01A-6Engine — 4.6L and 5.4L

IN-VEHICLE REPAIR (Continued)

4. Tighten the bolts in three stages, in the 8. Raise the vehicle.
sequence shown.

9. NOTE: RH is shown; LH is similar.• Stage 1: Tighten to 2 Nm (18 lb-in).
Install the four engine mount nuts.• Stage 2: Tighten to 20 Nm (15 lb-ft).

• Stage 3: Tighten an additional 90 degrees.

10. Install the flexplate inspection plate.

11. Lower the vehicle.5. Install a new oil filter.

12. Install the transmission-to-engine bolts.

6. Lower the vehicle.

7. Lower the engine and remove the special tools.
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303-01A-7 303-01A-7Engine — 4.6L and 5.4L

IN-VEHICLE REPAIR (Continued)

Windsor engine (5.4L)13. NOTE: Do not reuse the O-ring seals.
Lubricate the new O-ring seals with clean
engine coolant before installing the heater outlet 16. Install the heater outlet tube studs.
tube.

Insert the heater outlet tube over the new seals.

17. Position the transmission fluid filler tube and
install the nut.

Romeo engines (4.6L)

14. Install the heater outlet tube studs.

All engines

18. Connect the hose to the heater outlet tube.
15. Position the transmission fluid filler tube and

install the nut.

2004 E-Series, 12/2003 



303-01A-8 303-01A-8Engine — 4.6L and 5.4L

IN-VEHICLE REPAIR (Continued)

19. Install the wiring retainers in the heater outlet
tube bracket.

1 Install the knock sensor electrical connector
retainer.

2 Install the engine harness routing clip
retainer.

21. Install the fan shroud and the engine cooling
fan. For additional information, refer to Section
303-03.

22. Install the intake manifold. For additional
information, refer to Intake Manifold — 4.6L or
Intake Manifold — 5.4L in this section.

20. Install the retainers and the shield. 23. Fill the engine with clean engine oil.

24. Start the engine and check for leaks.
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303-01A-1 303-01A-1Engine — 4.6L and 5.4L

IN-VEHICLE REPAIR
InstallationOil Pump

1. Clean and inspect the mating surfaces.Removal

2. Position the oil pump, and install the bolts1. Remove the oil pan. For additional information,
loosely. Tighten the bolts in the sequencerefer to Oil Pan in this section.
shown.

2. Remove the crankshaft sprocket. For additional
information, refer to Timing Drive Components
— Windsor Engine (5.4L) or  Timing Drive
Components — Romeo Engine (4.6L) in this
section.

3. Remove the bolts and the oil pump.

3. Install the crankshaft sprocket. For additional
information, refer to Timing Drive Components
— Windsor Engine (5.4L) or  Timing Drive
Components — Romeo Engine (4.6L) in this
section.

4. Install the oil pan. For additional information,
refer to Oil Pan in this section.
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303-01A-1 303-01A-1Engine — 4.6L and 5.4L

IN-VEHICLE REPAIR

Flexplate

Removal

All engines

1. Remove the transmission. For additional
information, refer to Section 307-01B.

Romeo engine (4.6L)

2. Remove the bolts and the flexplate.

Windsor engine (5.4L)

3. Remove the bolts and the flexplate.

Installation

Romeo engine (4.6L)

1. Position the flexplate. Loosely install the bolts,
then tighten the bolts in the sequence shown.
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303-01A-2 303-01A-2Engine — 4.6L and 5.4L

IN-VEHICLE REPAIR (Continued)

Windsor engine (5.4L) All engines

2. Position the flexplate. Loosely install the bolts, 3. Install the transmission. For additional
then tighten the bolts in the sequence shown. information, refer to Section 307-01B.
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303-01A-1 303-01A-1Engine — 4.6L and 5.4L

IN-VEHICLE REPAIR
MaterialCrankshaft Rear Seal

Item Specification

Special Tool(s) SAE 5W-20 Premium WSS-M2C153-H
Synthetic Blend Engine

Installer, Crankshaft Rear Oil Oil
Seal XO-5W20-QSP
303-518 (T95P-6701-DH)

Removal

1. Remove the flexplate. For additional
information, refer to Flexplate in this section.

Remover, Crankshaft Rear Oil
Seal 2. Use the special tools to remove the crankshaft
303-519 (T95P-6701-EH) rear oil slinger.

Installer, Crankshaft Rear Oil
Seal
303-516 (T95P-6701-BH)

Remover, Crankshaft Rear Oil
Slinger
303-514 (T95P-6701-AH)

3. Use the special tools to remove the crankshaft
rear oil seal.

Installer, Crankshaft Rear Oil
Slinger
303-517 (T95P-6701-CH)

Impact Slide Hammer
100-001 (T50T-100-A)
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303-01A-2 303-01A-2Engine — 4.6L and 5.4L

IN-VEHICLE REPAIR (Continued)

Installation 3. Using the special tools, install the crankshaft
rear oil slinger.

1. CAUTION: Do not use metal scrapers,
wire brushes, power abrasive discs or other
abrasive means to clean the aluminum
retainer plate. These tools cause scratches
and gouges, which make leak paths. Use a
plastic scraping tool to remove all traces of
old  sealant.

Clean and inspect the mating surface.

2. NOTE: Lubricate the inner lip of the crankshaft
rear seal with clean engine oil.

Use the special tools to install the crankshaft
rear seal.

4. Install the flexplate. For additional information,
refer to Flexplate in this section.
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303-01A-1 303-01A-1Engine — 4.6L and 5.4L

IN-VEHICLE REPAIR
MaterialCrankshaft Rear Seal with Retainer

Item SpecificationPlate
Motorcraft Silicone Gasket —
RemoverSpecial Tool(s)
ZC-30

Installer, Crankshaft Rear Oil Motorcraft Metal Surface —
Seal Prep
303-518 (T95P-6701-DH) ZC-31

Silicone Gasket and WSE-M4G323-A4
Sealant
F7AZ-19554-EA

SAE 5W-20 Premium WSS-M2C153-H
Synthetic Blend EngineRemover, Crankshaft Rear Oil
OilSeal
XO-5W20-QSP303-519 (T95P-6701-EH)

Removal

1. Remove the oil pan. For additional information,
refer to Oil Pan in this section.

Installer, Crankshaft Rear Oil
Seal 2. Remove the flexplate. For additional
303-516 (T95P-6701-BH)

information, refer to Flexplate in this section.

3. Use the special tools to remove the crankshaft
rear oil seal slinger.

Remover, Crankshaft Rear Oil
Slinger
303-514 (T95P-6701-AH)

Installer, Crankshaft Rear Oil
Slinger
303-517 (T95P-6701-CH)

Slide Hammer
100-001 (T50T-100-A)
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303-01A-2 303-01A-2Engine — 4.6L and 5.4L

IN-VEHICLE REPAIR (Continued)

4. Use the special tools to remove the crankshaft 2. CAUTION: Do not use metal scrapers,
rear seal. wire brushes, power abrasive discs or other

abrasive means to clean the sealing surfaces.
These tools cause scratches and gouges which
make leak paths. Use a plastic scraping tool
to remove all traces of old sealant.

NOTE: If the rear crankshaft seal retaining
plate is not secured within four minutes, the
sealant must be removed and the sealing area
cleaned. To clean the sealing area, use silicone
gasket remover and metal surface prep. Follow
the directions on  the packaging. Failure to
follow this procedure can cause future oil
leakage.

NOTE: The silicone must be applied on the
5. Remove the six bolts and the crankcase rear groove along the retainer plate.

seal retainer. Apply a 4 mm (0.16 in) bead of silicone gasket
and sealant around the rear oil seal retainer
sealing surface.

Installation

1. CAUTION: Do not use metal scrapers, 3. Install the rear oil seal retainer and loosely
wire brushes, power abrasive discs or other install the six bolts.
abrasive means to clean the sealing surfaces.
These tools cause scratches and gouges which
make leak paths. Use a plastic scraping tool
to remove all traces of old sealant.

NOTE: Clean the sealing surfaces with silicone
gasket remover and metal surface prep. Follow
the directions on the packaging. Failure to
follow this procedure can cause future oil
leakage.

Clean and inspect the mating surface.

2004 E-Series, 12/2003 



303-01A-3 303-01A-3Engine — 4.6L and 5.4L

IN-VEHICLE REPAIR (Continued)

4. Tighten the bolts in the sequence shown. 6. Using the special tools, install the crankshaft
rear oil slinger.

5. NOTE: Lubricate the inner lip of the crankshaft
rear seal with clean engine oil. 7. Install the flexplate. For additional information,

refer to Flexplate in this section.Use the special tools to install the rear seal.

8. Install the oil pan. For additional information,
refer to Oil Pan in this section.
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303-01A-1 303-01A-1Engine — 4.6L and 5.4L

IN-VEHICLE REPAIR

Engine Support Insulators

Special Tool(s)

Modular Engine Lift Bracket
303-F047 (014-00073) or
equivalent

Heavy Duty Engine Support
303-F070

4. Remove the bolts and the generator.

Lift Bar Adapter, Modular
Engine
303-F694

Removal

All engine support insulators 5. Remove the retainers and the shield.

1. Remove the intake manifold. For additional
information, refer to Intake Manifold — 4.6L or
Intake Manifold — 5.4L in this section.

2. Remove the fan shroud and the engine cooling
fan. For additional information, refer to Section
303-03.

3. Disconnect the generator electrical connections.

• Remove the B+ terminal nut and disconnect
the terminal.

• Disconnect the S terminal electrical
connector.

• Disconnect the ASI electrical connector.
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303-01A-2 303-01A-2Engine — 4.6L and 5.4L

IN-VEHICLE REPAIR (Continued)

6. Remove the nut and position the transmission 9. Remove the heater outlet tube studs.
fluid filler tube aside.

10. Remove the heater outlet tube.
7. Release the wiring retainers from the heater

outlet tube bracket.

1 Release the knock sensor electrical
connector retainer.

2 Release the engine harness routing clip
retainer.

11. Remove the two transmission-to-engine bolts.

8. Disconnect the hose from the heater outlet tube.
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303-01A-3 303-01A-3Engine — 4.6L and 5.4L

IN-VEHICLE REPAIR (Continued)

LH engine support insulator12. Assemble the special tools.

17. Disconnect the engine oil pressure (EOP) sensor
electrical connector.

13. Install the special tools.

18. Remove the EOP sensor.

14. Install the special tool and support the engine.

All engine support insulators

19. NOTE: RH is shown; LH is similar.

Remove the nuts.

15. Raise the vehicle on the hoist. For additional
information, refer to Section 100-02.

RH engine support insulator

16. Remove the starter motor. For additional
information, refer to Section 303-06A.

20. Lower the vehicle.
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303-01A-4 303-01A-4Engine — 4.6L and 5.4L

IN-VEHICLE REPAIR (Continued)

21. Using the Heavy Duty Engine Support, raise
the engine.

22. Raise the vehicle.

23. NOTE: Engine is shown removed for clarity.

Remove the bolts and remove the insulators
from the vehicle.

2. Lower the vehicle.

3. Using the Heavy Duty Engine Support, lower
the engine.

4. Raise the vehicle.

5. Install the nuts.

Installation

All engines

1. NOTE: Engine is shown removed clarity.

Position the insulators and install the bolts.

6. For the RH front engine support insulator,
install the starter motor. For additional
information, refer to Section 303-06A.
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303-01A-5 303-01A-5Engine — 4.6L and 5.4L

IN-VEHICLE REPAIR (Continued)

7. For the LH engine support insulator, install the
EOP sensor.

12. Install the two transmission-to-engine bolts.

8. For the LH engine support insulator, connect
the EOP sensor electrical connector.

13. NOTE: Do not reuse the O-ring seals.
Lubricate the new O-ring seals with clean
engine coolant before installing the heater outlet
tube.

9. Lower the vehicle. Insert the heater outlet tube over the new seals.

10. Remove the special tool.

11. Remove and disassemble the special tools.
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303-01A-6 303-01A-6Engine — 4.6L and 5.4L

IN-VEHICLE REPAIR (Continued)

Romeo engines (4.6L)

14. Install the heater outlet tube studs.

All engines

18. Connect the hose to the heater outlet tube.

15. Position the transmission fluid filler tube and
install the nut.

19. Install the wiring retainers in the heater outlet
tube bracket.

1 Install the knock sensor electrical connectorWindsor engine (5.4L)
retainer.

2 Install the engine harness routing clip
16. Install the heater outlet tube studs.

retainer.

17. Position the transmission fluid filler tube and
install the nut.
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303-01A-7 303-01A-7Engine — 4.6L and 5.4L

IN-VEHICLE REPAIR (Continued)

20. Position the shield and install the retainers. 22. Connect the generator electrical connectors.

• Install the B+ terminal and the nut.

• Connect the S electrical connector.

• Connect the ASI electrical connector.

21. Position the generator and install the bolts.

23. Install the engine cooling fan and the fan
shroud. For additional information, refer to
Section 303-03.

24. Install the intake manifold. For additional
information, refer to Intake Manifold — 4.6L or
Intake Manifold — 5.4L in this section.
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303-01A-1 303-01A-1Engine — 4.6L and 5.4L

REMOVAL

Engine

Special Tool(s)

Modular Engine Lift Bracket
303-F047 (014-00073) or
equivalent

Wrench, Fan Clutch Nut
303-240 (T84T-6312-D)

6. Remove the pushpin retainers and the splash
shield.

Holding Wrench, Fan Pulley
303-239 (T84T-6312-C)

Vehicles equipped with A/C

1. Recover the air conditioning system. For
7. Disconnect the transmission cooler hoses andadditional information, refer to Section 412-00.

drain the fluid into a suitable container.
All vehicles

2. With the vehicle in NEUTRAL, position it on a
hoist, For additional information, refer to
Section 100-02.

3. Remove the intake manifold. For additional
information, refer to Intake Manifold — 4.6L or
Intake Manifold — 5.4L in this section.

4. Remove the front bumper. For additional
information, refer to Section 501-19.

5. Disconnect the lower radiator hose from the
radiator.

• Disconnect the hose hanger.

• Disconnect the hose.
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303-01A-2 303-01A-2Engine — 4.6L and 5.4L

REMOVAL (Continued)

8. Disconnect the exhaust system from the LH and
RH exhaust manifolds.

12. Loosen the threaded insert and remove the oil
cooler from the oil filter adapter.

9. Drain the engine oil.

13. Remove the starter motor solenoid terminal
cover.

10. Disconnect the oil cooler hoses and set aside.

11. Remove the oil filter.
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303-01A-3 303-01A-3Engine — 4.6L and 5.4L

REMOVAL (Continued)

14. Disconnect the starter motor electrical
connections.

18. Remove the four nuts retaining the torque
converter to the flexplate.

• Rotate the crankshaft to access all of the
15. Remove the starter motor. torque converter nuts.

1 Remove the stud bolt. • Discard the torque converter nuts.
2 Remove the two bolts.

3 Remove the starter.

Vehicles equipped with 4R70E transmission

19. Disconnect the shift cables and the mounting16. Remove the flexplate inspection cover.
bracket.

1 Disconnect the clip.

2 Remove the bolts.

17. Remove the cylinder block opening cover.
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303-01A-4 303-01A-4Engine — 4.6L and 5.4L

REMOVAL (Continued)

All vehicles 23. Disconnect the power steering reservoir hose
and the power steering pressure tube at the
power steering pump.20. Remove the two transmission-to-engine bolts

and position the shifter cable support bracket, • Allow the fluid to drain into a drain pan.
mounting bracket and cable aside.

24. Remove the nut and position the transmission
21. Remove the RH lower transmission-to-engine fluid cooler support bracket aside.

bolt.

25. Remove the valance panel. For additional
22. NOTE: RH shown, LH similar. information, refer to Section 501-02.

Remove the four engine mount nuts.
26. Disconnect the upper radiator hose and the

degas hose from the radiator.
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303-01A-5 303-01A-5Engine — 4.6L and 5.4L

REMOVAL (Continued)

27. CAUTION: The large clutch assembly
nut has a right-hand thread and must be
rotated counterclockwise to remove it.

Remove the fan blade assembly and fan clutch.

1 Use the special tool to hold the coolant
pump pulley.

2 Using the special tool, remove the fan blade
and the fan clutch.

30. NOTE: LH shown, RH similar.

Remove the bolts and the radiator support
brackets.

28. Disconnect the degas hose retainer from the fan
shroud.

31. Remove the radiator from the vehicle.

29. Remove the fan shroud, the fan, and the fan
clutch.

1 Remove the bolts.

2 Lift the fan shroud, the fan, and the fan
clutch from the vehicle.
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303-01A-6 303-01A-6Engine — 4.6L and 5.4L

REMOVAL (Continued)

32. Disconnect the A/C pressure cutoff switch
electrical connector.

35. NOTE: RH shown, LH similar.

Remove the A/C condenser core.

1 Remove the bolts.
33. CAUTION: Use a wrench on each side

2 Remove the A/C condenser brackets.of the fitting to prevent damage to the A/C
fitting. 3 Remove the A/C condenser core.

Disconnect the compressor suction tube.

36. Set the hood latch aside.

1 Remove the hood latch bolts.34. CAUTION: Use a wrench on each side
of the fitting to prevent damage to the A/C 2 Disengage the cable routing clip.
fitting.

Disconnect the condenser core refrigerant tubes.

1 Disconnect the compressor discharge tube.

2 Disconnect the condenser-to-evaporator
tube.
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303-01A-7 303-01A-7Engine — 4.6L and 5.4L

REMOVAL (Continued)

37. Remove the bolts and set the power steering 40. NOTE: RH shown, LH similar.
reservoir aside. Remove the eight bolts and the upper radiator

support.

38. NOTE: Cover removed for clarity.

Remove the nuts and the battery feed cable at 41. NOTE: RH shown, LH similar.
the power distribution box. Remove the pin-type retainers and the RH and

LH air deflectors.

39. Set aside the battery feed wiring harness to the
power distribution box. 42. Set aside the LH side of the headlamp dash
• Disengage the routing clips. panel junction wiring harness.

1 Remove the screw.

2 Disengage the routing clips.
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303-01A-8 303-01A-8Engine — 4.6L and 5.4L

REMOVAL (Continued)

43. Set aside the RH side of the headlamp dash 46. NOTE: Typical shown.
panel junction wiring harness. Rotate the tensioner clockwise to release belt
1 Disconnect the electrical connector. tension and remove the drive belt.

2 Remove the screw.

3 Disengage the routing clips.

47. Disconnect the generator electrical connections.

1 Remove the B+ terminal nut and disconnect
the terminal.44. Remove the 12 bolts and the lower radiator

support. 2 Disconnect the S electrical connector.

3 Disconnect the ASI electrical connector.

45. Disconnect the lower radiator hose from the oil
filter adapter water inlet and set aside. 48. Remove the bolts and the generator.
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303-01A-9 303-01A-9Engine — 4.6L and 5.4L

REMOVAL (Continued)

49. NOTE: Windsor engine shown, Romeo engine
similar.

Disconnect the electrical connectors, remove the
nut, and remove the ground strap and mounting
bracket.

52. Disconnect the evaporative emission canister
purge valve electrical connector.

50. Remove the engine oil filler tube support strap
bolt.

53. Remove the nut and the transmission fluid filler
tube, and allow the fluid to drain into a suitable
container.

51. Remove the fluid level indicator and disconnect
the attachments at the transmission fluid filler
tube.

1 Remove the fluid level indicator.

2 Disconnect the rear heater hose hanger.
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303-01A-10 303-01A-10Engine — 4.6L and 5.4L

REMOVAL (Continued)

54. Release the wiring retainers from the heater
outlet tube bracket.

1 Release the knock sensor electrical
connector retainer.

2 Release the engine harness routing clip
retainer.

58. Release the transmission wiring harness
connector retainer from the bracket. Disconnect
the transmission wiring harness and the LH and
RH heated oxygen sensor (HO2S) electrical
connectors.

55. Disconnect the hose from the heater outlet tube.

59. Remove the four upper transmission-to-engine
bolts and the fuel line, and the LH HO2S
brackets.

56. Remove the heater outlet tube studs.

57. Remove the heater outlet tube.

2004 E-Series, 12/2003 



303-01A-11 303-01A-11Engine — 4.6L and 5.4L

REMOVAL (Continued)

60. Install the special tool as shown. 61. Support the transmission with a jack.

62. Remove the engine from the vehicle.
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303-01A-1 303-01A-1Engine — 4.6L and 5.4L

REMOVAL
Special Tool(s)Cylinder Head — 4.6L

Lifting Bracket Set, Engine
303-DS086 (D93P-6001-A)Special Tool(s)

Compressor, Valve Spring
303-567 (T97P-6565-AH)

Modular Engine Lift Bracket
303-F047 (014-00073) or
equivalent

Compressor Spacer, Valve
Spring
303-382 (T91P-6565-AH)

Material

Item Specification
Remover, Crankshaft Vibration

Motorcraft Silicone Gasket —Damper
Remover303-009 (T58P-6316-D)
ZC-30

Motorcraft Metal Surface —
Prep
ZC-31

RemovalRemover, Crankshaft Front Oil
Seal
303-107 (T74P-6700-A) All cylinder heads

1. Remove the engine. For additional information,
refer to Engine in this section.

2. Remove the bolts and the flexplate.Remover/Installer, Cylinder
Head
303-572 (T97T-6000-A)

(Continued)

3. CAUTION: Use care when lowering
the engine, to prevent damage to the oil pan.

Lower the engine onto wooden blocks.

Copyright  2003, Ford Motor Company
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303-01A-2 303-01A-2Engine — 4.6L and 5.4L

REMOVAL (Continued)

4. Remove the special tool. 8. Remove the special tool.

5. Install the special tool. 9. Remove the special tool.

6. Install the special tool. 10. Remove the RH engine mount.

7. Mount the engine on a suitable work stand.
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303-01A-3 303-01A-3Engine — 4.6L and 5.4L

REMOVAL (Continued)

11. NOTE: LH shown; RH similar. 14. Disconnect the RH radio frequency interference
capacitor electrical connector.Remove the cylinder block drain plugs, and

drain the coolant in a suitable container.

15. Disconnect the knock sensor electrical
connector.12. Disconnect the LH radio frequency interference

capacitor and cylinder head temperature (CHT)
sensor electrical connectors.

16. Disconnect the crankshaft position (CKP) sensor
electrical connector.

13. Disconnect the camshaft position (CMP) sensor
electrical connector.
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303-01A-4 303-01A-4Engine — 4.6L and 5.4L

REMOVAL (Continued)

17. Disconnect the oil pressure switch electrical 21. CAUTION: Do not use metal scrapers,
connector. wire brushes, power abrasive discs or other

abrasive means to clean the sealing surfaces.
These tools cause scratches and gouges which
make leak paths. Use a plastic scraping tool
to remove all traces of old sealant.

NOTE: The bolts are part of the valve cover
and should not be removed.

Remove the LH valve cover.

• Fully loosen the bolts and remove the valve
cover.

• Clean the valve cover mating surface of the
cylinder head with silicone gasket remover
and metal surface prep. Follow the
directions on the packaging.18. Disconnect all of the harness routing clips and

• Inspect the valve cover gasket. If the gasketconnector retainers. Remove the engine control
is damaged, remove and discard the gasket.sensor wiring harness.
Clean the valve cover gasket groove with

19. NOTE: RH shown; LH similar. soap and water or a suitable solvent.

Remove the nuts and the two radio interference
capacitors.

22. Remove the positive crankcase ventilation
(PCV) valve and hose from the RH valve
cover.20. Remove the crankcase ventilation tube from the

LH valve cover.
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303-01A-5 303-01A-5Engine — 4.6L and 5.4L

REMOVAL (Continued)

24. Remove the bolt and the belt idler pulley.23. CAUTION: Do not use metal scrapers,
wire brushes, power abrasive discs or other
abrasive means to clean the sealing surfaces.
These tools cause scratches and gouges which
make leak paths. Use a plastic scraping tool
to remove all traces of old sealant.

NOTE: The bolts are part of the valve cover
and should not be removed.

NOTE: Windsor engine shown; Romeo engine
similar.

Remove the RH valve cover.

• Fully loosen the bolts and remove the valve
cover.

• Clean the valve cover mating surface of the 25. Remove the coolant pump pulley.
cylinder head with silicone gasket remover 1 Remove the bolts.
and metal surface prep. Follow the

2 Remove the coolant pump pulley.directions on the packaging.

• Inspect the valve cover gasket. If the gasket
is damaged, remove and discard the gasket.
Clean the valve cover gasket groove with
soap and water or a suitable solvent.
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303-01A-6 303-01A-6Engine — 4.6L and 5.4L

REMOVAL (Continued)

26. Remove and discard the crankshaft pulley bolt.

Use the special tool to remove the crankshaft
pulley.

27. Use the special tool to remove the crankshaft
front seal.

29. Remove the four oil pan bolts.

28. Remove the power steering pump.
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303-01A-7 303-01A-7Engine — 4.6L and 5.4L

REMOVAL (Continued)

30. NOTE: Correct fastener location is essential for 33. CAUTION: Use care when removing
assembly procedure. Record fastener location. the spark plugs.
Remove the fasteners. NOTE: Use compressed air to remove any

foreign material from the spark plug well before
removing the spark plugs.

Remove the eight spark plugs.

34. Install the special tool between the valve spring
coils to prevent valve stem seal damage.

31. Remove the engine front cover from the
cylinder block.

35. NOTE: The camshaft roller followers must be
reinstalled in their original locations. Record the
camshaft roller follower locations.

NOTE: Position the cam lobe away from the
camshaft roller follower prior to removing each
camshaft roller follower.

Use the special tool to compress the valve
springs, and remove the camshaft roller
followers.

32. Remove the crankshaft sensor ring from the
crankshaft.
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303-01A-8 303-01A-8Engine — 4.6L and 5.4L

REMOVAL (Continued)

36. Position the crankshaft with the keyway at the
12 o’clock position.

38. Remove the RH and LH timing chains and the
crankshaft sprocket(s).

• Remove the RH timing chain from the
37. Remove the timing chain tensioning system camshaft sprocket.

from both timing chains.
• Remove the RH timing chain from the

1 Remove the bolts. crankshaft sprocket.
2 Remove the timing chain tensioners. • Remove the LH timing chain from the
3 Remove the timing chain tensioner arms. camshaft sprocket.

• Remove the LH timing chain and crankshaft
sprocket(s).
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303-01A-9 303-01A-9Engine — 4.6L and 5.4L

REMOVAL (Continued)

LH cylinder head39. Remove both timing chain guides.

• Remove the bolts.
41. Remove the LH exhaust manifold.• Remove both timing chain guides.

1 Remove the nuts.

2 Remove the LH exhaust manifold.

3 Remove the LH exhaust manifold gasket.

42. Remove the bolt and the oil level indicator
tube.

RH cylinder head

40. Remove the RH exhaust manifold.

1 Remove the nuts.

2 Remove the RH exhaust manifold.

3 Remove the RH exhaust manifold gasket.

2004 E-Series, 12/2003 



303-01A-10 303-01A-10Engine — 4.6L and 5.4L

REMOVAL (Continued)

All cylinder heads 45. NOTE: The hydraulic lash adjusters must be
reinstalled in their original locations. Record the
hydraulic lash adjuster locations.43. Clean and inspect the exhaust manifolds. For

additional information, refer to Section 303-00. Remove the hydraulic lash adjusters.

44. Install the special tools on both ends of the
cylinder head.
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303-01A-11 303-01A-11Engine — 4.6L and 5.4L

REMOVAL (Continued)

RH cylinder head

46. CAUTION: The cylinder head must be
cool before removing it from the engine.
Cylinder head warpage can result if a warm
or hot cylinder head is removed.

CAUTION: Place clean shop towels
over exposed engine cavities. Carefully
remove the towels so foreign material is not
dropped into the engine.

CAUTION: The cylinder head bolts
must be discarded and new bolts installed.
They are tighten-to-yield designed and
cannot be reused.

CAUTION: Do not use metal scrapers,
wire brushes, power abrasive discs or other
abrasive means to clean the sealing surfaces.
These tools cause scratches and gouges that
make leak paths. Use a plastic scraping tool
to remove all traces of the head  gasket.

CAUTION: Aluminum surfaces are
soft and can be scratched easily. Never place
the cylinder head gasket surface,
unprotected, on a bench surface.

Remove the bolts and the RH cylinder head.

• Discard the cylinder head gasket.

• Discard the cylinder head bolts.
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303-01A-12 303-01A-12Engine — 4.6L and 5.4L

REMOVAL (Continued)

LH cylinder head

47. CAUTION: The cylinder head must be
cool before removing it from the engine.
Cylinder head warpage can result if a warm
or hot cylinder head is removed.

CAUTION: Place clean shop towels
over exposed engine cavities. Carefully
remove the towels so foreign material is not
dropped into the engine.

CAUTION: The cylinder head bolts
must be discarded and new bolts installed.
They are tighten-to-yield designed and
cannot be reused.

CAUTION: Do not use metal scrapers,
wire brushes, power abrasive discs or other
abrasive means to clean the sealing surfaces.
These tools cause scratches and gouges that
make leak paths. Use a plastic scraping tool
to remove all traces of the head  gasket.

CAUTION: Aluminum surfaces are
soft and can be scratched easily. Never place
the cylinder head gasket surface,
unprotected, on a bench surface.

Remove the bolts and the LH cylinder head.

• Discard the cylinder head gasket.

• Discard the cylinder head bolts.
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303-01A-13 303-01A-13Engine — 4.6L and 5.4L

REMOVAL (Continued)

All cylinder heads

48. CAUTION: Do not use metal scrapers,
wire brushes, power abrasive discs or other
abrasive means to clean the sealing surfaces.
These tools cause scratches and gouges that
make leak paths. Use a plastic scraping tool
to remove all traces of the head  gasket.

CAUTION: Observe all warnings or
cautions and follow all application directions
contained on the packaging of the silicone
gasket remover and the metal surface prep.

NOTE: If there is no residual gasket material
present, metal surface prep can be used to clean
and prepare the surfaces.

Clean the cylinder head-to-cylinder block
mating surfaces of both the cylinder head and
the cylinder block.

1 Remove any large deposits of silicone or
gasket material with a plastic scraper.

2 Apply silicone gasket remover, following
package directions, and allow to set for
several minutes.

3 Remove the silicone gasket remover with a
plastic scraper. A second application of
silicone gasket remover may be required if
residual traces of silicone or gasket material
remain.

4 Apply metal surface prep, following
package directions, to remove any
remaining traces of oil or coolant, and to
prepare the surfaces to bond with the new
gasket. Do not attempt to make the metal
shiny. Some staining of the metal surfaces
is  normal.
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303-01A-14 303-01A-14Engine — 4.6L and 5.4L

REMOVAL (Continued)

49. NOTE: Make sure all cylinder head surfaces
are clear of any gasket material, RTV, oil and
coolant. The cylinder head surface must be
clean and dry before running a flatness check.

NOTE: Use a straightedge that is calibrated by
the manufacturer to be flat with 0.005 mm
(0.0002 in) per running foot length. For
example, if the straightedge is 61 cm (24 in)
long, the machine edge must be flat with 0.010
mm (0.0004 in) from end to  end.

NOTE: LH is shown; RH is similar.

Support the cylinder head on a bench with the
head gasket side up. Inspect all areas of the
deck face with a straightedge, paying particular
attention to the oil pressure feed area. The
cylinder head must not have depressions deeper
than 0.0254  mm (0.001 in) across a 38.1 mm
(1.5 in) square area, or scratches more than
0.0254 mm (0.001 in).
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303-01A-1 303-01A-1Engine — 4.6L and 5.4L

REMOVAL
Special Tool(s)Cylinder Head — 5.4L

Lifting Bracket Set, Engine
303-DS086 (D93P-6001-A)Special Tool(s)

Compressor, Valve Spring
303-567 (T97P-6565-AH)

Modular Engine Lift Bracket
303-F047 (014-00073) or
equivalent

Compressor Spacer, Valve
Spring
303-382 (T91P-6565-AH)

Material

Item Specification
Remover, Crankshaft Vibration

Motorcraft Silicone Gasket —Damper
Remover303-009 (T58P-6316-D)
ZC-30

Motorcraft Metal Surface —
Prep
ZC-31

RemovalRemover, Crankshaft Front Oil
Seal
303-107 (T74P-6700-A) All cylinder heads

1. Remove the engine. For additional information,
refer to Engine in this section.

2. Remove the bolts and the flexplate.Remover/Installer, Cylinder
Head
303-572 (T97T-6000-A)

(Continued)

3. CAUTION: To prevent damage to the
oil pan, use care when lowering the engine.

Lower the engine onto wooden blocks.

Copyright  2003, Ford Motor Company
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303-01A-2 303-01A-2Engine — 4.6L and 5.4L

REMOVAL (Continued)

4. Remove the special tool. 8. Remove the special tool.

5. Install the special tool. 9. Remove the special tool.

6. Install the special tool. 10. Remove the RH engine mount.

7. Mount the engine on a suitable work stand.
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303-01A-3 303-01A-3Engine — 4.6L and 5.4L

REMOVAL (Continued)

11. NOTE: LH shown; RH similar. 14. Disconnect the RH radio frequency interference
capacitor electrical connector.Remove the cylinder block drain plugs, and

drain the coolant in a suitable container.

15. Disconnect the knock sensor electrical
connector.12. Disconnect the LH radio frequency interference

capacitor and cylinder head temperature (CHT)
sensor electrical connectors.

16. Disconnect the crankshaft position (CKP) sensor
electrical connector.

13. Disconnect the camshaft position (CMP) sensor
electrical connector.
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303-01A-4 303-01A-4Engine — 4.6L and 5.4L

REMOVAL (Continued)

17. Disconnect the oil pressure switch electrical 21. CAUTION: Do not use metal scrapers,
connector. wire brushes, power abrasive discs or other

abrasive means to clean the sealing surfaces.
These tools cause scratches and gouges which
make leak paths. Use a plastic scraping tool
to remove all traces of old sealant.

NOTE: The bolts are part of the valve cover
and should not be removed.

Remove the LH valve cover.

• Fully loosen the bolts and remove the valve
cover.

• Clean the valve cover mating surface of the
cylinder head with silicone gasket remover
and metal surface prep. Follow the
directions on the packaging.18. Disconnect all of the harness routing clips and

• Inspect the valve cover gasket. If the gasketconnector retainers. Remove the engine control
is damaged, remove and discard the gasket.sensor wiring harness.
Clean the valve cover gasket groove with

19. NOTE: RH shown; LH similar. soap and water or a suitable solvent.

Remove the nuts and the two radio interference
capacitors.

20. Remove the crankcase ventilation tube from the
LH valve cover.

2004 E-Series, 12/2003 



303-01A-5 303-01A-5Engine — 4.6L and 5.4L

REMOVAL (Continued)

23. Remove the bolt and the belt idler pulley.22. CAUTION: Do not use metal scrapers,
wire brushes, power abrasive discs or other
abrasive means to clean the sealing surfaces.
These tools cause scratches and gouges which
make leak paths. Use a plastic scraping tool
to remove all traces of old sealant.

NOTE: The bolts are part of the valve cover
and should not be removed.

Remove the RH valve cover.

• Fully loosen the bolts and remove the valve
cover.

• Clean the valve cover mating surface of the
cylinder head with silicone gasket remover
and metal surface prep. Follow the 24. Remove the coolant pump pulley.
directions on the packaging.

1 Remove the bolts.
• Inspect the valve cover gasket. If the gasket

2 Remove the coolant pump pulley.is damaged, remove and discard the gasket.
Clean the valve cover gasket groove with
soap and water or a suitable solvent.
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303-01A-6 303-01A-6Engine — 4.6L and 5.4L

REMOVAL (Continued)

25. Remove and discard the crankshaft pulley bolt.

Use the special tool to remove the crankshaft
pulley.

26. Use the special tool to remove the crankshaft
front seal.

28. Remove the bolts.

27. Remove the power steering pump.
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303-01A-7 303-01A-7Engine — 4.6L and 5.4L

REMOVAL (Continued)

29. NOTE: Correct fastener location is essential for 32. CAUTION: Use care when removing
assembly procedure. Record fastener location. the spark plugs.
Remove the fasteners. NOTE: Use compressed air to remove any

foreign material from the spark plug well before
removing the spark plugs.

Remove the eight spark plugs.

33. Install the special tool between the valve spring
coils to prevent valve stem seal damage.

30. Remove the engine front cover from the
cylinder block.

34. NOTE: The camshaft roller followers must be
reinstalled in their original locations. Record the
camshaft roller follower locations.

NOTE: Position the cam lobe away from the
camshaft roller follower prior to removing each
camshaft roller follower.

Use the special tool to compress the valve
springs, and remove the camshaft roller
followers.

31. Remove the crankshaft sensor ring from the
crankshaft.
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303-01A-8 303-01A-8Engine — 4.6L and 5.4L

REMOVAL (Continued)

35. Position the crankshaft with the keyway at the
12 o’clock position.

36. CAUTION: If one or both of the
tensioner mounting bolts are loosened or
removed, the tensioner-sealing bead must be
inspected for seal integrity. If cracks, tears,
separation from the tensioner body or
permanent compression of the seal bead is
observed,  install a new tensioner.

Remove the timing chain tensioning system
from both timing chains.

1 Remove the bolts.

2 Remove the timing chain tensioners.

3 Remove the timing chain tensioner arms.
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303-01A-9 303-01A-9Engine — 4.6L and 5.4L

REMOVAL (Continued)

37. Remove the RH and LH timing chains and the
crankshaft sprocket(s).

• Remove the RH timing chain from the
camshaft sprocket.

• Remove the RH timing chain from the
crankshaft sprocket.

• Remove the LH timing chain from the
camshaft sprocket.

• Remove the LH timing chain and crankshaft
sprocket(s).
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303-01A-10 303-01A-10Engine — 4.6L and 5.4L

REMOVAL (Continued)

LH cylinder head38. Remove both timing chain guides.

• Remove the bolts.
40. Remove the LH exhaust manifold.• Remove both timing chain guides.

1 Remove the nuts.

2 Remove the LH exhaust manifold.

3 Remove the LH exhaust manifold gasket.

41. Remove the bolt and the oil level indicator
tube.

RH cylinder head

39. Remove the RH exhaust manifold.

1 Remove the nuts.

2 Remove the RH exhaust manifold.

3 Remove the RH exhaust manifold gasket.
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303-01A-11 303-01A-11Engine — 4.6L and 5.4L

REMOVAL (Continued)

All cylinder heads 44. NOTE: The hydraulic lash adjusters must be
reinstalled in their original locations. Record the
hydraulic lash adjuster locations.42. Clean and inspect the exhaust manifolds. For

additional information, refer to Section 303-00. Remove the hydraulic lash adjusters.

43. Install the special tools on both ends of the
cylinder head.
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303-01A-12 303-01A-12Engine — 4.6L and 5.4L

REMOVAL (Continued)

RH cylinder head

45. CAUTION: The cylinder head must be
cool before removing it from the engine.
Cylinder head warpage can result if a warm
or hot cylinder head is removed.

CAUTION: Place clean shop towels
over exposed engine cavities. Carefully
remove the towels so foreign material is not
dropped into the engine.

CAUTION: The cylinder head bolts
must be discarded and new bolts installed.
They are tighten-to-yield designed and
cannot be reused.

CAUTION: Do not use metal scrapers,
wire brushes, power abrasive discs or other
abrasive means to clean the sealing surfaces.
These tools cause scratches and gouges that
make leak paths. Use a plastic scraping tool
to remove all traces of the head  gasket.

CAUTION: Aluminum surfaces are
soft and can be scratched easily. Never place
the cylinder head gasket surface,
unprotected, on a bench surface.

Remove the bolts and the RH cylinder head.

• Discard the cylinder head gasket.

• Discard the cylinder head bolts.
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303-01A-13 303-01A-13Engine — 4.6L and 5.4L

REMOVAL (Continued)

LH cylinder head

46. CAUTION: The cylinder head must be
cool before removing it from the engine.
Cylinder head warpage can result if a warm
or hot cylinder head is removed.

CAUTION: Place clean shop towels
over exposed engine cavities. Carefully
remove the towels so foreign material is not
dropped into the engine.

CAUTION: The cylinder head bolts
must be discarded and new bolts installed.
They are tighten-to-yield designed and
cannot be reused.

CAUTION: Do not use metal scrapers,
wire brushes, power abrasive discs or other
abrasive means to clean the sealing surfaces.
These tools cause scratches and gouges that
make leak paths. Use a plastic scraping tool
to remove all traces of the head  gasket.

CAUTION: Aluminum surfaces are
soft and can be scratched easily. Never place
the cylinder head gasket surface,
unprotected, on a bench surface.

Remove the bolts and the LH cylinder head.

• Discard the cylinder head gasket.

• Discard the cylinder head bolts.
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303-01A-14 303-01A-14Engine — 4.6L and 5.4L

REMOVAL (Continued)

All cylinder heads

47. CAUTION: Do not use metal scrapers,
wire brushes, power abrasive discs or other
abrasive means to clean the sealing surfaces.
These tools cause scratches and gouges that
make leak paths. Use a plastic scraping tool
to remove all traces of the head  gasket.

CAUTION: Observe all warnings or
cautions and follow all application directions
contained on the packaging of the silicone
gasket remover and the metal surface prep.

NOTE: If there is no residual gasket material
present, metal surface prep can be used to clean
and prepare the surfaces.

Clean the cylinder head-to-cylinder block
mating surfaces of both the cylinder head and
the cylinder block.

1 Remove any large deposits of silicone or
gasket material with a plastic scraper.

2 Apply silicone gasket remover, following
package directions, and allow to set for
several minutes.

3 Remove the silicone gasket remover with a
plastic scraper. A second application of
silicone gasket remover may be required if
residual traces of silicone or gasket material
remain.

4 Apply metal surface prep, following
package directions, to remove any
remaining traces of oil or coolant, and to
prepare the surfaces to bond with the new
gasket. Do not attempt to make the metal
shiny. Some staining of the metal surfaces
is  normal.
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303-01A-15 303-01A-15Engine — 4.6L and 5.4L

REMOVAL (Continued)

48. NOTE: Make sure all cylinder head surfaces
are clear of any gasket material, RTV, oil and
coolant. The cylinder head surface must be
clean and dry before running a flatness check.

NOTE: Use a straightedge that is calibrated by
the manufacturer to be flat with 0.005 mm
(0.0002 in) per running foot length. For
example, if the straightedge is 61 cm (24 in)
long, the machine edge must be flat with 0.010
mm (0.0004 in) from end to  end.

NOTE: LH is shown; RH is similar.

Support the cylinder head on a bench with the
head gasket side up. Inspect all areas of the
deck face with a straightedge, paying particular
attention to the oil pressure feed area. The
cylinder head must not have depressions deeper
than 0.0254  mm (0.001 in) across a 38.1 mm
(1.5 in) square area or scratches more than
0.0254 mm (0.001 in).
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303-01A-1 303-01A-1Engine — 4.6L and 5.4L

DISASSEMBLY
Special Tool(s)Engine — 4.6L

Modular Engine Lift Bracket
303-F047 (014-00073) orSpecial Tool(s)
equivalent

Compressor, Valve Spring
303-567 (T97P-6565-AH)

Installer, Connecting Rod
303-442 (T93P-6136-A)

Compressor Spacer, Valve
Spring
303-382 (T91P-6565-AH)

Remover, Crankshaft Rear Oil
Slinger
303-514 (T95P-6701-AH)

Remover, Crankshaft Vibration
Damper
303-009 (T58P-6316-D)

Impact Slide Hammer
100-001 (T50T-100-A)

Remover, Crankshaft Front Oil
Seal
303-107 (T74P-6700-A)

Remover, Crankshaft Rear Oil
Seal
303-519 (T95P-6701-EH

Remover/Installer, Cylinder
Head
303-572 (T97T-6000-A)

Material

Item Specification
Lifting Bracket Set, Engine

Motorcraft Silicone Gasket —303-DS086 (D93P-6001-A)
Remover
ZC-30

Motorcraft Metal Surface —
Prep
ZC-31

(Continued)
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303-01A-2 303-01A-2Engine — 4.6L and 5.4L

DISASSEMBLY (Continued)

1. CAUTION: Servicing the bottom end
of the engine (crankshaft, bearings) requires
that cylinder heads be removed. Failure to
do so can result in engine damage.

Remove the engine. For additional information,
refer to Engine — 4.6L and Engine — 5.4L in
this section.

2. Remove the bolts and the flexplate.

5. Remove the bolts and the crankshaft rear seal
retainer plate.

3. Using the special tools, remove the crankshaft
rear slinger.

6. CAUTION: Use care when lowering
the engine, to prevent damage to the oil pan.

Lower the engine onto wooden blocks.

7. Remove the special tool.

4. Using the special tools, remove the crankshaft
rear seal.
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303-01A-3 303-01A-3Engine — 4.6L and 5.4L

DISASSEMBLY (Continued)

8. Install the special tool.

13. Disconnect the LH radio frequency interference
capacitor and cylinder head temperature (CHT)

9. Install the special tool. sensor electrical connectors.

10. Mount the engine on a suitable work stand. 14. Disconnect the camshaft position (CMP) sensor
electrical connector.

11. NOTE: RH shown; LH similar.

Remove the RH and LH engine mounts.

12. NOTE: LH shown; RH similar.

Remove the cylinder block drain plugs, and
drain the coolant in a suitable container.
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303-01A-4 303-01A-4Engine — 4.6L and 5.4L

DISASSEMBLY (Continued)

15. Disconnect the RH radio frequency interference
capacitor electrical connector.

19. Disconnect all of the harness routing clips and
connector retainers. Remove the engine control
sensor wiring harness.

16. Disconnect the knock sensor (KS) electrical
connector. 20. NOTE: RH shown; LH similar.

Remove the nuts and the two radio interference
capacitors.

17. Disconnect the crankshaft position (CKP) sensor
electrical connector.

21. Remove the crankcase ventilation tube from the
LH valve cover.

18. Disconnect the oil pressure switch electrical
connector.
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303-01A-5 303-01A-5Engine — 4.6L and 5.4L

DISASSEMBLY (Continued)

22. CAUTION: Do not use metal scrapers, 24. CAUTION: Do not use metal scrapers,
wire brushes, power abrasive discs or other wire brushes, power abrasive discs or other
abrasive means to clean the sealing surfaces. abrasive means to clean the sealing surfaces.
These tools cause scratches and gouges which These tools cause scratches and gouges which
make leak paths. Use a plastic scraping tool make leak paths. Use a plastic scraping tool
to remove all traces of old sealant. to remove all traces of old sealant.

NOTE: The bolts are part of the valve cover NOTE: The bolts are part of the valve cover
and should not be removed. and should not be removed.

Remove the LH valve cover. NOTE: Windsor engine shown; Romeo engine
similar.• Fully loosen the bolts and remove the valve

cover. Remove the RH valve cover.

• Clean the valve cover mating surface of the • Fully loosen the bolts and remove the valve
cylinder head with silicone gasket remover cover.
and metal surface prep. Follow the • Clean the valve cover mating surface of the
directions on the packaging. cylinder head with silicone gasket remover

• Inspect the valve cover gasket. If the gasket and metal surface prep. Follow the
is damaged, remove and discard the gasket. directions on the packaging.
Clean the valve cover gasket groove with • Inspect the valve cover gasket. If the gasket
soap and water or a suitable solvent. is damaged, remove and discard the gasket.

Clean the valve cover gasket groove with
soap and water or a suitable solvent.

23. Remove the positive crankcase ventilation
(PCV) valve and hose from the RH valve
cover.
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303-01A-6 303-01A-6Engine — 4.6L and 5.4L

DISASSEMBLY (Continued)

25. Remove the bolt and the belt idler pulley. 27. Remove and discard the crankshaft pulley bolt.

Use the special tool to remove the crankshaft
pulley.

26. Remove the coolant pump pulley.

1 Remove the bolts.
28. Use the special tool to remove the crankshaft2 Remove the coolant pump pulley.

front seal.
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303-01A-7 303-01A-7Engine — 4.6L and 5.4L

DISASSEMBLY (Continued)

29. Remove the power steering pump.

32. Remove the engine front cover from the
cylinder block.

30. Remove the four oil pan bolts.
33. Remove the crankshaft sensor ring from the

crankshaft.

31. NOTE: Correct fastener location is essential for
assembly procedure. Record fastener location.

34. CAUTION: Use care when removing
Remove the fasteners. the spark plugs.

NOTE: Use compressed air to remove any
foreign material from the spark plug well before
removing the spark plugs.

Remove the eight spark plugs.
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303-01A-8 303-01A-8Engine — 4.6L and 5.4L

DISASSEMBLY (Continued)

35. Install the special tool between the valve spring 37. Position the crankshaft with the keyway at the
coils to prevent valve stem seal damage. 12 o’clock position.

36. NOTE: The camshaft roller followers must be 38. Remove the timing chain tensioning system
reinstalled in their original locations. Record the from both timing chains.
camshaft roller follower locations. 1 Remove the bolts.
NOTE: Position the cam lobe away from the 2 Remove the timing chain tensioners.
camshaft roller follower prior to removing each

3 Remove the timing chain tensioner arms.camshaft roller follower.

Use the special tool to compress the valve
springs, and remove the camshaft roller
followers.
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303-01A-9 303-01A-9Engine — 4.6L and 5.4L

DISASSEMBLY (Continued)

39. Remove the RH and LH timing chains and the
crankshaft sprocket(s).

• Remove the RH timing chain from the
camshaft sprocket.

• Remove the RH timing chain from the
crankshaft sprocket.

• Remove the LH timing chain from the
camshaft sprocket.

• Remove the LH timing chain and crankshaft
sprocket(s).
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303-01A-10 303-01A-10Engine — 4.6L and 5.4L

DISASSEMBLY (Continued)

40. Remove both timing chain guides. 42. Remove the LH exhaust manifold.

• Remove the bolts. 1 Remove the nuts.

• Remove both timing chain guides. 2 Remove the LH exhaust manifold.

3 Remove the LH exhaust manifold gasket.

43. Remove the bolt and the oil level indicator
tube.

41. Remove the RH exhaust manifold.

1 Remove the nuts.

2 Remove the RH exhaust manifold.

3 Remove the RH exhaust manifold gasket.

44. Clean and inspect the exhaust manifolds. For
additional information, refer to Section 303-00.
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303-01A-11 303-01A-11Engine — 4.6L and 5.4L

DISASSEMBLY (Continued)

45. Install the special tools on both ends of the
cylinder head.

46. NOTE: The hydraulic lash adjusters must be
reinstalled in their original locations. Record the
hydraulic lash adjuster locations.

Remove the hydraulic lash adjusters.
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303-01A-12 303-01A-12Engine — 4.6L and 5.4L

DISASSEMBLY (Continued)

47. CAUTION: The cylinder head must be
cool before removing it from the engine.
Cylinder head warpage can result if a warm
or hot cylinder head is removed.

CAUTION: Place clean shop towels
over exposed engine cavities. Carefully
remove the towels so foreign material is not
dropped into the engine.

CAUTION: The cylinder head bolts
must be discarded and new bolts installed.
They are tighten-to-yield designed and
cannot be reused.

CAUTION: Do not use metal scrapers,
wire brushes, power abrasive discs or other
abrasive means to clean the sealing surfaces.
These tools cause scratches and gouges that
make leak paths. Use a plastic scraping tool
to remove all traces of the head  gasket.

CAUTION: Aluminum surfaces are
soft and can be scratched easily. Never place
the cylinder head gasket surface,
unprotected, on a bench surface.

Remove the bolts and the RH cylinder head.

• Discard the cylinder head gasket.

• Discard the cylinder head bolts.
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303-01A-13 303-01A-13Engine — 4.6L and 5.4L

DISASSEMBLY (Continued)

48. CAUTION: The cylinder head must be
cool before removing it from the engine.
Cylinder head warpage can result if a warm
or hot cylinder head is removed.

CAUTION: Place clean shop towels
over exposed engine cavities. Carefully
remove the towels so foreign material is not
dropped into the engine.

CAUTION: The cylinder head bolts
must be discarded and new bolts installed.
They are tighten-to-yield designed and
cannot be reused.

CAUTION: Do not use metal scrapers,
wire brushes, power abrasive discs or other
abrasive means to clean the sealing surfaces.
These tools cause scratches and gouges that
make leak paths. Use a plastic scraping tool
to remove all traces of the head  gasket.

CAUTION: Aluminum surfaces are
soft and can be scratched easily. Never place
the cylinder head gasket surface,
unprotected, on a bench surface.

Remove the bolts and the LH cylinder head.

• Discard the cylinder head gasket.

• Discard the cylinder head bolts.
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303-01A-14 303-01A-14Engine — 4.6L and 5.4L

DISASSEMBLY (Continued)

49. CAUTION: Do not use metal scrapers,
wire brushes, power abrasive discs or other
abrasive means to clean the sealing surfaces.
These tools cause scratches and gouges that
make leak paths. Use a plastic scraping tool
to remove all traces of the head  gasket.

CAUTION: Observe all warnings or
cautions and follow all application directions
contained on the packaging of the silicone
gasket remover and the metal surface prep.

NOTE: If there is no residual gasket material
present, metal surface prep can be used to clean
and prepare the surfaces.

Clean the cylinder head-to-cylinder block
mating surfaces of both the cylinder head and
the cylinder block.

1 Remove any large deposits of silicone or
gasket material with a plastic scraper.

2 Apply silicone gasket remover, following
package directions, and allow to set for
several minutes.

3 Remove the silicone gasket remover with a
plastic scraper. A second application of
silicone gasket remover may be required if
residual traces of silicone or gasket material
remain.

4 Apply metal surface prep, following
package directions, to remove any
remaining traces of oil or coolant, and to
prepare the surfaces to bond with the new
gasket. Do not attempt to make the metal
shiny. Some staining of the metal surfaces
is  normal.
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303-01A-15 303-01A-15Engine — 4.6L and 5.4L

DISASSEMBLY (Continued)

50. NOTE: Make sure all cylinder head surfaces
are clear of any gasket material, RTV, oil and
coolant. The cylinder head surface must be
clean and dry before running a flatness check.

NOTE: Use a straightedge that is calibrated by
the manufacturer to be flat with 0.005 mm
(0.0002 in) per running foot length. For
example, if the straightedge is 61 cm (24 in)
long, the machine edge must be flat with 0.010
mm (0.0004 in) from end to  end.

NOTE: LH is shown; RH is similar.

Support the cylinder head on a bench with the
head gasket side up. Inspect all areas of the
deck face with a straightedge, paying particular
attention to the oil pressure feed area. The
cylinder head must not have depressions deeper
than 0.0254  mm (0.001 in) across a 38.1 mm
(1.5 in) square area, or scratches more than
0.0254 mm (0.001 in).
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303-01A-16 303-01A-16Engine — 4.6L and 5.4L

DISASSEMBLY (Continued)

51. If required, remove the mounting hardware, the
oil filter adapter and the oil filter adapter
gasket.

55. Remove the bolts and the A/C compressor.

52. Clean the oil filter adapter gasket surface at the
cylinder block.

56. Before removing the pistons, inspect the top of
the cylinder bores. If necessary, remove the
ridge or carbon deposits from each cylinder
using an abrasive pad or equivalent, following
the manufacturer’s instructions.

53. Remove the bolts.

54. Remove the coolant pump from the cylinder
block.
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303-01A-17 303-01A-17Engine — 4.6L and 5.4L

DISASSEMBLY (Continued)

57. Remove the bolts, the oil pan and the oil pan
gasket.

• Clean and inspect the sealing surfaces.

61. CAUTION: Verify that the connecting
rods and rod caps have orientation numbers
cast into them. If not, number the connecting
rods and rod caps for correct orientation.

58. Remove the bolts and the oil pump screen and Remove the bolts and the connecting rod cap.
pickup tube. Discard the bolts.

59. Remove the oil pump screen and pickup tube
spacer.

60. Remove the oil pump.

1 Remove the bolts.

2 Remove the oil pump.
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303-01A-18 303-01A-18Engine — 4.6L and 5.4L

DISASSEMBLY (Continued)

62. CAUTION: Do not scratch the cylinder
walls or crankshaft journals with the
connecting rod.

Use the special tool to push the piston through
the top of the cylinder block.

65. Remove the five main bearing caps and the
lower crankshaft main bearings.

63. Disassemble the eight pistons. For additional
information, refer to Piston in this section.

64. CAUTION: Servicing the bottom end
of the engine (crankshaft, bearings) requires
that cylinder heads be removed. Failure to
do so can result in engine damage.

Remove the crankshaft bearing cap fasteners.

1 Remove and discard the cross-mounted
main cap bolts.

2 Loosen the jack screws.

3 Remove and discard the main cap bolts.
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303-01A-19 303-01A-19Engine — 4.6L and 5.4L

DISASSEMBLY (Continued)

66. Remove the crankshaft and the upper crankshaft
main bearings from the cylinder block.
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303-01A-1 303-01A-1Engine — 4.6L and 5.4L

DISASSEMBLY
Special Tool(s)Engine — 5.4L

Modular Engine Lift Bracket
303-F047 (014-00073) orSpecial Tool(s)
equivalent

Compressor, Valve Spring
303-567 (T97P-6565-AH)

Installer, Connecting Rod
303-442 (T93P-6136-A)

Compressor Spacer, Valve
Spring
303-382 (T91P-6565-AH)

Remover, Crankshaft Rear Oil
Slinger
303-514 (T95P-6701-AH)

Remover, Crankshaft Vibration
Damper
303-009 (T58P-6316-D)

Impact Slide Hammer
100-001 (T50T-100-A)

Remover, Crankshaft Front Oil
Seal
303-107 (T74P-6700-A)

Remover, Crankshaft Rear Oil
Seal
303-519 (T95P-6701-EH

Remover/Installer, Cylinder
Head
303-572 (T97T-6000-A)

Material

Item Specification
Lifting Bracket Set, Engine

Motorcraft Silicone Gasket —303-DS086 (D93P-6001-A)
Remover
ZC-30

Motorcraft Metal Surface —
Prep
ZC-31

(Continued)

Copyright  2003, Ford Motor Company
Last updated: 7/14/2006 2004 E-Series, 12/2003 



303-01A-2 303-01A-2Engine — 4.6L and 5.4L

DISASSEMBLY (Continued)

1. CAUTION: Servicing the bottom end
of the engine (crankshaft, bearings) requires
that cylinder heads be removed. Failure to
do so can result in engine damage.

Remove the engine. For additional information,
refer to Engine — 4.6L and Engine — 5.4L in
this section.

2. Remove the bolts and the flexplate.

5. Remove the bolts and the crankshaft rear seal
retainer plate.

3. Using the special tools, remove the crankshaft
rear slinger.

6. CAUTION: To prevent damage to the
oil pan, use care when lowering the engine.

Lower the engine onto wooden blocks.

7. Remove the special tool.

4. Using the special tools, remove the crankshaft
rear seal.
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303-01A-3 303-01A-3Engine — 4.6L and 5.4L

DISASSEMBLY (Continued)

8. Install the special tool.

13. Disconnect the LH radio frequency interference
capacitor and cylinder head temperature (CHT)

9. Install the special tool. sensor electrical connectors.

10. Mount the engine on a suitable work stand. 14. Disconnect the camshaft position (CMP) sensor
electrical connector.

11. NOTE: RH shown; LH similar.

Remove the RH and LH engine mounts.

12. NOTE: LH shown; RH similar.

Remove the cylinder block drain plugs, and
drain the coolant in a suitable container.

2004 E-Series, 12/2003 



303-01A-4 303-01A-4Engine — 4.6L and 5.4L

DISASSEMBLY (Continued)

15. Disconnect the RH radio frequency interference
capacitor electrical connector.

19. Disconnect all of the harness routing clips and
connector retainers. Remove the engine control
sensor wiring harness.

16. Disconnect the knock sensor electrical
connector. 20. NOTE: RH shown; LH similar.

Remove the nuts and the two radio interference
capacitors.

17. Disconnect the crankshaft position (CKP) sensor
electrical connector.

21. Remove the crankcase ventilation tube from the
LH valve cover.

18. Disconnect the oil pressure switch electrical
connector.
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303-01A-5 303-01A-5Engine — 4.6L and 5.4L

DISASSEMBLY (Continued)

22. CAUTION: Do not use metal scrapers, 23. CAUTION: Do not use metal scrapers,
wire brushes, power abrasive discs or other wire brushes, power abrasive discs or other
abrasive means to clean the sealing surfaces. abrasive means to clean the sealing surfaces.
These tools cause scratches and gouges which These tools cause scratches and gouges which
make leak paths. Use a plastic scraping tool make leak paths. Use a plastic scraping tool
to remove all traces of old sealant. to remove all traces of old sealant.

NOTE: The bolts are part of the valve cover NOTE: The bolts are part of the valve cover
and should not be removed. and should not be removed.

Remove the LH valve cover. Remove the RH valve cover.

• Fully loosen the bolts and remove the valve • Fully loosen the bolts and remove the valve
cover. cover.

• Clean the valve cover mating surface of the • Clean the valve cover mating surface of the
cylinder head with silicone gasket remover cylinder head with silicone gasket remover
and metal surface prep. Follow the and metal surface prep. Follow the
directions on the packaging. directions on the packaging.

• Inspect the valve cover gasket. If the gasket • Inspect the valve cover gasket. If the gasket
is damaged, remove and discard the gasket. is damaged, remove and discard the gasket.
Clean the valve cover gasket groove with Clean the valve cover gasket groove with
soap and water or a suitable solvent. soap and water or a suitable solvent.
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303-01A-6 303-01A-6Engine — 4.6L and 5.4L

DISASSEMBLY (Continued)

24. Remove the bolt and the belt idler pulley. 26. Remove and discard the crankshaft pulley bolt.

Use the special tool to remove the crankshaft
pulley.

25. Remove the coolant pump pulley.

1 Remove the bolts.
27. Use the special tool to remove the crankshaft2 Remove the coolant pump pulley.

front seal.
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303-01A-7 303-01A-7Engine — 4.6L and 5.4L

DISASSEMBLY (Continued)

28. Remove the power steering pump.

31. Remove the engine front cover from the
cylinder block.

29. Remove the four oil pan bolts.
32. Remove the crankshaft sensor ring from the

crankshaft.

30. NOTE: Correct fastener location is essential for
assembly procedure. Record fastener location.

33. CAUTION: Use care when removing
Remove the fasteners. the spark plugs.

NOTE: Use compressed air to remove any
foreign material from the spark plug well before
removing the spark plugs.

Remove the eight spark plugs.

2004 E-Series, 12/2003 



303-01A-8 303-01A-8Engine — 4.6L and 5.4L

DISASSEMBLY (Continued)

34. Install the special tool between the valve spring
coils to prevent valve stem seal damage.

37. CAUTION: If one or both of the
tensioner mounting bolts are loosened or
removed, the tensioner-sealing bead must be

35. NOTE: The camshaft roller followers must be inspected for seal integrity. If cracks, tears,
reinstalled in their original locations. Record the separation from the tensioner body or
camshaft roller follower locations. permanent compression of the seal bead is
NOTE: Position the cam lobe away from the observed,  install a new tensioner.
camshaft roller follower prior to removing each Remove the timing chain tensioning system
camshaft roller follower. from both timing chains.
Use the special tool to compress the valve 1 Remove the bolts.
springs, and remove the camshaft roller

2 Remove the timing chain tensioners.followers.
3 Remove the timing chain tensioner arms.

36. Position the crankshaft with the keyway at the
12 o’clock position.
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303-01A-9 303-01A-9Engine — 4.6L and 5.4L

DISASSEMBLY (Continued)

38. Remove the RH and LH timing chains and the
crankshaft sprocket(s).

• Remove the RH timing chain from the
camshaft sprocket.

• Remove the RH timing chain from the
crankshaft sprocket.

• Remove the LH timing chain from the
camshaft sprocket.

• Remove the LH timing chain and crankshaft
sprocket(s).
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303-01A-10 303-01A-10Engine — 4.6L and 5.4L

DISASSEMBLY (Continued)

39. Remove both timing chain guides.

• Remove the bolts.

• Remove both timing chain guides.

42. Remove the bolt and the oil level indicator
tube.

40. Remove the nuts, the RH exhaust manifold and
gasket.

• Discard the gasket.

43. Clean and inspect the exhaust manifolds. For
additional information, refer to Section 303-00.

41. Remove the nuts, the LH exhaust manifold and
gasket.

• Discard the gasket.
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303-01A-11 303-01A-11Engine — 4.6L and 5.4L

DISASSEMBLY (Continued)

44. Install the special tools on both ends of the
cylinder head.

45. NOTE: The hydraulic lash adjusters must be
reinstalled in their original locations. Record the
hydraulic lash adjuster locations.

Remove the hydraulic lash adjusters.
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303-01A-12 303-01A-12Engine — 4.6L and 5.4L

DISASSEMBLY (Continued)

46. CAUTION: The cylinder head must be
cool before removing it from the engine.
Cylinder head warpage can result if a warm
or hot cylinder head is removed.

CAUTION: Place clean shop towels
over exposed engine cavities. Carefully
remove the towels so foreign material is not
dropped into the engine.

CAUTION: The cylinder head bolts
must be discarded and new bolts installed.
They are tighten-to-yield designed and
cannot be reused.

CAUTION: Do not use metal scrapers,
wire brushes, power abrasive discs or other
abrasive means to clean the sealing surfaces.
These tools cause scratches and gouges that
make leak paths. Use a plastic scraping tool
to remove all traces of the head  gasket.

CAUTION: Aluminum surfaces are
soft and can be scratched easily. Never place
the cylinder head gasket surface,
unprotected, on a bench surface.

Remove the bolts and the RH cylinder head.

• Discard the cylinder head gasket.

• Discard the cylinder head bolts.
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303-01A-13 303-01A-13Engine — 4.6L and 5.4L

DISASSEMBLY (Continued)

47. CAUTION: The cylinder head must be
cool before removing it from the engine.
Cylinder head warpage can result if a warm
or hot cylinder head is removed.

CAUTION: Place clean shop towels
over exposed engine cavities. Carefully
remove the towels so foreign material is not
dropped into the engine.

CAUTION: The cylinder head bolts
must be discarded and new bolts installed.
They are tighten-to-yield designed and
cannot be reused.

CAUTION: Do not use metal scrapers,
wire brushes, power abrasive discs or other
abrasive means to clean the sealing surfaces.
These tools cause scratches and gouges that
make leak paths. Use a plastic scraping tool
to remove all traces of the head  gasket.

CAUTION: Aluminum surfaces are
soft and can be scratched easily. Never place
the cylinder head gasket surface,
unprotected, on a bench surface.

Remove the bolts and the LH cylinder head.

• Discard the cylinder head gasket.

• Discard the cylinder head bolts.
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303-01A-14 303-01A-14Engine — 4.6L and 5.4L

DISASSEMBLY (Continued)

48. CAUTION: Do not use metal scrapers,
wire brushes, power abrasive discs or other
abrasive means to clean the sealing surfaces.
These tools cause scratches and gouges that
make leak paths. Use a plastic scraping tool
to remove all traces of the head  gasket.

CAUTION: Observe all warnings or
cautions and follow all application directions
contained on the packaging of the silicone
gasket remover and the metal surface prep.

NOTE: If there is no residual gasket material
present, metal surface prep can be used to clean
and prepare the surfaces.

Clean the cylinder head-to-cylinder block
mating surfaces of both the cylinder head and
the cylinder block.

1 Remove any large deposits of silicone or
gasket material with a plastic scraper.

2 Apply silicone gasket remover, following
package directions, and allow to set for
several minutes.

3 Remove the silicone gasket remover with a
plastic scraper. A second application of
silicone gasket remover may be required if
residual traces of silicone or gasket material
remain.

4 Apply metal surface prep, following
package directions, to remove any
remaining traces of oil or coolant, and to
prepare the surfaces to bond with the new
gasket. Do not attempt to make the metal
shiny. Some staining of the metal surfaces
is  normal.
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303-01A-15 303-01A-15Engine — 4.6L and 5.4L

DISASSEMBLY (Continued)

49. NOTE: Make sure all cylinder head surfaces
are clear of any gasket material, RTV, oil and
coolant. The cylinder head surface must be
clean and dry before running a flatness check.

NOTE: Use a straightedge that is calibrated by
the manufacturer to be flat with 0.005 mm
(0.0002 in) per running foot length. For
example, if the straightedge is 61 cm (24 in)
long, the machine edge must be flat with 0.010
mm (0.0004 in) from end to  end.

NOTE: LH is shown; RH is similar.

Support the cylinder head on a bench with the
head gasket side up. Inspect all areas of the
deck face with a straightedge, paying particular
attention to the oil pressure feed area. The
cylinder head must not have depressions deeper
than 0.0254  mm (0.001 in) across a 38.1 mm
(1.5 in) square area or scratches more than
0.0254 mm (0.001 in).
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303-01A-16 303-01A-16Engine — 4.6L and 5.4L

DISASSEMBLY (Continued)

50. If required, remove the mounting hardware, the
oil filter adapter and the oil filter adapter
gasket.

54. Remove the bolts and the A/C compressor.

51. Clean the oil filter adapter gasket surface at the
cylinder block.

55. Before removing the pistons, inspect the top of
the cylinder bores. If necessary, remove the
ridge or carbon deposits from each cylinder
using an abrasive pad or equivalent following
the manufacturer’s instructions.

52. Remove the bolts.
56. Remove the bolts, the oil pan and the oil pan

gasket.

• Clean and inspect the sealing surfaces.

53. Remove the coolant pump from the cylinder
block.

2004 E-Series, 12/2003 



303-01A-17 303-01A-17Engine — 4.6L and 5.4L

DISASSEMBLY (Continued)

57. Remove the bolts and the oil pump screen and 60. CAUTION: Verify that the connecting
pickup tube. rods and rod caps have orientation numbers

cast into them. If not, number the connecting
rods and rod caps for correct orientation.

Remove the bolts and the connecting rod cap.
Discard the bolts.

58. Remove the oil pump screen and pickup tube
spacer.

59. Remove the oil pump.

1 Remove the bolts.

2 Remove the oil pump.
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303-01A-18 303-01A-18Engine — 4.6L and 5.4L

DISASSEMBLY (Continued)

61. CAUTION: Do not scratch the cylinder
walls or crankshaft journals with the
connecting rod.

Use the special tool to push the piston through
the top of the cylinder block.

64. Remove the five main bearing caps and the
lower crankshaft main bearings.

62. Disassemble the eight pistons. For additional
information, refer to Piston in this section.

63. CAUTION: Servicing the bottom end
of the engine (crankshaft, bearings) requires
that cylinder heads be removed. Failure to
do so can result in engine damage.

Remove the fasteners.

1 Remove and discard the cross-mounted
main cap bolts.

2 Remove the dowels.

3 Remove and discard the main bearing cap
bolts.
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303-01A-19 303-01A-19Engine — 4.6L and 5.4L

DISASSEMBLY (Continued)

65. Remove the crankshaft and the upper crankshaft
main bearings from the cylinder block.
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303-01A-1 303-01A-1Engine — 4.6L and 5.4L

DISASSEMBLY AND ASSEMBLY

OF SUBASSEMBLIES
DisassemblyCylinder Head

CAUTION: Cylinder head machining orSpecial Tool(s)
milling is not authorized by the Ford Motor

Compressor, Valve Spring Company. Cylinder head flatness must be within303-567 (T97P-6565-AH)
0.0254 mm (0.001 in) across a 38.1 mm (1.5 in)
square area.

CAUTION: Place the cylinder head on a
cardboard or wood surface to prevent damage to
the joint face.

Compressor Spacer, Valve
Spring All cylinder heads
303-382 (T91P-6565-AH)

1. NOTE: The hydraulic lash adjusters must be
reinstalled in their original locations. Record the
hydraulic lash adjuster locations.

Remove the hydraulic lash adjusters.Installer, Valve Stem Oil Seal
303-383 (T91P-6571-A)

Aligner, Camshaft Position
303-557 (T96T-6256-B)

2. Install the special tool between the valve springMaterial
coils to prevent valve stem seal damage.

Item Specification

Motorcraft Silicone Gasket —
Remover
ZC-30

Motorcraft Metal Surface —
Prep
ZC-31

SAE 5W-20 Premium WSS-M2C153-H
Synthetic Blend Motor Oil
XO-5W20-QSP

Copyright  2003, Ford Motor Company
Last updated: 08/27/2003 2004 E-Series, 12/2003 



303-01A-2 303-01A-2Engine — 4.6L and 5.4L

DISASSEMBLY AND ASSEMBLY OF SUBASSEMBLIES (Continued)

3. NOTE: Windsor engine shown; Romeo engine
similar.

Use the special tool to compress the valve
springs.

Romeo cylinder heads (4.6L)

6. NOTE: The camshaft bearing caps must be
reinstalled in their original locations. Record the
camshaft bearing cap locations.

4. CAUTION: Keep the valves and valve Remove the bolts, the bearing caps and the
spring retainer keys in order so they can be camshaft.
reinstalled in their original locations.

NOTE: Shown without camshaft for clarity.

Remove the valves.

1 Remove the valve spring retainer keys.

2 Remove the valve spring retainers.

3 Remove the valve springs.

4 Remove the valves.

7. Clean and inspect the camshaft bearing caps.

• One of the bearing caps contains an oil flow
restriction groove. Make sure the groove is
free of foreign material.

5. Remove the valve stem seals.
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303-01A-3 303-01A-3Engine — 4.6L and 5.4L

DISASSEMBLY AND ASSEMBLY OF SUBASSEMBLIES (Continued)

Windsor cylinder heads (5.4L) All cylinder heads

8. NOTE: The camshaft bearing caps must be 10. CAUTION: Do not use metal scrapers,
reinstalled in their original locations. Record the wire brushes, power abrasive discs or other
camshaft bearing cap locations. abrasive means to clean the sealing surfaces.

These tools cause scratches and gouges thatRemove the bolts, the bearing caps and the
make leak paths. Use a plastic scraping toolcamshaft.
to remove all traces of the head  gasket.

CAUTION: Observe all warnings or
cautions and follow all application directions
contained on the packaging of the silicone
gasket remover and the metal surface prep.

NOTE: If there is no residual gasket material
present, metal surface prep can be used to clean
and prepare the surfaces.

Clean the cylinder head sealing surfaces.

1 Remove any large deposits of silicone or
gasket material with a plastic scraper.

2 Apply silicone gasket remover, following
package directions, and allow to set for
several minutes.

3 Remove the silicone gasket remover with a
plastic scraper. A second application of
silicone gasket remover may be required if
residual traces of silicone or gasket material
remain.

4 Apply metal surface prep, following
package directions, to remove any
remaining traces of oil or coolant, and to
prepare the surfaces to bond with the new
gasket. Do not attempt to make the metal
shiny. Some staining of the metal surfaces

9. Clean and inspect the camshaft bearing caps. is  normal.

• One of the bearing caps contains an oil flow
11. Inspect the cylinder head for distortion. Forrestriction groove. Make sure the groove is

additional information, refer to Section 303-00.free of foreign material.
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303-01A-4 303-01A-4Engine — 4.6L and 5.4L

DISASSEMBLY AND ASSEMBLY OF SUBASSEMBLIES (Continued)

Assembly 3. Tighten the bolts in the sequence shown.

All cylinder heads

1. Lubricate the camshaft journals with clean
engine oil.

Romeo cylinder heads (4.6L)

2. Install the camshaft and the camshaft bearing
caps in their original locations.

• Lubricate the camshaft bearing caps with
clean engine oil.

• Position the camshaft bearing caps.

• Install the bolts loosely.
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303-01A-5 303-01A-5Engine — 4.6L and 5.4L

DISASSEMBLY AND ASSEMBLY OF SUBASSEMBLIES (Continued)

Windsor cylinder heads (5.4L)

4. Install the camshaft and the camshaft bearing
caps in their original locations.

• Lubricate the camshaft bearing caps with
clean engine oil.

• Position the camshaft bearing caps.

• Install the bolts loosely.

All cylinder heads

6. NOTE: Lubricate the valve stems using clean
engine oil.

Install the valves in the valve guides located in
the cylinder head.

5. Tighten the bolts in the sequence shown.
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303-01A-6 303-01A-6Engine — 4.6L and 5.4L

DISASSEMBLY AND ASSEMBLY OF SUBASSEMBLIES (Continued)

7. Use the special tools to install the valve stem
seals.

11. NOTE: Lubricate the hydraulic lash adjusters
using clean engine oil.

Install the hydraulic lash adjusters in their
8. Install the valve springs and the valve spring original locations.

retainers onto the valves.

12. Remove the special tool, unless the cylinder
9. Install the special tool between the valve spring head is to be installed in-vehicle.

coils to prevent valve stem seal damage.

10. Use the special tool to compress the valve
springs. Install the valve spring retainer keys.
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303-01A-1 303-01A-1Engine — 4.6L and 5.4L

DISASSEMBLY AND ASSEMBLY

OF SUBASSEMBLIES

Piston

Material

Item Specification

SAE 5W-20 Premium WSS-M2C930-A
Synthetic Blend Motor Oil
XO-5W20-QSP or
equivalent

Disassembly

1. Remove the clips.

4. Clean and inspect the piston and connecting
rod. For additional information, refer to Section
303-00.

Assembly

1. NOTE: Connecting rod must be installed into
piston with identification markings toward front.

Position the connecting rod in the piston.

2. Remove the piston pin from the piston and
connecting rod assembly.

3. Remove the connecting rod from the piston.

Copyright  2003, Ford Motor Company
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303-01A-2 303-01A-2Engine — 4.6L and 5.4L

DISASSEMBLY AND ASSEMBLY OF SUBASSEMBLIES (Continued)

2. Lubricate the piston pin and pin bore with clean 4. Install the piston pin retaining clips in the
engine oil. piston.

3. Install the piston pin in the piston and
connecting rod assembly.
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303-01A-1 303-01A-1Engine — 4.6L and 5.4L

DISASSEMBLY AND ASSEMBLY

OF SUBASSEMBLIES

Intake Manifold Assembly — 4.6L

Material

Item Specification

Motorcraft Silicone Gasket —
Remover
ZC-30

Motorcraft Metal Surface —
Prep
ZC-31

Disassembly

4. Remove the engine noise shield.1. Remove the four bolts and the fuel injection
supply manifold.

2. Remove the fuel injectors from the fuel
injection supply manifold.

3. Discard the two O-ring seals from each fuel
injector. Install new O-ring seals.

Copyright  2003, Ford Motor Company
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303-01A-2 303-01A-2Engine — 4.6L and 5.4L

DISASSEMBLY AND ASSEMBLY OF SUBASSEMBLIES (Continued)

5. Remove the bolts.

7. Remove the bolts from the intake manifold
tuning valve and remove the valve.

6. Separate the upper and lower intake manifolds
and discard the lower intake manifold gasket.
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303-01A-3 303-01A-3Engine — 4.6L and 5.4L

DISASSEMBLY AND ASSEMBLY OF SUBASSEMBLIES (Continued)

2. Position a new lower intake manifold gasket8. CAUTION: If the engine has been
and the upper intake manifold on the lowerinternally damaged and metal or other
intake manifold and loosely install the bolts.foreign material has entered the manifold, it

is recommended the manifold be discarded.

NOTE: If there is no residual gasket material
present, metal surface prep can be used to clean
and prepare the sealing surfaces.

Inspect all external and internal surfaces of the
upper intake manifold.

• Inspect for cracks or other damage.

• Inspect for foreign material inside of the
manifold.

• Clean the upper intake manifold sealing
surfaces with silicone gasket remover and
metal surface prep. Follow the directions on
the packaging.

9. Allow the upper and lower intake manifolds to
dry completely.

Assembly

1. Position the intake manifold tuning valve and
install the bolts.
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303-01A-4 303-01A-4Engine — 4.6L and 5.4L

DISASSEMBLY AND ASSEMBLY OF SUBASSEMBLIES (Continued)

3. Tighten the bolts in two stages using the 5. NOTE: Lubricate the new O-ring seals with
sequence shown. clean engine oil, to aid installation.

• Stage 1: Tighten to 2 Nm (18 lb-in). Install the fuel injectors into the fuel injection
supply manifold.• Stage 2: Tighten to 10 Nm (89 lb-in).

6. Install the fuel injection supply manifold and
the four bolts.

4. Install the engine noise shield.
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303-01A-1 303-01A-1Engine — 4.6L and 5.4L

DISASSEMBLY AND ASSEMBLY

OF SUBASSEMBLIES

4. Remove the engine noise shield.Intake Manifold Assembly — 5.4L

Disassembly

1. Remove the fuel infection supply manifold.

5. Remove the water crossover tube.

• Inspect and install new gaskets as necessary.

2. Remove the fuel injectors from the fuel
injection supply manifold.

6. CAUTION: If the engine has been
internally damaged and metal or other
foreign material has entered the manifold, it
is recommended the manifold be discarded.

3. Discard the two O-ring seals from each fuel Inspect all external and internal surfaces of the
injector. Install new O-ring seals. intake manifold.

• Inspect for cracks or other damage.

• Inspect for foreign material inside of the
manifold.

• Clean the intake manifold with a suitable
cleaner.
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303-01A-2 303-01A-2Engine — 4.6L and 5.4L

DISASSEMBLY AND ASSEMBLY OF SUBASSEMBLIES (Continued)

Assembly 3. NOTE: Lubricate the new O-ring seals with
clean engine oil, to aid installation.

1. Install the water crossover tube. Install the fuel injectors into the fuel injection
supply manifold.

2. Install the engine noise shield.
4. Install the fuel injection supply manifold.
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303-01A-1 303-01A-1Engine — 4.6L and 5.4L

ASSEMBLY
Special Tool(s)Engine — 4.6L

Remover/Installer, Cylinder
HeadSpecial Tool(s)
303-572 (T97T-6000-A)

Compressor, Valve Spring
303-567 (T97P-6565-AH)

Lifting Bracket Set, Engine
303-DS086 (D93P-6001-A)

Compressor Spacer, Valve
Spring
303-382 (T91P-6565-AH)

Modular Engine Lift Bracket
303-F047 (014-00073) or
equivalent

Installer, Crankshaft Vibration
Damper
303-102 (T74P-6316-B)

Strap Wrench
303-D055 (D85L-6000-A)

Installer, Crankshaft Front Oil
Seal
303-635

Installer, Connecting Rod
303-442 (T93P-6136-A)

Installer, Front Cover Oil Seal
303-335 (T88T-6701-A)

Compressor, Piston Ring
303-D032 (D81L-6002-C) or
equivalent

Holding Tool, Crankshaft
303-448 (T93P-6303-A)

Installer, Crankshaft Rear Oil
Seal
303-518 (T95P-6701-DH)

(Continued)

(Continued)
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303-01A-2 303-01A-2Engine — 4.6L and 5.4L

ASSEMBLY (Continued)

Special Tool(s) 1. Record the main bearing code found on the
front of the engine block.Installer, Crankshaft Rear Oil

Seal
303-516 (T95P-6701-BH)

Installer, Crankshaft Rear Oil
Slinger
303-517 (T95P-6701-CH)

Material 2. Record the main bearing code found on the
back of the crankshaft.Item Specification

Motorcraft Silicone Gasket —
Remover
ZC-30

Motorcraft Metal Surface —
Prep
ZC-31

Silicone Gasket and WSE-M4G323-A4
Sealant
F7AZ-19554-EA or
equivalent

Instant Adhesive WSK-M2G402-A4
E8AZ-19554-A

Motorcraft Premium Gold  WSS-M97B51-A1
Engine Coolant with
Bittering Agent (US only)
VC-7-B (US); CVC-7-A
(Canada); or equivalent
(yellow color)

Motorcraft SAE 5W-30 WSS-M2C929-A
Premium Synthetic Blend
Motor Oil
XO-5W30-QSP (US);
Motorcraft SAE 5W-30
Super Premium Motor Oil
CXO-5W30-LSP12
(Canada); or equivalent

Hydraulic Chain Tensioner —
Retaining Clip
1L3Z-6P250-AA
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303-01A-3 303-01A-3Engine — 4.6L and 5.4L

ASSEMBLY (Continued)

3. Using the data recorded earlier and the Bearing
Select Fit Chart, Standard Bearings, determine
the required bearing grade for each main
bearing.

• Read the first letter of the engine block
main bearing code and the first letter of the
crankshaft main bearing code.

• Read down the column below the engine
block main bearing code letter, and across
the row next to the crankshaft main bearing
code letter, until the two intersect. This is
the required bearing grade for the number
one crankshaft main bearing.

• As an example, if the engine block code
letter is ‘‘F’’ and the crankshaft code letter
is ‘‘D’’, the correct bearing grade for this
main bearing is a ‘‘2’’.

• Repeat this process for the remaining four
main bearings.
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303-01A-4 303-01A-4Engine — 4.6L and 5.4L

ASSEMBLY (Continued)

4. If oversize bearings are being used, use the
procedure in the previous step and the Bearing
Select Fit Chart, Oversize Bearings to determine
the required bearing grade for each main
bearing.

5. NOTE: Before assembling the cylinder block,
all sealing surfaces must be free of chips, dirt,
paint and foreign material. Also, make sure the
coolant and oil passages are clear.

Install the crankshaft upper main bearings into
the cylinder block and lubricate them with clean
engine oil.
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303-01A-5 303-01A-5Engine — 4.6L and 5.4L

ASSEMBLY (Continued)

6. Install the crankshaft onto the upper crankshaft 8. NOTE: Rotate the jack screws into the bearing
main bearings. caps enough to provide clearance to the

cylinder block prior to installing the bearing
caps.

Install the rear main bearing cap.

9. Install the crankshaft lower main bearings into
the main bearing caps and lubricate them with
clean engine oil. Locate the main bearing cap
on the cylinder block and, keeping the cap as
square as possible, alternately draw the cap
down evenly  using the cap fasteners.

7. NOTE: The oil groove on the thrust washer
must face toward the front of the engine
(against the crankshaft thrust surface).

Push the crankshaft rearward and install the
crankshaft upper thrust washer at the back of
the No. 5 upper main bearing.
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303-01A-6 303-01A-6Engine — 4.6L and 5.4L

ASSEMBLY (Continued)

10. Install the vertical main bearing cap fasteners 11. Tighten the jack screws against the cylinder
and tighten in the sequence shown. block in the sequence shown.

• Tighten to 40 Nm (30 lb-ft). • Tighten to 5 Nm (44 lb-in).

• Tighten an additional 90 degrees. • Tighten to 10 Nm (89 lb-in).
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303-01A-7 303-01A-7Engine — 4.6L and 5.4L

ASSEMBLY (Continued)

12. Install the side bolts and tighten them in the
sequence shown.

15. CAUTION: Do not scratch the cylinder
walls or crankshaft journals with the
connecting rod.

Once the connecting rod is seated on the
crankshaft journal, remove the Connecting Rod
Installer.

13. Assemble the eight pistons. For additional
information, refer to Piston in this section.

14. CAUTION: Do not scratch the cylinder
walls or crankshaft journals with the 16. CAUTION: The rod cap installation
connecting rod. must keep the same orientation as marked

during disassembly.NOTE: The next three steps are for all eight
connecting rods, rod caps and pistons. Only one NOTE: The connecting rod caps are of the
connecting rod, rod cap and piston is shown. ‘‘cracked’’ design and must mate with the

connecting rod ends. Excessive bearingNOTE: Make sure the identification marks on
clearance will result if not mated correctly.the piston and connecting rod face toward the

front of the engine. Position the lower bearing and connecting rod,
and install the new bolts loosely.Use the special tools to install the piston and

connecting rod with the upper connecting rod
bearing in place.
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303-01A-8 303-01A-8Engine — 4.6L and 5.4L

ASSEMBLY (Continued)

17. NOTE: Main bearing caps are removed for
clarity.

NOTE: Rotate the crankshaft after each
connecting rod is installed and tightened to
check for assembly binding.

Tighten the bolts in two stages, using the
sequence shown.

• Stage 1: Tighten to 43 Nm (32 lb-ft).

• Stage 2: Tighten an additional 105 degrees.

19. CAUTION: The gasket sealing surfaces
on the cylinder head and cylinder block must
be clean. For additional information, refer to
Cylinder Head — 4.6L in the Removal
portion of this section.

CAUTION: The use of sealing aids
(aviation cement, copper spray, and glue) is
not permitted. The gasket must be installed
dry.

CAUTION: The new gasket has a film
coating which is crucial to the gasket’s
ability to seal correctly. Do not scratch the
gasket.

NOTE: The RH head gasket is shown; the LH
head gasket is similar.

Install the head gasket over the dowel pins.

18. Position the oil pump and install the bolts
loosely. Tighten the bolts in the sequence
shown.
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303-01A-9 303-01A-9Engine — 4.6L and 5.4L

ASSEMBLY (Continued)

21. NOTE: Make sure to tighten the bolts in20. CAUTION: Cylinder head machining
sequence in three stages.or milling is not authorized by the Ford

Motor Company. Cylinder head flatness Tighten the LH bolts in the sequence shown.
must be within 0.0254 mm (0.001 in) across a • Stage 1: Tighten to 40 Nm (30 lb-ft).
38.1 mm (1.5 in) square area.

• Stage 2: Tighten an additional 90 degrees.
CAUTION: The gasket sealing surfaces • Stage 3: Tighten an additional 90 degrees.

on the cylinder head and cylinder block must
be clean. For additional information, refer to
Cylinder Head — 4.6L in the Removal
portion of this section.

CAUTION: The use of sealing aids
(aviation cement, copper spray, and glue) is
not permitted. The gasket must be installed
dry.

CAUTION: Do not allow the dowels to
scratch the sealing surface of the cylinder
head during cylinder head installation.

NOTE: The new cylinder head bolts must be
lightly oiled with a rag, and allowed to drain
for a few minutes prior to installation.

NOTE: The RH cylinder head is shown; the
LH cylinder head is similar.

Install the cylinder head on the dowels and the
head gasket. Loosely install new bolts.
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303-01A-10 303-01A-10Engine — 4.6L and 5.4L

ASSEMBLY (Continued)

22. NOTE: Make sure to tighten the bolts in the 24. NOTE: Lubricate the hydraulic lash adjusters
following three stages. with clean engine oil.

Tighten the RH bolts in the sequence shown. Install the hydraulic lash adjusters in their
original locations.• Stage 1: Tighten to 40 Nm (30 lb-ft).

• Stage 2: Tighten an additional 90 degrees.

• Stage 3: Tighten an additional 90 degrees.

25. Install the RH exhaust manifold gaskets and the
exhaust manifold. Tighten the nuts in the
sequence shown.

23. Remove the special tools from both ends of the
cylinder head.
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303-01A-11 303-01A-11Engine — 4.6L and 5.4L

ASSEMBLY (Continued)

26. NOTE: Lubricate the O-ring seal with clean 28. CAUTION: Timing chain procedures
engine oil. must be followed exactly or damage to valves

and pistons will result.Install the oil level indicator tube.

Compress the tensioner plunger, using a vise.• Install a new O-ring seal on the oil level
indicator tube.

• Install the oil level indicator tube.

• Install the bolt.

29. Install a retaining clip on the tensioner to hold
the plunger in during installation.

30. Remove the tensioner from the vise.

27. Install the LH exhaust manifold and the exhaust
31. If the copper links are not visible, mark onemanifold gaskets. Tighten the nuts in the

link on one end and one link on the other end,sequence shown.
and use as timing marks.
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303-01A-12 303-01A-12Engine — 4.6L and 5.4L

ASSEMBLY (Continued)

32. Install the timing chain guides.

1 Position the LH timing chain guide.

2 Install and tighten the LH bolts.

3 Position the RH timing chain guide.

4 Install and tighten the RH bolts.
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303-01A-13 303-01A-13Engine — 4.6L and 5.4L

ASSEMBLY (Continued)

33. Rotate the RH camshaft sprocket until the
timing mark is approximately at the 11 o’clock
position. Rotate the LH camshaft sprocket until
the timing mark is approximately at the 12
o’clock position.

35. Remove the Crankshaft Holding Tool.34. CAUTION: When instructed to do so,
rotate the crankshaft counterclockwise only.

36. Install the crankshaft sprocket, making sure theDo not rotate past the position shown or
flange faces forward.severe piston and valve damage can occur.

NOTE: The number one cylinder is at top dead
center (TDC) when the stud on the engine
block fits into the slot in the handle of the
special tool.

Using the special tool, position the crankshaft
so the number one cylinder is at TDC.
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303-01A-14 303-01A-14Engine — 4.6L and 5.4L

ASSEMBLY (Continued)

37. Position the LH (inner) timing chain on the 40. Remove the retaining clip from the LH timing
crankshaft sprocket, aligning the copper chain tensioner.
(marked) link with the timing mark on the
sprocket.

41. Position the RH (outer) timing chain on the
crankshaft sprocket, aligning the copper

38. Install the LH timing chain on the camshaft (marked) link with the timing mark on the
sprocket, aligning the copper (marked) link with sprocket.
the timing marks on the sprocket.

42. Install the RH timing chain on the camshaft
39. NOTE: The LH timing chain tensioner arm has sprocket, aligning the copper (marked) link with

a bump near the dowel hole for identification. the timing marks on the sprocket.

Position the LH timing chain tensioner arm on
the dowel pin and install the LH timing chain
tensioner.
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303-01A-15 303-01A-15Engine — 4.6L and 5.4L

ASSEMBLY (Continued)

43. Position the RH timing chain tensioner arm on 46. Install the special tool between the valve spring
the dowel pin and install the RH timing chain coils to prevent valve stem seal damage.
tensioner.

47. NOTE: Lubricate the camshaft roller followers
44. Remove the retaining clip from the RH timing using clean engine oil.

chain tensioner. NOTE: Position the cam lobe away from the
camshaft roller follower location prior to
installing each camshaft roller follower.

Install the camshaft roller followers.

1 Install the special tool.

2 Compress the valve spring.

3 Install the camshaft roller followers in their
original locations.

45. Make sure that the copper (marked) chain links
are lined up with the dots on the crankshaft
sprockets and the camshaft sprocket.

48. CAUTION: When installing the spark
plugs, use care not to exceed the
recommended torque.

Install the eight spark plugs.

• Tighten the spark plugs to 18 Nm (13 lb-ft).
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303-01A-16 303-01A-16Engine — 4.6L and 5.4L

ASSEMBLY (Continued)

49. Install the crankshaft sensor ring on the 50. NOTE: If the front cover is not secured within
crankshaft. four minutes, the sealant must be removed and

the sealing area cleaned. To clean the sealing
area, use silicone gasket remover and metal
surface prep. Follow the directions on the
packaging. Failure to  follow this procedure can
cause future oil leakage.

Apply a bead of silicone gasket and sealant
along the cylinder head-to-cylinder block
surface and the oil pan-to-cylinder block
surface, at the locations shown.

51. Install a new engine front cover gasket on the
engine front cover. Position the engine front
cover. Install the fasteners finger-tight.
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303-01A-17 303-01A-17Engine — 4.6L and 5.4L

ASSEMBLY (Continued)

52. Tighten the front cover fasteners in the
sequence shown to 25 Nm (18 lb-ft).

Item Part Number Description Item Part Number Description

9 N806177 Bolt, Hex Flange Head Pilot,1 N806177 Bolt, Hex Flange Head Pilot,
M8 x 1.25 x 53M8 x 1.25 x 53

10 N806177 Bolt, Hex Flange Head Pilot,2 N806177 Bolt, Hex Flange Head Pilot,
M8 x 1.25 x 53M8 x 1.25 x 53

11 N806300 Stud, Hex Shldr Pilot, M8 x3 N806177 Bolt, Hex Flange Head Pilot,
1.25 x 65 — M6 x 1.25 x 26M8 x 1.25 x 53

12 N806300 Stud, Hex Shldr Pilot, M8 x4 N806177 Bolt, Hex Flange Head Pilot,
1.25 x 65 — M6 x 1.25 x 26M8 x 1.25 x 53

13 N806300 Stud, Hex Shldr Pilot, M8 x5 N806177 Bolt, Hex Flange Head Pilot,
1.25 x 65 — M6 x 1.25 x 26M8 x 1.25 x 53

14 N806300 Stud, Hex Shldr Pilot, M8 x6 W706508 Stud, Hex Shldr Pilot, M8 x
1.25 x 65 — M6 x 1.25 x 261.25 x 50 — M6 x 1 x 10

15 N806300 Stud, Hex Shldr Pilot, M8 x7 N808586 Stud and Washer, Hex Head
1.25 x 65 — M6 x 1.25 x 26Pilot, M8 x 1.25 x 60 — M6

x 1 x 26

8 N806177 Bolt, Hex Flange Head Pilot,
M8 x 1.25 x 53

(Continued)
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303-01A-18 303-01A-18Engine — 4.6L and 5.4L

ASSEMBLY (Continued)

53. Position the belt idler pulley and install the 56. NOTE: If not secured within four minutes, the
bolt. sealant must be removed and the sealing area

cleaned. To clean the sealing area, use silicone
gasket remover and metal surface prep. Follow
the directions on the packaging. Failure to
follow this  procedure can cause future oil
leakage.

Apply silicone gasket and sealant to the
Woodruff key slot on the crankshaft pulley.

54. Lubricate the engine front cover and the front
seal inner lip with clean engine oil.

57. Use the special tool to install the crankshaft
pulley.

55. Use the special tools to install the crankshaft
front seal into the engine front cover.
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303-01A-19 303-01A-19Engine — 4.6L and 5.4L

ASSEMBLY (Continued)

58. NOTE: Use a suitable strap wrench (303-D055)
to hold the pulley while tightening the bolt.

Tighten the new crankshaft pulley bolt in four
stages.

• Stage 1: Tighten to 90 Nm (66 lb-ft).

• Stage 2: Loosen 360 degrees.

• Stage 3: Tighten to 50 Nm (37 lb-ft).

• Stage 4: Tighten an additional 90 degrees.

59. NOTE: The front lower hole in the power
steering pump is not used.

Position the power steering pump and install the
60. If a new gasket is being installed, apply instantbolts.

adhesive completely around the gasket groove
in the LH valve cover. Install the new valve
cover gasket.
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ASSEMBLY (Continued)

61. NOTE: If not secured within four minutes, the
sealant must be removed and the sealing area
cleaned. To clean the sealing area, use silicone
gasket remover and metal surface prep. Follow
the directions on the packaging. Failure to
follow this  procedure can cause future oil
leakage.

Apply silicone gasket and sealant in two places
where the engine front cover meets the cylinder
head.

62. Position the LH valve cover and gasket on the
cylinder head and install the bolts loosely.

64. If a new gasket is being installed, apply instant
adhesive completely around the gasket groove
in the RH valve cover. Install the new valve
cover gasket.

63. Tighten the bolts in the sequence shown.
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ASSEMBLY (Continued)

65. NOTE: If not secured within four minutes, the
sealant must be removed and the sealing area
cleaned. To clean the sealing area, use silicone
gasket remover and metal surface prep. Follow
the directions on the packaging. Failure to
follow this  procedure can cause future oil
leakage.

Apply silicone gasket and sealant in two places
where the engine front cover meets the cylinder
head.

66. Position the RH valve cover and gasket on the
cylinder head and install the bolts loosely.

68. Install the positive crankcase ventilation (PCV)
valve and hose in the RH valve cover.

67. Tighten the bolts in the sequence shown.
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ASSEMBLY (Continued)

69. Install the crankcase ventilation tube on the LH 73. Connect the oil pressure switch electrical
valve cover. connector.

70. NOTE: RH shown, LH similar. 74. Connect the KS electrical connector.

Install the radio frequency interference
capacitors.

75. Connect the RH radio frequency interference
capacitor electrical connector.

71. Roughly position the engine control sensor
wiring harness and mount it on the valve cover
studs.

72. Connect the CKP sensor electrical connector.
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ASSEMBLY (Continued)

76. Connect the CMP sensor electrical connector.

80. Position the LH and RH engine mounts to the
cylinder block and install the six bolts.

77. Connect the LH radio frequency interference
capacitor and CHT sensor electrical connectors.

81. If equipped, install the A/C compressor and the
bolts.

78. NOTE: LH shown, RH similar.

Install the cylinder block drain plugs.

79. Position a new gasket and the oil filter adapter.
Install the bolts and nut.

2004 E-Series, 12/2003 



303-01A-24 303-01A-24Engine — 4.6L and 5.4L

ASSEMBLY (Continued)

82. CAUTION: Do not rotate the coolant
pump housing once the coolant pump has
been positioned in the cylinder block.
Damage to the O-ring seal will occur.

Install the coolant pump.

1 Lubricate the new O-ring seal using engine
coolant and install the O-ring seal onto the
coolant pump.

2 Position the coolant pump into the engine
block.

3 Install the bolts.

83. Position the coolant pump pulley on the coolant 84. CAUTION: Do not use metal scrapers,
pump and install the bolts. wire brushes, power abrasive discs or other

abrasive means to clean the aluminum
retainer plate. These tools cause scratches
and gouges, which make leak paths. Use a
plastic scraping tool to remove all traces of
old  sealant.

Inspect the rear seal retainer plate. Clean the
mating surface for the rear seal retainer plate
with silicone gasket remover and metal surface
prep. Follow the directions on the packaging.
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ASSEMBLY (Continued)

85. NOTE: If not secured within four minutes, the
sealant must be removed and the sealing area
cleaned. To clean the sealing area, use silicone
gasket remover and metal surface prep. Follow
the directions on the packaging. Failure to
follow this  procedure can cause future oil
leakage.

Apply a 4 mm (0.16 in) bead of silicone gasket
and sealant around the crankshaft rear seal
retainer sealing surface.

88. Install the oil drain plug before installing the oil
pan.

86. Install the crankshaft rear seal retainer plate and
loosely install the six bolts.

89. Install the oil pump screen and pickup tube
spacer.

87. Tighten the bolts in the sequence shown.
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ASSEMBLY (Continued)

92. NOTE: If the oil pan is not secured within four90. CAUTION: Make sure the O-ring is in
minutes, the sealant must be removed and theplace and not damaged. A missing or
sealing areas cleaned. To clean the sealing area,damaged O-ring can cause foam in the
use silicone gasket remover and metal surfacelubrication system, low oil pressure and
prep. Follow the directions on the packaging.severe engine damage.
Failure to  follow this procedure can cause

NOTE: Clean and inspect the mating surfaces future oil leakage.
and install a new O-ring. Lubricate the O-ring

Apply silicone gasket and sealant at the rear oilwith clean engine oil.
seal retainer-to-cylinder block sealing surface.

Position the oil pump screen and pickup tube
and install the bolts.

91. CAUTION: Do not use metal scrapers,
wire brushes, power abrasive discs or other
abrasive means to clean the sealing surfaces.
These tools cause scratches and gouges,
which make leak paths. Use a plastic
scraping tool to remove all traces of old
sealant.

Inspect the oil pan. Clean the mating surface
for the oil pan with silicone gasket remover and
metal surface prep. Follow the directions on the
packaging.
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ASSEMBLY (Continued)

93. Apply silicone gasket and sealant at the engine
front cover-to-cylinder block sealing surface.

94. Install the oil pan gasket and the oil pan and
loosely install the bolts.

95. Tighten the bolts in two stages, in the sequence
shown.

• Stage 1: Tighten to 20 Nm (15 lb-ft).

• Stage 2: Tighten an additional 90 degrees.
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ASSEMBLY (Continued)

96. Install the special tool. 99. Lower the engine onto wooden blocks.

100. Install the special tool and raise the engine.

97. NOTE: The oil level indicator and tube are
removed for clarity.

101. Install the oil level indicator tube nut andInstall the special tool.
insert the oil level indicator.

98. Install the special tool and remove the engine
from the work stand.
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ASSEMBLY (Continued)

102. NOTE: Lubricate the inner lip of the 104. Install the flexplate and bolts. Tighten the
crankshaft rear seal with clean engine oil. bolts in the sequence shown.

Using the special tools, install a new
crankshaft rear seal.

103. Using the special tools, install the crankshaft
rear oil slinger.

105. Install the engine. For additional information,
refer to Engine — 4.6L and Engine — 5.4L in
this section.
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ASSEMBLY
Special Tool(s)Engine — 5.4L

Remover/Installer, Cylinder
HeadSpecial Tool(s)
303-572 (T97T-6000-A)

Compressor, Valve Spring
303-567 (T97P-6565-AH)

Lifting Bracket Set, Engine
303-DS086 (D93P-6001-A)

Compressor Spacer, Valve
Spring
303-382 (T91P-6565-AH)

Modular Engine Lift Bracket
303-F047 (014-00073) or
equivalent

Installer, Crankshaft Vibration
Damper
303-102 (T74P-6316-B)

Strap Wrench
303-D055 (D85L-6000-A)

Installer, Crankshaft Front Oil
Seal
303-635

Installer, Connecting Rod
303-442 (T93P-6136-A)

Installer, Front Cover Oil Seal
303-335 (T88T-6701-A)

Compressor, Piston Ring
303-D032 (D81L-6002-C) or
equivalent

Holding Tool, Crankshaft
303-448 (T93P-6303-A)

Installer, Crankshaft Rear Oil
Seal
303-518 (T95P-6701-DH)

(Continued)

(Continued)
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ASSEMBLY (Continued)

Special Tool(s) 1. Record the main bearing code found on the
front of the engine block.Installer, Crankshaft Rear Oil

Seal
303-516 (T95P-6701-BH)

Installer, Crankshaft Rear Oil
Slinger
303-517 (T95P-6701-CH)

Material 2. Record the main bearing code found on the
back of the crankshaft.Item Specification

Motorcraft Silicone Gasket —
Remover
ZC-30

Motorcraft Metal Surface —
Prep
ZC-31

Silicone Gasket and WSE-M4G323-A4
Sealant
F7AZ-19554-EA or
equivalent

Instant Adhesive WSK-M2G402-A4
E8AZ-19554-A

Motorcraft Premium Gold  WSS-M97B51-A1
Engine Coolant with
Bittering Agent (US only)
VC-7-B (US); CVC-7-A
(Canada); or equivalent
(yellow color)

Motorcraft SAE 5W-30 WSS-M2C929-A
Premium Synthetic Blend
Motor Oil
XO-5W30-QSP (US);
Motorcraft SAE 5W-30
Super Premium Motor Oil
CXO-5W30-LSP12
(Canada); or equivalent

Hydraulic Chain Tensioner —
Retaining Clip
1L3Z-6P250-AA
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ASSEMBLY (Continued)

3. Using the data recorded earlier and the Bearing
Select Fit Chart, Standard Bearings, determine
the required bearing grade for each main
bearing.

• Read the first letter of the engine block
main bearing code and the first letter of the
crankshaft main bearing code.

• Read down the column below the engine
block main bearing code letter, and across
the row next to the crankshaft main bearing
code letter, until the two intersect. This is
the required bearing grade for the number
one crankshaft main bearing.

• As an example, if the engine block code
letter is ‘‘F’’ and the crankshaft code letter
is ‘‘D’’, the correct bearing grade for this
main bearing is a ‘‘2’’.

• Repeat this process for the remaining four
main bearings.
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ASSEMBLY (Continued)

4. If oversize bearings are being used, use the
procedure in the previous step and the Bearing
Select Fit Chart, Oversize Bearings to determine
the required bearing grade for each main
bearing.

5. NOTE: Before assembling the cylinder block,
all sealing surfaces must be free of chips, dirt,
paint and foreign material. Also, make sure the
coolant and oil passages are clear.

Install the crankshaft upper main bearings into
the cylinder block and lubricate them with clean
engine oil.
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ASSEMBLY (Continued)

6. NOTE: The upper thrust washers are shown for 8. NOTE: If equipped, the oil groove on the
location purposes only. Do not install the upper thrust washer must face toward the front of the
thrust washers until the crankshaft is installed. engine (against the crankshaft surface).
Refer to the following two steps. Push the crankshaft forward and install the front
Install the crankshaft onto the upper crankshaft crankshaft upper thrust washer at the front of
main bearings. the No. 5 main boss.

9. NOTE: To aid in assembly, apply petroleum
jelly to the back of the crankshaft thrust
washer.

NOTE: If equipped, the oil groove on the
thrust washer must face toward the rear of the
engine (crankshaft surface).

Install the lower crankshaft thrust washer to the
back side of the No. 5 main bearing cap, with
oil grooves facing the crankshaft surface.

7. NOTE: If equipped, the oil groove on the
thrust washer must face toward the front of the
engine (against the crankshaft thrust surface).

Push the crankshaft rearward and install the rear
crankshaft upper thrust washer at the back of
the No. 5 main boss.

10. Install the crankshaft lower main bearings into
the main bearing caps and lubricate them with
clean engine oil. Locate the main bearing cap
on the cylinder block and keeping the cap as
square as possible, alternately draw the cap
down evenly  using the cap fasteners.
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ASSEMBLY (Continued)

11. Install the dowel pins so the flat sides face the
crankshaft.

12. Install the vertical main bearing cap fasteners
and tighten in the sequence shown.

• Tighten to 40 Nm (30 lb-ft).

• Tighten an additional 90 degrees.
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ASSEMBLY (Continued)

13. Install the side bolts and tighten them in the
sequence shown.

• Tighten to 30 Nm (22 lb-ft).

• Tighten an additional 90 degrees.

16. CAUTION: Do not scratch the cylinder
walls or crankshaft journals with the
connecting rod.

Once the connecting rod is seated on the
crankshaft journal, remove the Connecting Rod
Installer.

14. Assemble the eight pistons. For additional
information, refer to Piston in this section.

17. CAUTION: The rod cap installation
must keep the same orientation as marked15. CAUTION: Do not scratch the cylinder
during disassembly.walls or crankshaft journals with the
NOTE: The connecting rod caps are of theconnecting rod.
‘‘cracked’’ design and must mate with theNOTE: The next three steps are for all eight
connecting rod ends. Excessive bearingconnecting rods, rod caps and pistons. Only one
clearance will result if not mated correctly.connecting rod, rod cap and piston is shown.
Position the lower bearing and connecting rod,NOTE: Make sure the identification marks on
and install the new bolts loosely.the piston and connecting rod face toward the

front of the engine.

Use the special tools to install the piston and
connecting rod with the upper connecting rod
bearing in place.
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ASSEMBLY (Continued)

18. NOTE: Main bearing caps are removed for
clarity.

NOTE: Rotate the crankshaft after each
connecting rod is installed and tightened to
check for assembly binding.

Tighten the bolts in two stages, using the
sequence shown.

• Stage 1: Tighten to 43 Nm (32 lb-ft).

• Stage 2: Tighten an additional 105 degrees.

20. CAUTION: The gasket sealing surfaces
on the cylinder head and cylinder block must
be clean. For additional information, refer to
Cylinder Head — 5.4L in the Removal
portion of this section.

CAUTION: The use of sealing aids
(aviation cement, copper spray, and glue) is
not permitted. The gasket must be installed
dry.

CAUTION: The new gasket has a film
coating which is crucial to the gasket’s
ability to seal correctly. Do not scratch the
gasket.

NOTE: The RH head gasket is shown; the LH
head gasket is similar.

Install the head gasket over the dowel pins.

19. Position the oil pump and install the bolts
loosely. Tighten the bolts in the sequence
shown.
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ASSEMBLY (Continued)

22. NOTE: Make sure to tighten the bolts in21. CAUTION: Cylinder head machining
sequence in three stages.or milling is not authorized by the Ford

Motor Company. Cylinder head flatness Tighten the LH bolts in the sequence shown.
must be within 0.0254 mm (0.001 in) across a • Stage 1: Tighten to 40 Nm (30 lb-ft).
38.1 mm (1.5 in) square area.

• Stage 2: Tighten an additional 90 degrees.
CAUTION: The gasket sealing surfaces • Stage 3: Tighten an additional 90 degrees.

on the cylinder head and cylinder block must
be clean. For additional information, refer to
Cylinder Head — 5.4L in the Removal
portion of this section.

CAUTION: The use of sealing aids
(aviation cement, copper spray, and glue) is
not permitted. The gasket must be installed
dry.

CAUTION: Do not allow the dowels to
scratch the sealing surface of the cylinder
head during cylinder head installation.

NOTE: The new cylinder head bolts must be
lightly oiled with a rag, and allowed to drain
for a few minutes prior to installation.

NOTE: The RH cylinder head is shown; the
LH cylinder head is similar.

Install the cylinder head on the dowels and the
head gasket. Loosely install new bolts.
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ASSEMBLY (Continued)

23. NOTE: Make sure to tighten the bolts in the 25. NOTE: Lubricate the hydraulic lash adjusters
following three stages. with clean engine oil.

Tighten the RH bolts in the sequence shown. Install the hydraulic lash adjusters in their
original locations.• Stage 1: Tighten to 40 Nm (30 lb-ft).

• Stage 2: Tighten an additional 90 degrees.

• Stage 3: Tighten an additional 90 degrees.

26. Install the RH exhaust manifold gaskets and the
exhaust manifold. Tighten the nuts in the
sequence shown.

24. Remove the special tools from both ends of the
cylinder head.
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ASSEMBLY (Continued)

27. NOTE: Lubricate the O-ring seal with clean 29. CAUTION: Timing chain procedures
engine oil. must be followed exactly or damage to valves

and pistons will result.Install the oil level indicator tube.

Compress the tensioner plunger, using a vise.• Install a new O-ring seal on the oil level
indicator tube.

• Install the oil level indicator tube.

• Install the bolt.

30. Install a retaining clip on the tensioner to hold
the plunger in during installation.

31. Remove the tensioner from the vise.

28. Install the LH exhaust manifold and the exhaust
32. If the copper links are not visible, mark twomanifold gaskets. Tighten the nuts in the

links on one end and one link on the other end,sequence shown.
and use as timing marks.
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ASSEMBLY (Continued)

33. Install the timing chain guides.
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ASSEMBLY (Continued)

34. Pre-position the camshafts.

1 Rotate the LH camshaft until the timing
mark is approximately at 12 o’clock.

2 Rotate the RH camshaft until the timing
mark is approximately at 11 o’clock.

35. CAUTION: Rotate the crankshaft
counterclockwise only. Do not rotate past
position shown or severe piston and valve
damage can occur.

NOTE: The number one piston is at top dead
center (TDC) when the stud on the engine
block fits into the slot in the handle of the
special tool.

Position the crankshaft so the number one
cylinder is at TDC with the special tool.

36. Remove the Crankshaft Holding Tool.
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ASSEMBLY (Continued)

37. Install the crankshaft sprocket, making sure the
flange faces forward.

38. Position the lower end of the LH (inner) timing
chain on the crankshaft sprocket, aligning the
timing mark on the outer flange of the
crankshaft sprocket with the single copper
(marked) link on the chain.

40. NOTE: The LH timing chain tensioner arm has
a bump near the dowel hole for identification.

Position the LH timing chain tensioner arm on
the dowel pin and install the LH timing chain
tensioner.

39. NOTE: Make sure the upper half of the timing
chain is below the tensioner arm dowel.

Position the timing chain on the camshaft
sprocket with the camshaft sprocket timing
mark positioned between the two copper
(marked) chain links.
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ASSEMBLY (Continued)

41. Remove the retaining clip from the LH timing 44. Position the RH timing chain tensioner arm on
chain tensioner. the dowel pin and install the RH timing chain

tensioner.

42. Position the lower end of the RH (outer) timing
chain on the crankshaft sprocket, aligning the 45. Remove the retaining clip from the RH timing
timing mark on the sprocket with the single chain tensioner.
copper (marked) chain link.

46. As a post-check, verify correct alignment of all
43. Install the RH timing chain on the camshaft timing marks.

sprocket. Make sure the camshaft sprocket
timing mark is positioned between the two
copper (marked) chain links.
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ASSEMBLY (Continued)

47. Install the special tool between the valve spring 49. CAUTION: When installing the spark
coils to prevent valve stem seal damage. plugs, use care not to exceed the

recommended torque.

Install the eight spark plugs.

• Tighten the spark plugs to 18 Nm (13 lb-ft).

50. Install the crankshaft sensor ring on the
crankshaft.

48. NOTE: Lubricate the camshaft roller followers
using clean engine oil.

NOTE: Position the cam lobe away from the
camshaft roller follower location prior to
installing each camshaft roller follower.

Install the camshaft roller followers.

1 Install the special tool.

2 Compress the valve spring.

3 Install the camshaft roller followers in their
original locations.
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ASSEMBLY (Continued)

51. NOTE: If the front cover is not secured within
four minutes, the sealant must be removed and
the sealing area cleaned. To clean the sealing
area, use silicone gasket remover and metal
surface prep. Follow the directions on the
packaging. Failure to  follow this procedure can
cause future oil leakage.

Apply a bead of silicone gasket and sealant
along the cylinder head-to-cylinder block
surface and the oil pan-to-cylinder block
surface, at the locations shown.

52. Install a new engine front cover gasket on the
engine front cover. Position the engine front
cover. Install the fasteners finger-tight.
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ASSEMBLY (Continued)

53. Tighten the engine front cover fasteners in
sequence in three stages.

Stage 1: Tighten fasteners 1 through 7 to 25
Nm (18 lb-ft).

Stage 2: Tighten fasteners 6 and 7 to 48 Nm
(35 lb-ft).

Stage 3: Tighten fasteners 8 through 15 to 48
Nm (35 lb-ft).

Item Part Number Description Item Part Number Description

8 N808142 Screw and Washer, Hex Pilot,1 N806177 Bolt, Hex Flange Head Pilot,
M10 x 1.5 x 57.5M8 x 1.25 x 53

9 N808142 Screw and Washer, Hex Pilot,2 N806177 Bolt, Hex Flange Head Pilot,
M10 x 1.5 x 57.5M8 x 1.25 x 53

10 N808142 Screw and Washer, Hex Pilot,3 N806177 Bolt, Hex Flange Head Pilot,
M10 x 1.5 x 57.5M8 x 1.25 x 53

11 N808140 Stud and Washer, Hex Head4 N806177 Bolt, Hex Flange Head Pilot,
Pilot, M10 x 1.5 x 68 — M8M8 x 1.25 x 53
x 1.25 x 275 N806177 Bolt, Hex Flange Head Pilot,

12 N808140 Stud and Washer, Hex HeadM8 x 1.25 x 53
Pilot, M10 x 1.5 x 68 — M86 N808529 Stud, Hex Head Pilot, M10 x
x 1.25 x 271.5 x 59 — M10 x 1.5 x 30

13 N808140 Stud and Washer, Hex Head7 N808529 Stud, Hex Head Pilot, M10 x
Pilot, M10 x 1.5 x 68 — M81.5 x 59 — M10 x 1.5 x 30
x 1.25 x 27

(Continued)
(Continued)
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ASSEMBLY (Continued)

Item Part Number Description

14 N808140 Stud and Washer, Hex Head
Pilot, M10 x 1.5 x 68 — M8
x 1.25 x 27

15 N808140 Stud and Washer, Hex Head
Pilot, M10 x 1.5 x 68 — M8
x 1.25 x 27

54. Position the belt idler pulley and install the
bolt.

57. NOTE: If not secured within four minutes, the
sealant must be removed and the sealing area
cleaned. To clean the sealing area, use silicone
gasket remover and metal surface prep. Follow
the directions on the packaging. Failure to
follow this  procedure can cause future oil
leakage.

Apply silicone gasket and sealant to the
Woodruff key slot on the crankshaft pulley.

55. Lubricate the engine front cover and the
crankshaft front seal inner lip with clean engine
oil.

58. Use the special tool to install the crankshaft
pulley.

56. Use the special tools to install the crankshaft
front seal into the engine front cover.
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ASSEMBLY (Continued)

59. NOTE: Use a suitable strap wrench (303-D055)
to hold the pulley while tightening the bolt.

Tighten the new crankshaft pulley bolt in four
stages.

• Stage 1: Tighten to 90 Nm (66 lb-ft).

• Stage 2: Loosen 360 degrees.

• Stage 3: Tighten to 50 Nm (37 lb-ft).

• Stage 4: Tighten an additional 90 degrees.

60. NOTE: The front lower hole in the power
steering pump is not used.

Position the power steering pump and install the
61. If a new gasket is being installed, apply instantbolts.

adhesive completely around the gasket groove
in the LH valve cover. Install the new valve
cover gasket.
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ASSEMBLY (Continued)

62. NOTE: If not secured within four minutes, the
sealant must be removed and the sealing area
cleaned. To clean the sealing area, use silicone
gasket remover and metal surface prep. Follow
the directions on the packaging. Failure to
follow this  procedure can cause future oil
leakage.

Apply silicone gasket and sealant in two places
where the engine front cover meets the cylinder
head.

63. Position the LH valve cover and gasket on the
cylinder head and install the bolts loosely.

65. If a new gasket is being installed, apply instant
adhesive completely around the gasket groove
in the RH valve cover. Install the new valve
cover gasket.

64. Tighten the bolts in the sequence shown.
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ASSEMBLY (Continued)

66. NOTE: If not secured within four minutes, the
sealant must be removed and the sealing area
cleaned. To clean the sealing area, use silicone
gasket remover and metal surface prep. Follow
the directions on the packaging. Failure to
follow this  procedure can cause future oil
leakage.

Apply silicone gasket and sealant in two places
where the engine front cover meets the cylinder
head.

67. Position the RH valve cover and gasket on the
cylinder head and install the bolts loosely.

69. Install the crankcase ventilation tube on the LH
valve cover.

68. Tighten the bolts in the sequence shown.
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303-01A-23 303-01A-23Engine — 4.6L and 5.4L

ASSEMBLY (Continued)

70. NOTE: RH shown, LH similar. 74. Connect the KS electrical connector.

Install the radio frequency interference
capacitors.

75. Connect the RH radio frequency interference
capacitor electrical connector.

71. Roughly position the engine control sensor
wiring harness and mount it on the valve cover
studs.

72. Connect the CKP sensor electrical connector.

76. Connect the CMP sensor electrical connector.

73. Connect the oil pressure switch electrical
connector.
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303-01A-24 303-01A-24Engine — 4.6L and 5.4L

ASSEMBLY (Continued)

77. Connect the LH radio frequency interference 80. Position the LH and RH engine mounts to the
capacitor and CHT sensor electrical connectors. cylinder block and install the six bolts.

78. NOTE: LH shown, RH similar. 81. If equipped, install the A/C compressor and the
bolts.Install the cylinder block drain plugs.

79. Position a new gasket and the oil filter adapter.
Install the bolts and nut.
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303-01A-25 303-01A-25Engine — 4.6L and 5.4L

ASSEMBLY (Continued)

82. CAUTION: Do not rotate the coolant
pump housing once the coolant pump has
been positioned in the cylinder block.
Damage to the O-ring seal will occur.

Install the coolant pump.

1 Lubricate the new O-ring seal using engine
coolant and install the O-ring seal onto the
coolant pump.

2 Position the coolant pump into the engine
block.

3 Install the bolts.

83. Position the coolant pump pulley on the coolant 84. CAUTION: Do not use metal scrapers,
pump and install the bolts. wire brushes, power abrasive discs or other

abrasive means to clean the aluminum
retainer plate. These tools cause scratches
and gouges, which make leak paths. Use a
plastic scraping tool to remove all traces of
old  sealant.

Inspect the rear seal retainer plate. Clean the
mating surface for the rear seal retainer plate
with silicone gasket remover and metal surface
prep. Follow the directions on the packaging.
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303-01A-26 303-01A-26Engine — 4.6L and 5.4L

ASSEMBLY (Continued)

85. NOTE: If not secured within four minutes, the
sealant must be removed and the sealing area
cleaned. To clean the sealing area, use silicone
gasket remover and metal surface prep. Follow
the directions on the packaging. Failure to
follow this  procedure can cause future oil
leakage.

Apply a 4 mm (0.16 in) bead of silicone gasket
and sealant around the crankshaft rear seal
retainer sealing surface.

88. Install the oil drain plug before installing the oil
pan.

86. Install the crankshaft rear seal retainer plate and
loosely install the six bolts.

89. Install the oil pump screen and pickup tube
spacer.

87. Tighten the bolts in the sequence shown.
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303-01A-27 303-01A-27Engine — 4.6L and 5.4L

ASSEMBLY (Continued)

92. NOTE: If the oil pan is not secured within four90. CAUTION: Make sure the O-ring is in
minutes, the sealant must be removed and theplace and not damaged. A missing or
sealing areas cleaned. To clean the sealing area,damaged O-ring can cause foam in the
use silicone gasket remover and metal surfacelubrication system, low oil pressure and
prep. Follow the directions on the packaging.severe engine damage.
Failure to  follow this procedure can cause

NOTE: Clean and inspect the mating surfaces future oil leakage.
and install a new O-ring. Lubricate the O-ring

Apply silicone gasket and sealant at the rear oilwith clean engine oil.
seal retainer-to-cylinder block sealing surface.

Position the oil pump screen and pickup tube
and install the bolts.

91. CAUTION: Do not use metal scrapers,
wire brushes, power abrasive discs or other
abrasive means to clean the sealing surfaces.
These tools cause scratches and gouges,
which make leak paths. Use a plastic
scraping tool to remove all traces of old
sealant.

Inspect the oil pan. Clean the mating surface
for the oil pan with silicone gasket remover and
metal surface prep. Follow the directions on the
packaging.
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303-01A-28 303-01A-28Engine — 4.6L and 5.4L

ASSEMBLY (Continued)

93. Apply silicone gasket and sealant at the engine
front cover-to-cylinder block sealing surface.

94. Install the oil pan gasket and the oil pan and
loosely install the bolts.

95. Tighten the bolts in two stages, in the sequence
shown.

• Stage 1: Tighten to 20 Nm (15 lb-ft).

• Stage 2: Tighten an additional 90 degrees.
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303-01A-29 303-01A-29Engine — 4.6L and 5.4L

ASSEMBLY (Continued)

96. Install the special tool. 99. Lower the engine onto wooden blocks.

100. Install the special tool and raise the engine.

97. NOTE: The oil level indicator and tube are
removed for clarity.

101. Install the oil level indicator tube nut andInstall the special tool.
insert the oil level indicator.

98. Install the special tool and remove the engine
from the work stand.
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303-01A-30 303-01A-30Engine — 4.6L and 5.4L

ASSEMBLY (Continued)

102. NOTE: Lubricate the inner lip of the 104. Install the flexplate and bolts. Tighten the
crankshaft rear seal with clean engine oil. bolts in the sequence shown.

Using the special tools, install a new
crankshaft rear seal.

103. Using the special tools, install the crankshaft
rear oil slinger.
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303-01A-1 303-01A-1Engine — 4.6L and 5.4L

INSTALLATION

4. NOTE: Align the engine-to-transmissionEngine
dowels before installing the
engine-to-transmission bolts.Special Tool(s)
Position the shifter cable support bracket and

Modular Engine Lift Bracket
install the two transmission-to-engine bolts.303-F047 (014-00073) or

equivalent

Wrench, Fan Clutch Nut
303-240 (T84T-6312-D)

Holding Wrench, Fan Pulley
303-239 (T84T-6312-C) 5. Install the RH lower transmission-to-engine

bolt.

Installer Set, Teflon Seal
211-D027 (D90P-3517-A) or
equivalent

Material

Item Specification

SAE 5W-20 Premium WSS-M2C153-H
Synthetic Blend Engine
Oil
XO-5W20-QSP or
equivalent

All engines

1. Position the engine in the vehicle.

2. Remove the floor crane and the jack supporting
the transmission.

3. With the vehicle in NEUTRAL, position it on a
hoist. For additional information, refer to
Section 100-02.

Copyright  2003, Ford Motor Company
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303-01A-2 303-01A-2Engine — 4.6L and 5.4L

INSTALLATION (Continued)

Vehicles equipped with 4R70E transmission

6. Install the mounting bracket and connect the
shift cable.

1 Install the bolts.

2 Connect the clip.

9. Install the flexplate inspection cover.

All engines

7. Install four new nuts to retain the torque
converter to the flexplate.

• Rotate the crankshaft to access all of the
torque converter nuts.

10. NOTE: RH shown, LH similar.

Install the four engine mount nuts.

8. Install the cylinder block opening cover.
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303-01A-3 303-01A-3Engine — 4.6L and 5.4L

INSTALLATION (Continued)

11. Install the starter motor.

1 Position the starter.

2 Install the two bolts.

3 Install the stud bolt.

15. NOTE: Make sure the tab on the oil filter
adapter nests into the notch in the oil cooler.

Position the oil cooler on the oil filter adapter
and install the threaded insert.

12. Connect the starter motor electrical connections.

16. Install a new oil filter.

13. Install the starter motor solenoid terminal cover.

14. Mount the exhaust system to the LH and RH
exhaust manifolds.
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303-01A-4 303-01A-4Engine — 4.6L and 5.4L

INSTALLATION (Continued)

All engines17. Connect the oil cooler hoses.

20. Using the special tool, install a new Teflon
seal on the power steering pressure tube.

Romeo engine (4.6L)

18. Position the transmission fluid cooler tube
support bracket and install the nut. 21. Connect the power steering pressure tube and

the power steering reservoir hose to the power
steering pump.

Windsor engine (5.4L)

22. Install and tighten the oil drain plug.19. Position the fluid cooler tube support bracket
and install the nut.

2004 E-Series, 12/2003 



303-01A-5 303-01A-5Engine — 4.6L and 5.4L

INSTALLATION (Continued)

Romeo engines (4.6L)23. Position the fuel line and the LH heated oxygen
sensor (HO2S) brackets. Install the four upper
transmission-to-engine bolts. 26. Install the heater outlet tube studs.

24. Connect the transmission wiring harness and the 27. NOTE: Lubricate the O-ring seals with clean
LH and RH HO2S electrical connectors. Install transmission fluid before installing the
the transmission wiring harness connector transmission fluid filler tube.
retainer in the bracket.

Install the transmission fluid filler tube.

25. NOTE: Do not reuse the O-ring seals. Windsor engine (5.4L)
Lubricate the new O-ring seals with clean
engine coolant before installing the heater outlet

28. Install the heater outlet tube studs.tube.

Insert the heater outlet tube over the new seals.
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303-01A-6 303-01A-6Engine — 4.6L and 5.4L

INSTALLATION (Continued)

29. NOTE: Lubricate the O-ring seals with clean
transmission fluid before installing the
transmission fluid filler tube.

Install the transmission fluid filler tube.

32. Connect the evaporative emission canister purge
valve electrical connector.

All engines

30. Connect the hose to the heater outlet tube.

33. Connect the attachments to the transmission
fluid filler tube and install the fluid level
indicator.

1 Connect the rear heater hose hanger.

2 Install the fluid level indicator.

31. Install the wiring retainers in the heater outlet
tube bracket.

1 Install the knock sensor electrical connector
retainer.

2 Install the engine harness routing clip
retainer.
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303-01A-7 303-01A-7Engine — 4.6L and 5.4L

INSTALLATION (Continued)

34. Install the engine oil filler tube support strap 37. Connect the generator electrical connections.
bolt. 1 Install the B+ terminal and disconnect the

terminal.

2 Connect the S electrical connector.

3 Connect the ASI electrical connector.

35. NOTE: Windsor engine shown, Romeo engine
similar.

Position the mounting bracket, install the
ground strap and nut, and connect the electrical

38. NOTE: Typical shown.connectors.
Rotate the tensioner clockwise and install the
drive belt. Refer to the decal on the upper
radiator air deflector for belt routing.

36. Position the generator and install the bolts.

39. Connect the lower radiator hose to the oil filter
adapter coolant inlet.
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303-01A-8 303-01A-8Engine — 4.6L and 5.4L

INSTALLATION (Continued)

40. NOTE: LH shown, RH similar.

Position the lower radiator support and install
the twelve bolts.

43. NOTE: RH shown, LH similar.

Position the RH and LH air deflectors and
install the pin-type retainers.

41. Install the RH side of the headlamp dash panel
junction wiring harness.

1 Connect the electrical connector.

2 Install the screw.

3 Insert the routing clips.

44. NOTE: RH shown, LH similar.

Position the upper radiator support and install
the eight bolts.

42. Install the LH side of the headlamp dash panel
junction wiring harness.

1 Install the screw.

2 Insert the routing clips.
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303-01A-9 303-01A-9Engine — 4.6L and 5.4L

INSTALLATION (Continued)

45. Route the battery feed wiring harness to the
power distribution box and insert the routing
clips.

49. Install the A/C condenser core.

1 Position the A/C condenser core in the
vehicle.

2 Position the A/C condenser brackets.46. NOTE: Cover removed for clarity.
3 Install the bolts.Install the battery feed cable to the power

distribution box.

50. CAUTION: Use a wrench on each side
of the fitting to prevent damage to the A/C47. Install the power steering reservoir.
fitting.

Connect the condenser core refrigerant tubes.

1 Connect the condenser to evaporator tube.

2 Connect the compressor discharge tube.

48. Install the hood latch.

1 Install the hood latch.

2 Insert the cable routing clip.
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303-01A-10 303-01A-10Engine — 4.6L and 5.4L

INSTALLATION (Continued)

54. NOTE: LH shown, RH similar.51. CAUTION: Use a wrench on each side
of the fitting to prevent damage to the A/C Position the radiator support brackets and install
fitting. the bolts.

Connect the compressor suction tube.

55. Position the fan shroud and the fan and fan
clutch in the vehicle, and install the bolts.52. Connect the A/C pressure cutoff switch

electrical connector.

56. Insert the degas hose retainer in the fan shroud.

53. Position the radiator in the vehicle.
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303-01A-11 303-01A-11Engine — 4.6L and 5.4L

INSTALLATION (Continued)

57. Install the fan blade assembly and fan clutch.

1 Install the fan blade and the fan clutch.

2 Use the special tool to hold the coolant
pump pulley.

3 Using the special tool, tighten the fan clutch
nut.

61. Position the splash shield and install the
pushpin retainers.

58. Connect the upper radiator hose and the degas
hose to the radiator.

62. Connect the lower radiator hose to the radiator.

• Connect the hose.

• Connect the hose hanger.

59. Install the valance panel. For additional
information, refer to Section 501-02.

60. Connect the transmission cooler tubes.

63. Install the front bumper. For additional
information, refer to Section 501-19.

64. Fill the engine with clean engine oil.
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303-01A-12 303-01A-12Engine — 4.6L and 5.4L

INSTALLATION (Continued)

65. Install the intake manifold. For additional 67. Start the engine and check for leaks. Stop the
information, refer to Intake Manifold — 4.6L or engine and recheck the fluid levels.
Intake Manifold — 5.4L in this section.

Vehicles equipped with A/C
66. Fill all fluids to the correct levels.

68. Evacuate and recharge the air conditioning• Fill the transmission with clean transmission
system. For additional information, refer tofluid. For additional information, refer to
Section 412-00.Section 307-01A (4R100) or  Section

307-01B (4R70W).

• Fill the power steering system with clean
fluid. For additional information, refer to
Section 211-00.
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303-01A-1 303-01A-1Engine — 4.6L and 5.4L

INSTALLATION
Special Tool(s)Cylinder Head — 4.6L

Remover/Installer, Cylinder
HeadSpecial Tool(s)
303-572 (T97T-6000-A)

Compressor, Valve Spring
303-567 (T97P-6565-AH)

Lifting Bracket Set, Engine
303-DS086 (D93P-6001-A)

Compressor Spacer, Valve
Spring
303-382 (T91P-6565-AH)

Modular Engine Lift Bracket
303-F047 (014-00073) or
equivalent

Installer, Crankshaft Vibration
Damper
303-102 (T74P-6316-B)

Strap Wrench
303-D055 (D85L-6000-A)

Installer, Crankshaft Front Oil
Seal
303-635

Material

Item Specification
Installer, Front Cover Oil Seal

Motorcraft Silicone Gasket —303-335 (T88T-6701-A)
Remover
ZC-30

Motorcraft Metal Surface —
Prep
ZC-31

Silicone Gasket and WSE-M4G323-A4
Holding Tool, Crankshaft Sealant
303-448 (T93P-6303-A) F7AZ-19554-EA or

equivalent

Instant Adhesive WSK-M2G402-A4
E8AZ-19554-A

SAE 5W-20 Premium WSS-M2C153-H
Synthetic Blend Engine
Oil

(Continued)
XO-5W20-QSP or
equivalent
(Continued)

Copyright  2003, Ford Motor Company
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303-01A-2 303-01A-2Engine — 4.6L and 5.4L

INSTALLATION (Continued)

Material 2. CAUTION: Cylinder head machining
Item Specification or milling is not authorized by the Ford

Motor Company. Cylinder head flatnessMotorcraft Premium Gold WSS-M97B51-A1 (yellow
Engine Coolant in color) must be within 0.0254 mm (0.001 in) across a
VC-7-A (in Oregon 38.1 mm (1.5 in) square area.
VC-7-B) or equivalent. Do
not mix coolant types. CAUTION: The gasket sealing surfaces

on the cylinder head and cylinder block mustHydraulic Chain Tensioner —
Retaining Clip be clean. For additional information, refer to
1L3Z-6P250-AA Cylinder Head — 4.6L in the Removal

portion of this section.Installation
CAUTION: The use of sealing aids

All cylinder heads (aviation cement, copper spray, and glue) is
not permitted. The gasket must be installed
dry.

1. CAUTION: The gasket sealing surfaces
CAUTION: Do not allow the dowels toon the cylinder head and cylinder block must

scratch the sealing surface of the cylinderbe clean. For additional information, refer to
head during cylinder head installation.Cylinder Head — 4.6L in the Removal

portion of this section. NOTE: The new cylinder head bolts must be
lightly oiled with a rag, and allowed to drainCAUTION: The use of sealing aids
for a few minutes prior to installation.(aviation cement, copper spray, and glue) is

not permitted. The gasket must be installed NOTE: The RH cylinder head is shown; the
dry. LH cylinder head is similar.

Install the cylinder head on the dowels and theCAUTION: The new gasket has a film
head gasket. Loosely install new bolts.coating which is crucial to the gasket’s

ability to seal correctly. Do not scratch the
gasket.

NOTE: The RH head gasket is shown; the LH
head gasket is similar.

Install the head gasket over the dowel pins.
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303-01A-3 303-01A-3Engine — 4.6L and 5.4L

INSTALLATION (Continued)

LH cylinder head

3. NOTE: Make sure to tighten the bolts in
sequence in three stages.

Tighten the LH bolts in the sequence shown.

• Stage 1: Tighten to 40 Nm (30 lb-ft).

• Stage 2: Tighten an additional 90 degrees.

• Stage 3: Tighten an additional 90 degrees.

All cylinder heads

5. Remove the special tools from both ends of the
cylinder head.

RH cylinder head

4. NOTE: Make sure to tighten the bolts in the
following three stages.

Tighten the RH bolts in the sequence shown.

• Stage 1: Tighten to 40 Nm (30 lb-ft).

• Stage 2: Tighten an additional 90 degrees.

• Stage 3: Tighten an additional 90 degrees.
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303-01A-4 303-01A-4Engine — 4.6L and 5.4L

INSTALLATION (Continued)

6. NOTE: Lubricate the hydraulic lash adjusters
with clean engine oil.

Install the hydraulic lash adjusters in their
original locations.

RH cylinder head

7. Install the RH exhaust manifold gaskets and the
exhaust manifold. Tighten the nuts in the
sequence shown.

9. Install the LH exhaust manifold and the exhaust
manifold gaskets. Tighten the nuts in the
sequence shown.

LH cylinder head

8. NOTE: Lubricate the O-ring seal with clean
engine oil.

Install the oil level indicator tube.

• Install a new O-ring seal on the oil level
indicator tube.

• Install the oil level indicator tube.

• Install the bolt.
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303-01A-5 303-01A-5Engine — 4.6L and 5.4L

INSTALLATION (Continued)

All cylinder heads 12. Remove the tensioner from the vise.

13. If the copper links are not visible, mark one
10. CAUTION: Timing chain procedures

link on one end and one link on the other end,
must be followed exactly or damage to valves

and use as timing marks.
and pistons will result.

Compress the tensioner plunger, using a vise.

11. Install a retaining clip on the tensioner to hold
the plunger in during installation.
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303-01A-6 303-01A-6Engine — 4.6L and 5.4L

INSTALLATION (Continued)

14. Install the timing chain guides.

1 Position the LH timing chain guide.

2 Install and tighten the LH bolts.

3 Position the RH timing chain guide.

4 Install and tighten the RH bolts.

2004 E-Series, 12/2003 



303-01A-7 303-01A-7Engine — 4.6L and 5.4L

INSTALLATION (Continued)

15. Rotate the RH camshaft sprocket until the
timing mark is approximately at the 11 o’clock
position. Rotate the LH camshaft sprocket until
the timing mark is approximately at the 12
o’clock position.

17. Remove the Crankshaft Holding Tool.16. CAUTION: When instructed to do so,
rotate the crankshaft counterclockwise only.

18. Install the crankshaft sprocket, making sure theDo not rotate past the position shown or
flange faces forward.severe piston and valve damage can occur.

NOTE: The number one cylinder is at top dead
center (TDC) when the stud on the engine
block fits into the slot in the handle of the
special tool.

Using the special tool, position the crankshaft
so the number one cylinder is at TDC.
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303-01A-8 303-01A-8Engine — 4.6L and 5.4L

INSTALLATION (Continued)

19. Position the LH (inner) timing chain on the 22. Remove the retaining clip from the LH timing
crankshaft sprocket, aligning the copper chain tensioner.
(marked) link with the timing mark on the
sprocket.

23. Position the RH (outer) timing chain on the
crankshaft sprocket, aligning the copper

20. Install the LH timing chain on the camshaft (marked) link with the timing mark on the
sprocket, aligning the copper (marked) link with sprocket.
the timing marks on the sprocket.

24. Install the RH timing chain on the camshaft
21. NOTE: The LH timing chain tensioner arm has sprocket, aligning the copper (marked) link with

a bump near the dowel hole for identification. the timing marks on the sprocket.

Position the LH timing chain tensioner arm on
the dowel pin and install the LH timing chain
tensioner.
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303-01A-9 303-01A-9Engine — 4.6L and 5.4L

INSTALLATION (Continued)

25. Position the RH timing chain tensioner arm on 28. Install the special tool between the valve spring
the dowel pin and install the RH timing chain coils to prevent valve stem seal damage.
tensioner.

29. NOTE: Lubricate the camshaft roller followers
26. Remove the retaining clip from the RH timing using clean engine oil.

chain tensioner. NOTE: Position the cam lobe away from the
camshaft roller follower location prior to
installing each camshaft roller follower.

Install the camshaft roller followers.

1 Install the special tool.

2 Compress the valve spring.

3 Install the camshaft roller followers in their
original locations.

27. Make sure that the copper (marked) chain links
are lined up with the dots on the crankshaft
sprockets and the camshaft sprocket.

30. CAUTION: When installing the spark
plugs, use care not to exceed the
recommended torque.

Install the eight spark plugs.

• Tighten the spark plugs to 18 Nm (13 lb-ft).
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303-01A-10 303-01A-10Engine — 4.6L and 5.4L

INSTALLATION (Continued)

31. Install the crankshaft sensor ring on the 32. NOTE: If the front cover is not secured within
crankshaft. four minutes, the sealant must be removed and

the sealing area cleaned. To clean the sealing
area, use silicone gasket remover and metal
surface prep. Follow the directions on the
packaging. Failure to  follow this procedure can
cause future oil leakage.

Apply a bead of silicone gasket and sealant
along the cylinder head-to-cylinder block
surface and the oil pan-to-cylinder block
surface, at the locations shown.

33. Install a new engine front cover gasket on the
engine front cover. Position the engine front
cover. Install the fasteners finger-tight.
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303-01A-11 303-01A-11Engine — 4.6L and 5.4L

INSTALLATION (Continued)

34. Tighten the front cover fasteners in the
sequence shown to 25 Nm (18 lb-ft).

Item Part Number Description Item Part Number Description

9 N806177 Bolt, Hex Flange Head Pilot,1 N806177 Bolt, Hex Flange Head Pilot,
M8 x 1.25 x 53M8 x 1.25 x 53

10 N806177 Bolt, Hex Flange Head Pilot,2 N806177 Bolt, Hex Flange Head Pilot,
M8 x 1.25 x 53M8 x 1.25 x 53

11 N806300 Stud, Hex Shldr Pilot, M8 x3 N806177 Bolt, Hex Flange Head Pilot,
1.25 x 65 — M6 x 1.25 x 26M8 x 1.25 x 53

12 N806300 Stud, Hex Shldr Pilot, M8 x4 N806177 Bolt, Hex Flange Head Pilot,
1.25 x 65 — M6 x 1.25 x 26M8 x 1.25 x 53

13 N806300 Stud, Hex Shldr Pilot, M8 x5 N806177 Bolt, Hex Flange Head Pilot,
1.25 x 65 — M6 x 1.25 x 26M8 x 1.25 x 53

14 N806300 Stud, Hex Shldr Pilot, M8 x6 W706508 Stud, Hex Shldr Pilot, M8 x
1.25 x 65 — M6 x 1.25 x 261.25 x 50 — M6 x 1 x 10

15 N806300 Stud, Hex Shldr Pilot, M8 x7 N808586 Stud and Washer, Hex Head
1.25 x 65 — M6 x 1.25 x 26Pilot, M8 x 1.25 x 60 — M6

x 1 x 26

8 N806177 Bolt, Hex Flange Head Pilot,
M8 x 1.25 x 53

(Continued)
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303-01A-12 303-01A-12Engine — 4.6L and 5.4L

INSTALLATION (Continued)

35. Loosely install the bolts, then tighten the bolts
in two stages, in the sequence shown.

• Stage 1: Tighten to 20 Nm (15 lb-ft).

• Stage 2: Tighten an additional 90 degrees.

38. Use the special tools to install the crankshaft
front seal into the engine front cover.

39. NOTE: If not secured within four minutes, the
sealant must be removed and the sealing area
cleaned. To clean the sealing area, use silicone
gasket remover and metal surface prep. Follow36. Position the belt idler pulley and install the
the directions on the packaging. Failure tobolt.
follow this  procedure can cause future oil
leakage.

Apply silicone gasket and sealant to the
Woodruff key slot on the crankshaft pulley.

37. Lubricate the engine front cover and the
crankshaft front seal inner lip with clean engine
oil.
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303-01A-13 303-01A-13Engine — 4.6L and 5.4L

INSTALLATION (Continued)

40. Use the special tool to install the crankshaft 42. Position the coolant pump pulley on the coolant
pulley. pump and install the bolts.

41. NOTE: Use a suitable strap wrench (303-D055)
to hold the pulley while tightening the bolt.

Tighten the new crankshaft pulley bolt in four
stages.

• Stage 1: Tighten to 90 Nm (66 lb-ft).

• Stage 2: Loosen 360 degrees.

• Stage 3: Tighten to 50 Nm (37 lb-ft).

• Stage 4: Tighten an additional 90 degrees.
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303-01A-14 303-01A-14Engine — 4.6L and 5.4L

INSTALLATION (Continued)

43. NOTE: The front lower hole in the power 45. NOTE: If not secured within four minutes, the
steering pump is not used. sealant must be removed and the sealing area

cleaned. To clean the sealing area, use siliconePosition the power steering pump and install the
gasket remover and metal surface prep. Followbolts.
the directions on the packaging. Failure to
follow this  procedure can cause future oil
leakage.

Apply silicone gasket and sealant in two places
where the engine front cover meets the cylinder
head.

46. Position the LH valve cover and gasket on the
cylinder head and install the bolts loosely.

44. If a new gasket is being installed, apply instant
adhesive completely around the gasket groove
in the LH valve cover. Install the new valve
cover gasket.
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303-01A-15 303-01A-15Engine — 4.6L and 5.4L

INSTALLATION (Continued)

47. Tighten the bolts in the sequence shown. 49. NOTE: If not secured within four minutes, the
sealant must be removed and the sealing area
cleaned. To clean the sealing area, use silicone
gasket remover and metal surface prep. Follow
the directions on the packaging. Failure to
follow this  procedure can cause future oil
leakage.

Apply silicone gasket and sealant in two places
where the engine front cover meets the cylinder
head.

50. Position the RH valve cover and gasket on the
cylinder head and install the bolts loosely.

48. If a new gasket is being installed, apply instant
adhesive completely around the gasket groove
in the RH valve cover. Install the new valve
cover gasket.
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303-01A-16 303-01A-16Engine — 4.6L and 5.4L

INSTALLATION (Continued)

51. Tighten the bolts in the sequence shown.

54. NOTE: RH shown, LH similar.

Install the radio frequency interference
capacitors.

52. Install the positive crankcase ventilation (PCV)
valve and hose in the RH valve cover.

55. Roughly position the engine control sensor
wiring harness and mount it on the valve cover
studs.

56. Connect the CKP sensor electrical connector.

53. Install the crankcase ventilation tube on the LH
valve cover.
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303-01A-17 303-01A-17Engine — 4.6L and 5.4L

INSTALLATION (Continued)

57. Connect the oil pressure switch electrical
connector.

61. Connect the LH radio frequency interference
capacitor and CHT sensor electrical connectors.

58. Connect the KS electrical connector.

62. NOTE: LH shown, RH similar.

Install the cylinder block drain plugs.
59. Connect the RH radio frequency interference

capacitor electrical connector.

63. Install the RH engine mount.

• Tighten the bolts to 63 Nm (46 lb-ft).60. Connect the CMP sensor electrical connector.
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303-01A-18 303-01A-18Engine — 4.6L and 5.4L

INSTALLATION (Continued)

64. Install the special tool. 68. Install the special tool and raise the engine.

65. NOTE: The oil level indicator and tube are 69. Install the flexplate or the flywheel and bolts.
removed for clarity. Tighten the bolts in the sequence shown.

Install the special tool.

66. Install the special tool and remove the engine
from the work stand.

70. Install the engine. For additional information,
refer to Engine in this section.

67. Lower the engine onto wooden blocks.
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303-01A-1 303-01A-1Engine — 4.6L and 5.4L

INSTALLATION
Special Tool(s)Cylinder Head — 5.4L

Remover/Installer, Cylinder
HeadSpecial Tool(s)
303-572 (T97T-6000-A)

Compressor, Valve Spring
303-567 (T97P-6565-AH)

Lifting Bracket Set, Engine
303-DS086 (D93P-6001-A)

Compressor Spacer, Valve
Spring
303-382 (T91P-6565-AH)

Modular Engine Lift Bracket
303-F047 (014-00073) or
equivalent

Installer, Crankshaft Vibration
Damper
303-102 (T74P-6316-B)

Strap Wrench
303-D055 (D85L-6000-A)

Installer, Crankshaft Front Oil
Seal
303-635

Material

Item Specification
Installer, Front Cover Oil Seal

Motorcraft Silicone Gasket —303-335 (T88T-6701-A)
Remover
ZC-30

Motorcraft Metal Surface —
Prep
ZC-31

Silicone Gasket and WSE-M4G323-A4
Holding Tool, Crankshaft Sealant
303-448 (T93P-6303-A) F7AZ-19554-EA or

equivalent

Instant Adhesive WSK-M2G402-A4
E8AZ-19554-A

SAE 5W-20 Premium WSS-M2C153-H
Synthetic Blend Engine
Oil

(Continued)
XO-5W20-QSP or
equivalent
(Continued)

Copyright  2003, Ford Motor Company
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303-01A-2 303-01A-2Engine — 4.6L and 5.4L

INSTALLATION (Continued)

Material 2. CAUTION: Cylinder head machining
Item Specification or milling is not authorized by the Ford

Motor Company. Cylinder head flatnessMotorcraft Premium Gold WSS-M97B51-A1 (yellow
Engine Coolant in color) must be within 0.0254 mm (0.001 in) across a
VC-7-A (in Oregon 38.1 mm (1.5 in) square area.
VC-7-B) or equivalent. Do
not mix coolant types. CAUTION: The gasket sealing surfaces

on the cylinder head and cylinder block mustHydraulic Chain Tensioner —
Retaining Clip be clean. For additional information, refer to
1L3Z-6P250-AA Cylinder Head — 5.4L in the Removal

portion of this section.Installation
CAUTION: The use of sealing aids

All cylinder heads (aviation cement, copper spray, and glue) is
not permitted. The gasket must be installed
dry.

1. CAUTION: The gasket sealing surfaces
CAUTION: Do not allow the dowels toon the cylinder head and cylinder block must

scratch the sealing surface of the cylinderbe clean. For additional information, refer to
head during cylinder head installation.Cylinder Head — 5.4L in the Removal

portion of this section. NOTE: The new cylinder head bolts must be
lightly oiled with a rag, and allowed to drainCAUTION: The use of sealing aids
for a few minutes prior to installation.(aviation cement, copper spray, and glue) is

not permitted. The gasket must be installed NOTE: The RH cylinder head is shown; the
dry. LH cylinder head is similar.

Install the cylinder head on the dowels and theCAUTION: The new gasket has a film
head gasket. Loosely install new bolts.coating which is crucial to the gasket’s

ability to seal correctly. Do not scratch the
gasket.

NOTE: The RH head gasket is shown; the LH
head gasket is similar.

Install the head gasket over the dowel pins.
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303-01A-3 303-01A-3Engine — 4.6L and 5.4L

INSTALLATION (Continued)

LH cylinder head

3. NOTE: Make sure to tighten the bolts in
sequence in three stages.

Tighten the LH bolts in the sequence shown.

• Stage 1: Tighten to 40 Nm (30 lb-ft).

• Stage 2: Tighten an additional 90 degrees.

• Stage 3: Tighten an additional 90 degrees.

All cylinder heads

5. Remove the special tools from both ends of the
cylinder head.

RH cylinder head

4. NOTE: Make sure to tighten the bolts in the
following three stages.

Tighten the RH bolts in the sequence shown.

• Stage 1: Tighten to 40 Nm (30 lb-ft).

• Stage 2: Tighten an additional 90 degrees.

• Stage 3: Tighten an additional 90 degrees.
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303-01A-4 303-01A-4Engine — 4.6L and 5.4L

INSTALLATION (Continued)

6. NOTE: Lubricate the hydraulic lash adjusters
with clean engine oil.

Install the hydraulic lash adjusters in their
original locations.

RH cylinder head

7. Install the RH exhaust manifold gaskets and the
exhaust manifold. Tighten the nuts in the
sequence shown.

9. Install the LH exhaust manifold and the exhaust
manifold gaskets. Tighten the nuts in the
sequence shown.

LH cylinder head

8. NOTE: Lubricate the O-ring seal with clean
engine oil.

Install the oil level indicator tube.

• Install a new O-ring seal on the oil level
indicator tube.

• Install the oil level indicator tube.

• Install the bolt.
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303-01A-5 303-01A-5Engine — 4.6L and 5.4L

INSTALLATION (Continued)

All cylinder heads 12. Remove the tensioner from the vise.

13. If the copper links are not visible, mark two
10. CAUTION: Timing chain procedures

links on one end and one link on the other end,
must be followed exactly or damage to valves

and use as timing marks.
and pistons will result.

Compress the tensioner plunger, using a vise.

11. Install a retaining clip on the tensioner to hold
the plunger in during installation.
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303-01A-6 303-01A-6Engine — 4.6L and 5.4L

INSTALLATION (Continued)

14. Install the timing chain guides.
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303-01A-7 303-01A-7Engine — 4.6L and 5.4L

INSTALLATION (Continued)

15. Pre-position the camshafts.

1 Rotate the LH camshaft until the timing
mark is approximately at 12 o’clock.

2 Rotate the RH camshaft until the timing
mark is approximately at 11 o’clock.

16. CAUTION: Rotate the crankshaft
counterclockwise only. Do not rotate past
position shown or severe piston and valve
damage can occur.

NOTE: The number one piston is at top dead
center (TDC) when the stud on the engine
block fits into the slot in the handle of the
special tool.

Position the crankshaft so the number one
cylinder is at TDC with the special tool.

17. Remove the Crankshaft Holding Tool.
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303-01A-8 303-01A-8Engine — 4.6L and 5.4L

INSTALLATION (Continued)

18. Install the crankshaft sprocket, making sure the
flange faces forward.

19. Position the lower end of the LH (inner) timing
chain on the crankshaft sprocket, aligning the
timing mark on the outer flange of the
crankshaft sprocket with the single copper
(marked) link on the chain.

21. NOTE: The LH timing chain tensioner arm has
a bump near the dowel hole for identification.

Position the LH timing chain tensioner arm on
the dowel pin and install the LH timing chain
tensioner.

20. NOTE: Make sure the upper half of the timing
chain is below the tensioner arm dowel.

Position the timing chain on the camshaft
sprocket with the camshaft sprocket timing
mark positioned between the two copper
(marked) chain links.
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303-01A-9 303-01A-9Engine — 4.6L and 5.4L

INSTALLATION (Continued)

22. Remove the retaining clip from the LH timing 25. Position the RH timing chain tensioner arm on
chain tensioner. the dowel pin and install the RH timing chain

tensioner.

23. Position the lower end of the RH (outer) timing
chain on the crankshaft sprocket, aligning the 26. Remove the retaining clip from the RH timing
timing mark on the sprocket with the single chain tensioner.
copper (marked) chain link.

27. As a post-check, verify correct alignment of all
24. Install the RH timing chain on the camshaft timing marks.

sprocket. Make sure the camshaft sprocket
timing mark is positioned between the two
copper (marked) chain links.
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303-01A-10 303-01A-10Engine — 4.6L and 5.4L

INSTALLATION (Continued)

28. Install the special tool between the valve spring 30. CAUTION: When installing the spark
coils to prevent valve stem seal damage. plugs, use care not to exceed the

recommended torque.

Install the eight spark plugs.

• Tighten the spark plugs to 18 Nm (13 lb-ft).

31. Install the crankshaft sensor ring on the
crankshaft.

29. NOTE: Lubricate the camshaft roller followers
using clean engine oil.

NOTE: Position the cam lobe away from the
camshaft roller follower location prior to
installing each camshaft roller follower.

Install the camshaft roller followers.

1 Install the special tool.

2 Compress the valve spring.

3 Install the camshaft roller followers in their
original locations.
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303-01A-11 303-01A-11Engine — 4.6L and 5.4L

INSTALLATION (Continued)

32. NOTE: If the front cover is not secured within
four minutes, the sealant must be removed and
the sealing area cleaned. To clean the sealing
area, use silicone gasket remover and metal
surface prep. Follow the directions on the
packaging. Failure to  follow this procedure can
cause future oil leakage.

Apply a bead of silicone gasket and sealant
along the cylinder head-to-cylinder block
surface and the oil pan-to-cylinder block
surface, at the locations shown.

33. Install a new engine front cover gasket on the
engine front cover. Position the engine front
cover. Install the fasteners finger-tight.
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303-01A-12 303-01A-12Engine — 4.6L and 5.4L

INSTALLATION (Continued)

34. Tighten the engine front cover fasteners in
sequence in three stages.

Stage 1: Tighten fasteners 1 through 7 to 25
Nm (18 lb-ft).

Stage 2: Tighten fasteners 6 and 7 to 48 Nm
(35 lb-ft).

Stage 3: Tighten fasteners 8 through 15 to 48
Nm (35 lb-ft).

Item Part Number Description Item Part Number Description

8 N808142 Screw and Washer, Hex Pilot,1 N806177 Bolt, Hex Flange Head Pilot,
M10 x 1.5 x 57.5M8 x 1.25 x 53

9 N808142 Screw and Washer, Hex Pilot,2 N806177 Bolt, Hex Flange Head Pilot,
M10 x 1.5 x 57.5M8 x 1.25 x 53

10 N808142 Screw and Washer, Hex Pilot,3 N806177 Bolt, Hex Flange Head Pilot,
M10 x 1.5 x 57.5M8 x 1.25 x 53

11 N808140 Stud and Washer, Hex Head4 N806177 Bolt, Hex Flange Head Pilot,
Pilot, M10 x 1.5 x 68 — M8M8 x 1.25 x 53
x 1.25 x 275 N806177 Bolt, Hex Flange Head Pilot,

12 N808140 Stud and Washer, Hex HeadM8 x 1.25 x 53
Pilot, M10 x 1.5 x 68 — M86 N808529 Stud, Hex Head Pilot, M10 x
x 1.25 x 271.5 x 59 — M10 x 1.5 x 30

13 N808140 Stud and Washer, Hex Head7 N808529 Stud, Hex Head Pilot, M10 x
Pilot, M10 x 1.5 x 68 — M81.5 x 59 — M10 x 1.5 x 30
x 1.25 x 27

(Continued)
(Continued)
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303-01A-13 303-01A-13Engine — 4.6L and 5.4L

INSTALLATION (Continued)

Item Part Number Description

14 N808140 Stud and Washer, Hex Head
Pilot, M10 x 1.5 x 68 — M8
x 1.25 x 27

15 N808140 Stud and Washer, Hex Head
Pilot, M10 x 1.5 x 68 — M8
x 1.25 x 27

35. Loosely install the bolts, then tighten the bolts
in two stages, in the sequence shown.

• Stage 1: Tighten to 20 Nm (15 lb-ft).

• Stage 2: Tighten an additional 90 degrees.

37. Lubricate the engine front cover and the
crankshaft front seal inner lip with clean engine
oil.

38. Use the special tools to install the crankshaft
front seal into the engine front cover.

36. Position the belt idler pulley and install the
bolt.
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303-01A-14 303-01A-14Engine — 4.6L and 5.4L

INSTALLATION (Continued)

39. NOTE: If not secured within four minutes, the
sealant must be removed and the sealing area
cleaned. To clean the sealing area, use silicone
gasket remover and metal surface prep. Follow
the directions on the packaging. Failure to
follow this  procedure can cause future oil
leakage.

Apply silicone gasket and sealant to the
Woodruff key slot on the crankshaft pulley.

42. Position the coolant pump pulley on the coolant
pump and install the bolts.

40. Use the special tool to install the crankshaft
pulley.

41. NOTE: Use a suitable strap wrench (303-D055)
to hold the pulley while tightening the bolt.

Tighten the new crankshaft pulley bolt in four
stages.

• Stage 1: Tighten to 90 Nm (66 lb-ft).

• Stage 2: Loosen 360 degrees.

• Stage 3: Tighten to 50 Nm (37 lb-ft).

• Stage 4: Tighten an additional 90 degrees.
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303-01A-15 303-01A-15Engine — 4.6L and 5.4L

INSTALLATION (Continued)

43. NOTE: The front lower hole in the power 45. NOTE: If not secured within four minutes, the
steering pump is not used. sealant must be removed and the sealing area

cleaned. To clean the sealing area, use siliconePosition the power steering pump and install the
gasket remover and metal surface prep. Followbolts.
the directions on the packaging. Failure to
follow this  procedure can cause future oil
leakage.

Apply silicone gasket and sealant in two places
where the engine front cover meets the cylinder
head.

46. Position the LH valve cover and gasket on the
cylinder head and install the bolts loosely.

44. If a new gasket is being installed, apply instant
adhesive completely around the gasket groove
in the LH valve cover. Install the new valve
cover gasket.
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303-01A-16 303-01A-16Engine — 4.6L and 5.4L

INSTALLATION (Continued)

47. Tighten the bolts in the sequence shown. 49. NOTE: If not secured within four minutes, the
sealant must be removed and the sealing area
cleaned. To clean the sealing area, use silicone
gasket remover and metal surface prep. Follow
the directions on the packaging. Failure to
follow this  procedure can cause future oil
leakage.

Apply silicone gasket and sealant in two places
where the engine front cover meets the cylinder
head.

50. Position the RH valve cover and gasket on the
cylinder head and install the bolts loosely.

48. If a new gasket is being installed, apply instant
adhesive completely around the gasket groove
in the RH valve cover. Install the new valve
cover gasket.
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303-01A-17 303-01A-17Engine — 4.6L and 5.4L

INSTALLATION (Continued)

51. Tighten the bolts in the sequence shown.

54. Roughly position the engine control sensor
wiring harness and mount it on the valve cover
studs.

55. Connect the CKP sensor electrical connector.

52. Install the crankcase ventilation tube on the LH
valve cover.

56. Connect the oil pressure switch electrical
connector.

53. NOTE: RH shown, LH similar.

Install the radio frequency interference
capacitors.
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303-01A-18 303-01A-18Engine — 4.6L and 5.4L

INSTALLATION (Continued)

57. Connect the KS electrical connector.

61. NOTE: LH shown, RH similar.

Install the cylinder block drain plugs.
58. Connect the RH radio frequency interference

capacitor electrical connector.

62. Install the RH engine mount.

• Tighten the bolts to 63 Nm (46 lb-ft).59. Connect the CMP sensor electrical connector.

63. Install the special tool.

60. Connect the LH radio frequency interference
capacitor and CHT sensor electrical connectors.
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303-01A-19 303-01A-19Engine — 4.6L and 5.4L

INSTALLATION (Continued)

64. Install the special tool. 68. Install the flexplate or the flywheel and bolts.
Tighten the bolts in the sequence shown.

65. Install the special tool and remove the engine
from the work stand.

69. Install the engine. For additional information,
refer to Engine in this section.66. Lower the engine onto wooden blocks.

67. Install the special tool and raise the engine.
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303-01B-1 303-01B-1Engine — 6.8L

General Specifications (Continued)
SPECIFICATIONS

Item Specification
General Specifications

Valve spring installed
Item Specification pressure (N @ Spec.

Length)Displacement (CID) 6.8L (415)
Intake 289.1 N @ 40.01 mmNo. of Cylinders 10
Exhaust 289.1 N @ 40.01 mmBore/Stroke 90.215/105.8 mm

Valve springs installedFire order 1-6-5-10-2-7-3-8-4-9
pressure (N @ Spec.

Oil pressure 93.33°C 276-517 kPa (40-75 psi) Length — Service Limit)
(200°F) @ 2,000 rpm

Intake 274.6 mm @ 40.01 mm
Oil capacity 6.5L (6.9 qts) with filter

Exhaust 274.6 mm @ 40.01 mm
Compression ratio 9.0:1

Valve springs — out of
Cylinder Head/Valve Train square limit

Combustion chamber 52.6 - 51.6 cc Intake 2.5 degrees
volume

Exhaust 2.5 degrees
Valve seat width — 2.1-1.9 mm

Valve guide inside 7.044-7.015 mmintake
diameter

Valve seat width — 2.1-1.9 mm
Camshaftexhaust
Lobe liftValve seat angle 45.00-44.50 degrees

Intake 6.58077 mmValve seat runout (T.I.R.) 0.025 mm
Exhaust 6.58551 mmValve arrangement (front to rear)

Lobe lift — allowable lift 0Valve stem guide
lossclearance
Valve lift @ zero lashIntake 0.069-0.020 mm

Intake 12.00 mmExhaust 0.095-0.045 mm
Exhaust 12.00 mmValve head diameter

Camshaft end play 0.25-0.188 mmIntake 44.63-44.37 mm
End play service limit 0.025-0.188 mmExhaust 34.12-33.88 mm
Journal-to-bearing 0.076-0.025 mmValve face runout (limit) 0.05 mm
clearance

Valve face angle 45.75-45.25 degrees
Journal diameters 26.962-26.936 mm

Valve stem diameter
Journal inside diameter 27.012-26.987 mm

Intake 6.995-6.975 mm (cap assembled)

Exhaust 6.970-6.949 mm Camshaft runout: full 0.09 mm (5 places)
indicator measurement onValve spring compression
all journals whenpressure
supported on front and

Intake (N @ Spec. 667.3 N @ 28.02 mm rear journals
 Length)

Cylinder Bore Diameter
Exhaust (N @ Spec. 667.3 N @ 28.02 mm

Grade 1 90.200-90.210 mm Length)
Grade 2 90.210-90.220 mmValve spring free length
Grade 3 90.220-90.230 mmIntake 50.2 mm

PistonExhaust 50.2 mm
Piston diameter (Grade 2) 90.180 ± 0.005 mm
at right angle-to-pin bore

Copyright  2003, Ford Motor Company
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303-01B-2 303-01B-2Engine — 6.8L

SPECIFICATIONS (Continued)

General Specifications (Continued) General Specifications (Continued)

Item Specification Item Specification

Piston-to-bore clearance (-0.005) to +0.025 mm Clearance — balance shaft 0.076 - 0.025 mm
journal-to-cylinder headPin bore diameter (piston) 22.008-22.014 mm
Cylinder head balance 27.012 - 26.987 mmPin diameter 22.0010-22.0030 mm
shaft journal diameter

Clearance (neg. or pos.) 0.0139-0.005 mm
Gear backlash 0.0076 - 0.1295 mm

Pin bore diameter (rod) 22.012-22.024 mm
Balance shaft end play 0.04 - 0.18 mm

Clearance 0.009-0.023 mm
Rod length (centerline 169.1 mm

Ring groove width bore-to-bore)

Top 1.503-1.505 mm Alignment

Intermediate 1.502-1.504 mm Bore-to-bore max. twist ± 0.05 mm

Oil control 3.030-3.050 mm Bore-to-bore max. bend ± 0.038 mm

Piston ring gap Side play (as assembled to
crank)Top 0.15-0.30 mm

Standard play 0.410 ± 0.26 mmIntermediate 0.25-0.50 mm
Max. play 0.670 mmOil control 0.15-0.65 mm

Sealant and LubricantsCrankshaft
Silicone Gasket and WSE-M4G323-A4Main bearing journal 67.482-67.504
Sealant F7AZ-19554-EAdiameter
Motorcraft Premium Gold WSS-M97B51-A1Maximum out-of-round 0.0075 mm (in) between
Engine Coolantcross sections
 VC-7-A

Maximum taper 0.004 mm
SAE 5W-20 Synthetic WSS-M2C153-H (Straightness)
Blend Motor Oil

Runout: FIM of center 0.05 mm 3 Places  XO-5W20-QSP
journals when located on

Metal Surface Prep ZC-31 —front and rear journal
Silicone Gasket Remover —Clearance — crankshaft 0.048-0.024 mm
ZC-30journal-to-main bearing

clearance Instant Adhesive WSK-M2G402-A4
E8AZ-19554-AConnecting rod journal 53.003-52.983 mm

diameter

Maximum out-of-round 0.0075 mm between cross Torque Specifications
sections

Description Nm lb-ft lb-in
Maximum taper 0.004 mm

Balancer shaft bearing 10 — 89
Crankshaft end play 0.075-0.377 cap bolts and studs
Connecting Rod Valve cover bolts 10 — 89
Big end journal inside 53.049-53.027 mm Camshaft bearing cap 10 — 89
diameter with assembled bolts
liners

Camshaft sprocket a a a

Rod bearing-to-journal 0.064-0.026 mm bolts
clearance

Cylinder head 26 19 —
Pin bore diameter (rod) 22.024-22.012 mm temperature (CHT)
Balance Shaft System sensor

Balance shaft journal 26.962 - 26.936 mm Camshaft position 10 — 89
diameter (CMP) sensor bolt
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303-01B-3 303-01B-3Engine — 6.8L

SPECIFICATIONS (Continued)

Torque Specifications (Continued) Torque Specifications (Continued)

Description Nm lb-ft lb-in Description Nm lb-ft lb-in

Crankshaft position 10 — 89 Oil pump screen cover 10 — 89
(CKP) sensor bolt and tube bolts

Connecting rod bolts a a a Oil pump screen and 25 18 —
pickup tube spacerCrankshaft damper a a a

pulley bolt Power steering pump 25 18 —
boltsCrankshaft main a a a

bearing bolts (cross Crankshaft rear seal 10 — 89
mounted) retainer plate bolts

Crankshaft main a a a Spark plugs 10 — 89
bearing bolts (vertical) Water outlet bolts 18 13 —
Cylinder heads bolts a a a

Idle air control (IAC) a a a

Exhaust manifold nuts 25 18 — valve screws

Exhaust manifold studs 12 9 — Throttle body (TB) a a a

spacer to intakeAccesory drive belt 25 18 —
manifold boltsidler pulley bolt
TB-to-TB spacer bolts a a a

Flexplate bolts 80 59 —
Timing chain guide 10 — 89Engine front cover 25 18 —
boltsbolts (1-7)
Timing chain hydraulic 25 18 —Engine front cover 48 35 —
tensioner boltsbolts (6-15)
Water pump bolts 25 18 —Fuel injection supply 10 — 89

manifold bracket bolts Water pump pulley 25 18 —
boltsHeater return tube 47 35 —

studs Engine coolant 20 15 —
temperature (ECT)Ignition coil 6 — 53
sensor

Knock sensor (KS) bolt 20 15 —
Brake booster vacuum 11 8 —

Intake a a a hose bracket nut
manifold-to-cylinder

Power steering bracket 10 — 89head bolts
upper bolts

Oil cooler 58 43 —
Power steering bracket 40 30 —assembly-to-oil filter
lower boltsadapter bolts
42-pin bulkhead 6 — 53Oil bypass filter 16 12 —
connector bolts

Oil filter adapter bolt 25 18 —
Transmission cooler 25 18 —

Oil filter adapter bolt 47 35 — line nut

Oil filter adapter nut 25 18 — Wiring harness bracket 15 11 —
nutWiring harness bracket 10 — 89

nut 42-pin connector bolt 6 — 53

Oil filter adapter stud 12 9 — Accelerator control 7 — 62
splash shield boltsOil level indicator bolt 7 — 62
Oil cooler insert 57 42 —Oil pan bolts a a a

Engine mount cross 63 46 —Oil pan drain plug 13 10 —
bolts

Oil pressure sender 14 10 —
Engine mount through 80 59 —

Oil pump bolts 10 — 89 bolts
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303-01B-4 303-01B-4Engine — 6.8L

SPECIFICATIONS (Continued)

Torque Specifications (Continued) Torque Specifications (Continued)

Description Nm lb-ft lb-in Description Nm lb-ft lb-in

Engine mount nuts 90 66 — Transmission-to-engine 48 35 —
boltsEngine mount nuts 90 66 —
Transmission shift 10 — 89Engine mount bolts 80 59 —
cable bracket bolt

Frame extension nuts 150 111 —
Accelerator cable 10 — 89and bolts
bracket bolts

Second cross 133 98 —
Engine oil indicator 10 — 89member-to-frame
tube bracket boltextension nuts and

bolts Transmission oil pan 15 11 —
boltsCrossbody brake line 25 18 —

fittings Oil pressure sensor 14 10 —

Cable bracket nut 25 18 — Fan shroud bolts 9 — 80

Ground strap nut 25 18 — Radio ignition 10 — 89
interference capacitorDual convertor Y-pipe 40 30 —
boltnuts
Accumulator suction 8 — 71Transmission mount 95 70 —
line nutnuts
Wiring bracket nut 25 18 —Power steering pump 25 18 —

bolts a Refer to the procedure in this section.
Torque converter nuts 40 30 —

2004 E-Series, 12/2003 



303-01B-1 303-01B-1Engine — 6.8L

DESCRIPTION AND OPERATION

Engine

Engine Component View
The concept of modularity allows engine designs to
share concepts and hardware. The following
illustration represents the basic cross-sectional view
of a modular V10 engine. The four modules are:

• intake module

• cylinder head module (RH)

• cylinder head module (LH)

• lower engine module

Due to the modular design, most out-of-vehicle
repairs benefit in reduction of time and labor needed
to repair the engine.

Bi-fuel vehicles differ from gasoline vehicles
through the addition of hardened valves and valve
seats.

The basic engine components consist of:

• single overhead camshafts

• two valves per cylinder

• balance shaft

• sequential multiport fuel injection (SFI)

• aluminum cylinder heads

• cast-iron, 90-degree V-cylinder block

• individual ignition coils for each spark plug

• two-piece intake manifold system

• composite-material lower intake manifold

• large-bore throttle body

Copyright  2003, Ford Motor Company
Last updated: 08/27/2003 2004 E-Series, 12/2003 



303-01B-2 303-01B-2Engine — 6.8L

DESCRIPTION AND OPERATION (Continued)

Engine Intake Components
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DESCRIPTION AND OPERATION (Continued)

Item Part Number Description Item Part Number Description

14 — Fuel injector lower O-ring1 N605894 Bolt (4 req’d)
seal (10 req’d)2 9E926 Throttle body (TB)

15 N606500 Bolt (10 req’d)3 9A589 TB adapter
16 12A366 Ignition coil (10 req’d)4 N808598 Bolt (4 req’d)
17 9E498 Vacuum harness5 N808598 Bolt (2 req’d)
18 9424 Intake manifold6 9F715 Idle air control (IAC) valve
19 N806156 Bolt (11 req’d)7 9D460 IAC valve gasket
20 N806178 Bolt (2 req’d)8 N806155 Bolt (4 req’d)
21 8594 Water outlet housing9 12B637 Fuel charging wiring
22 N806807 O-ring seal10 N807309 Bolt (4 req’d)
23 8575 Thermostat11 9F792 Fuel injection supply
24 9439 Intake manifold gasket (2manifold

req’d)12 — Fuel injector upper O-ring
25 6010 Cylinder blockseal (10 req’d)

13 9F593 Fuel injector (10 req’d)
(Continued)
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DESCRIPTION AND OPERATION (Continued)

Low End Components
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DESCRIPTION AND OPERATION (Continued)

Item Part Number Description Item Part Number Description

26 N806155 Bolt (2 req’d)1 6100 Piston and rod assembly (10
req’d) 27 6345 Bolt (11 req’d)

2 6152 Compression ring, lower (10 28 6325 Main bearing cap (6 req’d)
req’d)

29 6621 Oil pump
3 6150 Compression ring, upper (10

30 N605892 Bolt (3 req’d)req’d)
31 6B274 Timing chain guide4 6161 Oil control ring, center (10

req’d) 32 N606527 Bolt

5 6159 Oil control ring, outer (20 33 6306 Crankshaft sprocket
req’d) 34 12A227 Ignition pulse wheel

6 6135 Piston pin (10 req’d) 35 N806176 Bolt (3 req’d)
7 6110 Piston (10 req’d) 36 N808529 Stud bolt (2 req’d)
8 6140 Piston pin retainer clip (20 37 N806177 Bolt (5 req’d)

req’d)
38 6700 Crankshaft front seal

9 6200 Connecting rod assembly (10
39 N808140 Stud bolt (5 req’d)req’d)
40 N806155 Bolt10 6211 Connecting rod bearing (20

req’d) 41 6B288 Camshaft position sensor

11 6214 Bolt (20 req’d) 42 N806155 Bolt

12 6010 Cylinder block 43 6C315 Crankshaft position sensor

13 6C357 Side bolt (12 req’d) 44 N808142 Bolt (3 req’d)

14 6A431 Upper crankshaft thrust 45 6C086 Engine front cover
washer (2 req’d) 46 N606543 Bolt (4 req’d)

15 6303 Crankshaft 47 6L266 Timing chain tensioner —
16 6K302 Lower crankshaft thrust RH

washer 48 6K255 Timing chain tensioner arm
17 6A338 Lower crankshaft main 49 6268 Timing chain (2 req’d)

bearing (6 req’d)
50 6M256 Timing chain guide

18 6A346 Spacer (12 req’d)
51 6M269 Timing chain tensioner

19 6K258 Stud bolt
52 6M274 Timing chain tensioner arm

20 N806180 Spacer
53 N806183 Bolt (3 req’d)

21 6622 Oil pump screen cover and
54 N806201 Woodruff keytube
55 6W337 Upper front crankshaft main22 N605904 Bolt

bearing
23 6710 Oil pan gasket

56 6333 Upper crankshaft main
24 6675 Oil pan bearing (5 req’d)
25 W701605 Bolt (18 req’d)

(Continued)
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DESCRIPTION AND OPERATION (Continued)

Upper End Components

Item Part Number Description Item Part Number Description

9 12A699 Knock sensor1 6C342 Crankcase ventilation tube

10 6010 Cylinder block2 6582 Valve cover — RH

11 W704688 Hollow dowel (4 req’d)3 6B284 Camshaft bearing cap — RH

12 6083 Cylinder head gasket — LH4 6250 Camshaft — RH

13 6505 Exhaust valve (10 req’d)5 12405 Spark plug (10 req’d)

14 6507 Intake valve (10 req’d)6 18663 Water outlet tube

15 87838 Pipe plug (6 req’d)7 N808897 Bolt (2 req’d)

16 6G004 Cylinder head temperature8 87836 Hollow dowel (2 req’d)
(CHT) sensor(Continued)

(Continued)
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DESCRIPTION AND OPERATION (Continued)

Item Part Number Description Item Part Number Description

17  14B102 CHT sensor jumper harness 34 6A274 Camshaft — LH

18 6F087 Dowel 35 6065 Head bolt (24 req’d)

19 6C501 Valve tappet (20 req’d) 36 6518 Valve key (40 req’d)

20 N811085 Bolt 37 6514 Valve spring retainer (20
req’d)21 — Washer (2 req’d)

38 6513 Valve spring (20 req’d)22 6256 Camshaft sprocket — LH
39 6A517 Valve stem seal (20 req’d)23 6A303 Balance shaft drive gear
40 6050 Cylinder head — LH24 6529 Rocker arm (20 req’d)
41 87836 Pipe plug (2 req’d)25 6C272 Camshaft bearing cap — LH
42 W500225 Bolt26 6A305 Balance shaft
43 6051 Cylinder head gasket — RH27 6C267 Balance shaft bearing cap
44 6049 Cylinder head — RH28 N808777 Bolt (6 req’d)
45 N811085 Bolt29 6A505 Valve cover — LH
46 6256 Camshaft sprocket — RH30 6C266 Balance shaft bearing cap (2

req’d) 47 6266 Spacer

31 N807834 Bolt (26 req’d) 48 6B280 Front camshaft bearing cap
— RH (6 req’d)32 6B280 Camshaft bearing cap — LH

(4 req’d)

33 6C266 Camshaft bearing cap — LH
(2 req’d)

(Continued)
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DESCRIPTION AND OPERATION (Continued)

Major Exterior Components

Item Part Number Description Item Part Number Description

8 9Y431 Exhaust manifold gasket —1 6010 Cylinder block
RH rear2 N811313 Stud (10 req’d)

9 W701706 Nut (10 req’d)3 9Y430 Exhaust manifold gasket —
10 9Y430 Exhaust manifold gasket —LH rear

RH front4 9429 Exhaust manifold — LH
11 9428 Exhaust manifold — RH5 W701706 Nut (10 req’d)
12 6316 Crankshaft damper6 9Y431 Exhaust manifold gasket —
13 N806165 WasherLH front

14 N806139 Bolt7 W701681 Stud (10 req’d)
(Continued)(Continued)
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DESCRIPTION AND OPERATION (Continued)

Item Part Number Description Item Part Number Description

15 N8066282 Bolt (4 req’d) 31 6K873 Oil level indicator tube

16 N808102 Bolt 32 N806155 Bolt

17 19A216 Idler pulley 33 391186 Pipe plug

18 8A528 Water pump pulley 34 W704787 Stud

19 N808794 Bolt (4 req’d) 35 N620482 Nut

20 8051 Water pump 36 6A642 Oil cooler

21 N808315 Pipe plug 37 6714 Oil bypass filter

22 N806007 Dowel 38 9278 Oil pressure sensor

23 N807198 Hollow dowel (2 req’d) 39 N806156 Bolt (4 req’d)

24 N87836 Dowel (2 req’d) 40 6884 Oil filter adapter

25 6K318 Crankshaft rear seal retainer 41 6A636 Oil filter adapter gasket
plate 42 N806007 Dowel (2 req’d)

26 N806155 Bolt (5 req’d) 43 N806040 Dowel (2 req’d)
27 6701 Crankshaft rear seal 44 N806435 Pipe plug (2 req’d)
28 6310 Crankshaft rear oil slinger 45 87836 Pipe plug
29 6375 Flexplate 46 18B402 Water outlet tube
30 — Bolt (8 req’d)

(Continued)
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DIAGNOSIS AND TESTING

Engine
Refer to Section 303-00 for basic mechanical
concerns or refer to the Powertrain
Control/Emissions Diagnosis (PC/ED) manual for
driveability concerns.
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IN-VEHICLE REPAIR

Intake Manifold

Material

Item Specification

SAE 5W-20 Synthetic WSS-M2C153-H
Blend Motor Oil
XO-5W20-5QSP

Silicone Gasket Remover -
ZC-30

Metal Surface Prep -
ZC-31

Removal
8. Compress and slide the hose clamp and

disconnect the coolant hose.
WARNING: Do not smoke or carry lighted

tobacco or open flame of any type when working
on or near any fuel-related components. Highly
flammable mixtures are always present and can
be ignited, resulting in possible personal injury.

WARNING: Fuel in the fuel system
remains under high pressure, even when the
engine is not running. Do not work on any fuel
system component until fuel system pressure has
been relieved. Failure to follow these instructions
may result in personal injury.

1. Relieve the fuel system pressure. For additional
information, refer to Section 310-00A.

2. Disconnect the battery ground cable. For
additional information, refer to Section 414-01.

3. Remove the air cleaner and the air cleaner
outlet tube. For additional information, refer to
Section 303-12.

4. Remove the interior engine cover. For
additional information, refer to Section 501-05.

5. Drain the cooling system. For additional
information, refer to Section 303-03.

6. Disconnect the fuel hose spring lock coupling.
For additional information, refer to Section
310-00A.

7. Remove the accelerator cable splash shield.
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IN-VEHICLE REPAIR (Continued)

9. Disconnect the coolant temperature sensor
electrical connector.

12. Disconnect the heater hose.

13. Disconnect the throttle position (TP) sensor.

• Disconnect the electrical connector.10. Remove the bolt and the bracket.
• Detach the harness routing clip.

11. Remove the bolts and the generator upper
support bracket.
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IN-VEHICLE REPAIR (Continued)

14. Disconnect the throttle body control linkage. 17. Remove the four retainers from the fuel
charging wiring harness and position the wiring1 Disconnect the accelerator pedal.
harness away from the fuel injection supply

2 Disconnect the speed control actuator cable. manifold.
3 Disconnect the throttle control return spring.

18. Remove the nut from the transmission fluid
15. Remove the bolts and position the accelerator indicator tube rear bracket and position the tube

cable bracket and cables aside. aside.

16. Remove the transmission fluid level indicator 19. If equipped, disconnect the auxiliary heater
tube bracket retaining nut and position the tube hoses and position them aside. For additional
aside. information, refer to Section 412-00.
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IN-VEHICLE REPAIR (Continued)

20. Disconnect the evaporative emission canister
purge valve hose and the vacuum hose.

24. Disconnect and remove the positive crankcase
ventilation (PCV) hose.

21. Remove the two evaporative emission canister 25. Disconnect the brake booster and the main
purge valve bracket nuts and position the valve engine vacuum harness and position aside.
and bracket assembly aside.

26. Remove the four bolts, the throttle body and
22. Disconnect and remove the idle air control adapter as an assembly.

(IAC) valve fresh air hose. • Discard the throttle body adapter gasket.

23. Disconnect the IAC valve electrical connector.

2004 E-Series, 12/2003 



303-01B-5 303-01B-5Engine — 6.8L

IN-VEHICLE REPAIR (Continued)

27. Disconnect the 10 fuel injector electrical 30. Disconnect the cylinder head temperature
connectors. (CHT) sensor electrical connectors.

28. Disconnect the 10 ignition coil electrical 31. Remove the bolts and the thermostat housing.
connectors.

29. Remove the screws and the 10 coils.
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IN-VEHICLE REPAIR (Continued)

32. Remove the bolts, the intake manifold and the
intake manifold gaskets.

2. NOTE: Do not tighten the bolts at this time.

Install the thermostat housing.

33. Clean and inspect the mating surfaces.

Installation

1. Install the intake manifold.

• Position the intake manifold gaskets and the
intake manifold, and loosely install the bolts.
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IN-VEHICLE REPAIR (Continued)

3. Tighten the bolts in the sequence shown in two 5. Connect the cylinder head temperature (CHT)
stages. sensor electrical connectors.

• Stage 1: Tighten to 2 Nm (18 lb-in).

• Stage 2: Tighten to 25 Nm (18 lb-ft).

6. Connect the 10 ignition coil electrical
connectors.

7. Connect the 10 fuel injector electrical4. Install the screws and the 10 coils.
connectors.• Apply dielectric grease to the inside of the

coil boots.
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IN-VEHICLE REPAIR (Continued)

8. Install the throttle body adapter gasket and the
throttle body and adapter as an assembly.
Tighten the bolts in two stages.

• Stage 1: Tighten the bolts to 9 Nm (80
lb-in).

• Stage 2: Tighten the bolts an additional 90
degrees (1/4 turn).

12. Install the IAC valve fresh air hose.

9. Install the positive crankcase ventilation (PCV)
hose.

10. Connect the brake booster and the main engine
vacuum harness.

13. Install the evaporative emission canister purge
valve and bracket.

11. Connect the idle air control (IAC) valve
electrical connector.
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IN-VEHICLE REPAIR (Continued)

14. Connect the evaporative emission canister purge 17. Install the four retainers on the fuel charging
valve hose and the vacuum hose. wiring harness.

15. If equipped, connect the auxiliary heater hoses. 18. Install the transmission fluid level indicator tube
For additional information, refer to Section and bracket retaining nut.
412-00.

19. Install the accelerator cable routing bracket.
16. Position the transmission fluid indicator tube

and install the nut on the rear bracket.
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IN-VEHICLE REPAIR (Continued)

20. Connect the throttle body linkage. 23. Install the generator upper support bracket.

1 Connect the accelerator cable.

2 Connect the speed control actuator cable.

3 Connect the throttle control return spring.

24. Install the accelerator cable routing bracket.

21. Connect the throttle position (TP) sensor.

• Connect the electrical connector.

• Attach the harness routing clip.

25. Connect the coolant temperature sensor
electrical connector.

22. Connect the coolant hose.
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IN-VEHICLE REPAIR (Continued)

26. Install the upper radiator hose.

28. Connect the fuel hose spring lock couplings.
For additional information, refer to Section

27. Install the accelerator cable snow shield. 310-00A.

29. Connect the battery ground cable. For additional
information, refer to Section 414-01.

30. Install the interior engine cover. For additional
information, refer to Section 501-05.

31. Install the air cleaner assembly and tubes. For
additional information, refer to Section 303-12.

32. Fill the cooling system. For additional
information, refer to Section 303-03.
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IN-VEHICLE REPAIR

Valve Cover — LH

Material

Item Specification

Motorcraft Silicone Gasket —
Remover
ZC-30

Motorcraft Metal Surface —
Prep
ZC-31

Silicone Gasket and WSE-M4G323-A4
Sealant
F7AZ-19554-EA or

6. Disconnect the fuel injector electricalequivalent
connectors.Instant Adhesive WSK-M2G402-A4

E8AZ-19554-A or
equivalent

Removal

1. Disconnect the battery ground cable. For
additional information, refer to Section 414-01.

2. Remove the engine cover. For additional
information, refer to Section 501-05.

3. Remove the engine air cleaner and the air
cleaner outlet tube. For additional information,
refer to Section 303-12.

7. Disconnect the ten ignition coil electrical
4. Remove the positive crankcase ventilation connectors.

(PCV) valve tube from the LH valve cover and
position aside.

5. Remove the nuts and position the LH fuel
charge wiring harness aside.
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IN-VEHICLE REPAIR (Continued)

8. Lift the fuel charging wiring off the valve cover
studs.

9. CAUTION: Do not use metal scrapers,
wire brushes, power abrasive discs or other
abrasive means to clean the sealing surfaces.
These tools cause scratches and gouges which
make leak paths. Use a plastic scraping tool
to remove all traces of old sealant.

NOTE: The intake manifold is shown removed
for clarity.

NOTE: The bolts are part of the valve cover
and should not be removed. Installation
Remove the LH valve cover.

• Fully loosen the bolts and remove the valve 1. NOTE: If not secured within four minutes, the
cover. sealant must be removed and the sealing area

cleaned. To clean the sealing area, use silicone• Inspect the valve cover gasket and clean the
gasket remover and metal surface prep. Followmating surface of the cylinder head.
the directions on the packaging. Failure to
follow this  procedure can cause future oil
leakage.

Apply a bead of silicone gasket and sealant in
two places where the engine front cover meets
the cylinder head.
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IN-VEHICLE REPAIR (Continued)

2. Position the valve cover and the valve cover
gasket on the cylinder head and loosely install
the bolts.

5. Position the LH fuel charge wiring harness and
install the nuts.

3. Tighten the bolts in the sequence shown.

6. Disconnect the fuel injector electrical
connectors.

4. Position the fuel charging wiring onto the valve
cover studs.
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IN-VEHICLE REPAIR (Continued)

7. Disconnect the ten ignition coil electrical
connectors.

9. Install the engine air cleaner and engine air
cleaner outlet tube. For additional information,
refer to Section 303-12.

8. Remove the positive crankcase ventilation
(PCV) valve tube from the LH valve cover and 10. Install the engine cover. For additional
position aside. information, refer to Section 501-05.

11. Connect the battery ground cable. For additional
information, refer to Section 414-01.
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IN-VEHICLE REPAIR

Valve Cover — RH

Material

Item Specification

Motorcraft Silicone Gasket —
Remover
ZC-30

Motorcraft Metal Surface —
Prep
ZC-31

Silicone Gasket and WSE-M4G323-A4
Sealant
F7AZ-19554-EA or

6. Disconnect the positive crankcase ventilationequivalent
(PCV) electrical connector and tube.Instant Adhesive WSK-M2G402-A4

E8AZ-19554-A or
equivalent

Removal

1. Disconnect the battery ground cable. For
additional information, refer to Section 414-01.

2. Remove the engine cover. For additional
information, refer to Section 501-05.

3. Remove the engine air cleaner and the air
cleaner outlet tube. For additional information,
refer to Section 303-12.

7. Disconnect the radio ignition interference
4. Disconnect the oil fill tube from the RH valve capacitor.

cover.

5. Remove the bolt and the oil fill tube.
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IN-VEHICLE REPAIR (Continued)

8. Disconnect the engine wiring harness
connectors.

12. Disconnect the wiring harness retainer from the
RH valve cover stud.

9. Remove the connectors from the bracket.

13. Remove the nuts and position the RH fuel
charge wiring harness aside.

10. Remove the ground strap and remove the
bracket.

11. Disconnect the A/C compressor connector and
the crankshaft position sensor connector.
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IN-VEHICLE REPAIR (Continued)

14. Disconnect the five RH fuel injector electrical
connectors.

Installation

1. Apply instant adhesive completely around the
15. Remove the RH ignition coils. For additional gasket groove in the valve cover. Install the

information, refer to Section 303-07B. new valve cover gasket.

16. Position the fuel charging wiring in the 2. CAUTION: Do not use metal scrapers,
passenger compartment. wire brushes, power abrasive discs or other

abrasive means to clean the sealing surfaces.
17. CAUTION: Do not use metal scrapers, These tools cause scratches and gouges which

wire brushes, power abrasive discs or other make leak paths. Use a plastic scraping tool
abrasive means to clean the sealing surfaces. to remove all traces of old sealant.
These tools cause scratches and gouges which NOTE: If the valve cover is not secured within
make leak paths. Use a plastic scraping tool four minutes, the sealant must be removed and
to remove all traces of old sealant. the sealing area cleaned. To clean the sealing
NOTE: The bolts are part of the valve cover area, use silicone gasket remover and metal
and cannot be removed. surface prep. Follow the directions on the

packaging. Failure to  follow this procedure canRemove the RH valve cover.
cause future oil leakage.• Fully loosen the bolts and remove the valve
Apply a bead of silicone gasket and sealant incover.
two places where the engine front cover meets• Clean the valve cover mating surface of the
the cylinder head.cylinder head with silicone gasket remover

and metal surface prep. Follow the
directions on the packaging.

• Discard the valve cover gasket. Clean the
valve cover gasket groove with soap and
water or a suitable solvent.
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IN-VEHICLE REPAIR (Continued)

3. Position the valve cover and the valve cover 7. Connect the five RH fuel injector electrical
gasket on the cylinder head and loosely install connectors.
the bolts.

8. Position the RH fuel charge wiring harness and
4. Tighten the bolts in the sequence shown. install the nuts.

9. Connect the wiring harness retainer to the RH
valve cover stud.

5. Position the fuel charging wiring harness on the
engine.

6. Install the RH ignition coils. For additional
information, refer to Section 303-07A.
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IN-VEHICLE REPAIR (Continued)

10. Connect the PCV tube and electrical connector.

14. Connect the engine wiring harness connectors.

11. Connect the A/C compressor and the crankshaft
position sensor electrical connectors.

15. Connect the radio ignition interference
capacitors.

12. Install the bracket and ground strap.

13. Install the engine wiring harness connectors on
the bracket.
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IN-VEHICLE REPAIR (Continued)

16. Connect the oil fill tube to the RH valve cover.

18. Remove the engine air cleaner and the air
cleaner outlet tube. For additional information,

17. Install the oil fill tube support bracket bolt. refer to Section 303-12.

19. Remove the engine cover. For additional
information, refer to Section 501-05.

20. Disconnect the battery ground cable. For
additional information, refer to Section 414-01.
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IN-VEHICLE REPAIR

Crankshaft Pulley

Special Tool(s)

Remover, Crankshaft Vibration
Damper
303-009 (T58P-6316-D)

Installer, Crankshaft Vibration
Damper
303-102 (T74P-6316-B) Installation

1. NOTE: If not secured within four minutes, the
sealant must be removed and the sealing area
cleaned. To clean the sealing area, use silicone
gasket remover and metal surface prep. Follow

Material the directions on the packaging. Failure to
Item Specification follow this  procedure can cause future oil

leakage.Silicone Gasket Remover —
ZC-30 Apply silicone gasket and sealant to the
Metal Surface Prep — Woodruff key slot in the crankshaft pulley.
ZC-31

Silicone Gasket and WSE-M4G323-A4
Sealant
F7AZ-19554-EA or
equivalent

Removal

1. With the vehicle in NEUTRAL, position it on a
hoist. For additional information, refer to
Section 100-02.

2. Remove the engine cooling fan and fan shroud.
For additional information, refer to Section
303-03.

3. Remove the accesory drive belt. For additional
information, refer to Section 303-05.

4. Remove the crankshaft pulley bolt.

5. Using the special tool, remove the crankshaft
pulley.
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IN-VEHICLE REPAIR (Continued)

2. Use the special tool to install the crankshaft
pulley.

4. Install the accesory drive belt. For additional
information, refer to Section 303-05.

3. Tighten the crankshaft pulley bolt in four 5. Install the engine cooling fan and the fan
stages. shroud. For additional information, refer to

Section 303-03.• Stage 1: Tighten to 90 Nm (66 lb-ft).

• Stage 2: Loosen 360 degrees.

• Stage 3: Tighten to 50 Nm (37 lb-ft).

• Stage 4: Tighten an additional 90 degrees.
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Crankshaft Front Seal

Special Tool(s)

Installer, Crankshaft Front Seal
303-335 (T88T-6701-A)

Remover, Crankshaft Front Seal
303-107 (T74P-6700-A)

Installation

1. Lubricate the engine front cover and the
crankshaft front seal inner lip with clean engine
oil.

Installer, Crankshaft Front Seal
303-635

Installer, Crankshaft Vibration
Damper
303-102 (T74P-6316-B)

2. Using the special tools, install the crankshaft
Material front seal into the engine front cover.

Item Specification

Super Premium SAE WSS-M2C153-H
5W-20 Engine Oil
XO-5W20-QSP or
equivalent

Removal

1. Remove the crankshaft pulley. For additional
information, refer to Crankshaft Pulley in this
section.

2. Using the special tool, remove the crankshaft
front seal.
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IN-VEHICLE REPAIR (Continued)

3. Install the crankshaft pulley. For additional
information, refer to Crankshaft Pulley in this
section.
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Engine Front Cover

Material

Item Specification

Motorcraft Silicone Gasket —
Remover
ZC-30

Motorcraft Metal Surface —
Prep
ZC-31

Silicone Gasket and WSE-M4G323-A4
Sealant
F7AZ-19554-EA or

8. Disconnect the crankshaft position (CKP) sensorequivalent
electrical connector.SAE 5W-20 Synthetic WSS-M2C153-H

Blend Motor Oil
XO-5W20-QSP or
equivalent

Removal

1. With the vehicle in NEUTRAL, position it on a
hoist. For additional information, refer to
Section 100-02.

2. Disconnect the battery ground cable. For
additional information, refer to Section 414-01.

3. Remove both of the valve covers. For
additional information, refer to Valve Cover — 9. Remove the drain plug and drain the engine oil.
LH and Valve Cover — RH in this section.

4. Remove the radiator. For additional
information, refer to Section 303-03.

5. Remove the water pump. For additional
information, refer to Section 303-03.

6. Remove the crankshaft front seal. For additional
information, refer to Crankshaft Front Seal in
this section.

7. Remove the top bolts and the lower bolt and
position the power steering pump aside.
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IN-VEHICLE REPAIR (Continued)

10. Remove the four front oil pan bolts. 12. Remove the bolt and the accessory drive belt
idler pulley.

13. Remove the bolts.

11. Disconnect the camshaft position (CMP) sensor
electrical connector.
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IN-VEHICLE REPAIR (Continued)

14. CAUTION: Do not use metal scrapers,
wire brushes, power abrasive discs or other
abrasive means to clean the sealing surfaces.
These tools cause scratches and gouges which
make leak paths. Use a plastic scraping tool
to remove all traces of old sealant.

Remove the engine front cover from the front
cover-to-cylinder block dowel.

• Remove the engine front cover gasket.

• Clean the mating surfaces with silicone
gasket remover and metal surface prep.
Follow the directions on the packaging.

• Inspect the mating surfaces.

2. Install the engine front cover with the engine
front cover gasket on the engine front

Installation cover-to-cylinder block dowel and loosely
install the bolts.

1. CAUTION: Do not use metal scrapers,
wire brushes, power abrasive discs or other
abrasive means to clean the sealing surfaces.
These tools cause scratches and gouges which
make leak paths. Use a plastic scraping tool
to remove all traces of old sealant.

NOTE: If the engine front cover is not secured
within four minutes, the sealant must be
removed and the sealing area cleaned. To clean
the sealing area, use silicone gasket remover
and metal surface prep. Follow the directions
on the packaging.  Failure to follow this
procedure can cause future oil leakage.

NOTE: Make sure that the engine front cover
gasket is in place on the engine front cover
before installation.

Apply a bead of silicone gasket and sealant
along the cylinder head-to-cylinder block
surface and the oil pan-to-cylinder block
surface, at the locations shown.
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Item Part Number Description3. Tighten the engine front cover fasteners in
sequence in two stages. 9 N808142 Screw and

Washer, HexStage 1: Tighten fasteners 1 through 7 to 25
Pilot, M10 x 1.5

Nm (18 lb-ft). x 54
Stage 2: Tighten fasteners 6 through 15 to 48 10 N808142 Screw and
Nm (35 lb-ft). Washer, Hex

Pilot, M10 x 1.5
Item Part Number Description x 54

1 N806177 Bolt, Hex 11 N808140 Stud and
Flange Head Washer, Hex

Pilot, M8 x 1.25 Head Pilot, M10
x 50 x 1.5 x 68 - M8

x 1.25 x 272 N806177 Bolt, Hex
Flange Head 12 N808140 Stud and

Pilot, M8 x 1.25 Washer, Hex
x 50 Head Pilot, M10

x 1.5 x 68 - M83 N806177 Bolt, Hex
x 1.25 x 27Flange Head

Pilot, M8 x 1.25 13 N808140 Stud and
x 50 Washer, Hex

Head Pilot, M104 N806177 Bolt, Hex
x 1.5 x 68 - M8Flange Head

x 1.25 x 27Pilot, M8 x 1.25
x 50 14 N808140 Stud and

Washer, Hex5 N806177 Bolts, Hex
Head Pilot, M10Flange Head
x 1.5 x 68 - M8Pilot, M8 x 1.25

x 1.25 x 27x 50
15 N808140 Stud and6 N808529 Stud, Hex-Head

Washer, HexPilot, M10 x 1.5
Head Pilot, M10x 59 - M10 x
x 1.5 x 68 - M81.5 x 30

x 1.25 x 27
7 N808529 Stud, Hex-Head

Pilot, M10 x 1.5
x 59 - M10 x

1.5 x 30

8 N808142 Screw and
Washer, Hex

Pilot, M10 x 1.5
x 54
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IN-VEHICLE REPAIR (Continued)

4. Position the accessory drive belt idler pulley 5. Connect the CMP electrical connector.
and install the bolt.
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IN-VEHICLE REPAIR (Continued)

6. Loosely install the bolts, then tighten the bolts 8. NOTE: The front lower hole in the power
in the two stages, in the sequence shown. steering pump is not used.

• Stage 1: Tighten to 20 Nm (15 lb-ft). Position the power steering pump and install the
bolts.• Stage 2: Tighten an additional 60 degrees.

9. Install the oil drain plug.

10. Install a new crankshaft front seal. For
additional information, refer to Crankshaft Front
Seal in this section.

11. Install the valve covers. For additional
information, refer to Valve Cover — LH and
Valve Cover — RH in this section.

12. Install the water pump. For additional
information, refer to Section 303-03.

13. Install the radiator. For additional information,
7. Connect the CKP sensor electrical connector. refer to Section 303-03.

14. Fill the engine with clean engine oil.

15. Connect the battery ground cable. For additional
information, refer to Section 414-01.
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Timing Drive Components

Special Tool(s)

Holding Tool, Crankshaft
 303-448 (T93P-6303-A)

Aligner, Camshaft Position
303-557 (T96T-6256-B) (2
Req’d)

3. CAUTION: The caps must be marked
for installation in their original location or
damage to the engine can occur.

Remove the six bolts and remove the balance
shaft bearing caps.

Material

Item Specification

SAE 5W-20 Synthetic WSS-M2C153-H
Blend Motor Oil
XO-5W20-QSP or
equivalent

Removal

CAUTION: Since the engine is not
free-wheeling, if the crankshaft or the camshafts
are moved in any manner during removal and
installation the crankshaft and camshaft must be
resynchronized. These steps are located in Engine

4. Remove the balance shaft.Assembly, Steps 36-48.

1. Remove the engine front cover. For additional
information, refer to Engine Front Cover in this
section.

2. Remove the crankshaft sensor ring from the
crankshaft.
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IN-VEHICLE REPAIR (Continued)

7. Remove the timing chain tensioning system5. CAUTION: Unless otherwise
from both timing chains.instructed, at no time when the timing chains

are removed and the cylinder heads are 1 Remove the bolts.
installed may the crankshaft or camshaft be 2 Remove the timing chain tensioners.
rotated. Severe piston and valve damage will

3 Remove the timing chain tensioner arms.occur.

Position the crankshaft with the keyway at the
12 o’clock position.

6. Install and carefully tighten the special tool on
the camshafts.
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IN-VEHICLE REPAIR (Continued)

8. Remove the LH and RH timing chain and the
crankshaft sprockets.

• Remove the RH timing chain from the
camshaft sprocket.

• Remove the RH timing chain from the
crankshaft sprocket.

• Remove the LH timing chain from the
camshaft sprocket.

• Remove the LH timing chain from the
crankshaft sprocket.
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IN-VEHICLE REPAIR (Continued)

9. Remove the timing chain guides.

• Remove the bolts.

• Remove the timing chain guides.

10. NOTE: Romeo engine shown; Windsor engine
similar.

On engine with bolt-on sprockets, remove the
camshaft sprocket.

1 Remove the bolt.

2 Remove the camshaft sprocket.
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IN-VEHICLE REPAIR (Continued)

Installation

CAUTION: Timing chain procedures must
be followed exactly or damage to valves and
pistons will result.

1. CAUTION: Timing chain procedures
must be followed exactly or damage to valves
and pistons will result.

Compress the tensioner plunger, using a vise.

4. On engines equipped with bolt-on sprockets,
install the camshaft sprocket (2).

1 Install the bolt (1).

2 Tighten the bolt.

X M10 bolt: Tighten in two stages.

— Stage 1: Tighten to 40 Nm (30 lb-ft).

— Stage 2: Tighten an additional 90
degrees.

X M12 bolt: Tighten to 120 Nm (90 lb-ft).

2. Install a retaining clip on the tensioner to hold
the plunger in during installation.

3. NOTE: There are 61 links in each timing
chain.

If copper links are not visible, mark two links
on one end and one link on the other end, and
use as timing marks.
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IN-VEHICLE REPAIR (Continued)

5. Install the timing chain guides.
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IN-VEHICLE REPAIR (Continued)

6. NOTE: Slightly loosen the Camshaft Holding
Tool to allow slight camshaft movement.

Preposition the camshafts.

1 Rotate the LH camshaft with the Camshaft
Positioning Tool until the timing mark is
approximately at 12 o’clock.

2 Rotate the RH camshaft with the Camshaft
Positioning Tool until the timing mark is
approximately at 11 o’clock.

• Tighten the Camshaft Holding Tool to
maintain camshaft prepositioning.

7. CAUTION: Rotate the crankshaft
counterclockwise only. Do not rotate past the
position shown or severe piston and/or valve
damage can occur.

Position the crankshaft with the special tool,
then remove the tool.

2004 E-Series, 12/2003 



303-01B-8 303-01B-8Engine — 6.8L

IN-VEHICLE REPAIR (Continued)

8. Install the crankshaft sprocket, marking sure the 11. NOTE: The LH timing chain tensioner arm has
flange faces forward. a bump near the dowel hole for identification.

Position the LH timing chain tensioner arm on
the dowel pin and install the LH timing chain
tensioner.

9. Install the lower end of the LH timing chain,
aligning the timing marks.

12. CAUTION: The camshaft sprocket can
jump time if the Camshaft Holding Tool is
not secured.

NOTE: Be sure the chain link and crankshaft
sprocket timing marks are aligned.

NOTE: The lower half of the timing chain
must be positioned above the dowel.

Install the RH (outer) timing chain on the
crankshaft sprocket.

10. NOTE: Be sure the upper half of the timing
chain is below the tensioner guide dowel. If
necessary, use the Camshaft Positioning Tool to
adjust.

Install the LH timing chain on the camshaft
sprocket with the two chain (marked) links and
the timing marks aligned.
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IN-VEHICLE REPAIR (Continued)

13. Position the timing chain on the camshaft 15. Remove the retaining clips from the RH and
sprocket. Make sure the two copper-colored LH timing chain tensioners.
(marked) links align with the camshaft sprocket
timing mark.

16. Check for correct alignment of all timing
marks.

14. NOTE: The LH timing chain tensioner arm has
a bump near the dowel hole, for identification.

Position the LH and RH timing chain tensioner
arms on the dowel pins. Position the timing
chain tensioners and install the bolts.

17. Remove the special tools from the camshafts.
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IN-VEHICLE REPAIR (Continued)

18. Install the crankshaft sensor ring on the 22. NOTE: It may be necessary to use an
crankshaft. inspection mirror to see the marks.

Align the chalk mark on the balance shaft with
the camshaft timing mark as shown.

19. Lubricate the balance shaft journals with clean
engine oil.

23. Install the bearing caps in their original
20. Using the index mark on the balance shaft, locations. Install the bolts and tighten the bolts

mark the corresponding gear tooth with chalk. in the sequence shown.

21. Position the balance shaft on the journals.

2004 E-Series, 12/2003 



303-01B-11 303-01B-11Engine — 6.8L

IN-VEHICLE REPAIR (Continued)

24. Install engine front cover. For additional
information, refer to Engine Front Cover in this
section.
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IN-VEHICLE REPAIR

Camshaft 3. CAUTION: The bearing caps must be
marked for installation in their original
location or engine damage can occur.Special Tool(s)

Remove the bolts, the camshaft bearing capsCompressor, Valve Spring
and the camshaft from the cylinder block.303-567 (T97P-6565-AH)

Material

Item Specification

 SAE 5W-20 Premium WSS-M2C153-H
Synthetic Blend Motor Oil
XO-5W20-QSP

Removal

WARNING: Do not smoke or carry lighted
tobacco or open flame of any type when working
on or near any fuel-related components. Highly
flammable mixtures are always present and can
be ignited, resulting in possible personal injury.

WARNING: Fuel in the fuel system
remains under high pressure even when the
engine is not running.

1. Remove the timing drive components. For
additional information, refer to Timing Drive
Components in this section.

Installation
2. Use the special tool to compress the valve

springs and remove the camshaft roller 1. Lubricate the camshaft journals with clean
followers. engine oil.
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IN-VEHICLE REPAIR (Continued)

2. Install the camshaft and the camshaft bearing
caps in their original locations onto the cylinder
head. Loosely install the 15 bolts.

4. Use the special tool to compress the valve
springs and install the camshaft roller followers.

3. Tighten the bolts in the sequence shown.

5. Install the timing drive components. For
additional information, refer to Timing Drive
Components in this section.
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IN-VEHICLE REPAIR

4. NOTE: During installation tighten the exhaustExhaust Manifold — RH
manifold nuts in the sequence shown.

Removal and Installation Remove the 10 nuts, the exhaust manifold, and
the exhaust manifold gasket.

1. With the vehicle in NEUTRAL, position it on a • Discard the exhaust manifold gasket.
hoist. For additional information, refer to
Section 100-02.

2. Remove the engine cover. For additional
information, refer to Section 501-05.

3. Remove the nuts.

5. Clean and inspect the exhaust manifold. For
additional information, refer to Section 303-00.

6. To install, reverse the removal procedure.

• Install a new exhaust manifold gasket.
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IN-VEHICLE REPAIR

3. NOTE: During installation tighten the exhaustExhaust Manifold — LH
manifold nuts in the sequence shown.

Removal and Installation Remove the exhaust manifold nuts and the
exhaust manifold.

1. With the vehicle in NEUTRAL, position it on a • Discard the exhaust manifold gaskets.
hoist. For additional information, refer to
Section 100-02.

2. Remove the nuts.

4. Clean and inspect the exhaust manifold. For
additional information, refer to Section 303-00.

5. To install, reverse the removal procedure.
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IN-VEHICLE REPAIR

4. Remove the oil filter.Oil Cooler

Material

Item Specification

SAE 5W-20 Premium WSS-M2C153-H
Synthetic Blend Engine
Oil
XO-5W20-QSP

Motorcraft Premium Gold WSS-M97B51-A1 (yellow
Engine Coolant in color)
VC-7-A (in Oregon
VC-7-B) or equivalent. Do
not mix coolant types.

Removal and Installation
5. Remove the threaded insert and the oil cooler.

1. Drain the engine cooling system. For additional
information, refer to Section 303-03.

2. Drain the engine oil.

3. Disconnect the coolant hoses.

6. To install, reverse the removal procedure.

• Fill the engine with clean engine oil before
filling the cooling system.
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Oil Level Indicator and Tube

Material

Item Specification

 SAE 5W-20 Premium WSS-M2C153-H
Synthetic Blend Motor Oil
XO-5W20-QSP

Removal and Installation

1. Remove the engine air cleaner and the air
cleaner outlet tube. For additional information,
refer to Section 303-12.

2. Remove the oil level indicator and the nut
retaining the oil level indicator tube and bracket
assembly.

5. Inspect the oil level indicator tube for damage.

3. Remove the LH exhaust manifold. For
additional information, refer to Exhaust
Manifold — LH in this section.

4. Remove the bolt and the oil level indicator
tube.
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IN-VEHICLE REPAIR (Continued)

6. To install, reverse the removal procedure.

• Install new O-ring seals and lubricate them
with clean engine oil.
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IN-VEHICLE REPAIR

4. Remove the retainers and the shield.Oil Pan

Special Tool(s)

Modular Engine Lift Bracket
303-F047 (014-00073) or
equivalent

Heavy Duty Engine Support
303-F070

5. Remove the nut attaching the transmission oil
level tube.

Lift Bar Adapter, Modular
Engine
303-F694

Material

Item Specification

Motorcraft Silicone Gasket —
Remover ZC-30

Motorcraft Metal Surface —
6. Disconnect the wiring harness retainer.Prep ZC-31

Silicone Gasket and WSE-M4G323-A4
Sealant
F7AZ-19554-EA

 SAE 5W-20 Premium WSS-M2C153-H
Synthetic Blend Motor Oil
XO-5W20-QSP

Removal

1. With the vehicle in NEUTRAL, position it on a
hoist. For additional information, refer to
Section 100-02.

2. Remove the intake manifold. For additional
information, refer to Intake Manifold in this
section.

3. Remove the engine cooling fan and fan shroud.
For additional information, refer to Section
303-03.
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IN-VEHICLE REPAIR (Continued)

7. Remove the stud bolts and position the heater 10. Remove the bolt and the oil fill tube.
outlet tube aside.

11. Assemble the special tools.
8. Remove the two transmission-to-engine bolts.

12. Install the special tools.
9. Disconnect the oil fill tube from the RH valve

cover.
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IN-VEHICLE REPAIR (Continued)

13. Install the special tool and support the engine. 16. Remove the flywheel inspection plate.

14. Drain the engine oil and remove the oil filter. 17. Using the special tool, raise the engine.

15. NOTE: The RH is shown, LH is similar.

Remove the RH and LH nuts retaining the front
engine support insulators to the front engine
support bracket.
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IN-VEHICLE REPAIR (Continued)

18. Remove the bolts and partially lower the oil
pan.

20. CAUTION: Do not use metal scrapers,
wire brushes, power abrasive discs or other
abrasive means to clean the sealing surfaces.

19. Remove the bolts retaining the oil pump screen These tools cause scratches and gouges,
cover and pickup tube and allow it to drop into which make leak paths. Use a plastic
the oil pan. Also remove the tube and spacer scraping tool to remove all traces of sealant.
and allow it to drop into the oil pan. Remove

 Clean the mating surfaces for the oil pan andthe oil pan.
the engine with silicone gasket remover and
metal surface prep. Follow the directions on the
packaging.

Installation

1. NOTE: The oil pump screen and pickup tube
must be in the oil pan when the oil pan is
positioned in the vehicle.

Position the oil pan gasket and the oil pan in
the vehicle from the rear of the engine.
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IN-VEHICLE REPAIR (Continued)

3. NOTE: If not secure within four minutes, the2. CAUTION: Make sure the O-ring is in
sealant must be removed and the sealing areaplace and not damaged. A missing or
cleaned. To clean the sealing area, follow thedamaged O-ring can cause foam in the
directions provided on the packaging of thelubrication system, low oil pressure and
silicone gasket remover and the metal surfacesevere engine damage.
prep. Failure to follow  this procedure can

NOTE: Clean and inspect the mating surfaces cause future oil leakage.
and install a new O-ring. Lubricate the O-ring

Apply a bead of silicone gasket and sealant atwith clean engine oil.
the crankshaft rear seal retainer-to-cylinder

Install the oil pump screen cover and pickup block surface, at the locations shown.
tube.

1 Install and tighten the spacer.

2 Insert the oil pump screen pickup tube into
the oil pump and position the support
bracket over the spacer.

3 Install and tighten the bolts.
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IN-VEHICLE REPAIR (Continued)

4. NOTE: If not secure within four minutes, the
sealant must be removed and the sealing area
cleaned. To clean the sealing area, follow the
directions provided on the packaging of the
silicone gasket remover and the metal surface
prep. Failure to follow  this procedure can
cause future oil leakage.

Apply a bead of silicone gasket and sealant at
the engine front cover-to-cylinder block surface,
at the locations shown.

5. NOTE: Tighten the bolts in three stages. 6. Lower the engine and remove the special tools.

Tighten the bolts in the sequence shown.
7. Install the flywheel inspection plate.

• Stage 1: Tighten to 2 Nm (18 lb-in).

• Stage 2: Tighten to 20 Nm (15 lb-ft).

• Stage 3: Tighten an additional 90 degrees.
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IN-VEHICLE REPAIR (Continued)

8. Tighten the engine support insulators.

11. Remove the nut attaching the transmission oil
level tube.

9. NOTE: Do not reuse the O-ring seal.
12. Connect the wiring harness retainer.

Install the new O-ring seal and the heater outlet
tube.

• Lubricate the O-ring seal with engine
coolant.

10. Hand-tighten the heater outlet tube upper stud
and install the lower stud.

• Tighten the studs to 40 Nm (30 lb-ft).
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IN-VEHICLE REPAIR (Continued)

13. Connect the oil fill tube to the RH valve cover.

16. Install the shield and the retainers.

14. Install the oil fill tube support bracket bolt.

17. Install the intake manifold. For additional
information, refer to Intake Manifold in this

15. Install the transmission-to-engine bolts. section.

18. Fill the engine with clean engine oil.

19. Install the engine cooling fan and fan shroud.
For additional information, refer to Section
303-03.

20. Fill and bleed the engine cooling system. For
additional information, refer to Section 303-03.
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Oil Filter Adapter

Material

Item Specification

SAE 5W-20 Premium WSS-M2C153-H
Synthetic Blend Engine
Oil
XO-5W20-QSP

Motorcraft Premium Gold WSS-M97B51-A1 (yellow
Engine Coolant in color)
VC-7-A (in Oregon
VC-7-B) or equivalent. Do
not mix coolant types.

7. Remove the threaded insert and the oil cooler.
Removal and Installation

1. Remove the left engine support insulator. For
additional information, refer to Engine Support
Insulators in this section.

2. Disconnect the battery ground cable. For
additional information, refer to Section 414-01.

3. Drain the engine cooling system. For additional
information, refer to Section 303-03.

4. Drain the engine oil.

5. Disconnect the coolant hoses. 8. Disconnect the oil pressure switch electrical
connector.

6. Remove the oil filter.
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IN-VEHICLE REPAIR (Continued)

9. Remove the oil pressure switch.

12. To install, reverse the removal procedure.

• Install a new oil filter adapter gasket.
10. Disconnect the lower radiator hose.

• Fill the engine with clean engine oil before
filling the cooling system.

11. Remove the nut, the bolts, the oil filter adapter
and the gasket.

• Discard the gasket.
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IN-VEHICLE REPAIR
InstallationOil Pump

1. Clean and inspect the mating surfaces.Removal

2. Position the oil pump and loosely install the1. Remove the timing drive components. For
bolts. Tighten the bolts in the sequence shown.additional information, refer to Timing Drive

Components in this section.

2. Remove the oil pan. For additional information,
refer to Oil Pan in this section.

3. Install the oil pan. For additional information,
refer to Oil Pan in this section.

4. Install the timing drive components. For
additional information, refer to Timing Drive
Components in this section.3. Remove the bolts and the oil pump.
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IN-VEHICLE REPAIR

Flexplate

Removal

1. Remove the transmission. For additional
information, refer to Section 307-01B.

2. Remove the bolts and the flexplate.

Installation

1. Position the flexplate and loosely install the
bolts.

2. Install the transmission. For additional• Tighten the bolts in the sequence shown.
information, refer to Section 307-01B.
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IN-VEHICLE REPAIR
MaterialCrankshaft Rear Seal

Item Specification

Special Tool(s)  SAE 5W-20 Premium WSS-M2C153-H
Synthetic Blend Motor Oil

Installer, Crankshaft Rear Oil XO-5W20-QSP
Seal
303-518 (T95P-6701-DH) Removal

1. Remove the flexplate. For additional
information, refer to Flexplate in this section.

Remover, Crankshaft Rear Oil 2. Use the special tools to remove the crankshaft
Seal rear oil slinger.
303-519 (T95P-6701-EH)

Installer, Crankshaft Rear Oil
Seal
303-516 (T95P-6701-BH)

Remover, Crankshaft Rear Oil
Slinger
303-514 (T95P-6701-AH) 3. Use the special tools to remove the crankshaft

rear seal.

Installer, Crankshaft Rear Oil
Slinger
303-517 (T95P-6701-CH)

Slide Hammer
100-001 (T50T-100-A)

Copyright  2003, Ford Motor Company
Last updated: 08/27/2003 2004 E-Series, 12/2003 



303-01B-2 303-01B-2Engine — 6.8L

IN-VEHICLE REPAIR (Continued)

Installation 2. Using the special tools, install the crankshaft
rear oil slinger.

1. NOTE: Lubricate the inner lip of the crankshaft
rear seal with clean engine oil.

Using the special tools, install the crankshaft
rear seal.

3. Install the flexplate. For additional information,
refer to Flexplate in this section.
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IN-VEHICLE REPAIR
MaterialCrankshaft Rear Seal with Retainer

Item SpecificationPlate
Motorcraft Silicone Gasket —
RemoverSpecial Tool(s)
ZC-30

Installer, Crankshaft Rear Seal Motorcraft Metal Surface —
303-518 (T95P-6701-DH) Prep

ZC-31

Silicone Gasket and WSE-M4G323-A4
Sealant
F7AZ-19554-EA or
equivalent

SAE 5W-20 Synthetic WSS-M2C153-HRemover, Crankshaft Rear Seal
Blend Motor Oil303-519 (T95P-6701-EH)
XO-5W20-QSP or
equivalent

Removal

1. Remove the flexplate. For additional
Installer, Crankshaft Rear Seal information, refer to Flexplate in this section.
303-516 (T95P-6701-BH)

2. Using the special tools, remove the crankshaft
rear oil slinger.

Remover, Rear Crankshaft Oil
Slinger
303-514 (T95P-6701-AH)

Installer, Rear Crankshaft Oil
Slinger
303-517 (T95P-6701-CH)

3. Using the special tools, remove the crankshaft
rear seal.

Slide Hammer
100-001 (T50T-100-A)
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IN-VEHICLE REPAIR (Continued)

4. Remove the oil pan. For additional information, 2. CAUTION: Do not use metal scrapers,
refer to Oil Pan in this section. wire brushes, power abrasive discs or other

abrasive means to clean the sealing surfaces.
5. Remove the bolts and the crankshaft rear seal These tools cause scratches and gouges which

retainer plate. make leak paths. Use a plastic scraping tool
to remove all traces of old sealant.

NOTE: If the crankshaft rear seal retainer plate
is not secured within four minutes, the sealant
must be removed and the sealing area cleaned.
To clean the sealing area, use silicone gasket
remover and metal surface prep. Follow the
directions on the  packaging. Failure to follow
this procedure can cause future oil leakage.

NOTE: The silicone must be applied on the
groove along the retainer plate.

Apply a 4 mm (0.16 in) bead of silicone gasket
and sealant around the crankshaft rear seal
retainer plate sealing surface.Installation

1. CAUTION: Do not use metal scrapers,
wire brushes, power abrasive discs or other
abrasive means to clean the sealing surfaces.
These tools cause scratches and gouges which
make leak paths. Use a plastic scraping tool
to remove all traces of old sealant.

NOTE: Clean the sealing surfaces with silicone
gasket remover and metal surface prep. Follow
the directions on the packaging. Failure to
follow this procedure can cause future oil
leakage.

Clean and inspect the mating surface. 3. Install the crankshaft rear seal retainer plate and
loosely install the six bolts.
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IN-VEHICLE REPAIR (Continued)

4. Tighten the bolts in the sequence shown. 6. Using the special tools, install the crankshaft
rear oil slinger.

5. NOTE: Lubricate the inner lip of the crankshaft
rear seal with clean engine oil. 7. Install the oil pan. For additional information,

refer to Oil Pan in this section.Use the special tools to install the rear seal.

8. Install the flexplate. For additional information,
refer to Flexplate in this section.
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IN-VEHICLE REPAIR

8. Position the hose clamp back and disconnectEngine Support Insulators
the coolant hose.

Special Tool(s)

Heavy Duty Engine Support
303-F070

Support Bracket, Engine
303-639

9. Remove the accelerator cable splash shield.

Material

Item Specification

SAE 5W-20 Synthetic WSS-M2C153-H
Blend Motor Oil
XO-5W20-QSP or
equivalent

Removal

1. With the vehicle in NEUTRAL, position it on a
hoist. For additional information, refer to
Section 100-02.

10. Disconnect the accelerator and speed control
2. Disconnect the battery ground cable. For cables and remove the return spring.

additional information, refer to Section 414-01.

3. Drain the engine cooiling system. For additional
information, refer to Section 303-03.

4. Remove the air cleaner and the air cleaner
outlet tube. For additional information, refer to
Section 303-12.

5. Remove the generator. For additional
information, refer to Section 414-02.

6. Remove the cooling fan shroud. For additional
information, refer to Section 303-03.

7. If the RH engine mount is to be serviced,
remove the starter motor. For additional
information, refer to Section 303-06A.
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IN-VEHICLE REPAIR (Continued)

11. Position the accelerator cable bracket aside. 14. Disconnect the vacuum tube.

• Remove the bolts.

• Position the bracket and cables aside.

15. Disconnect the idle air control (IAC) motor
electrical connector and remove the bypass
hose.

12. Disconnect the heated positive crankcase valve
(PCV) tube and the vacuum hoses.

16. Disconnect the throttle position (TP) sensor
electrical connector.

13. Disconnect the PCV coolant hoses.
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IN-VEHICLE REPAIR (Continued)

17. Remove the throttle body (TB) adapter. 20. Install the special tool and raise the engine.

• Remove the four bolts.

• Remove the TB adapter.

• Discard the TB adapter press-in-place
gasket.

21. NOTE: The engine is not shown for clarity.

Remove the bolts and remove the engine
mounts from the vehicle.

18. Install the special tool on the engine, using the
generator mounting holes.

19. Remove the nuts.
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IN-VEHICLE REPAIR (Continued)

Installation

1. NOTE: The engine is not shown for clarity.

Position the engine mounts and install the bolts.

6. Remove the special tool from the engine.

7. Install the TB adapter.

1 Install a new TB adapter gasket.

2 Position the TB adapter.

2. Using a floor crane, remove the special tool. 3 Install the four bolts and tighten in two
stages.

X Stage 1: Tighten the bolts to 9 Nm (80
lb-in).

X Stage 2: Tighten an additional 90 degrees.

3. Lower the engine and align the engine mount
studs.

4. Remove the floor crane.

5. Install the nuts.
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IN-VEHICLE REPAIR (Continued)

8. Connect the TP sensor electrical connector.

12. Connect the vacuum tube.

9. Connect the PCV coolant hoses.

13. Install the accelerator bracket.

• Position the bracket.
10. Connect the heated PCV tube and the vacuum

• Install the bolts.hoses.

11. Connect the IAC motor electrical connector and
install the bypass hose.
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IN-VEHICLE REPAIR (Continued)

14. Connect the accelerator and speed control
cables and return spring.

17. If the RH engine mount was serviced, install
the starter motor . For additional information,
refer to Section 303-06A.

15. Install the accelerator cable splash shield.
18. Install the generator. For additional information,

refer to Section 414-02.

19. Install the engine cooling fan shroud. For
additional information, refer to Section 303-03.

20. Install the air cleaner and the air cleaner outlet
tube. For additional information, refer to
Section 303-12.

21. Connect the battery ground cable. For additional
information, refer to Section 414-01.

22. Fill the engine with clean engine oil.
16. Connect the coolant hose and position the hose

23. Fill and bleed the cooling system. Forclamp.
additional information, refer to Section 303-03.
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REMOVAL
Special Tool(s)Cylinder Heads

Engine Lift Bracket Set
303-DS086 (D93P-6001-A)Special Tool(s)

Remover, Crankshaft Vibration
Damper
303-009 (T58P-6316-D)

Modular Engine Lift Bracket
303-F047 (014-00073) or
equivalent

Remover, Crankshaft Front Seal
303-107 (T74P-6700-A)

Material

Item Specification
Remover/Installer, Cylinder

Motorcraft Silicone Gasket —Head
Remover ZC-30303-567 (T97T-6565-AH)
Motorcraft Metal Surface —
Prep ZC-31

Both cylinder heads

Compressor, Valve Spring 1. Remove the engine. For additional information,303-567 (T97P-6565-AH)
refer to Engine in this section.

2. Remove the bolts and the flexplate.

Spacer, Valve Spring
303-382 (T91P-6565-AH)

(Continued)

3. CAUTION: To prevent damage to the
oil pan, use care when lowering the engine.

Lower the engine onto wooden blocks.
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REMOVAL (Continued)

4. Remove the special tool. 8. Remove the special tool.

5. Install the special tool. 9. Remove the special tool.

6. Install the special tool. 10. Remove the RH engine mount.

7. Mount the engine on a suitable work stand.
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REMOVAL (Continued)

11. NOTE: LH shown, RH similar. 14. Disconnect the RH radio frequency interference
capacitor electrical connector.Remove the cylinder block drain plugs and

drain the coolant into a suitable container.

15. Disconnect the knock sensor (KS) electrical
connector, if equipped.12. Disconnect the LH radio frequency interference

capacitor and cylinder head temperature (CHT)
sensor electrical connectors.

16. Disconnect the crankshaft position (CKP) sensor
electrical connector.

13. Disconnect the camshaft position (CMP)
electrical connector.
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REMOVAL (Continued)

17. Disconnect the oil pressure switch electrical 21. Remove the nut attaching the oil level indicator
connector. tube to the front of the engine.

18. Disconnect all of the harness routing clips and 22. Remove the bolt attaching the oil level indicator
connector retainers. Remove the engine control tube to the rear of the engine.
sensor wiring harness.

19. NOTE: RH shown, LH similar.

Remove the nuts and the two radio interference
capacitors.

23. Position the oil level indicator tube aside.

20. Remove the positive crankcase ventilation
(PCV) valve tube from the LH valve cover and
position aside.
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REMOVAL (Continued)

24. CAUTION: Do not use metal scrapers, 25. CAUTION: Do not use metal scrapers,
wire brushes, power abrasive discs or other wire brushes, power abrasive discs or other
abrasive means to clean the sealing surfaces. abrasive means to clean the sealing surfaces.
These tools cause scratches and gouges which These tools cause scratches and gouges which
make leak paths. Use a plastic scraping tool make leak paths. Use a plastic scraping tool
to remove all traces of old sealant. to remove all traces of old sealant.

NOTE: The bolts are part of the valve cover NOTE: The bolts are part of the valve cover
and should not be removed. and should not be removed.

Remove the LH valve cover. Remove the RH valve cover.

• Fully loosen the bolts and remove the valve • Fully loosen the bolts and remove the valve
cover. cover.

• Clean the valve cover mating surface of the • Clean the valve cover mating surface of the
cylinder head with silicone gasket remover cylinder head with silicone gasket remover
and metal surface prep. Follow the and metal surface prep. Follow the
directions on the packaging. directions on the packaging.

• Inspect the valve cover gasket. If the gasket • Inspect the valve cover gasket. If the gasket
is damaged, remove and discard the gasket. is damaged, remove and discard the gasket.
Clean the valve cover gasket groove with Clean the valve cover gasket groove with
soap and water or a suitable solvent. soap and water or a suitable solvent.

26. Remove the bolt and the idler pulley.
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REMOVAL (Continued)

27. Remove the water pump pulley. 29. Using the special tool, remove the crankshaft
front seal.1 Remove the bolts.

2 Remove the water pump pulley.

30. Remove the power steering pump.

28. Remove and discard the crankshaft pulley bolt.
Use the special tool to remove the crankshaft
pulley.
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REMOVAL (Continued)

31. Remove the four oil pan bolts.

35. CAUTION: The caps must be marked
for installation in their original location or

32. NOTE: Correct fastener location is essential for damage to the engine may occur.
assembly procedure. Record fastener location.

Remove the six bolts and remove the balance
Remove the fasteners. shaft bearing caps.

33. Remove the engine front cover from the 36. Remove the balance shaft.
cylinder block.

34. Remove the crankshaft sensor ring from the
crankshaft.
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REMOVAL (Continued)

40. Position the crankshaft with the keyway at the37. CAUTION: Use care when removing
12 o’clock position.the spark plugs.

NOTE: Use compressed air to remove any
foreign material from the spark plug well before
removing the spark plugs.

Remove the 10 spark plugs.

38. Install the special tool between the valve spring
coils to prevent valve stem seal damage.

41. Remove the timing chain tensioning system
from both timing chains.

1 Remove the bolts.

2 Remove the timing chain tensioners.

3 Remove the timing chain tensioner arms.

39. NOTE: The camshaft roller followers must be
reinstalled in their original locations. Record the
camshaft roller follower locations.

NOTE: Position the cam lobe away from the
camshaft roller follower prior to removing each
camshaft roller follower.

Use the special tool to compress the valve
springs and remove the camshaft roller
followers.
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REMOVAL (Continued)

42. Remove the RH and LH timing chains and the
crankshaft sprocket(s).

• Remove the RH timing chain from the
camshaft sprocket.

• Remove the RH timing chain from the
crankshaft sprocket.

• Remove the LH timing chain from the
camshaft sprocket.

• Remove the LH timing chain from the
crankshaft sprocket.
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REMOVAL (Continued)

43. Remove both timing chain guides.

• Remove the bolts.

• Remove the timing chain guides.

RH cylinder head

44. Remove the RH exhaust manifold.

• Remove the nuts.

• Remove the RH exhaust manifold.

• Remove the RH exhaust manifold gasket.
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REMOVAL (Continued)

LH cylinder head 47. Install the special tools on both ends of the
cylinder head.

45. Remove the LH exhaust manifold.

• Remove the nuts.

• Remove the LH exhaust manifold.

• Remove the LH exhaust manifold gasket.

48. NOTE: The hydraulic lash adjusters must be
reinstalled in their original locations. Record the
hydraulic lash adjuster locations.

Remove the hydraulic lash adjusters.

Both cylinder heads

46. Clean and inspect the exhaust manifolds. For
additional information, refer to Section 303-00.
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REMOVAL (Continued)

RH cylinder head LH cylinder head

49. CAUTION: The cylinder head must be 50. CAUTION: The cylinder head must be
cool before removing it from the engine. cool before removing it from the engine.
Cylinder head warpage can result if a warm Cylinder head warpage can result if a warm
or hot cylinder head is removed. or hot cylinder head is removed.

CAUTION: Place clean shop towels CAUTION: Place clean shop towels
over exposed engine cavities. Carefully over exposed engine cavities. Carefully
remove the towels so foreign material is not remove the towels so foreign material is not
dropped into the engine. dropped into the engine.

CAUTION: The cylinder head bolts CAUTION: The cylinder head bolts
must be discarded and new bolts installed. must be discarded and new bolts installed.
They are tighten-to-yield and cannot be They are tighten-to-yield and cannot be
reused. reused.

CAUTION: Do not use metal scrapers, CAUTION: Do not use metal scrapers,
wire brushes, power abrasive discs or other wire brushes, power abrasive discs or other
abrasive means to clean the sealing surfaces. abrasive means to clean the sealing surfaces.
These tools cause scratches and gouges which These tools cause scratches and gouges which
make leak paths. Use a plastic scraping tool make leak paths. Use a plastic scraping tool
to remove all traces of the head  gasket. to remove all traces of the head  gasket.

CAUTION: Aluminum surfaces are CAUTION: Aluminum surfaces are
soft and can be scratched easily. Never place soft and can be scratched easily. Never place
the cylinder head gasket surface, the cylinder head gasket surface,
unprotected, on a bench surface. unprotected, on a bench surface.

NOTE: RH shown, LH similar. NOTE: RH shown, LH similar.

Remove the bolts and the RH cylinder head. Remove the bolts and the RH cylinder head.

• Discard the cylinder head gasket. • Discard the cylinder head gasket.

• Discard the cylinder head bolts. • Discard the cylinder head bolts.
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REMOVAL (Continued)

Both cylinder heads

51. CAUTION: Do not use metal scrapers,
wire brushes, power abrasive discs or other
abrasive means to clean the sealing surfaces.
These tools cause scratches and gouges which
make leak paths. Use a plastic scraping tool
to remove all traces of the head  gasket.

CAUTION: Observe all warnings or
cautions and follow all application directions
contained on the packaging of the silicone
gasket remover and the metal surface prep.

NOTE: If there is no residual gasket material
present, metal surface prep can be used to clean
and prepare surfaces.

Clean the cylinder head-to-cylinder block
mating surfaces of both the cylinder head and
the cylinder block.

1 Remove any large deposits of silicone or
gasket material with a plastic scraper.

2 Apply silicone gasket remover, following
package directions, and allow to set for
several minutes.

3 Remove the silicone gasket remover with a
plastic scraper. A second application of
silicone gasket remover may be required if
residual traces of silicone or gasket material
remain.

4 Apply metal surface prep, following
package directions, to remove any
remaining traces of oil or coolant, and to
prepare the surfaces to bond with the new
gasket. Do not attempt to make the metal
shiny. Some staining of the metal surface is
normal.
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REMOVAL (Continued)

52. NOTE: Make sure all cylinder head surfaces
are clear of any gasket material, RTV, oil and
coolant. The cylinder head surface must be
clean and dry before running a flatness check.

NOTE: Use a straightedge that is calibrated by
the manufacturer to be flat with 0.005 mm
(0.0002 in) per running foot length. For
example, if the straightedge is 61 cm (24 in)
long, the machine edge must be flat with 0.010
mm (0.0004 in) from end to  end.

NOTE: LH is shown, RH is similar.

Support the cylinder head on a bench with the
head gasket side up. Inspect all areas of the
deck face with a straightedge, paying particular
attention to the oil pressure feed area. The
cylinder head must not have depressions deeper
than 0.0254  mm (0.001 in) across a 38.1 mm
(1.5 in) square area, or scratches more than
0.0254 mm (0.001 in).
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REMOVAL

7. Remove the A/C condenser core. For additionalEngine
information, refer to Section 412-03A.

Special Tool(s)
8. Remove the drive belt. For additional

Modular Engine Lift Bracket information, refer to Section 303-05.
303-F047 (014-00073) or
equivalent 9. Disconnect the power steering reservoir hose at

the power steering pump and let drain into a
drain pan.

Removal

1. Discharge and recover the air conditioning
system. For additional information, refer to
Section 412-00.

2. Disconnect the 42-pin and the two 16-pin
connectors and remove the nut and the harness
mounting bracket.

10. Disconnect the power steering pressure hose.

3. Remove the intake manifold. For additional
information, refer to Intake Manifold in this
section.

4. Remove the radiator RH and LH air deflector,
the radiator grille support, the valance panel
and the upper and lower radiator supports. For
additional information, refer to  Section 501-02.

5. Remove the radiator, fan shroud and engine
cooling fan. For additional information, refer to
Section 303-03.

6. Remove the headlamps and side marker lamps.
For additional information, refer to Section
417-01.
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REMOVAL (Continued)

11. At the oil cooler water inlet, disconnect and set
aside the lower radiator hose.

15. Raise and support the vehicle. For additional
information, refer to Section 100-02.

12. Disconnect the suction hose at the accumulator. 16. Remove the nuts.

13. Disconnect the transmission harness and the left 17. Drain the engine oil and remove the oil filter.
and right heated exhaust gas oxygen sensor

18. Disconnect the oil cooler hoses and positionconnectors.
aside.

14. Remove the upper transmission-to-engine bolts
and the fuel tube bracket.
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REMOVAL (Continued)

19. Loosen the threaded shaft and remove the oil 23. Remove and discard the six nuts retaining the
cooler from the oil filter adapter. torque converter to the flexplate.

20. Remove the starter motor. For additional 24. Remove the engine support insulator nuts.
information, refer to Section 303-06A.

21. Remove the bolt from the A/C compressor
manifold and position the manifold aside.

25. Remove the remaining transmission to engine
bolts.

26. Lower the vehicle.
22. Remove the bolts and position the shift cable

27. Install the Modular Engine Lift Bracket.and bracket aside.
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REMOVAL (Continued)

28. Support the transmission with a jack. 29. Remove the engine from the vehicle.
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DISASSEMBLY
Special Tool(s)Engine

Modular Engine Lift Bracket
303-F047 (014-00073) orSpecial Tool(s)
equivalent

Installer, Connecting Rod
303-442 (T93P-6136-A)

Remover, Crankshaft Rear Oil
Slinger
303-514 (T95P-6701-AH)

Remover, Crankshaft Vibration
Damper
303-009 (T58P-6316-D)

Slide Hammer
100-001 (T50T-100-A)

Remover/Installer, Cylinder
Head (2 sets req’d)
303-572 (T97T-6000-A)

Remover, Crankshaft Rear Oil
Seal
303-519 (T95P-6701-EH)

Compressor, Valve Spring
303-567 (T97P-6565-AH)

Engine Lift Bracket Set
303-DS086 (D93P-6001-A)

Compressor Spacer, Valve
Spring
303-382 (T91P-6565-AH)

Material

Item Specification
Remover, Crankshaft Front Oil

Motorcraft Silicone Gasket —Seal
Remover303-107 (T74P-6700-A)
ZC-30

Motorcraft Metal Surface —
Prep
ZC-31

(Continued) 1. Remove the engine. For additional information,
refer to Engine under the Removal portion of
this section.
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DISASSEMBLY (Continued)

2. Remove the bolts and the flexplate.

6. CAUTION: To prevent damage to the
oil pan, use care when lowering the engine.

3. Using the special tools, remove the crankshaft
Lower the engine onto wooden blocks.rear slinger.

7. Remove the special tool.

4. Using the special tools, remove the crankshaft
rear seal.

8. Install the special tool.

5. Remove the bolts and the crankshaft rear seal
retainer plate.
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DISASSEMBLY (Continued)

9. Install the special tool.

14. NOTE: LH shown, RH similar.

Remove the cylinder block drain plugs and
10. Mount the engine on a suitable work stand. drain the coolant into a suitable container.

11. Remove the special tool.

15. Disconnect the LH radio frequency interference
capacitor and cylinder head temperature (CHT)

12. Remove the special tool. sensor electrical connectors.

13. NOTE: RH shown, LH similar.

Remove the RH and LH engine mounts.
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DISASSEMBLY (Continued)

16. Disconnect the camshaft position (CMP) sensor
electrical connector.

20. Disconnect the oil pressure switch electrical
connector.

17. Disconnect the RH radio frequency interference
capacitor electrical connector.

21. Disconnect all of the harness routing clips and
connector retainers. Remove the engine control
sensor wiring harness.

18. Disconnect the knock sensor electrical
connector, if equipped. 22. NOTE: RH shown, LH similar.

Remove the nuts and the two radio interference
capacitors.

19. Disconnect the crankshaft position (CKP) sensor
electrical connector.

2004 E-Series, 12/2003 



303-01B-5 303-01B-5Engine — 6.8L

DISASSEMBLY (Continued)

23. Remove the crankcase ventilation tube from the
LH valve cover.

27. CAUTION: Do not use metal scrapers,
wire brushes, power abrasive discs or other
abrasive means to clean the sealing surfaces.

24. Remove the nut attaching the oil level indicator These tools cause scratches and gouges which
tube to the front of the engine. make leak paths. Use a plastic scraping tool

to remove all traces of old sealant.

NOTE: The bolts are part of the valve cover
and should not be removed.

Remove the LH valve cover.

• Fully loosen the bolts and remove the valve
cover.

• Clean the valve cover mating surface of the
cylinder head with silicone gasket remover
and metal surface prep. Follow the
directions on the packaging.

• Inspect the valve cover gasket. If the gasket
is damaged, remove and discard the gasket.

25. Remove the bolt attaching the oil level indicator Clean the valve cover gasket groove with
tube to the rear of the engine. soap and water or a suitable solvent.

26. Position the oil level indicator tube aside.
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DISASSEMBLY (Continued)

30. Remove the water pump pulley.28. CAUTION: Do not use metal scrapers,
wire brushes, power abrasive discs or other 1 Remove the bolts.
abrasive means to clean the sealing surfaces. 2 Remove the water pump pulley.
These tools cause scratches and gouges which
make leak paths. Use a plastic scraping tool
to remove all traces of old sealant.

NOTE: The bolts are part of the valve cover
and should not be removed.

Remove the RH valve cover.

• Fully loosen the bolts and remove the valve
cover.

• Clean the valve cover mating surface of the
cylinder head with silicone gasket remover
and metal surface prep. Follow the
directions on the packaging.

• Inspect the valve cover gasket. If the gasket
is damaged, remove and discard the gasket.
Clean the valve cover gasket groove with
soap and water or a suitable solvent.

31. Remove and discard the crankshaft pulley bolt.
Use the special tool to remove the crankshaft
pulley.

29. Remove the bolt and the idler pulley.
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DISASSEMBLY (Continued)

32. Use the special tool to remove the crankshaft
front oil seal.

35. NOTE: Correct fastener location is essential for
assembly procedure. Record fastener location.

Remove the fasteners.
33. Remove the power steering pump.

36. Remove the engine front cover from the
cylinder block.

34. Remove the bolts.
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DISASSEMBLY (Continued)

37. Remove the crankshaft sensor ring from the 40. CAUTION: Use care when removing
crankshaft. the spark plugs.

NOTE: Use compressed air to remove any
foreign material from the spark plug well before
removing the spark plugs.

Remove the 10 spark plugs.

41. Install the special tool between the valve spring
coils to prevent valve stem seal damage.

38. CAUTION: The caps must be marked
for installation in their original location or
damage to the engine may occur.

Remove the six bolts and remove the balance
shaft bearing caps.

42. NOTE: The camshaft roller followers must be
reinstalled in their original locations. Record the
camshaft roller follower locations.

NOTE: Position the cam lobe away from the
camshaft roller follower prior to removing each
camshaft roller follower.

Use the special tool to compress the valve
springs and remove the camshaft roller
followers.

39. Remove the balance shaft.
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DISASSEMBLY (Continued)

43. Remove the special tool. 45. Remove the timing chain tensioning system
from both timing chains.

1 Remove the bolts.

2 Remove the timing chain tensioners.

3 Remove the timing chain tensioner arms.

44. Position the crankshaft with the keyway at the
12 o’clock position.
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DISASSEMBLY (Continued)

46. Remove the RH and LH timing chains and the
crankshaft sprocket(s).

• Remove the RH timing chain from the
camshaft sprocket.

• Remove the RH timing chain from the
crankshaft sprocket.

• Remove the LH timing chain from the
camshaft sprocket.

• Remove the LH timing chain from the
crankshaft sprocket.
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DISASSEMBLY (Continued)

47. Remove both timing chain guides.

• Remove the bolts.

• Remove the timing chain guides.

48. Remove the RH exhaust manifold.

• Remove the nuts.

• Remove the RH exhaust manifold.

• Remove the RH exhaust manifold gasket.
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DISASSEMBLY (Continued)

49. Remove the LH exhaust manifold. 52. NOTE: The hydraulic lash adjusters must be
reinstalled in their original locations. Record the• Remove the nuts.
hydraulic lash adjuster locations.

• Remove the LH exhaust manifold.
Remove the hydraulic lash adjusters.

• Remove the LH exhaust manifold gasket.

53. CAUTION: The cylinder head must be
cool before removing it from the engine.
Cylinder head warpage can result if a warm
or hot cylinder head is removed.

CAUTION: Place clean shop towels
over exposed engine cavities. Carefully
remove the towels so foreign material is not
dropped into the engine.

CAUTION: The cylinder head bolts
must be discarded and new bolts installed.
They are tighten-to-yield and cannot be
reused.

CAUTION: Do not use metal scrapers,
wire brushes, power abrasive discs or other
abrasive means to clean the sealing surfaces.
These tools cause scratches and gouges which
make leak paths. Use a plastic scraping tool
to remove all traces of the head  gasket.

CAUTION: Aluminum surfaces are
soft and can be scratched easily. Never place
the cylinder head gasket surface,
unprotected, on a bench surface.

NOTE: RH shown, LH similar.

Remove the bolts and the RH cylinder head.
50. Clean and inspect the exhaust manifolds. For • Discard the cylinder head gasket.

additional information, refer to Section 303-00.
• Discard the cylinder head bolts.

51. Install the special tools on both ends of the
cylinder head.
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DISASSEMBLY (Continued)

56. Remove the bolts and nut retaining the oil filter54. CAUTION: Do not use metal scrapers,
adapter to the cylinder block. Remove the oilwire brushes, power abrasive discs or other
filter adapter and clean the gasket surface.abrasive means to clean the sealing surfaces.

These tools cause scratches and gouges which
make leak paths. Use a plastic scraping tool
to remove all traces of the head  gasket.

CAUTION: Observe all warnings or
cautions and follow all application directions
contained on the packaging of the silicone
gasket remover and the metal surface prep.

NOTE: If there is no residual gasket material
present, metal surface prep can be used to clean
and prepare surfaces.

Clean the cylinder head-to-cylinder block
mating surfaces of both the cylinder head and
the cylinder block. 57. Remove the bolts.
1 Remove any large deposits of silicone or

gasket material with a plastic scraper.

2 Apply silicone gasket remover, following
package directions, and allow to set for
several minutes.

3 Remove the silicone gasket remover with a
plastic scraper. A second application of
silicone gasket remover may be required if
residual traces of silicone or gasket material
remain.

4 Apply metal surface prep, following
package directions, to remove any
remaining traces of oil or coolant, and to
prepare the surfaces to bond with the new 58. Remove the water pump from the cylinder
gasket. Do not attempt to make the metal block.
shiny. Some staining of the metal surface is
normal.

55. NOTE: The straightedge used must be flat
within 0.0051 mm (0.0002 in) per foot of tool
length.

Support the cylinder head on a bench with the
head gasket side up. Inspect all areas of the
deck face with a straightedge, paying particular
attention to the oil pressure feed area. The
cylinder head must not have depressions deeper
than 0.0254  mm (0.001 in) across a 38.1 mm
(1.5 in) square area, or scratches more than
0.0254 mm (0.001 in).
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DISASSEMBLY (Continued)

59. Remove the bolts and the A/C compressor. 61. Remove the bolts, the oil pan and the oil pan
gasket.

60. Before removing the pistons, inspect the top of
the cylinder bores. If necessary, remove the
ridge or carbon deposits from each cylinder
using a cylinder ridge reamer, following the
manufacturer’s instructions.
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DISASSEMBLY (Continued)

62. Remove the bolts, the oil pump screen cover 64. CAUTION: Make sure connecting rods
and tube and the spacer. and rod caps are numbered to keep them in

the correct orientation.

Remove the bolts and the connecting rod caps.

• Rotate the crankshaft so that the connecting
rod is a bottom dead center.

• Remove and discard the bolts.

63. Remove the oil pump.

1 Remove the bolts.

2 Remove the oil pump.
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DISASSEMBLY (Continued)

65. CAUTION: Do not scratch the cylinder
walls or the crankshaft journals with the
connecting rod.

Remove the piston and rod assembly.

• Using the special tool, guide the piston and
rod assembly out of the cylinder.

68. Remove and discard the bolts.

66. Repeat the previous steps until all 10 piston and
rod assemblies have been removed from the
cylinder block.

67. Remove and discard the 12 cross-mounted
bolts.
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DISASSEMBLY (Continued)

69. Remove the main bearing cap dowel pins. 71. Remove the crankshaft and the crankshaft main
bearings from the cylinder block.

70. Remove the main bearing caps, the lower
crankshaft main bearings and the thrust washer.
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DISASSEMBLY AND ASSEMBLY

OF SUBASSEMBLIES
DisassemblyCylinder Head

CAUTION: Cylinder head machining orSpecial Tool(s)
milling is not authorized by the Ford Motor

Aligner, Camshaft Position (2 Company. Cylinder head flatness must be withinreq’d)
0.0254 mm (0.001 in) across a 38.1 mm (1.5 in)303-557 (T96T-6256-B)
square area.

CAUTION: Place the cylinder head on a
cardboard or wood surface to prevent damage to
the joint face.

Compressor, Valve Spring
303-567 (T97P-6565-AH) 1. NOTE: The hydraulic lash adjusters must be

reinstalled in their original locations. Record the
hydraulic lash adjuster locations.

Remove the hydraulic lash adjusters.

Compressor Spacer, Valve
Spring
303-382 (T91P-6565-AH)

Installer, Valve Stem Oil Seal
303-383 (T91P-6571-A)

2. Install the special tool between the valve spring
coils to prevent valve stem seal damage.

Material

Item Specification

Motorcraft Silicone Gasket —
Remover
ZC-30

Motorcraft Metal Surface —
Prep
ZC-31

SAE 5W-20 Premium WSS-M2C153-H
Synthetic Blend Motor Oil
XO-5W20-QSP
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DISASSEMBLY AND ASSEMBLY OF SUBASSEMBLIES (Continued)

3. Using the special tool, compress the valve
springs.

6. CAUTION: Record the bearing cap
locations. The bearing caps must be installed
in their original locations or engine damage

4. CAUTION: Keep the valves and valve can occur.
spring retainer keys in order so they can be Remove the bolts, the bearing caps and the
reinstalled in their original locations. camshaft.
NOTE: Shown without camshaft for clarity.

Remove the valves.

1 Remove the valve spring retainer keys.

2 Remove the valve spring retainers.

3 Remove the valve springs.

4 Remove the valves.

5. Remove the valve stem seals.
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DISASSEMBLY AND ASSEMBLY OF SUBASSEMBLIES (Continued)

7. Clean and inspect the camshaft bearing caps. 2. CAUTION: Do not use metal scrapers,
wire brushes, power abrasive discs or other• One of the bearing caps contains an oil flow
abrasive means to clean the sealing surfaces.restriction groove. Make sure the groove is
These tools cause scratches and gouges thatfree of foreign material.
make leak paths. Use a plastic scraping tool
to remove all traces of the head  gasket.

CAUTION: Observe all warnings or
cautions and follow all application directions
contained on the packaging of the silicone
gasket remover and the metal surface prep.

NOTE: If there is no residual gasket material
present, metal surface prep can be used to clean
and prepare the surfaces.

Clean the cylinder head sealing surfaces.

1 Remove any large deposits of silicone or
gasket material with a plastic scraper.

Assembly 2 Apply silicone gasket remover, following
package directions, and allow to set for
several minutes.1. Check the cylinder head for distortion. For

additional information, refer to Section 303-00. 3 Remove the silicone gasket remover with a
plastic scraper. A second application of
silicone gasket remover may be required if
residual traces of silicone or gasket material
remain.

4 Apply metal surface prep, following
package directions, to remove any
remaining traces of oil or coolant, and to
prepare the surfaces to bond with the new
gasket. Do not attempt to make the metal
shiny. Some staining of the metal surfaces
is  normal.

3. Lubricate the camshaft journals with clean
engine oil.
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DISASSEMBLY AND ASSEMBLY OF SUBASSEMBLIES (Continued)

4. Install the camshaft and the camshaft bearing
caps in their original locations.

• Lubricate the camshaft bearing caps with
clean engine oil.

• Position the camshaft bearing caps.

• Install the bolts loosely.

6. NOTE: Lubricate the valve stems using clean
engine oil.

Install the valves in the valve guides located in
the cylinder head.

5. Tighten the bolts in the sequence shown.
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DISASSEMBLY AND ASSEMBLY OF SUBASSEMBLIES (Continued)

7. Use the special tools to install the valve stem
seals.

11. NOTE: Lubricate the hydraulic lash adjusters
using clean engine oil.

Install the hydraulic lash adjusters in their
8. Install the valve springs and the valve spring original locations.

retainers onto the valves.

12. Remove the special tool, unless the cylinder
9. Install the special tool between the valve spring head is to be installed in-vehicle.

coils to prevent valve stem seal damage.

10. Use the special tool to compress the valve
springs. Install the valve spring retainer keys.
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DISASSEMBLY AND ASSEMBLY

OF SUBASSEMBLIES

Piston

Material

Item Specification

SAE 5W-20 Premium WSS-M2C153-H
Synthetic Blend Motor Oil
XO-5W20-QSP

Disassembly

1. Remove the clips.

4. Clean and inspect the piston and connecting
rod. For additional information, refer to Section
303-00.

Assembly

1. NOTE: Connecting rod must be installed into
piston with identification markings toward front.

Position the connecting rod in the piston.

2. Remove the piston pin from the piston and
connecting rod assembly.

3. Remove the connecting rod from the piston.
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DISASSEMBLY AND ASSEMBLY OF SUBASSEMBLIES (Continued)

2. Lubricate the piston pin and pin bore with clean 4. Install the piston pin retaining clips in the
engine oil. piston.

3. Install the piston pin in the piston and
connecting rod assembly.
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DISASSEMBLY AND ASSEMBLY

OF SUBASSEMBLIES

Intake Manifold Assembly

Material

Item Specification

Metal Surface Cleaner WSE-M5B392-A
F4AZ-19A536-RA

Disassembly

1. Remove the engine coolant temperature (ECT)
sensor.

4. Separate the upper and lower intake manifolds.

• Remove the bolts.

• Discard the intake manifold gasket.

2. Remove the fuel injection supply manifold.

• Remove the four bolts.

• Remove the fuel injection supply manifold
and injectors as an assembly.

5. Using a metal surface cleaner, clean and inspect3. Remove and discard the lower O-ring seal from
the upper and lower manifold internaleach fuel injector.
passengers and mating surfaces.

6. Allow the upper and lower intake manifolds to
dry completely.
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DISASSEMBLY AND ASSEMBLY OF SUBASSEMBLIES (Continued)

Assembly

1. Position a new lower intake manifold gasket
and the upper intake manifold on the lower
intake manifold and loosely install the bolts.

3. Lubricate the new O-ring seals with engine oil.

2. Tighten the bolts in two stages, using the
sequence shown.

• Stage 1: Tighten to 2 Nm (18 lb-in).

• Stage 2: Tighten to 10 Nm (89 lb-in).
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DISASSEMBLY AND ASSEMBLY OF SUBASSEMBLIES (Continued)

4. Install the fuel injector supply manifold. 5. Install the engine coolant temperature (ECT)
sensor.• Position the fuel injection supply manifold.

• Install the four bolts.
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ASSEMBLY
Special Tool(s)Engine

Remover/Installer, Cylinder
HeadSpecial Tool(s)
303-572 (T97T-6000-A)

Aligner, Camshaft Position
303-557 (T96T-6256-B) (2
Req’d)

Installer, Crankshaft Seal
303-635

Guides, Connecting Rod
303-442 (T93P-6136-A)

Piston Ring Compressor
303-D032 (D81L-6002-C) or
equivalent

Installer, Crankshaft Vibration
Damper
303-102 (T74P-6316-B)

Holding Tool, Crankshaft
303-448 (T93P-6303-A)

Installer, Crankshaft Front Seal
303-335 (T88T-6701-A)

Modular Engine Lift Bracket
303-F047 (014-00073) or
equivalent

Compressor, Valve Spring
303-567 (T97P-6565-AH)

Installer, Crankshaft Rear Seal
303-518 (T95P-6701-DH)

Compressor Spacer, Valve
Spring
303-382 (T91P-6565-AH)

(Continued)

(Continued)
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ASSEMBLY (Continued)

Special Tool(s) Assembly
Installer, Crankshaft Rear Seal
303-516 (T95P-6701-BH) 1. Record the main bearing code found on the

front of the engine block.

Installer, Crankshaft Rear Oil
Slinger
303-517 (T95P-6701-CH)

Material

Item Specification
2. Record the main bearing code found on the

Motorcraft Silicone Gasket —
back of the crankshaft.Remover

ZC-30

Motorcraft Metal Surface —
Prep
ZC-31

Silicone Gasket and WSE-M4G323-A4
Sealant
F7AZ-19554-EA or
equivalent

Instant Adhesive WSK-M2G402-A4
E8AZ-19554-A

SAE 5W-20 Synthetic WSS-M2C153-H
Blend Motor Oil
XO-5W20-QSP or
equivalent

Motorcraft Premium Gold WSS-M97B51-A1 (yellow
Engine Coolant in color)
VC-7-A or equivalent. Do
not mix coolant types.

Hydraulic Chain Tensioner
Retaining Clip
1L3Z-6P250-AA
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ASSEMBLY (Continued)

3. Using the data recorded earlier and the Bearing
Select Fit Chart, Standard Bearings chart,
determine the required bearing grade for each
main bearing.

• Read the first letter of the engine block
main bearing code and the first letter of the
crankshaft main bearing code.

• Read down the column below the engine
block main bearing code letter, and across
the row next to the crankshaft main bearing
code letter, until the two intersect. This is
the required bearing grade for the number
one crankshaft main bearing.

• As an example, if the engine block code
letter is ‘‘F’’ and the crankshaft code letter
is ‘‘D,’’ the correct bearing grade for this
main bearing is a ‘‘2.’’

• Repeat this process for the remaining four
main bearings.
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ASSEMBLY (Continued)

4. If oversize bearings are being used, use the
procedure in the previous step and the Bearing
Select Fit Chart, Oversize Bearings chart to
determine the required bearing grade for each
main bearing.

5. NOTE: Before assembling the cylinder block, 6. Install the crankshaft into the cylinder block
all sealing surfaces must be free of chips, dirt, and onto the upper crankshaft main bearings.
paint and foreign material. Also, make sure the
coolant and oil passages are clear.

Install the crankshaft upper main bearings into
the cylinder block and lubricate them with clean
engine oil.
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ASSEMBLY (Continued)

7. NOTE: If equipped, the oil groove on the
thrust washer must face toward the front of the
engine (against the crankshaft surface).

Push the crankshaft rearward and install the rear
upper crankshaft thrust washer at the back of
the No. 6 main boss.

10. Install the No. 1 through No. 5 crankshaft lower
main bearings into the main bearing caps.
Locate the main bearing caps on the cylinder
block and, keeping the cap as square as
possible, alternately draw the cap down evenly
using the cap  fasteners.

11. Install the bolts.8. NOTE: If equipped, the oil groove on the
thrust washer must face toward the front of the
engine (against the crankshaft surface).

Push the crankshaft forward and install the front
upper crankshaft thrust washer at the front of
the No. 6 main boss.

9. NOTE: To aid in assembly, apply petroleum
jelly to the back of the crankshaft thrust
washer.

NOTE: If equipped, the oil groove on the
thrust washer must face toward the front of the
engine (against the crankshaft surface).

Install the lower crankshaft thrust washer to the
back side of the No. 6 main bearing cap, with
oil grooves facing the crankshaft surface, and
install the No. 6 rear main bearing cap.
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ASSEMBLY (Continued)

12. Install the 10 dowel pins so that the flat sides 14. Tighten fasteners 13 through 24 in two stages,
face the crankshaft. Install the cross-mounted in the sequence shown.
bolts. • Stage 1: Tighten to 30 Nm (22 lb-ft).

• Stage 2: Tighten an additional 90 degrees.

13. Tighten fasteners 1 through 12 in two stages, in
the sequence shown.

• Stage 1: Tighten to 40 Nm (30 lb-ft).

• Stage 2: Tighten an additional 90 degrees.
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ASSEMBLY (Continued)

15. Using the special tools, install the piston and 18. NOTE: Be sure to tighten the bolts in two
connecting rod assembly. stages.

Tighten the connecting rod bolts in the
sequence shown.

• Stage 1: Tighten to 43 Nm (32 lb-ft).

• Stage 2: Tighten an additional 105 degrees.

16. CAUTION: Do not scratch the cylinder
walls or crankshaft journals with the
connecting rod.

Once the connecting rod is seated on the
crankshaft journal, remove the connecting rod 19. Rotate the crankshaft and repeat the procedure
guide tools. to position each connecting rod at bottom dead

center until all bolts are tightened to
17. CAUTION: The rod cap installation specification.

must keep the same orientation as marked
during disassembly.

NOTE: The connecting rod caps are of the
‘‘cracked’’ design and must mate with the
connecting rod ends. Excessive bearing
clearance will result if not mated correctly.

Install the connecting rod bearings, position the
connecting rod cap and loosely install the two
new bolts.
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ASSEMBLY (Continued)

20. Install the oil filter adapter.

24. NOTE: Do not turn the crankshaft until
instructed to do so.

Install the head gasket over the dowel pins.

21. Install the front engine support insulators.

25. Install the special tool.22. Position the oil pump and install the bolts
loosely. Tighten the bolts in the sequence
shown.

23. Rotate the crankshaft to position the keyway at
12 o’clock.
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ASSEMBLY (Continued)

26. NOTE: LH shown; RH similar. 29. Position the oil level indicator and install the
nut attaching the oil level indicator tube to theInstall the cylinder head on the head gasket and
front of the engine.loosely install the bolts.

30. Install the bolt attaching the oil level indicator27. Remove the special tool.
tube to the rear of the engine.

28. NOTE: Be sure to tighten the bolts in three
stages.

Tighten the bolts in the sequence shown.

• Stage 1: Tighten to 40 Nm (30 lb-ft).

• Stage 2: Tighten an additional 90 degrees.

• Stage 3: Tighten an additional 90 degrees.
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ASSEMBLY (Continued)

31. Install the left and right exhaust manifold 33. Install a retaining clip on the tensioner to hold
gaskets and exhaust manifolds. Loosely install the plunger in during installation.
the nuts. Tighten the nuts in the sequence
shown.

34. Remove the tensioner from the vise.

35. NOTE: There are 61 links in each timing
chain.

If the copper links are not visible, mark two
links on one end and one link on the other end
to use as timing marks.

32. CAUTION: Timing chain procedures
must be followed exactly or damage to valves
and pistons will result.

Compress the tensioner plunger, using a vise.
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ASSEMBLY (Continued)

36. Install the timing chain guides.

2004 E-Series, 12/2003 



303-01B-12 303-01B-12Engine — 6.8L

ASSEMBLY (Continued)

37. Rotate the LH camshaft sprocket until the
timing mark is approximately at 12 o’clock.

Rotate the RH camshaft until the timing mark is
approximately at 11 o’clock.

38. CAUTION: Unless otherwise
instructed, at no time when the timing chain
is removed and the cylinder heads are
installed is the crankshaft or camshaft to be
rotated. Severe piston and valve damage will
occur.

CAUTION: Rotate the crankshaft
counterclockwise only. Do not rotate past the
position shown or severe piston or valve
damage can occur.

Position the crankshaft with the special tool.

39. Remove the special tool.
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ASSEMBLY (Continued)

40. Install the crankshaft sprocket, making sure the
flange faces forward.

43. NOTE: Make sure the copper (marked) chain
link and crankshaft sprocket timing mark are
aligned.

41. Install the lower end of the LH (inner) timing NOTE: The lower half of the timing chain
chain, aligning the timing marks. must be positioned above the dowel.

Position the RH (outer) timing chain on the
crankshaft sprocket.

42. NOTE: Make sure the upper half of the timing
chain is below the tensioner guide dowel.

NOTE: If necessary, adjust the camshaft
sprocket slightly to obtain timing mark
alignment.

Position the timing chain on the LH camshaft
sprocket with the two copper (marked) chain
links and the camshaft sprocket timing mark
aligned.
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ASSEMBLY (Continued)

44. NOTE: If necessary, adjust the camshaft
sprocket slightly to obtain timing mark
alignment.

Position the RH timing chain on the camshaft
sprocket. Make sure the two copper (marked)
links align with the camshaft sprocket timing
mark.

47. Remove the retaining clip from the LH timing
chain tensioner.

45. As a post-check, verify timing mark alignment.

48. Position the RH timing chain tensioner arm on
the dowel pin and install the RH timing chain
tensioner.

46. NOTE: The LH timing chain tensioner arm has
a bump near the dowel hole for identification.

Position the LH timing chain tensioner arm on
the dowel pin and install the LH timing chain
tensioner.
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ASSEMBLY (Continued)

49. Remove the retaining clip from the RH timing 53. Align the chalk mark on the balance shaft with
chain tensioner. the camshaft timing mark as shown.

50. Lubricate the balance shaft journals with clean 54. Install the bearing caps in their original
engine oil. locations and install the bolts. Tighten the bolts

in the sequence shown.
51. Using the index mark on the balance shaft,

mark the corresponding teeth on the gear with
chalk.

52. Position the balance shaft on the journals.

55. Position the piston of the cylinder being
serviced at the bottom of the stroke and the
camshaft lobe at base circle.
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ASSEMBLY (Continued)

56. Install the special tool between the valve spring 58. Position the crankshaft sensor ring.
coils to prevent valve stem seal damage.

57. NOTE: Lubricate the camshaft roller followers,
using clean engine oil.

Install the camshaft roller followers.

1 Install the special tool.

2 Compress the valve spring.

3 Install the camshaft roller followers in their
original locations.
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ASSEMBLY (Continued)

59. NOTE: If not secured within four minutes, the
sealant must be removed and the sealing area
cleaned. To clean the sealing area, use silicone
gasket remover and metal surface prep. Follow
the directions on the packaging. Failure to
follow this  procedure can cause future oil
leakage.

Apply a bead of silicone gasket and sealant
along the cylinder head-to-block surface and the
oil pan-to-cylinder block surface as specified.

60. Install a new engine front cover gasket onto the
engine front cover, then position the engine
front cover on the front cover to cylinder block
dowel.
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ASSEMBLY (Continued)

Part61. Tighten the engine front cover fasteners in
Item Number Descriptionsequence in two stages.

8 N808142 Screw and Washer, Hex Pilot,Stage 1: Tighten fasteners 1 through 7 to 25
M10 x 1.5 x 54

Nm (18 lb-ft).
9 N808142 Screw and Washer, Hex Pilot,

Stage 2: Tighten fasteners 6 through 15 to 48 M10 x 1.5 x 54
Nm (35 lb-ft).

10 N808142 Screw and Washer, Hex Pilot,
M10 x 1.5 x 54

Part
11 N808140 Stud and Washer, Hex HeadItem Number Description

Pilot, M10 x 1.5 x 68 - M8 x
1 N806177 Bolt, Hex Flange Head Pilot, 1.25 x 27

M8 x 1.25 x 50
12 N808140 Stud and Washer, Hex Head

2 N806177 Bolt, Hex Flange Head Pilot, Pilot, M10 x 1.5 x 68 - M8 x
M8 x 1.25 x 50 1.25 x 27

3 N806177 Bolt, Hex Flange Head Pilot, 13 N808140 Stud and Washer, Hex Head
M8 x 1.25 x 50 Pilot, M10 x 1.5 x 68 - M8 x

4 N806177 Bolt, Hex Flange Head Pilot, 1.25 x 27
M8 x 1.25 x 50 14 N808140 Stud and Washer, Hex Head

5 N806177 Bolts, Hex Flange Head Pilot, Pilot, M10 x 1.5 x 68 - M8 x
M8 x 1.25 x 50 1.25 x 27

6 N808529 Stud, Hex-Head Pilot, M10 x 15 N808140 Stud and Washer, Hex Head
1.5 x 59 - M10 x 1.5 x 30 Pilot, M10 x 1.5 x 68 - M8 x

1.25 x 277 N808529 Stud, Hex-Head Pilot, M10 x
1.5 x 59 - M10 x 1.5 x 30
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ASSEMBLY (Continued)

62. Install the belt idler pulley and tighten the bolt. 64. CAUTION: Do not use metal scrapers,
wire brushes, power abrasive discs or other
abrasive means to clean the sealing surfaces.
These tools cause scratches and gouges,
which make leak paths. Use a plastic
scraping tool to remove all traces of old
sealant.

Inspect the oil pan. Clean the mating surface
for the oil pan with silicone gasket remover and
metal surface prep. Follow the directions on the
packaging.

65. NOTE: If not secured within four minutes, the
sealant must be removed and the sealing area
cleaned. To clean the sealing area, use silicone63. NOTE: Clean and inspect the mating surfaces
gasket remover and metal surface prep. Followand install a new O-ring. Lubricate with clean
the directions on the packaging. Failure toengine oil.
follow this  procedure can cause future oil

Position the oil pump screen and pickup tube. leakage.
1 Install and tighten the spacer. Apply silicone gasket and sealant at the rear oil
2 Insert the oil pump screen pickup tube into seal retainer-to-cylinder block sealing surface.

the oil pump and position the support
bracket over the spacer.

3 Install and tighten the bolts.
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ASSEMBLY (Continued)

66. NOTE: If not secured within four minutes, the
sealant must be removed and the sealing area
cleaned. To clean the sealing area, use silicone
gasket remover and metal surface prep. Follow
the directions on the packaging. Failure to
follow this  procedure can cause future oil
leakage.

Apply silicone gasket and sealant at the engine
front cover-to-cylinder block sealing surface.

67. NOTE: Be sure to tighten the bolts in three 68. Install the oil drain plug.
stages.

Install the oil pan. Tighten the bolts in the
sequence shown.

• Stage 1: Tighten to 2 Nm (18 lb-in).

• Stage 2: Tighten to 20 Nm (15 lb-ft).

• Stage 3: Tighten an additional 90 degrees.
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ASSEMBLY (Continued)

69. CAUTION: Do not rotate the water
pump housing once the water pump has been
positioned in the cylinder block. Damage to
the O-ring seal will occur.

Install the water pump.

1 Lubricate the new O-ring seal, using engine
coolant, and install the O-ring seal onto the
water pump.

2 Position the water pump into the cylinder
block.

3 Install the water pump retaining bolts.

72. NOTE: If not secured within four minutes, the
sealant must be removed and the sealing area
cleaned. To clean the sealing area, use silicone
gasket remover and metal surface prep. Follow
the directions on the packaging. Failure to
follow this  procedure can cause future oil
leakage.

Apply silicone gasket and sealant to the
Woodruff key slot on the crankshaft pulley.

70. Lubricate the engine front cover and the
crankshaft front seal inner lip with clean engine
oil.

73. Using the special tool, install the crankshaft
pulley.

71. Using the special tool, install the crankshaft
front seal.
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ASSEMBLY (Continued)

74. Tighten the crankshaft pulley bolt in four 76. NOTE: If not secured within four minutes, the
stages. sealant must be removed and the sealing area

cleaned. To clean the sealing area, use silicone• Stage 1: Tighten to 90 Nm (66 lb-ft).
gasket remover and metal surface prep. Follow

• Stage 2: Loosen 360 degrees. the directions on the packaging. Failure to
• Stage 3: Tighten to 50 Nm (37 lb-ft). follow this  procedure can cause future oil

leakage.• Stage 4: Tighten an additional 90 degrees.
Apply silicone gasket and sealant in two places
where the engine front cover meets the cylinder
head.

75. Position the water pump pulley on the water
pump and install the bolts.

77. Position the valve covers.
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ASSEMBLY (Continued)

78. Tighten the bolts in the sequence shown. 81. Connect the camshaft position (CMP) electrical
connector.

82. Connect the RH radio frequency interference
capacitor electrical connector.

79. Install the engine control sensor wiring harness.
Connect all of the harness routing clips and
connector retainers.

83. Connect the knock sensor electrical connector,80. Connect the LH radio frequency interference
if equipped.capacitor and cylinder head temperature (CHT)

sensor electrical connectors.
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ASSEMBLY (Continued)

84. Connect the crankshaft position (CKP) sensor 87. Remove the engine from the engine stand.
electrical connector.

88. CAUTION: Do not use metal scrapers,
wire brushes, power abrasive discs or other
abrasive means to clean the aluminum
retainer plate. These tools cause scratches
and gouges, which make leak paths. Use a
plastic scraping tool to remove all traces of
old  sealant.

Inspect the rear seal retainer plate. Clean the
mating surface for the rear seal retainer plate
with silicone gasket remover and metal surface
prep. Follow the directions on the packaging.

89. NOTE: If not secured within four minutes, the
sealant must be removed and the sealing area85. Connect the oil pressure switch electrical
cleaned. To clean the sealing area, use siliconeconnector.
gasket remover and metal surface prep. Follow
the directions on the packaging. Failure to
follow this  procedure can cause future oil
leakage.

Apply a 4 mm (0.16 in) bead of silicone gasket
and sealant around the rear oil seal retainer
sealing surface.

86. Attach the special tool.
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ASSEMBLY (Continued)

90. Install the retainer plate. Tighten the bolts in
two stages.

• Stage 1: Tighten the retainer plate bolts to
10 Nm (89 lb-in), in the sequence shown.

• Stage 2: Tighten the oil pan bolts to 20 Nm
(15 lb-ft), then tighten an additional 90
degrees.

93. Install the flexplate.

91. NOTE: Lubricate the inner lip of the crankshaft
rear seal with clean engine oil.

Using the special tools, install a new crankshaft
rear seal.

92. Using the special tools, install the crankshaft
rear oil slinger.
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INSTALLATION
Special Tool(s)Cylinder Heads

Strap Wrench
303-D055 (D85L-6000-A)Special Tool(s)

Installer, Crankshaft Vibration
Damper
303-102 (T74P-6316-B)

Compressor, Valve Spring
303-567 (T97P-6565-AH)

Installer, Crankshaft Front Oil
Seal
303-635

Spacer, Valve Spring
Compressor
303-382 (T91P-6565-AH)

Holding Tool, Crankshaft
303-448 (T93P-6303-A)

Installer, Crankshaft Front Oil
Seal
303-335 (T88T-6701-A)

Remover/Installer, Cylinder
Head
303-572 (T97T-6000-A)

Material

Item Specification
Engine Lift Bracket Set

Motorcraft Silicone Gasket —303-DS086 (D93P-6001-A)
Remover
ZC-30

Motorcraft Metal Surface —
Prep
ZC-31

Silicone Gasket and WSE-M4G323-A4
Modular Engine Lift Bracket Sealant
303-F047 (014-00073) or F7AZ-19554-EA or
equivalent equivalent

Instant Adhesive WSK-M2G402-A4
E8AZ-19554-A

SAE 5W-20 Synthetic WSS-M2C153-H
Blend Motor Oil
XO-5W20-QSP or

(Continued)
equivalent

Motorcraft Premium Gold WSS-M97B51-A1 (yellow
Engine Coolant in color)
VC-7-A (in Oregon
VC-7-B) or equivalent.

Copyright  2003, Ford Motor Company
Last updated: 12/29/2003 2004 E-Series, 12/2003 
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INSTALLATION (Continued)

Installation 2. CAUTION: Cylinder head machining
or milling is not authorized by the Ford

Both cylinder heads Motor Company. Cylinder head flatness
must be within 0.0254 mm (0.001 in) across a
38.1 mm (1.5 in) square area.1. CAUTION: Make sure all coolant

residue and foreign material is cleaned from CAUTION: The gasket sealing surfaces
the block surface and the cylinder bore. on the cylinder head and the cylinder block

must be clean. For additional information,CAUTION: The gasket sealing surfaces
refer to Cylinder Heads in this section.on the cylinder head and the cylinder block

must be clean. For additional information, CAUTION: The use of sealing aids
refer to Cylinder Heads in this section (aviation cement, copper spray and glue) is

not permitted. The gasket must be installedCAUTION: The use of sealing aids
dry.(aviation cement, copper spray and glue) is

not permitted. The gasket must be installed CAUTION: Do not allow the dowels to
dry. scratch the sealing surface of the cylinder

head during cylinder head installation.CAUTION: The new gasket has a film
NOTE: The new cylinder head bolts must becoating which is crucial to the gasket’s
lightly oiled with a rag, and allowed to drainability to seal correctly. Do not scratch the
for a few minutes prior to installation.gasket.

Loosely install cylinder head bolts.NOTE: LH shown, RH similar.

Install the head gaskets over the dowel pins.
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INSTALLATION (Continued)

LH cylinder head Both cylinder heads

3. Tighten the cylinder head bolts in three stages 5. Remove the lifting handles from both ends of
in the sequence shown. the cylinder head.

• Stage 1: Tighten the bolts to 40 Nm (30
lb-ft).

• Stage 2: Tighten the bolts an additional 90
degrees.

• Stage 3: Tighten the bolts an additional 90
degrees.

6. NOTE: Lubricate the hydraulic lash adjusters
with clean engine oil.

Install the hydraulic lash adjusters in their
original locations.

RH cylinder head

4. Tighten the cylinder head bolts in three stages
in the sequence shown.

• Stage 1: Tighten the bolts to 40 Nm (30
lb-ft).

• Stage 2: Tighten the bolts an additional 90
degrees.

• Stage 3: Tighten the bolts an additional 90
degrees.
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INSTALLATION (Continued)

RH cylinder head

7. Using new gaskets, install the RH exhaust
manifolds. Tighten the nuts in the sequence
shown.

10. Install a retaining clip on the tensioner to hold
the plunger during installation.

LH cylinder head

8. Using new gaskets, install the LH exhaust
manifold. Tighten the nuts in the sequence
shown.

11. Remove the tensioner from the vise.

12. If the copper links are not visible, mark two
links on one end and one link on the other end,
and use as timing marks.

Both cylinder heads

9. CAUTION: The timing chain
procedures must be followed exactly or
damage to the valves and pistons will result.

Compress the tensioner plunger, using a vise.
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INSTALLATION (Continued)

13. Install the timing chain guides.
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INSTALLATION (Continued)

14. Pre-position the camshafts.

1 Rotate the LH camshaft until the timing
mark is approximately at 12 o’clock.

2 Rotate the RH camshaft until the timing
mark is approximately at 11 o’clock.

15. CAUTION: Rotate the crankshaft
counterclockwise only. Do not rotate past
position shown or severe piston and valve
damage can occur.

NOTE: The number one piston is at top dead
center (TDC) when the stud on the engine
block fits into the slot in the handle of the
special tool.

Position the crankshaft so the number one
cylinder is at TDC with the special tool.

16. Remove the crankshaft holding tool.
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INSTALLATION (Continued)

17. Install the crankshaft sprocket, making sure the
flange faces forward.

18. Position the lower end of the LH (inner) timing
chain on the crankshaft sprocket, aligning the
timing mark on the outer flange of the
crankshaft sprocket with the single copper
(marked) link on the chain.

20. NOTE: The LH timing chain tensioner arm has
a bump near the dowel hole for identification.

Position the LH timing chain tensioner arm on
the dowel pin and install the LH timing chain
tensioner.

19. NOTE: Make sure the upper half of the timing
chain is below the tensioner arm dowel.

Position the timing chain on the camshaft
sprocket with the camshaft sprocket timing
mark positioned between the two copper
(marked) chain links.
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INSTALLATION (Continued)

21. Remove the retaining clip from the LH timing 24. Position the RH timing chain tensioner arm on
chain tensioner. the dowel pin and install the RH timing chain

tensioner.

22. Position the lower end of the RH (outer) timing
chain on the crankshaft sprocket, aligning the 25. Remove the retaining clip from the RH timing
timing mark on the outer flange of the chain tensioner.
crankshaft sprocket with the single copper
(marked) link on the chain.

26. As a post-check, verify correct alignment of all
timing marks.

23. Install the RH timing chain on the camshaft
sprocket. Make sure the camshaft sprocket
timing mark is positioned between the two
copper (marked) chain links.
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INSTALLATION (Continued)

27. Install the special tool between the valve spring
coils to prevent valve stem seal damage.

31. Position the balance shaft on the journals.

28. NOTE: Lubricate the camshaft roller followers
using clean engine oil.

NOTE: Position the cam lobe away from the
camshaft roller follower location prior to
installing each camshaft roller follower.

Install the camshaft roller followers.

1 Install the special tool.

2 Compress the valve spring.

3 Install the camshaft roller followers in their
original locations.

32. NOTE: It may be necessary to use an
inspection mirror to see the marks. Align the
chalk mark on the balance shaft with the
camshaft timing mark as shown.

29. CAUTION: When installing the spark
plugs, use care not to exceed the
recommended torque.

Install the 10 spark plugs.

• Tighten the spark plugs to 18 Nm (13 lb-ft).

30. Using the index mark on the balance shaft,
mark the corresponding gear tooth with chalk.
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INSTALLATION (Continued)

33. Install the bearing caps in their original 34. Install the crankshaft sensor ring on the
location. Install the bolts and tighten the bolts crankshaft.
in the sequence shown.
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INSTALLATION (Continued)

35. NOTE: If the front cover is not secured within
four minutes, the sealant must be removed and
the sealing area cleaned. To clean the sealing
area, use silicone gasket remover and metal
surface prep. Follow the directions on the
packaging. Failure to  follow this procedure can
cause future oil leakage.

Apply a bead of silicone gasket and sealant
along the cylinder head-to-cylinder block
surface and the oil pan-to-cylinder block
surface, at the locations shown.

36. Install a new front cover gasket on the engine
front cover. Position the engine front cover.
Install the fasteners.
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INSTALLATION (Continued)

Part37. Tighten the engine front cover fasteners in
Item Number Descriptionsequence in three stages.

11 N808140 Stud and Washer, Hex Head
Part Pilot, M10 x 1.5 x 68 - M8 x

Item Number Description 1.25 x 27

1 N806177 Bolt, Hex Flange Head Pilot, 12 N808140 Stud and Washer, Hex Head
M8 x 1.25 x 53 Pilot, M10 x 1.5 x 68 - M8 x

1.25 x 272 N806177 Bolt, Hex Flange Head Pilot,
M8 x 1.25 x 53 13 N808140 Stud and Washer, Hex Head

Pilot, M10 x 1.5 x 68 - M8 x3 N806177 Bolt, Hex Flange Head Pilot,
1.25 x 27M8 x 1.25 x 53

14 N808140 Stud and Washer, Hex Head4 N806177 Bolt, Hex Flange Head Pilot,
Pilot, M10 x 1.5 x 68 - M8 xM8 x 1.25 x 53
1.25 x 27

5 N806177 Bolt, Hex Flange Head Pilot,
15 N808140 Stud and Washer, Hex HeadM8 x 1.25 x 53

Pilot, M10 x 1.5 x 68 - M8 x
6 N808529 Stud, Hex Head Pilot, M10 x 1.25 x 27

1.5 x 59 - M10 x 1.5 x 30

7 N808529 Stud, Hex Head Pilot, M10 x 1 Stage 1: Tighten fasteners 1 through 5 to 251.5 x 59 - M10 x 1.5 x 30
Nm (18 lb-ft).

8 N808142 Screw and Washer, Hex Pilot,
2 Stage 2: Tighten fasteners 6 and 7 to 48M10 x 1.5 x 57.5

Nm (35 lb-ft).9 N808142 Screw and Washer, Hex Pilot,
M10 x 1.5 x 57.5 3 Stage 3: Tighten fasteners 8 through 15 to

48 Nm (35 lb-ft).10 N808142 Screw and Washer, Hex Pilot,
M10 x 1.5 x 57.5
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INSTALLATION (Continued)

38. Loosely install the bolts, then tighten in two
stages, in the sequence shown.

• Stage 1: Tighten to 20 Nm (15 lb-ft).

• Stage 2: Tighten an additional 90 degrees.

41. Using the special tools, install the crankshaft
front seal.

42. NOTE: If not secured within four minutes, the
sealant must be removed and the sealing area
cleaned. To clean the sealing area, use silicone
gasket remover and metal surface prep. Follow39. Position the belt idler pulley and install the
the directions on the packaging. Failure tobolt.
follow this  procedure can cause future oil
leakage.

Apply silicone gasket and sealant to the
woodruff key slot on the crankshaft pulley.

40. Lubricate the engine front cover and the
crankshaft front seal inner lip with clean engine
oil.
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INSTALLATION (Continued)

43. Use the special tool to install the crankshaft 45. Position the water pump pulley on the water
pulley. pump and install the bolts.

44. NOTE: Use a suitable strap wrench (303-D055)
to hold the pulley while tightening the bolt.

Tighten the new crankshaft bolt in four stages.

• Stage 1: Tighten to 90 Nm (66 lb-ft).

• Stage 2: Loosen 360 degrees.

• Stage 3: Tighten to 50 Nm (37 lb-ft).

• Stage 4: Tighten an additional 90 degrees.
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INSTALLATION (Continued)

46. NOTE: The front lower hole in the power 48. NOTE: If not secured within four minutes, the
steering pump is not used. sealant must be removed and the sealing area

cleaned. To clean the sealing area, use siliconePosition the power steering pump and install the
gasket remover and metal surface prep. Followbolts.
the directions on the packaging. Failure to
follow this  procedure can cause future oil
leakage.

Apply silicone gasket and sealant in two places
where the engine front cover meets the cylinder
head.

49. Position the LH valve cover and gasket on the
cylinder head and install the bolts loosely.

47. If a new gasket is being installed, apply instant
adhesive completely around the gasket groove
in the LH valve cover. Install the new valve
cover gasket.
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INSTALLATION (Continued)

50. Tighten the bolts in the sequence shown. 52. NOTE: If not secured within four minutes, the
sealant must be removed and the sealing area
cleaned. To clean the sealing area, use silicone
gasket remover and metal surface prep. Follow
the directions on the packaging. Failure to
follow this  procedure can cause future oil
leakage.

Apply silicone gasket and sealant in two places
where the engine front cover meets the cylinder
head.

53. Position the RH valve cover and gasket on the
cylinder head and install the bolts loosely.

51. If a new gasket is being installed, apply instant
adhesive completely around the gasket groove
in the RH valve cover. Install the new valve
cover gasket.
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INSTALLATION (Continued)

54. Tighten the bolts in the sequence shown.

57. Install the nut attaching the oil level indicator
tube to the front of the engine.

55. Position the oil level indicator tube.
58. Connect the crankcase vent tube to the valve

cover.

56. Install the bolt attaching the oil level indicator
tube to the rear of the engine.
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INSTALLATION (Continued)

59. NOTE: RH shown, LH similar. 63. Connect the knock sensor electrical connector,
if equipped.Install the radio frequency interference

capacitors.

64. Connect the RH radio frequency interference
capacitor electrical connector.60. Roughly position the engine control sensor

wiring harness and mount it on the valve cover
studs.

61. Connect the CKP sensor electrical connector.

65. Connect the CMP electrical connector.

62. Connect the oil pressure switch electrical
connector.
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303-01B-19 303-01B-19Engine — 6.8L

INSTALLATION (Continued)

66. Connect the LH radio frequency interference 70. Install the special tool.
capacitor and CHT sensor electrical connectors.

71. Install the special tool and remove the engine
67. NOTE: LH shown, RH similar. from the work stand.

Install the cylinder block drain plugs.

72. Lower the engine onto wooden blocks.

68. Install the RH engine mount.
73. Remove the special tool.

• Tighten the bolts to 63 Nm (46 lb-ft).

69. Install the special tool.
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303-01B-20 303-01B-20Engine — 6.8L

INSTALLATION (Continued)

74. Remove the special tool.

75. Install the special tool and raise the engine.

77. Install the engine. For additional information
refer to Engine in this section.

76. Position the flexplate and loosely install the
bolts. Tighten the bolts in the sequence shown.
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303-01B-1 303-01B-1Engine — 6.8L

INSTALLATION

4. Install the fuel tube line bracket and theEngine
remaining transmission to engine bolts.

Special Tool(s)

Modular Engine Lift Bracket
303-F047 (014-00073) or
equivalent

Material

Item Specification

Silicone Gasket and WSE-M4G323-A4
Sealant
F7AZ-19554-EA 5. Install and tighten the six new nuts retaining the
SAE 5W-20 Premium WSS-M2C153-H torque converter.
Synthetic Blend Motor Oil
XO-5W20-QSP

Motorcraft Premium ESE-M97B44-A
Engine Coolant VC-4-A
(in Oregon VC-5, in
Canada CXC-10)
F5FZ-19549-CC

Motorcraft Premium Gold WSS-M97B51-A1
Engine Coolant
VC-7-A (in Oregon
VC-7-B)

Installation

1. Position the engine in the vehicle and remove
the Modular Engine Lift Bracket and the jack 6. Install the starter motor. For additional
supporting the transmission. information, refer to Section 303-06A.

2. Raise and support the vehicle. 7. Position the A/C compressor manifold assembly
and install the bolt.

3. Install and tighten the nuts.

Copyright  2003, Ford Motor Company
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303-01B-2 303-01B-2Engine — 6.8L

INSTALLATION (Continued)

8. Install and tighten the nuts.

12. Connect the lower radiator hose.

9. Connect the power steering pressure hose.

13. Lower the vehicle.

10. Install the oil cooler to the oil filter adapter and 14. Connect the transmission wiring harness and the
install the oil filter. LH and RH heated exhaust gas oxygen sensor

connectors.

11. Position the oil cooler hoses and install the hose
clamps. 15. Install the intake manifold. For additional

information, refer to Intake Manifold in this
section.
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303-01B-3 303-01B-3Engine — 6.8L

INSTALLATION (Continued)

16. Install the suction line to the accumulator. 19. Install the drive belt. For additional information,
refer to Section 303-05.

20. Install the upper and lower radiator supports,
valance panel, radiator grille support and the
radiator RH and LH air deflectors. For
additional information, refer to  Section 501-02.

21. Install the A/C condenser core. For additional
information, refer to Section 412-03A.

22. Install the radiator. For additional information,
refer to Section 303-03.

23. Install the side marker lamps and headlamps.
For additional information, refer to Section17. Install the power steering reservoir hose at the
417-01.power steering pump.

24. Install the engine air cleaner assembly and
tubes.

25. Fill all fluids to the correct levels.

26. Connect the battery ground cable.

27. Start the engine and check for leaks. Stop the
engine and recheck the fluid levels.

28. Evacuate and recharge the A/C system. For
additional information, refer to Section 412-00.

18. Connect the 16 and 42-pin connectors.
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303-01C-1 303-01C-1Engine — 6.0L Diesel

General Specifications (Continued)
SPECIFICATIONS

Item Specification
General Specifications

Cylinder head and valve train
Item Specification

Cylinder head gasket 0.05 mm (0.002 in) per 51
Lubricants and Sealers surface flatness mm (2 in)

 0.10 mm (0.004 in) perSAE 15W-40 Super Duty WSS-M2C171-B
total surface areaMotor Oil

XO-15W40-QSD or Cylinder head thickness 95 mm (3.74 in)
equivalent — minimum

Heavy Truck PAG WST-M1C231-B2 Combustion chamber —
Refrigerant Compressor volume
Oil F4HZ-19577-A or

Valve arrangement (front —equivalent
to rear)

High Temperature Nickel ESE-M12A4-A
Valve guide bore diameter 7.003-7.029 mmAnti-Seize Lubricant XL-2

(0.276-0.277 in)or equivalent
Valve stem diameter 6.947-6.965 mmPenetrating and Lock —

(0.2735-0.272 in)Lubricant XL-1 or
equivalent Valve stem-to-guide 0.140 mm (0.0055 in)

clearance maximumThreadlock 262 WSK-M2G351-A6
E2FZ-19554-B or Valve head diameter —
equivalent Valve face runout (T.I.R. 0.038 mm (0.015 in)
Pipe Sealant with Teflon WSK-M2G350-A2 max)
XW7Z-19554-AA or Valve face angle Exhaust — 37.5 degrees
equivalent

Valve face angle Intake — 30 degrees
RTV Silicone Sealant —

Valve seat width Exhaust — 1.80-2.56 mmF5TZ-19G204-AB
(0.071-0.101 in)

Motorcraft Premium Gold WSS-M97B51-A1
Valve seat width Intake — 1.48-2.24 mmEngine Coolant VC-7-A

(0.058-0.088 in)(in Oregon VC-7-B, in
Canada VC-7-C) Valve seat runout 0.0035 mm (0.0014 in)
R-134A Refrigerant WSH-M17B19-A Valve seat angle Exhaust — 37.5 degrees
YN-19 or equivalent

Valve seat angle Intake — 30 degrees
Metal Brake Parts Cleaner —

Valve spring free length 51.96 mm (2.045 in)PM-4 (Canada CPM-4)

Valve spring solid height 36.1 mm (1.42 in)General Specifications — Engine
Valve spring compression 46.30 mm @ 340 +/- 17Displacement 6.0 liter (365 cubic inch)
pressure N (1.82 in 76.5 +/- 3.8 lb)

Number of cylinders 8
Valve spring compression 38.3 mm @ 850 +/- 43 N

Bore 95 mm (3.74 in) pressure (1.51 in @ 191 +/- 9.7 lb)
Stroke 105 mm (4.13 in) Valve spring installed —

heightFiring order 1-2-7-3-4-5-6-8

Valve spring installed —Oil pressure — minimum 82.7 kPa (12 psi) at 700
pressurerpm, 165.5 kPa (24 psi) at

1,200 rpm and 310.3 kPa Roller follower ratio —
(45 psi) at 1,800 rpm with

Hydraulic lash adjusterengine at operating
temperature Diameter —

Oil capacity 14.1 liters (15 quarts) with Clearance-to-bore —
filter

Service limit —
Compression ratio 18.0:1

Copyright  2003, Ford Motor Company
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303-01C-2 303-01C-2Engine — 6.0L Diesel

SPECIFICATIONS (Continued)

General Specifications (Continued) General Specifications (Continued)

Item Specification Item Specification

Hydraulic leakdown rate — Main bearing journal 80.4793-80.5047 mm
diameter— 0.508 mm (3.168-3.130 in)Collapsed lash adjuster —
(0.020 in) undersizegap
Main bearing journal 80.2253-80.2507 mmCamshaft
diameter— 0.762 mm (3.158-3.120 in)

Gear backlash 0.179-0.315 mm (0.030 in) undersize
(0.007-0.012 in)

Main bearing journal —
Lobe lift Intake — 5.744 mm maximum taper

(0.2261 in)
Main bearing journal —

Lobe lift Exhaust — 5.832 mm maximum out-of-round
(0.2296 in)

Main bearing 0.020-0.086 mm
Allowable lobe lift loss 0.51 mm (0.02 in) journal-to-cylinder block (0.0008-0.0034 in)

clearanceJournal diameter 61.987-62.013 mm
(2.440-2.441 in) Connecting rod journal

diameterCamshaft journal bearing 62.05-62.14 mm
inside diameter (2.443-2.446 in) Standard size 68.99 to 69.01 mm (2.716

to 2.717 in)Camshaft 0.037-0.153 mm
journal-to-bearing (0.0015-0.0060 in) 0.254 mm (0.010 in) 68.73 to 68.75 mm (2.706
clearance under size to 2.707 in)

Runout — 0.508 mm (0.020 in) 68.48 to 68.50 mm (2.696
under size to 2.697 in)End play 0.051-0.211 mm

(0.002-0.008 in) 0.762 mm (0.030 in) 68.23 to 68.25 mm (2.686
under size to 0.687 in)Cylinder block
Connecting rod journal —Cylinder bore diameter 94.999-95.001 mm
maximum taper(3.7401-3.7402 in)
Connecting rod journal —Cylinder bore maximum 0.076 mm (0.003 in)
maximum out-of-roundtaper
Crankshaft maximum end 0.508 mm (0.020 in)Cylinder bore maximum 0.05 mm (0.002 in)
playout-of-round
Piston and connecting rodMain bearing bore inside 85.99-86.01 mm

diameter (3.3854-3.3862 in) Piston diameter— 94.9460-94.9186 mm
Standard size (3.737-3.738 in)Camshaft bearing bore 65.98-66.02 mm

inside diameter (2.597-2.599 in) Piston diameter— 0.254 95.1738-95.1992 mm
mm (0.010 in) oversize (3.747-3.748 in)Head gasket surface 0.10 mm (0.004 in) across

flatness the total area Piston diameter— 0.508 95.4278-95.4532 mm
0.05 mm (0.002 in) across mm (0.020 in) oversize (3.757-3.758 in)
any 150 mm x 150 mm (6

Piston diameter — 0.762 95.6818-95.7072 mmin x 6 in) area
mm (0.030 in) oversize (3.767-3.768 in)0.025 mm (0.001 in)

across any 25 mm x 25 Piston-to-cylinder bore 0.0441-0.0909 mm
mm (1 in x 1 in) area clearance (0.0017-0.0036 in)

Crankshaft Piston ring end gap — top 0.29-0.55 mm
compression (0.011-0.021 in)Main bearing journal 80.9873-81.0127 mm

diameter— Standard size (3.188-3.150 in) Piston ring end gap — 1.40-1.66 mm
intermediate compression (0.055-0.065 in)Main bearing journal 80.7333-80.7587 mm

diameter— 0.254 mm (3.178-3.140 in) Piston ring end gap — oil 0.24-0.50 mm
(0.010 in) undersize control (0.009-0.019 in)
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303-01C-3 303-01C-3Engine — 6.0L Diesel

SPECIFICATIONS (Continued)

General Specifications (Continued) General Specifications (Continued)

Item Specification Item Specification

Piston ring groove width Upper limit — 94.469 Vibration damper 0.0635 mm (0.025 in)
(measured over 2.08 mm mm (3.719 in) mounting area runout
(0.082 in) gauge pins) (max)

Piston ring groove width Replacement limit — Vibration damper rubber 1.5 mm (0.059 in)
(measured over 2.08 mm 94.290 mm (3.712 in) bulging (max)
(0.082 in) gauge pins) Piston height above 0.9000 mm (0.0354 in)
Piston ring width — crankcase deck

(protrusion)Piston ring-to-groove —
clearance Push rod runout (max) 0.25 mm (0.01 in)

Piston pin bore diameter — High pressure oil pump 0.179-0.315 mm
gear backlash (0.007-0.0124 in)Piston pin diameter 33.9975-34.0025 mm

(1.3385-1.3387 in) Piston height above 0.900mm (0.0354 in)
crankcase deckPiston pin length 65.073-65.327 mm
(protrusion)(2.5619-2.5719 in)

Piston pin-to-piston fit 0.013-0.022 mm
(0.0005-0.0009 in) Torque Specifications

Connecting rod-to-pin — Description Nm lb-ft lb-in
clearance

Air inlet duct clamp 5 — 44
Connecting rod pin bore —

Turbocharger exhaust 12 9 —diameter
adapter V-clamp

Connecting rod length 176 mm (6.929 in)
Exhaust tube to exhaust 27 20 —(center-to-center)
manifold flange bolts

Connecting rod maximum — (left side)a

allowed bend
Exhaust tube to exhaust 27 20 —

Connecting rod maximum — manifold flange bolts
allowed twist (right side)a

Connecting rod bearing 72.987-73.013 mm Turbocharger flange to 27 20 —
bore diameter (2.8735-2.8745 in) exhaust/EGR tube bolts

(right side)aConnecting rod 0.0203-0.0837 mm
bearing-to-crankshaft (0.0008-0.0033 in) Turbocharger mounting 38 28 —
clearance bolts
Connecting rod side 0.3-0.6 mm (0.012-0.024 Turbocharger pedestal 31 23 —
clearance in) bolts
Exhaust manifold warpage 0.0762 mm (0.003 in) Turbocharger oil 24 18 —
— maximum allowable supply tube bolts (at
clearance (cold) turbocharger)
Intake manifold warpage 0.13 mm (0.005 in) Turbocharger oil 13 10 —
— between ports supply tube bolt (at oil

cooler)Intake manifold warpage 0.25 mm (0.0010 in)
— total Exhaust manifold 38 28 —

flange boltsaOil pump end clearance 0.025-0.095 mm
(inner and outer rotor to (0.001-0.004 in) Intake manifold flange 11 8 —
housing) bolts
Oil pump radial clearance 0.17 -0.295 mm Intake manifold heat 11 8 —
(between outer rotor and (0.007-0.012 in) shield nuts
housing)

EGR valve mounting 13 10 —
bolts
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303-01C-4 303-01C-4Engine — 6.0L Diesel

SPECIFICATIONS (Continued)

Torque Specifications (Continued) Torque Specifications (Continued)

Description Nm lb-ft lb-in Description Nm lb-ft lb-in

EGR clamp, V-band 6 — 53 Oil cooler mounting 10 — 89
bolts (6 mm)EGR cooler bolts, (M8 31 23 —

x 16) Oil cooler mounting 22 16 —
bolts (8 mm)EGR cooler stud bolts 13 10 —

(M6 X 55 X 20) EGR cooler coolant 10 — 89
supply port cover (M6)Crankcase breather 7 — 62

screws Oil filter adapter 15 11 —
housing bolts (Torx)Cylinder head bolt — — —

sequence and torqueb Oil filter return tube 5 — 44
bolt, new baseFuel injector 33 24 —

hold-down bolt Oil filter return tube 3 — 27
bolt, reinstallationRocker arm fulcrum 31 23 —

plate bolts Crankshaft position 11 8 —
(CKP) sensorGlow plugs 19 14 —
Camshaft position 11 8 —ICP sensor 12 9 —
(CMP) sensor

Oil rail assemblyb — — —
Injection control 12 9 —

Oil rail vent plugs 11 8 — pressure (ICP) sensor

Valve cover bolts and 8 — 71 Injection pressure 50 37 —
studs regulator (IPR) valve

Oil drain pan plug 44 32 — Intake air temperature 17 13 —
2 (IAT2) sensorFront cover module 24 18 —

bolts Exhaust back pressure 30 22 —
tube assembly atThermostat housing 23 17 —
exhaust manifoldretaining bolts
Exhaust back pressure 12 9 —Coolant pump 23 17 —
(EBP) sensormounting bolts
Lower oil pan bolt 13 10 —Vibration damper — — —

mounting boltsb Upper oil pan bolts 13 10 —
(M6)Oil pump housing 8 — 71

retaining bolts Engine coolant 12 9 —
temperature (ECT)Connecting rod bearing — — —
sensorboltsb

Glow plug module nuts 11 8 —Lower crankcase main — — —
bearing cap boltsb High pressure oil pump 11 8 —

cover boltsLower crankcase outer 24 18 —
bolts (M8 x 30) High pressure oil pump 24 18 —

mounting boltsOil pickup tube flange 13 10 —
bolts High pressure oil pump 8 — 71

discharge tubePiston cooling jet 13 10 —
mounting bolts (top ofmounting boltc

pipe)
Cam follower mounting 13 10 —

Rear heat shield bolts 11 8 —bolt
(M6 x 1.0 x 1.2)

Camshaft thrust 31 23 —
Rear heat shield bolts 49 36 —plate-mounting bolts
(M10 x 1.5 x 16)

Coolant heater 41 30 —
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303-01C-5 303-01C-5Engine — 6.0L Diesel

SPECIFICATIONS (Continued)

Torque Specifications (Continued) Torque Specifications (Continued)

Description Nm lb-ft lb-in Description Nm lb-ft lb-in

Banjo fitting bolt at 38 28 — Cooling fan stator bolts 40 30 —
cylinder heads Fan clutch 133 98 —
Fuel filter plug 27 20 — hub-to-coolant pump
assembly (back of Belt idler pulley bolts 47 35 —
head)

Belt tensioner bolts 25 18 —
Flexplate mounting 94 69 —

Crankshaft pulley bolts 47 35 —bolts
(dual alternators)

Fuel return tube at 43 32 —
Two-piece 82 60 —secondary fuel filter
crankcase-to-head tube

Right and left head 26 19 —
Alternator mounting 47 35 —supply tubes at filter
bracket bolts (dual

Front, lifting eye bolts 41 30 — alternators)
(M10 x 30)

Starter mounting bolts 25 18 —
Rear, lifting eye bolts 41 30 —

Cylinder block drain 20 15 —(M10 x 35)
plugd

Automatic transmission 8 — 71
Oil filter drain plug 10 — 89tube nut

Secondary fuel filter 35 26 —Starter positive cable 14 10 —
banjo fittingnut

Secondary fuel filter 14 10 —Starter control wire nut 6 — 53
cover

Torque converter nuts 35 26 —
Charge air cooler duct 12 9 —

Motor mount nuts 90 66 — retaining clamp
Motor mount bolts 80 59 — Vacuum pump 47 35 —
(mount to plate) mounting bracket bolts
Motor mount bolts 80 59 —

a Apply High Temperature Nickel Anti-Seize(plate to block)
Lubricant (XL-2) to the threads prior to assembly.

Motor mount 55 41 — b Refer to the procedure in this section.
removable stud c Apply Threadlock 262 to bolt threads prior to

assembly.Turbo down pipe bolts 40 30 —
d Apply clean engine oil to the O-ring seal before

Transmission-to-engine 47 35 — installing.
bolts

Upper oil pan bolts 31 23 —
Standard Torque — Pipe Thread(M8)

Thread Size TorqueaTransmission cooler 6 — 53
bolts 1/8 in NPT 10.2 Nm (7 lb-ft)
Power steering cooler 10 — 89 1/4 in NPT 13.6 Nm (10 lb-ft)
bolts

3/8 in NPT 20.4 Nm (15 lb-ft)
Power steering pump 25 18  —

1/2 in NPT 34 Nm (25 lb-ft)bolt
3/4 in NPT 40.8 Nm (30 lb-ft)Air conditioning 25 18 —

compressor bolts
a Tolerances are ± 10% of nominal value.

A/C manifold bolt 21 15 —

Coolant pump pulley 31 23 —
bolts
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303-01C-6 303-01C-6Engine — 6.0L Diesel

SPECIFICATIONS (Continued)

Standard Torques — Class 10.9 Metric Bolts and Standard Torques — Class 12.9 Metric Bolts and
Studs Studs

Thread Thread Pitch Thread Thread Pitch
Diameter (mm/thread) Torque a Diameter (mm/thread) Torque a

6 mm 1 13 Nm (10 lb-ft) 6 mm 1 15 Nm (11 lb-ft)

8 mm 1.25 31 Nm (23 lb-ft) 8 mm 1.25 36 Nm (27 lb-ft)

10 mm 1.5 62 Nm (45 lb-ft) 10 mm 1.5 72 Nm (53 lb-ft)

12 mm 1.75 107 Nm (79 12 mm 1.75 126 Nm (93
lb-ft) lb-ft)

14 mm 2 172 Nm (127 14 mm 2 201 Nm (148
lb-ft) lb-ft)

15 mm 2 216 Nm (159 15 mm 2 252 Nm (186
lb-ft) lb-ft)

16 mm 2 266 Nm (196 16 mm 2 311 Nm (230
lb-ft) lb-ft)

18 mm 2.5 368 Nm (272 18 mm 2.5 430 Nm (317
lb-ft) lb-ft)

20 mm 2.5 520 Nm (384 20 mm 2.5 608 Nm (448
lb-ft) lb-ft)

a Tolerances are ± 10% of nominal value. a Tolerances are ± 10% of nominal value.
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303-01C-1 303-01C-1Engine — 6.0L Diesel

DESCRIPTION AND OPERATION

The cylinder heads are designed:Engine
• to incorporate electrohydraulic fuel injectors.Engine Description
• to locate the fuel injectors in the center of theThe 6.0L diesel engine is:

combustion chambers between the rocker arms.
• a four-cycle turbocharged V-8 with overhead • with external high-pressure oil galleries.

valves.
The glow plug system is:

• 6.0 liter (365 cubic inch) displacement.
• designed to preheat the cylinders for faster cold• separated into two banks, the right bank numbered

weather starts and smoke reduction.1, 3, 5, 7 and the left bank numbered 2, 4, 6, 8.
• controlled by the powertrain control module• rated at 325 horsepower and 560 lb-ft torque.

(PCM) and glow plug control module.
The cylinder block has been designed to withstand

• mounted directly into the cylinder heads.the loads of diesel operations by using:
The optional block heater is:

• a two-piece crankcase.
• designed to heat the engine coolant and oil for• internal piston cooling oil jets.

improved cold weather starts.
• a forged steel crankshaft.

• located near the starter.
• powdered metal, fractured connecting rods.

• powered by a 120 volt external power source.
The piston is:

• replaceable, but not repairable.
• made of an aluminum alloy. The fuel injection system used on the engine:
• fitted with an upper keystone compression ring.

• is controlled by the powertrain control module
• fitted with a lower rectangular compression ring. (PCM) and fuel injector control module.
• fitted with oil control rings. • utilizes a frame mounted horizontal fuel
The piston pins are: conditioning module.

• circulates fuel through a combination fuel filter,• a free-floating type permitting the piston pin to
fuel heater and water separator assembly.move/float freely in the piston pin bore.

• uses eight electrohydraulic fuel injectors.• retained in the piston-by-piston pin retainers.
• has a secondary fuel filter mounted on the engine.The camshaft is:
• has a fuel pressure regulator mounted in the• supported by five insert-type camshaft bearings.

secondary fuel filter housing.
• of the roller camshaft design.

The engine lubrication system:
• driven by the crankshaft through the use of the

• is divided into two systems: the low-pressurecrankshaft gear and the camshaft gear.
system lubricates the engine, the high-pressureThe hydraulic valve tappets:
system actuates the fuel injectors.

• minimize engine noise. • is cooled by an engine oil cooler.
• maintain zero valve lash. • utilizes an engine oil pressure (EOP) sensor and
• incorporate camshaft follower guides. an oil pressure regulator.

• incorporate a roller follower design that reduces
camshaft wear.
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303-01C-2 303-01C-2Engine — 6.0L Diesel

DESCRIPTION AND OPERATION (Continued)

6.0L Crankshaft, Camshaft and Piston
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303-01C-3 303-01C-3Engine — 6.0L Diesel

DESCRIPTION AND OPERATION (Continued)

Item Part Number Description Item Part Number Description

11 6303 Crankshaft assembly1 6010 Cylinder block assembly

12 6345 Main bearing bolt, M14 x 2 x2 6250 Camshaft assembly
114.53 6A251 Camshaft bearing kit

13 6345 Main bearing bolt, M14 x 2 x4 6148 Piston ring kit
127.5

5 6140 Piston pin retaining ring
14 6675 Upper oil pan assembly

6 6102 Piston pin and piston
15 6626 Oil pump cover-to-inlet tube

7 6200 Connecting rod and cap flange O-ring seal
assembly

16 6622 Oil pump screen cover and
8 6B237 Connecting rod bearing kit tube
9 6214 Connecting rod bolt 17 6676 Lower oil pan assembly

10 6333 Crankshaft bearing kit
(Continued)
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303-01C-4 303-01C-4Engine — 6.0L Diesel

DESCRIPTION AND OPERATION (Continued)

6.0L Front Cover, Rear Cover and Oil Components

2004 E-Series, 12/2003 



303-01C-5 303-01C-5Engine — 6.0L Diesel

DESCRIPTION AND OPERATION (Continued)

Item Part Number Description Item Part Number Description

13 6608 Oil pump drive rotor and1 9D280 Fuel injector manifold
shaft assemblyassembly

14 6616 Oil pump body2 9A332 Crankcase-to-head tube
assembly 15 6700 Crankcase front oil seal

3 9J332 Rear engine tube assembly 16 6316 Crankshaft vibration damper
4 9C968 Injection pressure regulator 17 8509 Water pump pulley assembly

valve
18 8501 Water pump assembly

5 9A543 Fuel injector pump assembly
19 6A638 Crankcase oil cooler cover

6 6L080 Engine rear cover assembly with oil cooler
7 6701 Crankshaft rear oil seal 20 6881 Oil filter adapter assembly

assembly
21 6881 Oil filter adapter

8 6D083 Engine rear cover gasket
22 9F838 Injection control pressure

9 6010 Cylinder block assembly (ICP) sensor
10 6020 Cylinder front cover gasket 23 9E527 Fuel injector nozzle assembly
11 8575 Water thermostat assembly 24 6095 Fuel pump cover
12 6019 Cylinder front cover assembly

(Continued)
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303-01C-6 303-01C-6Engine — 6.0L Diesel

DESCRIPTION AND OPERATION (Continued)

6.0L Front Cylinder Head and Rocker Arm Carrier
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303-01C-7 303-01C-7Engine — 6.0L Diesel

DESCRIPTION AND OPERATION (Continued)

Item Part Number Description Item Part Number Description

12 6584 Valve rocker arm cover1 6065 Cylinder head bolt
gasket2 6A527 Valve rocker arm shaft

13 6049 Cylinder head assemblysupport bolt

14 9F538 Glow plug sleeve3 6C288 Engine rocker arm carrier

15 9431 Exhaust manifold4 6A585 Valve rocker arm fulcrum
assembly 16 9A461 Exhaust manifold-to-cylinder

head spacer5 6565 Valve push rod assembly

17 W300013 Exhaust flange bolt6 6C541 Valve rocker bridge

18 6051 Cylinder head gasket7 6518 Valve spring retainer key

19 6505 Exhaust valve8 6514 Valve spring retainer

20 6507 Intake valve9 6513 Valve spring

21 6500 Valve tappet assembly10 6571 Valve stem seal

22 6C329 Crankcase cam guide11 9F538 Fuel injector nozzle sleeve
(Continued)

6.0L Valve Cover

Item Part Number Description Item Part Number Description

4 6A665 Crankcase breather1 6584 Rocker arm cover gasket

5 W300035 Valve cover stud assembly2 6A505 Valve cover assembly (LH)

3 W300034 Valve cover bolt assembly
(Continued)
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303-01C-8 303-01C-8Engine — 6.0L Diesel

DESCRIPTION AND OPERATION (Continued)

Lubrication System — Low-Pressure
Low-Pressure Oil Flow
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303-01C-9 303-01C-9Engine — 6.0L Diesel

DESCRIPTION AND OPERATION (Continued)

4. The oil cooler cover receives oil from the oilItem Part Number Description
pump and cools it in the oil cooler, which is1 6A638 Crankcase oil cooler cover
located underneath the oil cooler housing.with oil cooler

• The cooler bypass valves open in the event2 9G440 Turbocharger oil supply tube
that the oil cooler base and/or cooler3 6K682 Turbocharger
becomes restricted.4 6565 Push rod

5. The oil filter housing contains a paper type5 6500 Valve tappet
element. Unfiltered oil flows down and around6 — Main lube oil galleries
the outside of the filter and then up through the (part of 6010)
center standpipe.7 9A543 High pressure oil pump
• The oil filter bypass allows oil to pass8 — Camshaft gear

directly to the main oil gallery should the (part of 6250)
filter become restricted.9 6C327 Piston cooling jet

6. Turbocharger and drive gears.10 6333 Main bearings

11 6049 Cylinder head • Cooled and filtered oil supplied from the oil
cooler base lubricates the turbocharger12 6676 Lower oil pan
bearings and provides hydraulic pressure for13 6622 Oil pickup tube
the turbocharger variable vane hydraulic14 6019 Front cover assembly
control valve. Oil drains from the

15 6608 Oil pump drive rotor and turbocharger through a drain tube  back toshaft assembly
the high pressure hydraulic pump cover.

16 6616 Oil pump body
7. Main galleries. Cooled and filtered oil supplied17 6A251 Camshaft bushing

from the oil cooler base fills the main galleries
18 6B678 Oil pressure regulator valve to distribute oil to the following components viaassembly

passages machined within the crankcase. (part of 6019)

1 Hydraulic cam followers.
The lubrication system is pressure regulated, cooled,

2 Camshaft main journals.and full flow filtered. In addition to providing
engine lubrication, it supplies oil to the high 3 Crankshaft main journals.
pressure oil system to control fuel delivery in the 4 Connecting rod bearings receive pressurized
fuel injectors. oil from the main bearings via drilled
The following sequence describes lube oil flow passages within the crankshaft.
through the major oil system components: 5 Rocker arms receive their lube oil from the
1. Oil pan (sump). hydraulic cam followers via the push rods.

Oil drains back to the sump through holes2. Oil pick-up tube and screen.
located in the cylinder head.

3. The low pressure oil pump is a gerotor type
6 Piston cooling tubes.contained in the front cover. The gerotor

assembly consists of an outer and an inner gear. 8. High pressure hydraulic pump oil reservoir.
The inner gear is driven by the crankshaft. The • This reservoir (below oil cooler) has a
pump inlet and outlet passages are through constant supply of oil for the pressure
ports in the front  cover. hydraulic oil pump. It has an approximate
• Oil pressure regulator (bypass) controls lube capacity of 0.9 L (0.95 qt.).

oil pressure via a spring loaded plunger
relieving oil back to the inlet of the pump
once operating pressure has exceeded 517
kPa (75 psi).
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DESCRIPTION AND OPERATION (Continued)

Lubrication System — High Pressure

The hydraulic force necessary to inject fuel into theItem Part Number Description
combustion chamber is provided by the ICP system.1 9A543 Fuel injector pump assembly
The fuel injectors on the engine are hydraulically

2 9C968 Injection pressure regulator
actuated and electronically controlled.(IPR) valve
The ICP system is composed of the following3 6095 Fuel pump cover
components:4 9E527 Fuel injectors (8 req’d)

5 9D280 Fuel injector manifold • Oil reservoir
assembly (right side)

• Oil pump assembly (high-pressure)
6 9F838 Injection control pressure

• Oil pump cover(ICP) sensor

• High-pressure tubes7 9A332 Crankcase-to-head tube
assembly (right side) • High-pressure rail assemblies

8 9J332 Rear engine tube assembly
• Injection Control Pressure (ICP) sensor

9 9A332 Crankcase-to-head tube
• Injection Pressure Regulator (IPR) valveassembly (left side)

10 9D280 Fuel injector manifold • Check valves
assembly (left side)

The high-pressure oil pump receives engine lube oil
from a reservoir cast into the vee of the crankcase.The high pressure oil system is composed of two
This reservoir makes available a constant supply ofsubsystems:
engine oil from the pump. This reservoir is

• Injection Control Pressure (ICP) system constantly refilled by the low-pressure  lube oil
• Fuel injector assembly system with filtered oil from a passage in the oil

cooler housing.
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DESCRIPTION AND OPERATION (Continued)

The high-pressure oil pump is mounted at the rear The high-pressure discharge tube is mounted to the
of the crankcase and is driven by the camshaft gear. pump and serves to connect the oil flow from the
Oil is drawn from the oil reservoir through a 150 high-pressure oil pump to the rear engine tube
micron screen and into a passage to the pump inlet assembly. This tube assembly divides oil flow into
port. High-pressure oil from the pump is  distributed two tubes or branches, one for each side of  the
to the injectors through a series of tubes and engine. Rigid tubes in each branch direct oil up into
manifolds. the high pressure oil rail of each cylinder head. Oil

from the rails enter the injectors through O-ring
sealed ports at the top of each injector. When the
injector opening coil is energized,  high-pressure oil
is used to push fuel into the combustion chamber.
After injection is complete, the oil inside the
injector is vented through the top portion of the
injector and allowed to drain back to the oil sump.
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DIAGNOSIS AND TESTING

Engine 6. CAUTION: Use a backup wrench on
the special tool when installing the oil

Special Tool(s) pressure gauge or engine damage can occur.
Adapter, High Pressure Pump Install a commercially available oil pressure
Test gauge and check the base oil pressure. The
303-765

minimum engine oil pressure specifications are
82.7 kPa (12 psi) at 700 rpm, 165.5 kPa (24
psi) at 1,200 rpm and 310.3 kPa (45 psi) at
1,800 rpm with the  engine at operating
temperature.

7. Remove the oil pressure gauge and special tool.Powertrain Control/Emissions Diagnosis
Install the EOT sensor.For diagnosis and testing of the electronic engine
• Tighten to 12 Nm (9 lb-ft).control system, refer to the Powertrain

Control/Emissions Diagnosis (PC/ED) manual 8. If the concern is not evident, verify the
symptom. GO to Symptom Chart.Oil Pressure Test

Inspection and Verification

1. Verify the customer concern.

2. Visually inspect for obvious signs of damage.

3. If an obvious cause for an observed or reported
concern is found, correct the cause (if possible)
before proceeding to the next step.

4. If the concern is not visually evident, check the
base oil pressure.

5. Remove the engine oil temperature (EOT)
sensor. Install the special tool.

• Tighten to 12 Nm (9 lb-ft).
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DIAGNOSIS AND TESTING (Continued)

Symptom Chart

Symptom Chart

Condition Possible Sources Action
• Low oil pressure • Inaccurate gauge reading • INSTALL a new gauge.

• Low oil level • ADJUST the oil level.
• Oil dilution (fuel) • INSPECT the fuel injector

O-rings.
• Stuck open oil pressure • INSTALL a new oil pressure

regulator regulator.
• Scored/damaged oil pump • REMOVE the oil pump and

inspect.
• Damaged or misaligned oil • INSTALL a new oil filter

filter drain back valve in the drain back valve.
oil filter housing

• Rear main gallery plug • REMOVE the
transmission/flywheel and
inspect.

• Broken or damaged piston • REMOVE the oil pan and
cooling jets inspect.

• Front cover gasket leaks • REMOVE the front cover and
inspect the gasket.

• Missing gallery plugs • INSPECT for missing plugs.
• Missing bearing shell(s) • REMOVE the crankshaft and

inspect.
• Restriction in the pickup tube • REMOVE the oil pan and

or oil pan inspect.
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GENERAL PROCEDURES

Piston Inspection

Special Tool(s)

Pins, Piston Groove Gauge
303-D1169

Inspection

5. Measure the piston pin diameter in two
1. CAUTION: Do not use a caustic directions at the points shown. Verify the

cleaning solution or a wire brush to clean diameter is within specification.
pistons. • If out of specification, install a new piston

pin.CAUTION: Extreme care must be used
when cleaning piston ring grooves on
aluminum pistons.

Clean the pistons with liquid soap and water.

2. NOTE: Use the top compression ring to clean
the top ring groove, and the bottom
compression ring to clean the bottom ring
groove. Because the ring grooves are different
designs, using the wrong compression ring to
clean each ring groove will damage  the piston.

Break the old compression rings in half, then
use the compression rings to clean the piston
ring groove areas of the piston.

3. Inspect the piston ring lands, skirts, oil ring slot
corners and pin bosses for scoring, scuffing or
cracks. Install a new piston if these types of
damage appear.

4. Measure keystone piston ring groove wear.

1 Select 2.08 mm (0.082 in) piston gauge
pins.

2 Install the gauge pins in the top groove.

3 Using a micrometer, measure the distance
between the gauge pins. Install a new piston
if not within specification.
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GENERAL PROCEDURES (Continued)

6. Measure the outside diameter of the piston pin
and the inside diameter of the piston pin bore.
The difference between the two readings is the
piston pin-to-bore clearance. Install a new
piston pin or piston if not within specification.
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GENERAL PROCEDURES

Connecting Rod Cleaning

Inspection

1. Using a suitable solvent, thoroughly clean the
connecting rod and rod cap.

2. Mark each connecting rod and its corresponding
rod cap for correct installation.

3. Measure the inside diameter of the piston pin
bushing. Install a new connecting rod, if not
within specification.

5. Using a suitable micrometer, inspect the
connecting rod bearing bore taper.

1 Measure the bearing bore inside diameter
near the large chamfer.

• Measure the bearing bore inside diameter
near the small chamfer.

X The difference between the two readings
is the bore taper. Install new connecting
rods if not within specifications.

4. Using a suitable micrometer, measure the
connecting rod bearing bore.

1 Remove the connecting rod bearings from
the connecting rod and the connecting rod
cap. Install the connecting rod cap onto the
connecting rod and tighten the bolts.

2 Further tighten the connecting rod cap bolts.

• Measure and record the connecting rod
bearing bore as indicated. Install new
connecting rods if not within specification.
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GENERAL PROCEDURES

Oil Pump Rotor Inspection

Special Tool(s)

Feeler Gauge Set
(D81L-4201-A) 303-D027

Clearance Test

5. Using the Feeler Gauge, measure the clearance
1. Inspect the oil pump for excessive metal between the outer rotor and the oil pump

particles. housing. If the measurement does not meet
specifications, install new gerotors as a set.

2. Inspect the oil pump for gouging, cracks or
deep scratches.

3. Inspect the oil pump inner and outer gear rotors
for damage or excessive wear.

4. Using a straightedge and the Feeler Gauge,
measure the height clearance between the oil
pump housing and the inner and outer rotors. If
the measurement does not meet specifications,
install new gerotors as a set.

Copyright  2003, Ford Motor Company
Last updated: 10/24/2003 2004 E-Series, 12/2003 



303-01C-1 303-01C-1Engine — 6.0L Diesel

GENERAL PROCEDURES

Rocker Arm Cleaning and Inspection

Material

Item Specification

SAE 15W-40 Super Duty WSS-M2C171-D
Motor Oil
XO-15W40-QSD or
equivalent

1. Disassemble the rocker arm from the fulcrum
plate. With the rocker arm and fulcrum plate
upside down in your palm, push down on the
fulcrum plate.

4. Clean all parts with a suitable solvent. Use
Using your palm, move the rocker arm away filtered compressed air to dry the parts.
from the rocker arm ball and off of the fulcrum

• Inspect each rocker arm pivot foot andplate.
corresponding valve bridge for pitting and
scuffing. Inspect each rocker arm ball and
socket for scuffing. Install new rocker arms
and valve bridges as required.

• Inspect the rocker arm post ball socket for
excessive wear. Inspect bolts for thread
damage, install new components if worn or
damaged.

5. Install a new rocker arm clip on the fulcrum
plate.

2. NOTE: Be careful when removing the rocker
arm. Do not lose the rocker arm ball.

Move the rocker off the ball, keeping the ball
in the detent of the fulcrum plate. Remove the
rocker arm ball.

3. Remove and discard the rocker arm clip.
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303-01C-2 303-01C-2Engine — 6.0L Diesel

GENERAL PROCEDURES (Continued)

6. Insert the ball in the detent in the fulcrum plate
and lubricate with clean engine oil. Hold the
rocker arm upside down in your palm.

7. Press the lower part of the rocker arm against
the rocker arm clip, push up with your palm
and push the upper part of the rocker arm over
the rocker arm ball. Check for freedom of
movement of the rocker arm on the fulcrum
plate.
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GENERAL PROCEDURES

Cylinder Bore Honing 5. CAUTION: Remove the piston cooling
oil jets prior to honing the cylinders. Failure
to do so will cause damage to the pistonMaterial
cooling oil jets.

Item Specification
CAUTION: Always remove the honeThreadlock 262 WSK-M2G351-A6

E2FZ-19554-B or from the cylinders while the hone is still
equivalent rotating. Failure to do so may cause an
Penetrating and Lock — inconsistent pattern to form allowing excess
Lubricant engine oil to enter the combustion chamber.
XL-1 or equivalent

NOTE: It is not necessary to remove the
crankshaft to hone the cylinder block, howeverService
it is recommended to oil the crankshaft journals
then wrap them with clean shop towels and1. The most desired cylinder block cleaning
tape.method is the ‘‘hot tank’’ method. All gallery

plugs must be removed prior to hot tanking the NOTE: An air or electric drill motor with an
cylinder block. If a hot tank is not available, adjustable speed down to 100 rpm is required to
soap and water is the approved alternative hone the cylinders. If a drill motor meeting this
cleaning method. requirement is not available, cylinder honing

cannot be performed.
2. Remove the gallery plugs. NOTE: A 4-inch deglazing hone is required to

1 Remove the tappet oil gallery plugs. hone the cylinders of this diesel engine.

2 Remove the main oil gallery plug. Insert the hone into a cylinder and begin honing
for three seconds at a cycle of two strokes per

3. NOTE: A sealing compound must be applied to second. Remove the hone from the cylinder.
the gallery plugs prior to installation.

Apply a coating of Threadlock 262 to the
gallery plugs and install.

4. CAUTION: Continuously spray the
cylinder wall with the Penetrating and Lock
Lubricant while honing. Do not exceed more
than 25 strokes per cylinder bore because too
much could be removed from the cylinder
wall.

Spray cylinder wall using Penetrating and Lock
Lubricant.
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GENERAL PROCEDURES (Continued)

6. Wipe a section of the cylinder wall and inspect 8. CAUTION: If the following steps are
the crosshatch pattern comparing it to the not followed, rusting of the cylinder bore(s)
neighboring (untouched) cylinder. can occur.

Clean and preserve the cylinder bores.

1 Clean the cylinder bores using a mild soap
and water.

2 Dry the cylinder bores thoroughly using a
clean, lint-free cloth.

3 Soak a clean cloth in clean engine oil, and
wipe the cylinder bores with the cloth.

4 Drape a clean cloth over the cylinder block
to keep contaminants out of the cylinder
bores.

Inspection

7. CAUTION: Continuously spray the
1. CAUTION: There is no authorizedcylinder wall with Penetrating and Lock

repair for cracks in the cylinder block. IfLubricant while honing. Do not exceed more
cracks are present, install a new cylinderthan 25 strokes per cylinder bore because too
block.much could be removed from the cylinder

wall. NOTE: Do not substitute rubbing alcohol for
wood alcohol.Repeat the honing process until the cylinder

wall has a satin-like finish, or the maximum 25 Inspect the cylinder block for cracks not visible
strokes are achieved. to the eye.

1 Coat the suspected area with a mixture of
25 percent kerosene and 75 percent light
engine oil.

2 Wipe the area dry, and immediately apply a
coating of zinc oxide dissolved in wood
alcohol. If cracks are present, the coating
will become discolored at the damaged area.
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GENERAL PROCEDURES

6. NOTE: If it is suspected that the cylinder headCylinder Head Cleaning
has been resurfaced, use a suitable micrometer
to measure the cylinder head thickness at fourInspection
different points.

Measure the cylinder head thickness. If the1. With valves installed to protect the valve seats,
deck-to-deck measurements are not withinremove deposits and gasket material from the
specifications, install a new cylinder head.valve heads and gasket surface with a scraper

and wire brush. Be careful not to damage
cylinder head gasket surface.

2. Use a suitable solvent to remove dirt, grease
and other deposits from the removed parts.

3. Clean all bolt holes and be sure gasket surfaces,
oil return holes, and coolant passages are clean.
After rinsing thoroughly with hot water, blow
them out using filtered compressed air.

4. Wash all bolts (except head bolts, these must be
replaced) with a suitable solvent and dry
thoroughly.

5. NOTE: Cylinder heads used on the diesel
engine cannot be resurfaced. Install a new
cylinder head if it is cracked or warped.

Inspect the cylinder head for cracks, burned
valves or seats and scratched or marred gasket
mating surfaces.
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IN-VEHICLE REPAIR

Intake Manifold

Material

Item Specification

Premium Gold Engine WSS-M97B51-A1
Coolant
VC-7-A (in Oregon
VC-7-B, in Canada
VC-7-C)

Removal

All vehicles
6. Remove the accessory drive belt.

1. Disconnect the battery ground cable. For
additional information, refer to Section 414-01.

2. Remove the cooling fan stator. For additional
information, refer to Section 303-03.

3. Remove the turbocharger pedestal. For
additional information, refer to Section
303-04E.

Vehicles with dual generator

4. Remove the accessory drive belt.

7. Remove the bolts, bracket and accessory drive
belt idler pulley.

5. Remove the bolt and the accessory drive belt
tensioner.
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303-01C-2 303-01C-2Engine — 6.0L Diesel

IN-VEHICLE REPAIR (Continued)

8. Remove the bolts and the accessory drive belt
tensioner.

All vehicles

12. Remove the bolt and position the ground wire
9. Disconnect the generator electrical connector aside. Disconnect the electrical connector push

and the B+ wire. pin.

10. Remove the bolts and the generator with 13. Remove the conduit and position the wiring
mounting bracket. aside.

• Disconnect the locking tab.

• Remove the bolts.

• Disconnect the push pin and remove the
wiring harness from the conduit.

Vehicles with single generator

11. Remove the accessory drive belt.
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IN-VEHICLE REPAIR (Continued)

14. Remove the bolts for the charge air cooler tube
and oil fill tube.

18. Remove the retaining nut for the transmission
fluid indicator and tube.

15. Disconnect the oil fill tube at the valve cover.

19. Disconnect the push pin retainer. Remove the
retaining nut and position the transmission fluid

16. Remove the retaining nuts, charge air cooler indicator and tube aside.
tube, oil fill tube and bracket.

17. Disconnect the generator electrical connector
and the B+ wire. Disconnect the wiring push
pin.
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IN-VEHICLE REPAIR (Continued)

20. Remove the three bolts, ground wire and the 23. Disconnect the exhaust gas recirculation (EGR)
generator. valve electrical connector.

21. Remove the bolts and position the heater hose 24. Disconnect the engine oil pressure (EOP) sensor
tube aside. electrical connector.

• Remove and discard the O-ring.

25. Disconnect the engine oil temperature (EOT)
sensor electrical connector.22. NOTE: It will be necessary to position back or

remove the heat insulating wrap.

Remove the retaining nut and disconnect the
wiring retainer and the injection pressure
regulator valve electrical connector.
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IN-VEHICLE REPAIR (Continued)

26. Disconnect the EGR throttle position control
module electrical connector.

30. Disconnect the intake air temperature (IAT2)
sensor electrical connector.

27. Disconnect the EGR throttle position sensor
electrical connector.

31. Remove the IAT2 sensor.

• Plug or cap the opening as needed.

28. Disconnect the pin-type retainer and engine
coolant temperature (ECT) sensor.

29. Remove the ECT sensor.

• Plug or cap the opening as needed.
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IN-VEHICLE REPAIR (Continued)

32. NOTE: Only one fuel injector shown, others 35. Disconnect the engine coolant vent hose.
similar.

Disconnect the eight fuel injector electrical
connectors and wiring connectors.

36. Remove the secondary fuel filter and remove all
fuel from the filter housing.

33. NOTE: One retainer shown, other similar.

Disconnect the harness retainers. Position the
engine wiring harness as needed for intake
manifold removal.

37. Disconnect the fuel tube fittings at the
secondary fuel filter.

• Remove and discard the copper sealing
washers.

34. Disconnect the manifold absolute pressure
(MAP) sensor hose.
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IN-VEHICLE REPAIR (Continued)

38. Disconnect the fuel tube at the fuel filter
housing. Remove the retaining nut.

42. NOTE: Align the flat edge with the index
feature located on the coolant supply port.

Pull the EGR cooler clamp forward, twist and
39. Remove the banjo bolt and fuel tube. then slide the EGR cooler hose rearward to

• Discard the copper sealing washers. remove.

40. Remove the bolts and the secondary fuel filter 43. Remove the bolts and the intake manifold.
assembly.

41. Remove the nuts and turbocharger heat shield.
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IN-VEHICLE REPAIR (Continued)

44. Remove the intake manifold gaskets.

• Clean and inspect the gaskets. Install new
gaskets if necessary.

• Clean and inspect the sealing surfaces.

• Remove and discard the front module O-ring
seal.

Installation

All vehicles

1. NOTE: The locating tabs on the gaskets must
be positioned upward and toward the center of 3. Slide the EGR cooler hose forward and rotate
the engine, or a leak will occur. the flat to lock.
Install the intake manifold gaskets. Install a
new front module O-ring seal.

2. Install the intake manifold and bolts and tighten
in the following sequence.

1 Loosely install bolts 1-8.

2 Tighten bolts 9-16 to 11 Nm (8 lb-ft).

3 Tighten all bolts to 11 Nm (8 lb-ft).
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IN-VEHICLE REPAIR (Continued)

4. Install the turbocharger heat shield and nuts.

8. NOTE: Install new copper sealing washers on
the banjo fitting.

5. Install the secondary fuel filter assembly and Reposition and connect the fuel tubes at the
bolts. fuel filter housing.

6. NOTE: Install new copper sealing washers. 9. Install the secondary fuel filter and cover.
Install the fuel line and banjo bolt.

7. Install the retaining nut and connect the fuel
tube at the fuel filter assembly.
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IN-VEHICLE REPAIR (Continued)

10. Connect the engine coolant vent hose.

14. Remove the plug or cap. Install the IAT2
sensor.

11. Connect the MAP sensor hose.

15. Connect the IAT2 sensor electrical connector.
12. Position back the engine wiring harness as

needed. Connect the harness retainers.

13. NOTE: Only one injector shown, others
similar.

Connect the eight fuel injector electrical
connectors.
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IN-VEHICLE REPAIR (Continued)

16. Remove the plug or cap. Install the ECT sensor. 19. Connect the EGR throttle position control
module electrical connector.

17. Connect the ECT sensor electrical connector
and the pin-type retainer. 20. Connect the EOT sensor electrical connector.

18. Connect the EGR throttle position sensor 21. Connect the EOP sensor electrical connector.
electrical connector.
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IN-VEHICLE REPAIR (Continued)

22. Connect the EGR valve electrical connector. 25. Install the generator, ground wire and the three
bolts.

23. Connect the injector pressure regulator valve
electrical connector and position back the heat 26. Position back the transmission fluid indicator
insulating wrap. Install the wiring retainer and and tube and install the retaining nut. Connect
retaining nut. the push pin retainer.

24. NOTE: Install a new O-ring seal and apply 27. Install the retaining nut for the transmission
clean engine coolant fluid indicator and tube.

Install the heater tube and bolts.
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IN-VEHICLE REPAIR (Continued)

28. Connect the generator B+ wire and electrical 31. Install the bolts for the charge air cooler tube
connector. Position back the boot. Connect the and oil fill tube.
wiring push pin.

32. Install the conduit and bolts.
29. NOTE: If there is any oil residue, clean both • Install the wiring harness into the conduit

connecting ports and the inside surface of the and connect the push pin.
charge air cooler tube to prevent the tube from

• Install the bolts.blowing off.
• Connect the locking tab.Position the charge air cooler (CAC) tube, oil

fill tube and bracket. Install the retaining nuts.

33. Connect the electrical connector push pin.
Position back the ground wire and install the30. Connect the oil fill tube at the valve cover.
bolt.
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IN-VEHICLE REPAIR (Continued)

Vehicles with single generator 37. Install the accessory drive belt tensioner and
bolts.

34. Install the accessory drive belt.

38. Position the accessory drive belt idler pulley.
Install the bracket and bolts.Vehicles with dual generator

35. Install the generator with mounting bracket and
bolts.

39. Install the accessory drive belt.

36. Connect the generator B+ wire and electrical
connector. Position the boot.
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IN-VEHICLE REPAIR (Continued)

40. Install the accessory drive belt tensioner and
bolt.

All vehicles

42. Install the turbocharger pedestal and
41. Install the accessory drive belt. turbocharger. For additional information, refer

to Section 303-04E.

43. Install the cooling fan stator. For additional
information, refer to Section 303-03.

44. Connect the battery ground cable. For additional
information, refer to Section 414-01.
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IN-VEHICLE REPAIR

6. Remove the bolt and the accessory drive beltValve Cover RH
tensioner.

Special Tool(s)

Heavy Duty Floor Crane
014-00071

Adapter for 303-D043
303-D043-01

7. Remove the accessory drive belt.

Removal and Installation

All Vehicles

1. With the vehicle in NEUTRAL, position it on a
hoist. For additional information, refer to
Section 100-02.

2. Disconnect the battery ground cable. For
additional information, refer to Section 414-01.

3. Remove the engine cover. For additional
8. Remove the bolts, bracket and accessory driveinformation, refer to Section 501-05.

belt idler pulley.
4. Remove the cooling fan stator. For additional

information, refer to Section 303-03.

Vehicles with dual generator

5. Remove the accessory drive belt.
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303-01C-2 303-01C-2Engine — 6.0L Diesel

IN-VEHICLE REPAIR (Continued)

9. Remove the bolts and the accessory drive belt
tensioner.

All vehicles

13. Remove the LH fan stator stand-off.
10. Disconnect the generator electrical connector

and the B+ wire.

14. NOTE: Lower bolts shown, upper bolts similar.

Remove the 4 power steering pump bolts and11. Remove the bolts and the generator with
position the power steering pump aside.mounting bracket.

Vehicles with single generator

12. Remove the accessory drive belt.
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303-01C-3 303-01C-3Engine — 6.0L Diesel

IN-VEHICLE REPAIR (Continued)

15. Install the engine lifting bracket. 18. Loosen the RH motor mount retaining nuts.

16. Remove the turbocharger outlet clamp. 19. Loosen the four LH motor mount bolts.

17. Loosen the retaining nuts and position the 20. Remove the LH motor mount retaining nuts.
exhaust pipe aside.
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303-01C-4 303-01C-4Engine — 6.0L Diesel

IN-VEHICLE REPAIR (Continued)

21. Remove the removable stud. 24. Remove the bolt and position the manifold
absolute pressure (MAP) sensor aside.

22. CAUTION: The lifting crane and
25. Remove the bolts for the charge air coolerlifting chain must be rated at a minimum

(CAC) pipe and oil fill tube.4,000 pound capacity by the manufacturer.

Connect a suitable lifting crane and lifting chain
to the engine lifting bracket and raise the
engine as needed to remove the motor mount.

26. Remove the retaining nut and disconnect the
push pin retainer for the transmission fluid level
indicator and tube.

23. Remove the four bolts and the LH motor
mount. Carefully lower the engine.
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303-01C-5 303-01C-5Engine — 6.0L Diesel

IN-VEHICLE REPAIR (Continued)

27. Remove the retaining nut for the transmission 30. Disconnect the injection control pressure (ICP)
fluid level indicator and tube. Position the tube sensor electrical connector and wire retainers.
aside.

31. Remove the ICP sensor.
28. Loosen the clamp at the turbocharger outlet • Plug or cap the opening as needed.

hose. Disconnect the CAC pipe from the
turbocharger.

32. Position the wiring away from the valve cover
as needed.

29. Disconnect the oil fill tube at the valve cover.
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303-01C-6 303-01C-6Engine — 6.0L Diesel

IN-VEHICLE REPAIR (Continued)

34. Remove the high pressure oil rail-to-valve cover33. CAUTION: To prevent engine damage,
gasket.do not use air powered tools when installing

the valve cover.

NOTE: Mark the position of the valve cover
bolts for the valve cover bolt installation.

Remove the 11 retainers and the valve cover.

• Clean and inspect the valve cover gasket.

35. To install, reverse the removal procedure.

• Tighten the top retaining nuts on the motor
mount first.
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303-01C-1 303-01C-1Engine — 6.0L Diesel

IN-VEHICLE REPAIR

6. Disconnect the glow plug module electricalValve Cover LH
connectors.

Removal and Installation

1. Disconnect the battery ground cable. For
additional information, refer to Section 414-01.

2. Remove the engine cover. For additional
information, refer to Section 501-05.

3. Remove the turbocharger inlet tube. For
additional information, refer to Section
303-04E.

4. NOTE: If there is any oil residue, clean both
connecting ports and the inside surface of the

7. CAUTION: Do not use power toolscharge air cooler duct to prevent the duct from
when removing or installing the nut.blowing off.

Loosen the clamps and remove the charge air CAUTION: Use care not to overtighten
cooler pipe. the nut during installation.

Position back the boot and remove the nut.
Disconnect the cables.

5. Disconnect the glow plug wire retainer. Remove
the nut and position the oil level indicator and
tube aside. 8. Disconnect the exhaust back pressure electrical

connector and pushpin retainer.
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303-01C-2 303-01C-2Engine — 6.0L Diesel

IN-VEHICLE REPAIR (Continued)

9. Disconnect the exhaust back pressure tube at
the exhaust manifold.

12. CAUTION: To prevent engine damage,
do not use air powered tools when installing
the valve cover.

10. Remove the retaining nuts and glow plug
NOTE: Mark the position of the valve covermodule.
bolts for valve cover bolt installation.

Remove the 11 retainers and the valve cover.

• Clean and inspect the valve cover gasket.

11. NOTE: Power stud removed for clarity.

Remove the three retaining nuts and the glow
plug module mounting bracket.

13. To install, reverse the removal procedure.
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303-01C-1 303-01C-1Engine — 6.0L Diesel

IN-VEHICLE REPAIR

Crankshaft Pulley

Special Tool(s)

Dial Indicator Gauge with
Holding Fixture
100-002 (TOOL-4201-C) or
equivalent

Removal

All vehicles
All vehicles

6. Remove the accessory drive belt.
1. With the vehicle in NEUTRAL, position it on a

hoist. For additional information, refer to
Section 100-02.

2. Disconnect the battery ground cable. For
additional information, refer to Section 414-01.

3. Remove the cooling fan stator. For additional
information, refer to Section 303-03.

Vehicles with dual generator

4. Remove the dual generator accessory drive belt.

5. Remove the bolts and the dual generator pulley.
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303-01C-2 303-01C-2Engine — 6.0L Diesel

IN-VEHICLE REPAIR (Continued)

7. Check the crankshaft vibration damper runout.

• Remove the paint from the face of the
crankshaft vibration damper at four points
90 degrees apart.

• Attach the special tool to the cylinder block.
Position the special tool on one of the
unpainted surfaces.

• Using a suitable tool, pry the crankshaft
forward. Zero the dial indicator.

• NOTE: Pry the crankshaft forward only to
eliminate possible error caused by crankshaft
end play. Installation
Rotate the crankshaft 90 degrees. Pry the
crankshaft forward. Record the All vehicles
measurement. Repeat at each unpainted
surface.

1. CAUTION: To prevent engine damage,
X If the runout exceeds specification, install

you must always install four new bolts when
a new crankshaft vibration damper.

installing the vibration damper.

NOTE: Do not use anti-seize compounds,
grease or any lubricants. Lubricants have an
adverse effect on the torque results.

Install the crankshaft vibration damper and bolts
and tighten in the following sequence, in three
stages:

• Stage 1: Tighten in the sequence shown.

• Stage 2: Tighten to 68 Nm (50 lb-ft).

• Stage 3: Tighten an additional 90 degrees.

8. WARNING: To avoid personal injury,
support the vibration damper during
mounting bolt removal. The damper can
slide off the nose of the crankshaft very
easily.

Remove the bolts and the crankshaft vibration
damper.

• Discard the bolts.
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303-01C-3 303-01C-3Engine — 6.0L Diesel

IN-VEHICLE REPAIR (Continued)

2. Install the accessory drive belt. 4. Install the dual generator accessory drive belt.

Vehicles with dual generator All vehicles

3. Install the dual generator pulley and bolts. 5. Install the cooling fan stator. For additional
information, refer to Section 303-03.

6. Connect the battery ground cable. For additional
information, refer to Section 414-01.
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303-01C-1 303-01C-1Engine — 6.0L Diesel

IN-VEHICLE REPAIR

Exhaust Manifold LH

Material

Item Specification

High Temperature Nickel ESE-M12A4-A
Anti-Seize Lubricant
XL-2 or equivalent

Removal

1. With the vehicle in NEUTRAL, position it on a
hoist. For additional information, refer to
Section 100-02. 6. NOTE: Bottom bolts shown, top bolts similar.

Remove the bolts and the LH exhaust manifold.2. Remove the engine cover. For additional
information, refer to Section 501-05.

3. Prior to removing the exhaust manifold, inspect
the exhaust manifold for warpage with a feeler
gauge between the manifold and the cylinder
head. Record the measurement and compare
with the specifications.

4. Remove the LH bolts for the turbocharger
adapter pipe.

5. Disconnect the exhaust back pressure tube.
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303-01C-2 303-01C-2Engine — 6.0L Diesel

IN-VEHICLE REPAIR (Continued)

Installation

1. NOTE: Start installing the bolts with the
second bolt from the rear on the top. The hole
diameter is smaller, therefore allowing
alignment of the remaining bolts.

NOTE: When installing the exhaust manifolds,
only use prevailing torque hex flange bolts with
an interference fit.

NOTE: Apply anti-seize lubricant to the bolt
threads prior to installing the bolts.

Install the LH exhaust manifold and bolts.
3. NOTE: Apply anti-seize lubricant to the boltTighten the bolts in the sequence shown.

threads prior to installing the bolts.

Install the LH bolts for the turbocharger adapter
pipe.

2. Connect the exhaust back pressure tube at the
exhaust manifold.

4. Install the engine cover. For additional
information, refer to Section 501-05.
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303-01C-1 303-01C-1Engine — 6.0L Diesel

IN-VEHICLE REPAIR

Exhaust Manifold RH

Material

Item Specification

High Temperature Nickel ESE-M12A4-A
Anti-Seize Lubricant
XL-2 or equivalent

Removal

1. With the vehicle in NEUTRAL, position it on a
hoist. For additional information, refer to
Section 100-02. Installation

2. Disconnect the battery ground cable. For 1. NOTE: Start installing the bolts with the
additional information, refer to Section 414-01. second bolt from the rear on the top. The hole

diameter is smaller, therefore allowing3. Remove the engine cover. For additional
alignment of the remaining bolts.information, refer to Section 501-05.
NOTE: When installing the exhaust manifolds,
only use prevailing torque hex flange bolts with4. Prior to removing the exhaust manifold, inspect
an interference fit.the exhaust manifold for warpage with a feeler

gauge between the manifold and the cylinder NOTE: Apply anti-seize lubricant to the bolt
head. Record the measurement and compare threads prior to installing the bolts.
with the specifications.

Install the RH exhaust manifold and bolts.
Tighten the bolts in the sequence shown.5. Remove the RH bolts for the turbocharger

adapter pipe.

6. NOTE: Top bolts shown, bottom bolts similar.

Remove the bolts and the RH exhaust manifold.
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303-01C-2 303-01C-2Engine — 6.0L Diesel

IN-VEHICLE REPAIR (Continued)

2. NOTE: Apply anti-seize lubricant to the bolt 3. Install the engine cover. For additional
threads prior to installing the bolts. information, refer to Section 501-05.

Install the RH bolts for the turbocharger adapter
4. Connect the battery ground cable. For additionalpipe.

information, refer to Section 414-01.
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303-01C-1 303-01C-1Engine — 6.0L Diesel

IN-VEHICLE REPAIR

Oil Cooler

Material

Item Specification

SAE 15W-40 Super Duty WSS-M2C171-B
Motor Oil
XO-15W40-QSD or
equivalent

Removal

1. Remove the intake manifold. For additional
information, refer to Intake Manifold in this

4. NOTE: Do not discard the oil cooler coversection.
bolts. They are self-tapping bolts and will be
needed to cut the threads in the new oil cooler2. Remove the bolts and oil filter adapter.
cover.

• Clean and inspect the gasket. Install a new
Remove the bolts and the oil filter base.gasket if necessary.
• Clean and inspect the gasket. Install a new• Clean and inspect the sealing surfaces.

gasket if necessary.

• Clean and inspect the sealing surfaces.

3. Remove the bolts and the exhaust gas
recirculation (EGR) cooler supply port cover.

• Clean and inspect the gasket. Install a new
gasket if necessary.

• Clean and inspect the sealing surfaces.
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303-01C-2 303-01C-2Engine — 6.0L Diesel

IN-VEHICLE REPAIR (Continued)

Installation5. CAUTION: In the event of a
catastrophic engine failure, always install a

1. Install the oil pump inlet strainer.new oil cooler cover assembly (with oil
cooler). Foreign material cannot be removed
from the oil cooler.

NOTE: The oil cooler is replaced as an
assembly.

Remove the bolts and the oil cooler assembly.

• Clean and inspect the gasket. Install a new
gasket if necessary.

• Clean and inspect the sealing surfaces.

2. Install the gasket in the oil cooler assembly
cover.

6. Remove the oil pump inlet strainer.

• Clean and inspect the strainer for tears or
other signs of damage.

3. CAUTION: In the event of a
catastrophic engine failure, always install a
new oil cooler cover assembly (with oil
cooler). Foreign material cannot be removed
from the oil cooler.

Install the oil cooler assembly and the bolts.
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303-01C-3 303-01C-3Engine — 6.0L Diesel

IN-VEHICLE REPAIR (Continued)

4. Install the gasket in the oil filter base. 7. Install the EGR cooler coolant supply port
cover and the bolts.

5. NOTE: The old oil cooler cover bolts or new
self-tapping bolts must be used to cut the 8. Install the oil filter adapter and bolts.
threads in the new oil cooler cover.

Install the oil filter base and the bolts.

9. Install the intake manifold. For additional
information, refer to Intake Manifold in this
section.6. Install the seal on the EGR cooler coolant

supply port cover.
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303-01C-1 303-01C-1Engine — 6.0L Diesel

IN-VEHICLE REPAIR

3. Using the special tool, remove the crankshaftCrankshaft Front Seal
seal.

Special Tool(s)

Installer, Crankshaft Front Seal
and Wear Ring
303-761

Remover, Crankshaft Front
Wear Ring
303-762

4. NOTE: Production engine will not have a wear
sleeve.

Remover, Oil Seal If equipped, using the special tool, remove the
303-D060 crankshaft damper wear sleeve.

Material

Item Specification

Threadlock 262 WSK-M2G351-A6
E2FZ-19554-B or
equivalent

Removal

1. Remove the crankshaft vibration damper. For Installation
additional information, refer to Crankshaft
Pulley in this section. 1. Thoroughly clean the crankshaft front seal

mounting surface.
2. Punch two holes in the seal.

2. Apply Threadlock 262 to the outer
circumference of the leading edge of the
crankshaft.
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303-01C-2 303-01C-2Engine — 6.0L Diesel

IN-VEHICLE REPAIR (Continued)

3. NOTE: New seal and wear sleeve must not be 4. Install the crankshaft damper. For additional
separated. information, refer to Crankshaft Pulley in this

section.Using the special tool, install the oil seal and
wear sleeve assembly.
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303-01C-1 303-01C-1Engine — 6.0L Diesel

IN-VEHICLE REPAIR

6. Remove the power steering pump upperOil Pan
mounting bolt.

Special Tool(s)

Lifting Attachment, Engine
303-D043 (D83T-6000-B)

Heavy Duty Floor Crane
014-00071

7. Remove the LH fan stator stand-off.

Adapter for 303-D043
303-D043-01

Material

Item Specification

SAE 15W-40 Super Duty WSS-M2C171-B
Motor Oil
XO-15W40-QSD or
equivalent 8. NOTE: The front bolt will remain in the power

steering pump.
Removal

Remove the bolts and position the power
steering pump aside.

1. With the vehicle in NEUTRAL, position it on a
hoist. For additional information, refer to
Section 100-02.

2. Disconnect the battery ground cable, For
additional information, refer to Section 414-01.

3. Remove the engine cover. For additional
information, refer to Section 501-05.

4. Remove the cooling fan stator. For additional
information, refer to Section 303-03.

5. Remove the A/C compressor. For additional
information, refer to Section 412-02.
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303-01C-2 303-01C-2Engine — 6.0L Diesel

IN-VEHICLE REPAIR (Continued)

9. Remove the oil pan drain plug.

13. Install the special tools.

10. Loosen the exhaust pipe retaining nuts.

14. Install the engine lifting attachment and floor
crane.

11. NOTE: Left side shown, right side similar.

Remove the motor mount retaining nuts.

15. CAUTION: Use care when raising the
engine to avoid engine or body damage

12. Remove the RH fan stator stand-off. Remove Raise the engine.
the bolt and position the cable aside.
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303-01C-3 303-01C-3Engine — 6.0L Diesel

IN-VEHICLE REPAIR (Continued)

16. NOTE: Engine removed for clarity.

Remove the bolts and position back the oil pan
until the oil pick up tube bolts are accessible.

Installation

1. Install a new press-in-place gasket into the
upper oil pan.

17. Remove the bolts and let the oil pick-up tube
go into the oil pan. Remove the oil pan.

2. Install a new O-ring seal on the oil pick-up
tube and position the oil pick-up tube in the oil
pan.18. Remove and discard the oil pick-up tube O-ring

seal.

3. Position the oil pan in the vehicle.

19. Remove the press-in-place gasket and discard.

• Clean and inspect the sealing surfaces.
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303-01C-4 303-01C-4Engine — 6.0L Diesel

IN-VEHICLE REPAIR (Continued)

4. Install the oil pan pick-up tube and bolts. 8. Remove the special tools.

5. Install the oil pan and bolts. 9. Position back the cable and install the bolt.
Install the RH fan stator stand-off.

6. Lower the engine.
10. NOTE: Tighten the top retaining nut first. 

7. Remove the floor crane and engine lifting Install the motor mount retaining nuts.
attachment.
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303-01C-5 303-01C-5Engine — 6.0L Diesel

IN-VEHICLE REPAIR (Continued)

11. Tighten the exhaust pipe retaining nuts.

15. Install the LH fan stator stand-off.

12. Clean and inspect the oil pan drain plug and
gasket. Install new, if necessary.

16. Install the upper power steering mounting bolt.

13. Install the oil drain plug.

17. Fill the engine with clean engine oil.

18. Install the engine cover. For additional
14. Reposition the power steering pump and install information, refer to Section 501-05.

the power steering pump bolts.
19. Connect the battery ground cable. For additional

information, refer to Section 414-01.

20. Install the A/C compressor. For additional
information, refer to Section 412-02.
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303-01C-6 303-01C-6Engine — 6.0L Diesel

IN-VEHICLE REPAIR (Continued)

21. Install the cooling fan stator. For additional 22. Run the engine and check for leaks.
information, refer to Section 303-03.
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303-01C-1 303-01C-1Engine — 6.0L Diesel

IN-VEHICLE REPAIR
InstallationOil Pump

1. NOTE: Install the gears with marks pointingRemoval
outward.

Lubricate the inner gear with lithium assembly1. Remove the crankshaft front oil seal. For
grease and install onto the crankshaft. Lubricateadditional information, refer to Crankshaft Front
the outer gear with lithium assembly grease andSeal in this section.
mesh with the inner gear rotor in the oil pump

2. Remove the bolts and the gerotor cover. housing. Wipe off the excess assembly grease.
Remove and discard the O-ring seal.

2. NOTE: Install a new O-ring seal.
3. NOTE: Mark the front of the inner and outer Install the gerotor cover and bolts.

gerotor for correct reassembly.

Remove the inner and outer gerotors.

4. Inspect the oil pump components. Install new
components, as necessary.

• Inspect the oil pump for excessive metal
particles.

• Inspect the oil pump for gouging cracks or
deep scratches.

• Inspect the oil pump inner and outer gear
rotors for damage or excessive wear.
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303-01C-2 303-01C-2Engine — 6.0L Diesel

IN-VEHICLE REPAIR (Continued)

3. Install the crankshaft front oil seal. For
additional information, refer to Crankshaft Front
Seal in this section.
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303-01C-1 303-01C-1Engine — 6.0L Diesel

IN-VEHICLE REPAIR

3. NOTE: Use extreme care when removing theCrankshaft Rear Seal
flywheel front adapter to prevent damage to the
alignment dowel pin.Special Tool(s)
Remove the flywheel front adapter.

Installer, Crankshaft Rear Seal
and Wear Ring
303-770

Remover, Crankshaft Rear Seal
and Wear Ring
303-771

Slide Hammer 4. CAUTION: To prevent engine damage,100-001 (T50T-100-A)
do not remove the rear primary crankshaft
flange bolts under any circumstances. If the
flange is removed and reinstalled, it will
result in engine vibration and premature
transmission component wear.

NOTE: The drill bit used must be the
Material appropriate size for the body dent puller used in

the following step.Item Specification
Using the appropriate drill bit, drill a hole onThreadlock 262 WSK-M2G351-A6

E2FZ-19554-B or the RH side of the seal and another directly
equivalent across from it on the LH side of the seal, as

shown.Removal

1. Remove the transmission. For additional
information, refer to Section 307-01C.

2. Remove the bolts and flexplate.

Copyright  2003, Ford Motor Company
Last updated: 1/30/2004 2004 E-Series, 12/2003 



303-01C-2 303-01C-2Engine — 6.0L Diesel

IN-VEHICLE REPAIR (Continued)

5. NOTE: It will be necessary to alternate
between the two holes, drilled in the previous
step, to walk the seal out of the engine rear
cover.

Using the special tool and a commercially
available body dent puller attachment, remove
and discard the rear main seal.

Installation

1. NOTE: Lubricate the outer diameter of the
rubber seal with a solution of dish soap and
water (approximately 50/50 mix) prior to
assembly. Do not use any other type of
lubricant.

NOTE: The crankshaft rear oil seal and wear
6. NOTE: Production engines will not have a sleeve are installed as an assembly.

wear sleeve. Apply a bead of Threadlock 262 around the
If equipped with a crankshaft wear sleeve, use circumference of the outer rear edge of the
the special tool to remove the crankshaft rear secondary crankshaft flange.
wear sleeve.

2. Using the special tool, install the crankshaft
rear oil seal.

7. Clean and inspect the crankshaft sealing
surface.
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303-01C-3 303-01C-3Engine — 6.0L Diesel

IN-VEHICLE REPAIR (Continued)

3. Install the flywheel front adapter. 4. Install the flexplate and bolts.

• Snug all bolts to 5 Nm (44 lb-in)

• Tighten all bolts to 94 Nm (69 lb-ft) in the
sequence shown.

5. Install the transmission. For additional
information, refer to Section 307-01C.
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303-01C-1 303-01C-1Engine — 6.0L Diesel

IN-VEHICLE REPAIR

4. NOTE: Only one shown, others similar.Engine Front Cover
Remove the bolts and the accessory drive idler

Material pulleys.

Item Specification

RTV Silicone Sealant —
F5TZ-19G204-AB

Removal

All vehicles

1. Remove the intake manifold. For additional
information, refer to Intake Manifold in this
section.

2. Remove the retaining nut and position the fuel
line retaining bracket aside. 5. Disconnect the engine coolant fill hose from the

retaining clip. Loosen the clamp and remove
the engine coolant fill hose.

3. NOTE: Remove the thermostat housing only if
a new front cover is being installed.

Remove the stud bolts and the thermostat 6. Remove the power steering pump mounting
housing. bolt.

• Remove and discard the O-ring seal.
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303-01C-2 303-01C-2Engine — 6.0L Diesel

IN-VEHICLE REPAIR (Continued)

7. Remove the LH fan stator stand-off.

All vehicles

8. NOTE: The front bolt will remain in the power 11. NOTE: Remove the coolant pump pulley only
steering pump. if a new front cover is being installed.
Remove the power steering pump bolts and Remove the coolant pump pulley.
position aside.

12. NOTE: Remove the coolant pump only if a
9. Disconnect the lower radiator hose. new front cover is being installed.

Remove the bolts and the coolant pump.

• Remove and discard the O-ring seal.

Vehicle with single generator

10. Remove the bolts and the accessory drive belt
tensioner.
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303-01C-3 303-01C-3Engine — 6.0L Diesel

IN-VEHICLE REPAIR (Continued)

13. Remove the oil pump. For additional 2. NOTE: Use guide studs to aid in installation.
information, refer to Oil Pump in this section. Studs must be fabricated locally.

Install the guide studs.
14. Remove the bolts and the front cover.

3. Apply a bead of sealant at the seam where the
15. CAUTION: Sealant is used where the crankcase and the lower crankcase meet.

crankcase and lower crankcase meet. Failure
to cut the sealant could result in pulling the
lower crankcase seal out while removing the
front cover gasket.

Use a thin blade scraper to cut the sealant
where the crankcase and the lower crankcase
meet. Remove and discard the front cover
gasket.

• Clean and inspect the sealing surfaces.

Installation

All vehicles

4. Install a new engine front cover gasket.
1. If removed, install the front cover crankcase

dowels into the cylinder block.
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303-01C-4 303-01C-4Engine — 6.0L Diesel

IN-VEHICLE REPAIR (Continued)

Vehicles with single generator5. Install the engine front cover and bolts.

9. Install the accessory drive belt tensioner and
bolts.

6. Install the oil pump. For additional information,
refer to Oil Pump in this section.

7. NOTE: Install a new O-ring seal on the coolant All vehicles
pump pulley.

If removed, install the coolant pump and bolts. 10. Install the lower radiator coolant hose.

8. If removed, install the coolant pump pulley and 11. Position the power steering pump and install the
bolts. bolts.
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IN-VEHICLE REPAIR (Continued)

12. Install the LH fan stator stand-off.

16. NOTE: Install a new O-ring seal.

If removed, install the thermostat housing and
13. Install the power steering pump upper mounting stud bolts.

bolt.

17. Position back the fuel line retaining bracket and
14. Install the engine coolant fill hose and tighten install the retaining nut.

the clamp. Connect the engine fill hose into the
retaining clip.

18. Install the intake manifold. For additional
information, refer to Intake Manifold in this

15. Install the accessory drive idler pulleys and section.
bolts, as needed.
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303-01C-1 303-01C-1Engine — 6.0L Diesel

IN-VEHICLE REPAIR

Engine Rear Cover

Special Tool(s)

Installer, Crankshaft Rear Seal
and Wear Ring
303-770

Remover, Crankcase Rear Seal
and Wear Sleeve
303-771 4. NOTE: Use extreme care when removing the

flywheel front adapter to prevent damage to the
alignment dowel pin.

Remove the flywheel front adapter.

Slide Hammer
100-001

Material

Item Specification

RTV Silicone Sealant —
F5TZ-19G204-AB or
equivalent

Threadlock 262 WSK-M2G351-A6
E2FZ-19554-B or
equivalent

Removal

1. Remove the starter. For additional information,
refer to Section 303-06B.

2. Remove the transmission. For additional
information, refer toSection 307-01A.

3. Remove the bolts and the flexplate.

Copyright  2003, Ford Motor Company
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303-01C-2 303-01C-2Engine — 6.0L Diesel

IN-VEHICLE REPAIR (Continued)

7. NOTE: Production engines will not have a5. CAUTION: To prevent engine damage,
wear sleeve.do not remove the rear primary crankshaft

flange bolts under any circumstances. If the If equipped with a crankshaft wear sleeve, use
flange is removed and reinstalled, it will the special tool to remove the crankshaft rear
result in engine vibration and premature wear sleeve.
transmission component wear.

NOTE: The drill bit used must be the
appropriate size for the body dent puller used in
the following step.

Using the appropriate drill bit, drill a hole on
the RH side of the seal and another directly
across from it on the LH side of the seal, as
shown.

8. Clean and inspect the crankshaft sealing
surface.

6. NOTE: It will be necessary to alternate
between the two holes, drilled in the previous
step, to walk the seal out of the engine rear
cover.

Using the special tool and a commercially
available body dent puller attachment, remove
and discard the rear main seal.

9. Remove the bolts and the turbocharger heat
shield.
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303-01C-3 303-01C-3Engine — 6.0L Diesel

IN-VEHICLE REPAIR (Continued)

10. CAUTION: To prevent engine damage,
replace damaged or missing dowel pins
before installing the rear engine cover.

Remove the 11 bolts from the rear engine
cover.

13. CAUTION: Sealant is used where the
crankcase and the lower crankcase meet.
Failure to cut the sealant could result in
pulling the lower crankcase seal out while
removing the rear cover.

NOTE: A 5 1/2-inch long thin blade scraper
11. NOTE: Use care when removing the engine will be needed to properly cut the sealant.

rear cover so that the oil pump cover gasket Using a thin blade scraper, cut the sealant
does not get pulled out on removal. where the crankcase and the lower crankcase
Using a thin blade scraper, cut the sealant at the meet. Remove the rear cover.
oil pump cover joint. • Remove and discard the press-in-place

gasket.

• Clean and inspect the sealing surfaces.

12. CAUTION: Sealant is used where the
crankcase and the lower crankcase meet.
Failure to cut the sealant could result in
pulling the lower crankcase seal out while
removing the rear cover.

NOTE: A 5 1/2-inch long thin blade scraper
will be needed to properly cut the sealant.

Using a thin blade scraper, cut the sealant
where the crankcase and the lower crankcase
meet.
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303-01C-4 303-01C-4Engine — 6.0L Diesel

IN-VEHICLE REPAIR (Continued)

Installation 4. Install the turbocharger heat shield and bolts.

1. Apply a bead of sealant at the back seam of the
upper and lower crankcase.

5. NOTE: The crankshaft rear oil seal and wear
sleeve are installed as an assembly.

NOTE: Lubricate the outer diameter of the
2. Apply a bead of sealant at the oil pump cover rubber seal with a solution of dish soap and

joint. water (approximately 50/50) prior to assembly.
Do not use any other type of lubricant.

NOTE: Apply a bead of threadlock 262
around the circumference of the outer rear edge
of the secondary crankshaft flange.

Using the special tool, install the crankshaft
rear oil seal.

3. Install the rear engine cover.

• Install the press in place gasket.

• Install the rear engine cover.

• Install the bolts.

2004 E-Series, 12/2003 



303-01C-5 303-01C-5Engine — 6.0L Diesel

IN-VEHICLE REPAIR (Continued)

6. Install the front flywheel adapter. 7. Install the flexplate.

• Install the bolts.

• Tighten the bolts to 5 Nm (44 lb-in).

• Tighten all bolts to 94 Nm (69 lb-ft) in the
sequence shown.

8. Install the transmission. For additional 9. Install the starter. For additional information,
information, refer to Section 307-01A. refer to Section 303-06B.
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303-01C-1 303-01C-1Engine — 6.0L Diesel

IN-VEHICLE REPAIR

Engine Mount

Special Tool(s)

Lifting Attachment, Engine
303-D043 (D83T-6000-B) or
equivalent

Heavy Duty Floor Crane
014-00071

6. Remove the LH fan stator stand-off.

Adapter for 303-D043
303-D043-01

Removal

1. With the vehicle in NEUTRAL, position it on a 7. NOTE: The front bolt will remain in the power
hoist. For additional information, refer to steering pump.
Section 100-02. Remove the bolts and position the power

steering pump aside.
2. Disconnect the battery ground cable. For

additional information, refer to Section 414-01.

3. Remove the cooling fan stator. For additional
information, refer to Section 303-03.

4. Remove the A/C compressor. For additional
information, refer toSection 412-02.

5. Remove the power steering pump upper
mounting bolt.

Copyright  2003, Ford Motor Company
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303-01C-2 303-01C-2Engine — 6.0L Diesel

IN-VEHICLE REPAIR (Continued)

8. Remove the RH fan stator stand off. Remove 11. Remove the upper motor mount studs.
the bolt and position the cable aside.

12. NOTE: Rear bolts shown, front bolts similar.
9. Loosen the exhaust pipe retaining nuts. Loosen the four motor mount bolts for each

motor mount.

10. NOTE: Left side shown, right side similar.

Remove the motor mount retaining nuts. 13. Install the special tools.
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303-01C-3 303-01C-3Engine — 6.0L Diesel

IN-VEHICLE REPAIR (Continued)

14. Install the lifting attachment and lifting crane. 2. Lower the engine.

3. Remove the lifting attachment and lifting crane.

15. CAUTION: Use care when raising the
engine to avoid engine or body damage.

4. Remove the special tools.
Raise the engine.

16. Remove the bolts and the motor mounts.

5. Install the upper motor mount studs.

Installation

1. Install the motor mounts and loosely install the
bolts.
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303-01C-4 303-01C-4Engine — 6.0L Diesel

IN-VEHICLE REPAIR (Continued)

6. Tighten the motor mount bolts. 9. Position back the cable and install the bolt.
Install the RH fan stator stand-off.

7. NOTE: The top retaining nut must be tightened
first. 10. Position the power steering pump and install the

bolts.Install the motor mount retaining nuts.

11. Install the LH fan stator stand-off.8. Tighten the exhaust pipe retaining nuts.
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303-01C-5 303-01C-5Engine — 6.0L Diesel

IN-VEHICLE REPAIR (Continued)

12. Install the upper power steering bolt. 13. Install the A/C compressor. For additional
information, refer to Section 412-02.

14. Install the cooling fan stator and radiator. For
additional information, refer to Section 303-03.

15. Connect the battery ground cable. For additional
information, refer to Section 414-01.
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303-01C-1 303-01C-1Engine — 6.0L Diesel

IN-VEHICLE REPAIR

3. Remove the RH high-pressure oil rail-to-valveRocker Arm
cover gasket.

Special Tool(s)

Service Tool, Rocker Arm
303-1170

Release Tool, Injector
Connector
303-1115

4. If replacing rocker arms on the LH side,
remove the protective covering from the LH
cylinder head.

Material

5. Locate the dowel hole in the vibration damper.Item Specification

SAE 15W-40 Super Duty WSS-M2C171-D • The hole is located between two of the four
Motor Oil bolts that attach the damper to the front of
XO-15W40-QSD or the crankshaft.
equivalent

Multi-Purpose Grease ESB-M1C93-B
XG-4 or equivalent

Removal

1. Remove the engine from the vehicle. For
additional information, refer to Engine in this
section.

2. NOTE: Mark the location of the stud bolts.

Remove the RH stud bolts, bolts and valve
cover.

• Clean and inspect the valve cover gasket,
replace if necessary.
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303-01C-2 303-01C-2Engine — 6.0L Diesel

IN-VEHICLE REPAIR (Continued)

6. Rotate the crankshaft until the dowel hole is at
the 12 o’clock position.

• The No. 1 piston should be on the
compression stroke. Wiggle the rocker on
the No. 1 cylinder to verify both intake and
exhaust rocker arms are able to move freely.
If the intake and exhaust rocker arms do not
move freely, rotate the crankshaft  one
complete revolution. You are now
positioned to service the rocker arms for
cylinders 1, 2, 7 and 8.

10. NOTE: The rings on the crankcase-to-head
tube are used to pry the tube assembly from the
branch tube assembly or the oil rail assembly.

Remove the crankcase-to-head tube assembly.

• Remove and discard the D-ring seals.

7. NOTE: If servicing all rocker arms, or any of
the rocker arms for cylinders 1, 2, 7 and 8, the
remainder of this procedure must be performed
before rotating the crankshaft to prepare the
engine to service cylinders 3, 4, 5 and 6.

If required, skip Step 8 and complete the rest of
the procedure, for rocker arms on cylinders 1,

11. CAUTION: Do not attempt to apply2, 7 and 8.
battery voltage to the fuel injector or damage

8. NOTE: All service for cylinders 1, 2, 7 and 8 to the fuel injector will occur.
must be completed before rotating the Using the special tool, push the fuel injector
crankshaft to prepare the engine to service electrical connector out of the rocker arm
cylinders 3, 4, 5 and 6. carrier.
If you are not servicing cylinders 1, 2, 7 and 8
or if service to those cylinders has been
completed, rotate the crankshaft one complete
revolution to service the rocker arms for
cylinders 3, 4, 5 and 6.

• Complete the rest of the procedure for
rocker arms on cylinders 3, 4, 5 and 6.

9. NOTE: Do not remove the oil rail end plugs or
acoustic wave attenuator port fitting. Service
parts are not available to support the
components.

Remove the bolts and the high-pressure oil rail.
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303-01C-3 303-01C-3Engine — 6.0L Diesel

IN-VEHICLE REPAIR (Continued)

12. Prior to removing the injector assembly, insert 15. CAUTION: While centering the base
clean shop towels in the oil drain holes adjacent between the two bridges, snug the hold-down
to each glow plug. bolt only. Do not tighten it or engine damage

can occur.
13. CAUTION: To prevent engine damage,  Install the assembly in between the bridges as

do not use air tools to remove the fuel if you are installing an injector.
injectors. The snap ring that extracts the
injector can dislodge and fall into the oil
drain hole.

CAUTION: Failure to account for all
snap rings or pieces prior to placing the
vehicle back in service can cause engine
damage. A missing snap ring can be ingested
into the lube oil system, causing serve engine
damage.

NOTE: There is no need to drain the fuel rail.

Remove the bolt, the fuel injector hold-down
and the fuel injector.

16. CAUTION: Only use hand tools to
compress the valve springs. Do not use
power tools or engine damage can occur.

NOTE: If the rocker arm is severely worn,
insert a small pry bar between the exhaust
rocker arm and bridge to gain clearance by
compressing the valves slightly.

Install the special tool plate on top of the
bridges with the small point of the plate in
between the exhaust rocker and bridge. Install
the special tool bolt and compress the valve
springs until the plate contacts the top of the

14. NOTE: Make sure the notch in the base is tool base.
aligned in the hold-down clamp.

Insert the injector hold down clamp into the
special tool base.
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303-01C-4 303-01C-4Engine — 6.0L Diesel

IN-VEHICLE REPAIR (Continued)

17. NOTE: When removing the rocker arm, be 19. With the rocker arms removed, remove the
careful not to drop the ball from the fulcrum special tool bolt and the special tool plate to
plate or rocker arm socket. gain access to the valve bridges.

Disengage the rocker arm from the push rod.
Then rotate the rocker arm out while
compressing down on the rocker arm retaining
clip.

• Remove and discard the rocker arm
retaining clip.

• Repeat the step for the other rocker arm.

20. Remove and discard the valve bridges.

18. CAUTION: To prevent engine damage,
keep the push rods in the order in which
they were removed. Install the push rods
back in their original positions.

Remove the push rod.

• Inspect each push rod for wear and deposits
which may restrict the flow of oil into the
rocker arm assembly, replace as necessary.

• Check the push rod for flatness by rolling
them on a flat surface if not within
specification, replace as necessary.
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303-01C-5 303-01C-5Engine — 6.0L Diesel

IN-VEHICLE REPAIR (Continued)

Installation

1. CAUTION: Install new O-ring seals on
the crankcase-to-head tube. It requires
several hours after installation for the O-ring
seals to relax back to their original size. If
the tube assembly is installed before the
O-rings seals have relaxed, damage to  the
O-ring seals can occur.

Install new O-ring seals on the
crankcase-to-head tube assemblies.

4. CAUTION: To prevent engine damage,
keep the push rods in the order in which
they were removed. Install all push rods
back in their original positions.

NOTE: Higher mileage engines require push
rods to be cleaned so that the copper-colored
end of the push rod can be identified.

NOTE: If a push rod has been replaced, it may
not have a copper-colored end and can be
installed with either end up.

Apply clean engine oil to each end of the push
rods. Insert them into their respective positions2. NOTE: Apply clean engine oil on the valve
with the copper-colored end up.stems prior to installing the valve bridges.

Install the new valve bridges.

3. Install the special tool plate and bolt. Tighten
the bolt until the plate contacts the top of the
tool base.
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303-01C-6 303-01C-6Engine — 6.0L Diesel

IN-VEHICLE REPAIR (Continued)

5. Place a dab of multi-purpose grease in the 7. Remove the special tool bolt and plate.
fulcrum socket to hold the ball in place while • Make sure the rocker arms remain in place
installing the rocker arms. and the fulcrum ball has not fallen out.

6. NOTE: Apply clean engine oil to the top center 8. NOTE: If a snap ring or piece of a snap ring is
of the valve bridges prior to installing the missing from the injector hold-down assembly,
rocker arms. it must be located prior to removing the shop
NOTE: Always replace the rocker arm towels.
retaining clip with the same color clip. Remove the shop towels.
Insert the rocker arm under the fulcrum and

9. Remove the injector hold-down and special toolball, rotate the rocker arm into place and
base.position onto the push rod. Install a new rocker

arm retaining clip.

• Repeat the step for the other rocker arm.

2004 E-Series, 12/2003 



303-01C-7 303-01C-7Engine — 6.0L Diesel

IN-VEHICLE REPAIR (Continued)

10. CAUTION: If the fuel injector oil inlet
D-ring is damaged, a new fuel injector must
be installed.

NOTE: Lubricate the fuel injector and O-ring
seals liberally with clean engine oil.

Install new O-ring seals and copper washer on
the fuel injector.

13. CAUTION: To prevent engine damage,
check that the crankcase-to-head tube
assemblies bottom out in the branch tube
assembly. The oil rail, crankcase-to-head
tube and the fuel injectors will not function
correctly if these tubes are not bottomed out.

Apply clean engine oil and install the
crankcase-to-head tube assembly.

11. CAUTION: To prevent engine damage,
do not use air tools when removing and
installing the fuel injectors.

Install the fuel injector, the fuel injector hold
down and bolt.

12. CAUTION: Be sure the injector wiring
is clear of all moving parts or engine damage
can occur.

Install the fuel injector electrical connector into
the rocker arm carrier.
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303-01C-8 303-01C-8Engine — 6.0L Diesel

IN-VEHICLE REPAIR (Continued)

14. NOTE: Apply clean engine oil to the top fuel
injector O-ring seals before installing the
high-pressure oil rail.

Position the high-pressure oil rail on the
injectors.

• Place the high-pressure oil rail on top of the
carrier so that the four single ball tubes are
engaging the fuel injector lead angle.

• Insert three guide bolts, two on the ends of
the straight side of the high-pressure oil rail
and one in the middle of the wavy side of
the high pressure oil rail. Install the guide
studs six to seven turns. 16. If removed, cover the LH cylinder head with an

appropriate covering.• Press the high-pressure oil rail into the fuel
injectors.

17. Install the RH high-pressure oil rail-to-valve
• Inspect that the high-pressure oil rail cover gasket.

mounting feet are flat against the mounting
surface.

• Loosely install the six bolts.

18. CAUTION: Top prevent engine
damage, do not use air-powered tools when
installing the valve cover.

15. Install the remaining bolts and tighten.
Position the RH valve cover gasket. Install the

• Remove the three guide bolts. RH valve cover, stud bolts and bolts.
• Loosely install the three remaining bolts.

• Tighten the nine bolts in the sequence
shown.
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303-01C-9 303-01C-9Engine — 6.0L Diesel

IN-VEHICLE REPAIR (Continued)

19. Install the engine in the vehicle. For additional
information, refer to Engine in this section.
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303-01C-1 303-01C-1Engine — 6.0L Diesel

REMOVAL
RemovalEngine

1. With the vehicle in NEUTRAL, position it on aSpecial Tool(s)
hoist. For additional information, refer to

Lifting Attachment, Engine Section 100-02.
303-D043 (D83T-6000-B) or
equivalent

2. Disconnect the battery ground cable. For
additional information, refer to Section 414-01.

3. Remove the A/C condenser assembly. For
additional information, refer to Section

Heavy Duty Floor Crane 412-03A.
014-00071

4. Remove the front bumper. For additional
information, refer to Section 501-19.

5. Remove the radiator grille support. For
additional information, refer to Section 501-02.

Adapter for 303-D043
303-D043-02 or equivalent 6. Remove the bolts, disconnect and remove the

air bag sensor. Position the headlamp wiring
harness aside.

Adapter for 303-D043
303-D043-01 or equivalent

Wrench, Fan Clutch Nut
303-591

7. NOTE: Mark the latch before removal.

Remove the bolts and hood latch.

Material

Item Specification

SAE 15W-40 Super Duty WSS-M2C171-B
Motor Oil
XO-15W40-QSD or
equivalent
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303-01C-2 303-01C-2Engine — 6.0L Diesel

REMOVAL (Continued)

8. Remove the bolts and the radiator core
supports.

9. Remove the intake manifold. For additional
information, refer to Intake Manifold in this
section.

10. Remove the RH fan stator stand-off. Remove
the bolt and position the cable aside.

12. Disconnect the A/C pressure switch and remove
the A/C manifold from the tee block.

• Remove and discard the O-ring seals.

• Cap or plug the A/C openings as needed.

11. Remove the bolt and disconnect the A/C
manifold. Disconnect the A/C electrical
connector.

• Remove and discard the O-ring seals.

• Cap or plug the A/C openings as needed.
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303-01C-3 303-01C-3Engine — 6.0L Diesel

REMOVAL (Continued)

13. Remove the bolts and A/C compressor.

17. Disconnect the vacuum pump hose and remove
the engine coolant fill hose clip.

14. Disconnect the heater hose. Position the heater
hose and tube aside.

18. NOTE: The bolt behind the pulley is accessed
thorough the pulley with an extension and a

15. Remove the bolt and idler pulley. short socket.

Remove the bolts and the vacuum pump.

16. Disconnect the engine coolant fill hose from the
retaining clip. Loosen the clamp and remove
the engine coolant fill hose.
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303-01C-4 303-01C-4Engine — 6.0L Diesel

REMOVAL (Continued)

19. Remove the power steering upper mounting 22. Remove the lower radiator hose.
bolt.

23. Disconnect the fuel lines. For additional
20. Remove the LH fan stator stand-off. information, refer to Section 310-00A.

21. NOTE: The front bolt will remain in the power 24. Disconnect the crankshaft position (CKP) sensor
steering pump. electrical connector and retaining clips.

Remove the bolts and position the power
steering pump aside.
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303-01C-5 303-01C-5Engine — 6.0L Diesel

REMOVAL (Continued)

25. Disconnect the injection control pressure (ICP)
sensor electrical connector. Disconnect the glow
plug electrical connector and wire retainers.

29. CAUTION: Do not use power tools
when removing the nut.

Position back the boot and disconnect the B+
wire.26. Disconnect the camshaft position sensor

electrical connector and retaining clips.

30. Disconnect the exhaust back pressure sensor
electrical connector and pushpin retainer.27. Disconnect the two electrical connectors and

wire retainers at the transmission.

28. Disconnect the glow plug module electrical
connectors.
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303-01C-6 303-01C-6Engine — 6.0L Diesel

REMOVAL (Continued)

31. Disconnect the LH glow plug electrical 34. Remove the bolts and the oil filter assembly.
connector.

35. Remove the bolt at the transmission filter
32. Disconnect the two electrical connectors. housing.

33. Disconnect the two powertrain control module 36. Remove the retaining nut and remove the
(PCM) electrical connectors and position the transmission cooling tubes.
engine wiring harness aside.
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303-01C-7 303-01C-7Engine — 6.0L Diesel

REMOVAL (Continued)

37. Remove the torque converter cover.

41. Remove the starter solenoid protective cap.

38. Remove and discard the torque converter nuts.

42. Disconnect the starter motor electrical
connections.

39. Disconnect the block heater electrical connector.

40. Remove the retaining nut and position the cable
bracket aside.
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303-01C-8 303-01C-8Engine — 6.0L Diesel

REMOVAL (Continued)

43. Remove the bolts and the starter motor. 46. NOTE: Left side shown, right side similar.

Remove the motor mount nuts.

44. NOTE: Right side shown, left side similar.

Remove the cylinder block drain plugs and 47. Remove the lower engine-to-transmission bolts.
drain the coolant from the block.

48. Remove the mounting bolts from the lifting
45. NOTE: Apply clean engine oil to the O-ring bracket and remove the tubes.

seal prior to installing.

Install the cylinder block drain plugs.
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303-01C-9 303-01C-9Engine — 6.0L Diesel

REMOVAL (Continued)

49. Disconnect the glow plug wire retainer. Remove
the retaining nut and the oil indicator and tube.

• Remove and discard the O-ring seal.

53. NOTE: Mark the location of the studs prior to
removal.

Remove the bolts and the LH valve cover.

• Remove the valve cover gasket.
50. Disconnect the exhaust back pressure tube at

• Cover the cylinder head after the valvethe exhaust manifold.
cover is removed.

51. Remove the retaining nuts and glow plug
54. Remove the ICP sensor.module.

• Plug or cap the opening as needed.

52. NOTE: Power stud removed for clarity.

Remove the retaining nuts and the glow plug
module mounting bracket.
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303-01C-10 303-01C-10Engine — 6.0L Diesel

REMOVAL (Continued)

55. NOTE: Do not tighten the bolts at this time.

Install the special tools.

60. Remove the oil pan drain plug and drain the
engine oil.

56. Remove the turbocharger exhaust pipe.

57. Remove the factory installed engine lifting
bracket.

61. NOTE: It may be necessary to raise the engine
for oil pan removal. Disconnect the linkage
from the engine lifting attachment to raise the
engine.

Remove the bolts and position back the oil pan
58. Install the special tool. until the oil pick up tube bolts are accessible.

59. Install the engine lifting attachment and lifting
crane.
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303-01C-11 303-01C-11Engine — 6.0L Diesel

REMOVAL (Continued)

62. Remove the bolts and let the oil pick-up tube 66. Remove the upper engine-to-transmission bolts.
go into the oil pan. Remove the oil pan.

67. Raise the engine. Remove the four bolts and
63. Remove the press-in-place gasket and discard. LH motor mount.

64. Remove and discard the oil pick-up tube O-ring 68. NOTE: Front bolts shown, rear bolts similar.
seal. Remove the bolts and the RH motor mount.

65. Position a suitable transmission jack under the
transmission.
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303-01C-12 303-01C-12Engine — 6.0L Diesel

REMOVAL (Continued)

69. NOTE: The engine must be moved to the
driver’s side for removal.

Remove the engine from the vehicle.
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303-01C-1 303-01C-1Engine — 6.0L Diesel

REMOVAL
RemovalCylinder Heads

Both cylinder headsSpecial Tool(s)

Lifting Bracket, Cylinder Head
1. Remove the engine. For additional information,303-759

refer to Engine in this section.

2. Remove the bolts and flexplate.

Heavy Duty Floor Crane
014-00071

Adapter for 303-D043
303-D043-01

3. Mount the engine on an engine stand.

4. Remove the rear lifting eye.
Adapter for 303-D043
303-D043-02 5. Remove the special tools.

Release Tool, Injector
Connector
303-1115

Remover/ Installer, Glow Plug
Connector
303-1114

Material

Item Specification

Metal Brake Parts Cleaner —
PM-4 (Canada CPM-4)
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303-01C-2 303-01C-2Engine — 6.0L Diesel

REMOVAL (Continued)

6. CAUTION: Do not pull on the wiring
to remove the glow plug connector or
damage may occur.

NOTE: Only one glow plug connector shown.

Using the special tool, remove the glow plug
harness.

LH cylinder head

10. Remove the left cylinder head banjo fitting and
fuel line. Discard the sealing washers.

7. Remove the eight glow plugs.

11. Remove the bolts and turbocharger heat shield.

8. Prior to removing the exhaust manifolds,
inspect the exhaust manifold for warpage with a
feeler gauge between the manifold and cylinder
head. Record the measurement and compare
with the specifications.

9. NOTE: RH shown, LH similar.

Remove the bolts and the exhaust manifolds.

12. Remove the protective covering from the LH
cylinder head.
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303-01C-3 303-01C-3Engine — 6.0L Diesel

REMOVAL (Continued)

RH cylinder head

13. NOTE: Mark the location of the stud bolts.

Remove the RH valve cover.

• Remove the stud bolts, bolts and valve
cover.

• Clean and inspect the gaskets. Install a new
gasket if necessary.

• Clean and inspect the sealing surfaces.

Both cylinder heads

16. NOTE: Do not remove the oil rail end plugs or
acoustic wave attenuator port fitting. Service
parts are not available to support the
components.

Remove the bolts and the high-pressure oil rail.

14. Remove the RH high-pressure oil rail-to-valve
cover gasket.

Two-piece head tube

15. NOTE: Some engines may have been updated
with a new two-piece crankcase-to-head tube. If
the crankcase-to-head tube has been updated it
will have a hex head.

If the high-pressure oil rail has a hex head,
remove the crankcase-to-head tube assembly.

• Remove and discard the O-ring seals.
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303-01C-4 303-01C-4Engine — 6.0L Diesel

REMOVAL (Continued)

17. CAUTION: Do not attempt to apply
battery voltage to the fuel injector or damage
to the fuel injector will occur.

Using the special tool, push the fuel injector
electrical connector out of the rocker arm
carrier.

20. NOTE: If a snap ring or piece of a snap ring is
missing from the injector hold-down assembly,
it must be located prior to removing the shop
towels.

Remove the shop towels.

One-piece head tube

18. Prior to removing the injector assembly, insert
21. NOTE: The rings on the crankcase-to-headclean shop towels in the oil drain holes adjacent

tube are to be used to pry the tube assemblyto each glow plug.
from the branch tube assembly or the oil rail
assembly.19. CAUTION: To prevent engine damage,

do not use air tools when removing and Remove the crankcase-to-head tube assembly.
installing the fuel injectors. The snap ring • Remove and discard the O-ring seals.
that extracts the fuel injector can dislodge
and fall off.

CAUTION: Failure to account for all
snap rings or pieces prior to placing the
vehicle back in service can cause engine
damage. A missing snap ring can be injected
into the lube oil system causing severe engine
damage.

NOTE: There is no need to drain the fuel rail.

NOTE: If engine coolant is found in the
combustion chamber, it may be necessary to
install a new injector sleeve. For additional
information, refer to Section 303-04D.

Remove the bolt, the fuel injector hold down
and the fuel injector.
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303-01C-5 303-01C-5Engine — 6.0L Diesel

REMOVAL (Continued)

Two-piece head tube

22. CAUTION: Use care not to deform the
lower crankcase-to-head tube during
removal. If the tube is damaged, a new tube
must be installed.

NOTE: Use a shop towel and metal brake parts
cleaner to remove the oil residue prior to
removing.

If the updated crankcase-to-head tube separated,
using a pair of soft jawed pliers, remove the
lower crankcase-to-head tube.

25. Remove the bolts and rocker arm carrier.

• Clean and inspect the gasket. Install new
gaskets if necessary.

• Clean and inspect the sealing surfaces.

Both cylinder heads

23. Remove and discard the 20 inner cylinder head
bolts.

26. Mark the 16 valve bridges with a permanent
marker and remove.

24. Remove the 16 bolts and the rocker arm
assemblies.
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303-01C-6 303-01C-6Engine — 6.0L Diesel

REMOVAL (Continued)

27. CAUTION: To prevent engine damage,
keep the push rods in the order in which
they were removed. Install all push rods
back in their original positions.

Mark the location and remove the 16 push rods.

30. Remove and discard the cylinder head gasket
and dowels.

• Clean and inspect the gasket sealing
surfaces.

28. Remove the outer cylinder head bolts.

29. Remove the cylinder heads.

1 Install the special tool.

2 Install the bolts.

• Remove the cylinder head.
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303-01C-1 303-01C-1Engine — 6.0L Diesel

DISASSEMBLY
Special Tool(s)Engine

Heavy Duty Floor Crane
014-00072Special Tool(s)

Lifting Bracket, Cylinder Head
303-759

Service Set, Camshaft
303-017 (T65L-6250-A) or
equivalent

Remover, Crankshaft Front
Wear Ring
303-762

Remover, Crankshaft Rear Wear
Ring
303-771

Dial Indicator Gauge with
Holding Fixture
100-002 (TOOL-4201-C) or
equivalent

Slide Hammer
100-001 (T50T-100-A)

Adapter for 303-D043
303-D043

Release Tool, Injector
Connector
303-1115

Adapter for 303-D043
303-D043

Remover/ Installer, Glow Plug
Connector
303-1114

Remover, Oil Seal
303-D060 (D86-6701-B)

Material

Item Specification
(Continued)

Metal Brake Parts Cleaner —
PM-4 (Canada CPM-4)

Copyright  2003, Ford Motor Company
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303-01C-2 303-01C-2Engine — 6.0L Diesel

DISASSEMBLY (Continued)

Disassembly 6. Remove the retaining nut and position the fuel
line bracket aside.

All vehicles

1. Remove the bolts and the flexplate.

7. Remove the stud bolts and thermostat housing.

• Remove and discard the O-ring seal.

2. Mount the engine on an engine stand.

3. Remove the rear lifting eye.

4. Remove the special tools.

8. Remove the left cylinder head banjo fitting and
fuel line. Discard the sealing washers.

5. Remove the bolts and RH motor mount plate.
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303-01C-3 303-01C-3Engine — 6.0L Diesel

DISASSEMBLY (Continued)

9. Remove the bolt and serpentine belt idler. 12. Remove and discard the O-ring seals from the
oil filter base.

10. If equipped, remove the bolts and serpentine
belt tensioner. 13. Remove the exhaust gas recirculation (EGR)

cooler coolant supply port cover.

• Remove the bolts.

• Clean and inspect the gaskets. Install new
gaskets if necessary.

• Clean and inspect the sealing surfaces.

11. Remove the bolts and oil filter adapter.
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303-01C-4 303-01C-4Engine — 6.0L Diesel

DISASSEMBLY (Continued)

14. NOTE: Do not discard the oil cooler cover 16. Remove the oil pump inlet strainer. Clean and
bolts. They are self-tapping bolts and will be inspect for tears and other damage.
needed to cut the threads in the new oil cooler
cover.

Remove the oil filter base.

• Remove the bolts.

• Clean and inspect the gaskets. Install new
gaskets if necessary.

• Clean and inspect the sealing surfaces.

17. Remove the bolts and the turbocharger heat
shield.

15. CAUTION: In the event of a
catastrophic engine failure, always install a
new oil cooler cover assembly (with oil
cooler). Foreign material cannot be removed
from the oil cooler.

NOTE: The oil cooler is replaced as an
assembly.

18. Remove the high-pressure oil pump cover.Remove the oil cooler assembly.
• Remove the bolts.• Remove the bolts.
• Use a thin gasket scraper to separate the• Clean and inspect the gaskets. Install a new

cover from the crankcase.gasket, if necessary.
• Clean and inspect the gaskets. Install a new• Clean and inspect the sealing surfaces.

gasket if necessary.

• Clean and inspect the sealing surfaces.
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303-01C-5 303-01C-5Engine — 6.0L Diesel

DISASSEMBLY (Continued)

19. Position the dial indicator with bracketry onto
the oil pump drive and check the oil pump
drive gear backlash.

23. Remove and discard the lower O-ring seal.

20. Remove the bolts from the high-pressure oil
pump discharge pipe. Position the high-pressure
discharge pipe aside.

24. CAUTION: Do not pull on the wiring
to remove the glow plug connector or
damage may occur.

NOTE: Only one glow plug connector shown.

Using the special tool, remove the glow plug
harness.21. Remove and discard the high-pressure pump

O-ring seal.

22. Remove the bolts and the high-pressure oil
pump.
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303-01C-6 303-01C-6Engine — 6.0L Diesel

DISASSEMBLY (Continued)

25. Remove the eight glow plugs.

29. Remove the bolts and the coolant pump pulley.

26. Remove the protective covering from the LH
cylinder head.

27. NOTE: Mark the location of the stud bolts.

Remove the RH valve cover.

• Remove the stud bolts, bolts and valve
cover.

• Clean and inspect the gaskets. Install a new
gasket, if necessary.

• Clean and inspect the sealing surfaces.

30. Remove the coolant pump.

• Remove the bolts.

• Remove and discard the O-ring seal.

28. Remove the RH high-pressure oil rail-to-valve
cover gasket.
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303-01C-7 303-01C-7Engine — 6.0L Diesel

DISASSEMBLY (Continued)

31. If equipped, remove the bolts and the dual 33. CAUTION: To prevent engine damage,
generator pulley. you must always install four new bolts when

installing the vibration damper.

WARNING: To avoid personal injury,
support the vibration damper during
mounting bolt removal. The damper can
slide off the nose of the crankshaft very
easily.

Remove the bolts and the crankcase vibration
damper.

• Discard the bolts.

32. Check the crankshaft vibration damper runout.

• Remove the paint from the face of the
crankshaft vibration damper at four points
90 degrees apart.

• Attach the special tool to the cylinder block.
Position the special tool on one of the
unpainted surfaces.

• Using a suitable tool, pry the crankshaft
forward. Zero the dial indicator.

• NOTE: Pry the crankshaft forward at the 34. Punch two holes in the seal.
same point to eliminate possible error
caused by crankshaft end play.

Rotate the crankshaft 90 degrees. Pry the
crankshaft forward. Record the
measurement. Repeat at each unpainted
surface.

X If the runout exceeds specification, install
a new crankshaft vibration damper.
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303-01C-8 303-01C-8Engine — 6.0L Diesel

DISASSEMBLY (Continued)

35. Using the special tool, remove the crankshaft 38. NOTE: Mark the front of each drive rotor for
seal. correct reassembly orientation.

Remove the inner and outer oil pump drive
rotors.

36. NOTE: The production engine will not have a
wear sleeve.

If equipped, remove the crankshaft damper wear 39. Remove the engine front cover.
sleeve with the special tool. • Remove the bolts.

• Clean and inspect the gaskets. Install new
gaskets if necessary.

• Clean and inspect the sealing surfaces.

37. Remove the oil pump body.

• Remove the bolts.

• Remove and discard the O-ring seal.

40. Remove the flywheel adapter.
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303-01C-9 303-01C-9Engine — 6.0L Diesel

DISASSEMBLY (Continued)

43. NOTE: Production engines will not have wear41. CAUTION: To prevent engine damage,
sleeve.do not remove the rear primary crankshaft

flange bolts under any circumstances. If the If equipped with a crankshaft wear sleeve, use
flange is removed and reinstalled, it will the special tool to remove the crankshaft rear
result in engine vibration and premature wear sleeve.
transmission component wear.

NOTE: The drill bit used must be the
appropriate size for the body dent puller used in
the following step.

Using the appropriate drill bit, drill a hole on
the RH side of the seal and another directly
across from it on the LH side of the seal, as
shown.

44. Clean and inspect the crankshaft sealing
surface.

42. NOTE: It will be necessary to alternate
between the two holes, drilled in the previous
step, to walk the seal out of the engine rear
cover.

Using the special tool and a commercially
available body dent puller attachment, remove
and discard the rear main seal.
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303-01C-10 303-01C-10Engine — 6.0L Diesel

DISASSEMBLY (Continued)

45. Remove the rear engine cover. 48. Remove the bolts and the LH exhaust manifold.

• Remove the bolts.

• Clean and inspect the gaskets. Install a new
gasket if necessary.

• Clean and inspect the sealing surfaces.

Two-piece head tube

49. NOTE: Some engines may have been updated
with a new two-piece crankcase-to-head tube. If
the crankcase-to-head tube has been updated it

46. Prior to removing the exhaust manifolds, will have a hex head.
inspect the exhaust manifold for warpage with a

If the high-pressure oil rail has a hex head,feeler gauge between the manifold and cylinder
remove the crankcase-to-head tube assembly.head. Record the measurement and compare
• Remove and discard the O-ring seals.with the specifications.

47. Remove the bolts and the RH exhaust manifold.
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303-01C-11 303-01C-11Engine — 6.0L Diesel

DISASSEMBLY (Continued)

All vehicles 53. CAUTION: To prevent engine damage,
do not use air tools when removing and

50. NOTE: Do not remove the oil rail end plugs or installing the fuel injectors. The snap ring
acoustic wave attenuator port fitting. Service that extracts the fuel injector can dislodge
parts are not available to support the and fall off.
components.

CAUTION: Failure to account for all
Remove the bolts and the high pressure oil rail. snap rings or pieces prior to placing the

vehicle back in service can cause engine
damage. A missing snap ring can be injested
into the lube oil system causing severe engine
damage.

NOTE: There is no need to drain the fuel rail.

NOTE: If engine coolant is found in the
combustion chambers, it may be necessary to
install a new injector sleeve. For additional
information, refer to Section 303-04D.

Remove the bolt, the fuel injector hold down
and the fuel injector.

51. CAUTION: Do not attempt to apply
battery voltage to the fuel injector or damage
to the fuel injector will occur.

Using the special tool, push the fuel injector
electrical connector out of the rocker arm
carrier.

54. NOTE: If a snap ring or piece of a snap ring is
missing from the injector hold-down assembly,
it must be located prior to removing the shop
towels.

Remove the shop towels.

52. Prior to removing the injector assembly, insert
clean shop towels in the oil drain holes adjacent
to each glow plug.
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303-01C-12 303-01C-12Engine — 6.0L Diesel

DISASSEMBLY (Continued)

One-piece head tube All vehicles

55. NOTE: The rings on the crankcase-to-head 57. Remove and discard the 20 head bolts from
tube are to be used to pry the tube assembly both cylinder heads.
from the branch tube assembly or the oil rail
assembly.

Remove the crankcase-to-head tube assembly.

• Remove and discard the O-ring seals.

58. Remove the 16 bolts and the rocker arm
assemblies.

Two-piece head tube

56. CAUTION: Use care not to deform the
lower crankcase-to-head tube during
removal. If the tube is damaged, a new tube
must be installed.

NOTE: Use a shop towel and metal brake parts
cleaner to remove the oil residue prior to
removing.

If the updated crankcase-to-head tube separated,
using a pair of soft jawed pliers, remove the
lower crankcase-to-head tube.
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303-01C-13 303-01C-13Engine — 6.0L Diesel

DISASSEMBLY (Continued)

59. Remove the rocker arm carrier from the
cylinder head.

• Remove the bolts.

• Clean and inspect the gaskets. Install new
gaskets if necessary.

• Clean and inspect the sealing surfaces.

62. Remove the 10 outer head bolts.

60. NOTE: Mark the location of the valve bridges
before removing.

Remove the 16 valve bridges.

63. Remove the cylinder heads.

1 Install the special tool.

2 Install the bolts.

• Remove the cylinder heads.

61. CAUTION: To prevent engine damage,
keep the push rods in the order in which
they were removed. Install all push rods
back in their original positions.

Mark and remove the 16 push rods.
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303-01C-14 303-01C-14Engine — 6.0L Diesel

DISASSEMBLY (Continued)

64. Remove and discard the cylinder head gaskets.

68. CAUTION: To prevent engine damage,
keep the cam followers in the order in which

65. Remove and discard the four cylinder head they were removed. Install all cam followers
dowel sleeves. back in their original positions.

Remove the bolts and the roller follower
guides. Remove the hydraulic cam followers.

66. Remove the bolts from the rear engine tube
assembly.

69. Remove the upper oil pan.

• Remove the bolts.

• Clean and inspect the gaskets. Install new
gaskets if necessary.

• Clean and inspect the sealing surfaces.

67. Remove the bolt and the rear engine tube
assembly.
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303-01C-15 303-01C-15Engine — 6.0L Diesel

DISASSEMBLY (Continued)

70. NOTE: Prior to removing any piston and 72. Remove the bolts and the connecting rod caps.
connecting rod assemblies, it is recommended
that piston protrusion be evaluated. This will
help identify bent or twisted connecting rods.

Check the piston protrusion above the crankcase
as follows.

• Zero the dial indicator gauge on the
crankcase deck surface.

• Position the dial indicator tip on the piston
head at the 3 or 9 o’clock position.

• Rotate the crankshaft to measure the
maximum piston protrusion and record.

• Reposition the dial indicator tip onto the
piston head at the opposite position.

73. CAUTION: To prevent engine damage,
• Rotate the crank shaft to measure the remove the ridge prior to removing the rod

maximum piston protrusion and record. and piston assemblies if evident from the top
Average the two readings to see if the of the cylinder bore. This reduces the chance
maximum piston protrusion is exceeded. of piston ring land damage during removal.

Use a razor knife or emery board to scrape the
carbon ridge from the top of the cylinder bore.

74. Using a wood or plastic hammer handle, push
the connecting rod and piston assembly out of
the cylinder bore.

71. Using a feeler gauge, check for the minimum
connecting rod side clearance.
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303-01C-16 303-01C-16Engine — 6.0L Diesel

DISASSEMBLY (Continued)

75. Remove the piston rings. 78. Install the special tool and measure the
camshaft end play. Install a new camshaft thrust1 Remove the top compression ring.
plate if end play is not within specification.

2 Remove the intermediate compression ring.

3 Remove the oil control ring.

79. CAUTION: To prevent engine damage,
do not remove the rear primary crankshaft

76. Remove and discard the connecting rod flange bolts under any circumstances. If the
bearings. flange is removed and reinstalled, it will

result in engine vibration and premature
transmission component wear.

Install the special tool and measure the
crankshaft end play. Record the end play.

77. Install the special tool and measure the
camshaft gear backlash. Install a new gear if
backlash is not within specification.
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303-01C-17 303-01C-17Engine — 6.0L Diesel

DISASSEMBLY (Continued)

80. Remove the bolt and the crankshaft position
(CKP) sensor.

84. Remove the lower crankcase seals and the
lower bearings and discard.

81. Remove the bolt and the camshaft position
(CMP) sensor.

85. Using the appropriate lifting device, remove the
crankshaft assembly.

82. Remove the block heater.

83. Remove the 20 lower case bolts and the 8
outside lower crankcase bolts. Remove the
lower crankcase assembly.
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303-01C-18 303-01C-18Engine — 6.0L Diesel

DISASSEMBLY (Continued)

86. Remove and discard the crankshaft upper 88. CAUTION: This patch bolt is unique
bearings and crankshaft upper thrust bearing. — do not substitute or engine damage can

occur.

Remove the bolts and the eight piston cooling
tubes.

87. CAUTION: Do not nick or scratch the
camshaft bearings with the camshaft lobes or
engine damage will occur.

Remove the thrust plate mounting bolts and 89. Using the special tool, remove the camshaft
remove the camshaft and gear. bearings and discard.
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303-01C-1 303-01C-1Engine — 6.0L Diesel

DISASSEMBLY AND ASSEMBLY

OF SUBASSEMBLIES

Cylinder Head

Disassembly

1. Remove the lifting bracket from the cylinder
head.

2. Install the Valve Spring Compressor.

5. Remove the valve spring.

3. NOTE: If necessary, strike the valve stem end
with a plastic-tipped hammer to loosen the
valve spring retainer keys.

Remove the valve spring retainer keys.

1 Remove the valve spring retainer keys.
6. Remove the valve.2 Remove the Valve Spring Compressor.

4. Remove the valve spring rotator.

Copyright  2003, Ford Motor Company
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303-01C-2 303-01C-2Engine — 6.0L Diesel

DISASSEMBLY AND ASSEMBLY OF SUBASSEMBLIES (Continued)

7. Remove the valve stem seal. 3. Install the valve spring.

8. Clean and inspect the valves, valve guides and 4. Install the valve spring rotator.
seats. If they are serviceable, resurface to
specification.

Assembly

1. Install the valve stem seal.

5. Install the valve spring retainer keys.

1 Install the Valve Spring Compressor.

2 Install the valve spring retainer keys.

2. Install the valve.
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303-01C-3 303-01C-3Engine — 6.0L Diesel

DISASSEMBLY AND ASSEMBLY OF SUBASSEMBLIES (Continued)

6. Remove the Valve Spring Compressor. 7. Install the lifting bracket on the cylinder head.
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303-01C-1 303-01C-1Engine — 6.0L Diesel

DISASSEMBLY AND ASSEMBLY

OF SUBASSEMBLIES

2. NOTE: The piston pins are a floating typePiston
piston pin and should not require a press to
remove or install them.Disassembly and Assembly
Remove the connecting rod.

1. NOTE: Mark the connecting rod and piston to 1 Remove the piston pin.
make sure correct orientation on reassembly. 2 Remove the connecting rod.
Remove the piston pin retainers.

3. To assemble, reverse the disassembly procedure.
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303-01C-1 303-01C-1Engine — 6.0L Diesel

ASSEMBLY
Special Tool(s)Engine

Installer, Crankshaft Rear Seal
and Wear RingSpecial Tool(s)
303-770

Lifting Bracket, Cylinder Head
303-759

Compressor, Piston Ring
 303-D032 (D81L-6002-C) or
equivalent

Installer, Crankshaft Front Seal
and Wear Ring
303-761

Adapter for 303-D043
303-D043-01

Dial Indicator Gauge with
Holding Fixture
 100-002 (TOOL-4201-C) or
equivalent

Adapter for 303-D043
303-D043-02

Service Set, Camshaft
 303-017 (T65L-6250-A) or
equivalent

Remove/Installer, Glow Plug
Connector
303-1114

Heavy Duty Floor Crane
014-00072

Material

Item Specification
Alignment Tool, Camshaft

SAE 15W-40 Super Duty WSS-M2C171-B303-772
Motor Oil
XO-15W40-QSD or
equivalent

RTV Silicone Sealant —
TA-30

Threadlock 262 WSK-M2G351-A6
(Continued) TA-26

High Temperature Nickel ESE-M12A4-A
Anti-Seize Lubricant
XL-2 or equivalent
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303-01C-2 303-01C-2Engine — 6.0L Diesel

ASSEMBLY (Continued)

All vehiclesAssembly

One-piece head tube 3. NOTE: Check alignment of the oil holes after
installing the bearings.

If removed, install the camshaft bearings.1. CAUTION: Install new D-ring seals on
the crankcase-to-head tube. It requires
several hours after installation for the D-ring
seals to relax back to their original size. If
the tube assembly is installed before the
D-ring seals have relaxed, damage to  the
D-ring seals can occur.

Install new D-ring seals on each end of the
crankcase-to-head tube assemblies.

4. CAUTION: The patch bolt is unique
— do not substitute or engine damage can
occur.

NOTE: Apply Threadlock 262 to the threads
prior to installation.

Install the eight piston cooling tubes and bolts.

Two-piece head tube

2. CAUTION: Install new D-ring seals on
the crankcase-to-head tube. It requires
several hours after installation for the D-ring
seals to relax back to their original size. If
the tube assembly is installed before the
D-ring seals have relaxed, damage to  the
D-ring seals can occur.

Install new D-ring seals on the
crankcase-to-head tube.
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303-01C-3 303-01C-3Engine — 6.0L Diesel

ASSEMBLY (Continued)

5. CAUTION: Do not nick or scratch the
camshaft bearings with the camshaft lobes or
engine damage can occur.

NOTE: Apply clean engine oil to the camshaft
prior to installing.

Install the camshaft and gear assembly. Install
the thrust plate mounting bolts.

8. With the timing peg in the special tool over the
camshaft timing mark, install the crankshaft.

6. NOTE: Apply clean engine oil to all the
bearings.

Install the crankshaft upper bearings and the
crankshaft upper thrust bearing.

9. NOTE: Do not turn the crankshaft during the
main bearing clearance check.

Position commercially available plastigage in
the center of each main bearing bolt cap.

10. Install the lower bearings into the lower
crankcase.

7. Using the special tool, align the camshaft
timing mark as shown.
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303-01C-4 303-01C-4Engine — 6.0L Diesel

ASSEMBLY (Continued)

11. CAUTION: To prevent engine damage,
make sure that the longer main cap bolts
(M14 x 2 x 127) are installed inboard and
the shorter bolts (M14 x 2 x 114) are
installed outboard.

Install the lower crankcase. Install all 20 lower
crankcase main bearing mounting bolts. Tighten
the mounting bolts in the following sequence.

1 Tighten bolts to 149 Nm (110 lb-ft) in
numerical sequence.

2 Tighten bolts again to 176 Nm (130 lb-ft)
in numerical sequence.

3 Tighten bolts to 231 Nm (170 lb-ft) in
numerical sequence.
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303-01C-5 303-01C-5Engine — 6.0L Diesel

ASSEMBLY (Continued)

12. Install eight M8 x 30 bolts around the outside
of the lower crankcase. Tighten bolts to the
special torque using the sequence shown.

13. Remove the 28 bolts and the lower crankcase. 15. NOTE: Apply clean engine oil to the lower
main bearings.

Install new lower crankcase seals.

14. Measure the clearances for the main bearings.
Remove the plastigage.
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303-01C-6 303-01C-6Engine — 6.0L Diesel

ASSEMBLY (Continued)

16. CAUTION: To prevent engine damage,
make sure that the longer main cap bolts
(M14 x 2 x 127) are installed inboard and
the shorter bolts (M14 x 2 x 114) are
installed outboard.

Install the lower crankcase. Install all 20 lower
crankcase main bearing mounting bolts. Tighten
mounting bolts in the following sequence.

1 Tighten bolts to 149 Nm (110 lb-ft) in
numerical sequence.

2 Tighten bolts again to 176 Nm (130 lb-ft)
in numerical sequence.

3 Tighten bolts to 231 Nm (170 lb-ft) in
numerical sequence.
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303-01C-7 303-01C-7Engine — 6.0L Diesel

ASSEMBLY (Continued)

17. Install eight M8 x 30 bolts around the outside
of the lower crankcase. Tighten bolts to the
special torque using the sequence shown.

18. CAUTION: To prevent engine damage,
do not remove the rear primary crankshaft
flange bolts under any circumstances. If the
flange is removed and reinstalled, it will
result in engine vibration and premature
transmission component wear.

Install the special tool and measure the
crankshaft end play.

20. Install the special tool and measure the
camshaft gear backlash.

19. Install the special tool and measure the
camshaft end play.
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303-01C-8 303-01C-8Engine — 6.0L Diesel

ASSEMBLY (Continued)

21. Install the block heater. 24. NOTE: Lubricate with clean engine oil.

Install the connecting rod bearings.

22. Install the camshaft position (CMP) sensor and
the bolt. 25. NOTE: Make sure the ring openings are 120

degrees from each other, or engine damage can
occur.

Install new piston rings.

1 The top compression ring is identified with
one indentation mark and a 15 degree
keystone profile.

2 The intermediate compression ring is
identified with two indentation marks and a
square profile.

3 Install the oil control ring.

23. Install the crankshaft position (CKP) sensor and
the bolt.
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303-01C-9 303-01C-9Engine — 6.0L Diesel

ASSEMBLY (Continued)

26. NOTE: Cam V8 is toward the inside of the
engine.

NOTE: Coat the cylinder walls and piston
assembly with clean engine oil before installing.

Install the piston and rod assemblies.

1 Coat the inside diameter of the ring
compressor with clean engine oil.

2 Insert the piston into the special tool.
Position the piston, connecting rod and
special tool into the correct cylinder bore.

X Using a wood or plastic hammer handle,
push the connecting rod and piston 29. Remove the bolts and the connecting rod cap.
assembly down into the cylinder bore.

30. Measure the clearances for the connecting rod
cap. Remove the plastigage.

27. Position a piece of plastigage across the bearing
surface.

31. Install the connecting rod cap and the bolts.
Tighten the bolts in the following sequence.

• Tighten to 45 Nm (33 lb-ft).

• Tighten to 68 Nm (50 lb-ft).

28. Install the connecting rod cap and the bolts.
Tighten the bolts in the following sequence.

• Tighten to 45 Nm (33 lb-ft).

• Tighten to 68 Nm (50 lb-ft).

2004 E-Series, 12/2003 



303-01C-10 303-01C-10Engine — 6.0L Diesel

ASSEMBLY (Continued)

32. Using a feeler gauge, check for the minimum
connecting rod side clearance.

35. Install the rear engine tube assembly and the
bolt.

33. Install the upper oil pan.

• Install the upper oil pan gasket.

• Install the upper oil pan.

• Install the bolts.

36. Install the rear engine tube assembly bolts.

34. CAUTION: To prevent engine damage,
keep the cam followers in the order in which
they were removed. Install all cam followers
back in their original positions.

NOTE: Only the front guides use bolts.

Apply clean engine oil to the hydraulic cam
followers and install into the roller follower
guide. Install the roller follower guide and the
bolts.
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303-01C-11 303-01C-11Engine — 6.0L Diesel

ASSEMBLY (Continued)

37. Install the four cylinder head dowels. 39. Using the special tool, install the cylinder
heads.

1 Install the lifting bracket.

2 Install the bolts.

X Install the cylinder heads.

38. NOTE: Install a new cylinder head gasket with
the part number facing upward. Verify the top
five bolt holes and the head gasket push rod
holes line up.

NOTE: Use care to avoid scratching the blue
40. Install the 10 outer head bolts (finger-tight).compound on the cylinder head gaskets.

Place the new cylinder head gaskets over the
dowel sleeves and onto the crankcase.

2004 E-Series, 12/2003 



303-01C-12 303-01C-12Engine — 6.0L Diesel

ASSEMBLY (Continued)

43. Install the rocker arm carrier to the cylinder41. CAUTION: To prevent engine damage,
head.keep the push rods in the order in which

they were removed. Install all push rods • Install the press-in-place gasket.
back in their original positions. • Install the rocker arm carrier.
NOTE: Higher mileage engines require push • Install the bolts.
rods to be cleaned so the copper colored end of
the push rod can be identified.

NOTE: If a push rod has been replaced, it may
not have a copper-colored end and can be
installed with either end up.

Apply clean engine oil to each end of the push
rods. Insert them into their respective positions
with the copper colored end up.

44. NOTE: Rotate the crankshaft until the damper
locating dowel notch is in the six o’clock
position.

NOTE: Apply clean engine oil to the top center
of each valve bridge.

Install the rocker arm assemblies and the 16
bolts.

42. NOTE: Coat the end of each valve stem with
clean engine oil.

Install the 16 valve bridges.
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303-01C-13 303-01C-13Engine — 6.0L Diesel

ASSEMBLY (Continued)

46. Tighten the head bolts in the following45. CAUTION: Using too much engine oil
sequence.on the threads of the cylinder head bolts, can

cause damage to the threads and poor 1 Tighten bolts 1 through 10 to 88 Nm (65
sealing. Using anti-seize compounds, grease lb-ft).
or any other lubricants other than engine oil 2 Tighten bolts 1 through 10 to 115 Nm (85
on the cylinder head bolt threads can affect lb-ft).
the true torque value of the bolts.

3 Tighten bolts in sequence 1 through 10,
NOTE: Lightly lubricate the new cylinder head clockwise 90 degrees.
bolt threads and flanges with clean engine oil.

4 Tighten bolts in sequence 1 through 10, a
Install the new cylinder head retaining bolts second time, clockwise 90 degrees.
finger-tight.

5 Tighten bolts in sequence 1 through 10, a
third time, clockwise 90 degrees.

6 Tighten bolts 11 through 15 to 24 Nm (18
lb-ft).

7 Tighten bolts 11 through 15 to 31 Nm (23
lb-ft).
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303-01C-14 303-01C-14Engine — 6.0L Diesel

ASSEMBLY (Continued)

One-piece head tube

47. CAUTION: To prevent engine damage, 49. CAUTION: Failure to tighten the
check that the crankcase-to-head tube injector properly can lead to engine failure.
assemblies bottom out in the branch tube

CAUTION: To prevent engine damage,assembly. The oil rail, crankcase-to-head
do not use air tools when removing andtube and the fuel injectors will not function
installing the fuel injectors. The snap ringif these tubes are not bottomed out.
that extracts the fuel injector can dislodge

Apply clean engine oil and install a and fall off.
crankcase-to-head tube assembly.

Install the fuel injector, the fuel injector hold
down and bolt.

All vehicles

50. CAUTION: Make sure the injector
48. CAUTION: If the fuel injector oil inlet wiring is clear of all moving parts or engine

D-ring is damaged, a new fuel injector must damage can occur.
be installed.

Install the fuel injector electrical connector into
NOTE: Lubricate the fuel injector and O-ring the rocker carrier.
seals liberally with clean engine oil.

Install new O-ring seals and a copper washer on
the fuel injector.
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303-01C-15 303-01C-15Engine — 6.0L Diesel

ASSEMBLY (Continued)

51. NOTE: Apply clean engine oil to the top fuel
injector O-ring seals before installing the
high-pressure oil rail.

Position the high-pressure oil rail on the
injectors.

• Place the high-pressure oil rail on top of the
carrier so that the four single ball tubes are
engaging the fuel injector lead angle.

• Insert three guide bolts, two on the ends of
the straight side of the high-pressure oil rail
and one in the middle of the wavy side of
the high-pressure rail. Install the guide studs

Two-piece head tubesix to seven turns.

• Press the high-pressure oil rail into the fuel
53. NOTE: Apply clean engine oil to theinjectors.

crankcase-to-head tube prior to installation.• Inspect that the high-pressure oil rail
If equipped with an updated crankcase-to-headmounting feet are flat against the mounting
tube, install the crankcase-to-head tubesurface.
assembly.• Loosely install the six bolts.

52. Install the remaining bolts and tighten.

• Remove the three guide bolts.

• Loosely install the three remaining bolts.

• Tighten the nine bolts in the sequence
shown.
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303-01C-16 303-01C-16Engine — 6.0L Diesel

ASSEMBLY (Continued)

All vehicles 56. Apply a bead of sealant at the back seam of the
upper and lower crankcase.

54. NOTE: Start installing the bolts with the
second bolt from the rear on the top. The hole
diameter is smaller, therefore allowing
alignment of the remaining bolts.

NOTE: When installing the exhaust manifolds,
only use prevailing torque hex flange bolts with
an interference fit.

NOTE: Apply anti-seize lubricant to the bolt
threads prior to installing.

Install the left exhaust manifold and the bolts.

57. Install the rear engine cover.

• Install the press-in-place gasket.

• Install the rear engine cover.

• Install the bolts.

55. NOTE: Start installing the bolts with the
second bolt from the rear on the top. The hole
diameter is smaller, therefore allowing
alignment of the remaining bolts.

NOTE: When installing the exhaust manifolds,
only use prevailing torque hex flange bolts with
an interference fit.

NOTE: Apply anti-seize lubricant to the bolt
threads prior to installing.

Install the right exhaust manifold and the bolts.
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303-01C-17 303-01C-17Engine — 6.0L Diesel

ASSEMBLY (Continued)

58. NOTE: The crankshaft rear oil seal and wear
sleeve are installed as an assembly.

NOTE: Lubricate the outer diameter of the
rubber seal with a solution of dish soap and
water (approximately 50/50 mix) prior to
assembly. Do not use any other type of
lubricant.

NOTE: Apply a bead of threadlock around the
circumference of the outer rear edge of the
secondary crankshaft flange.

Using the special tools, install the crankshaft
rear oil seal.

61. Apply a bead of sealant at the front seam of the
upper and lower crankcase.

59. Install the flywheel adapter.

62. NOTE: Use guide studs to aid in installation.
Studs must be fabricated locally.

Install the guide studs and the front cover
gasket.

60. If removed, install the front cover crankcase
dowels into the cylinder block.
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303-01C-18 303-01C-18Engine — 6.0L Diesel

ASSEMBLY (Continued)

63. Install the engine front cover and bolts. 66. NOTE: Apply threadlock to the outer
circumference of the leading edge of the
crankshaft.

NOTE: The seal and wear sleeve must not be
separated.

Using the special tool, install the oil seal and
wear sleeve assembly.

64. NOTE: Install oil pump drive rotors with
marks pointing outward.

Lubricate the inner drive rotor with a suitable
lithium assembly grease and install onto the
crankshaft. Lubricate the outer drive rotor with
lithium assembly grease and mesh with the
inner drive rotor in the oil pump housing. Wipe

67. CAUTION: To prevent engine damage,off excess  assembly grease.
always install four new bolts when installing
the vibration damper.

NOTE: Do not use anti-seize compounds,
grease, or any lubricants. Lubricants have an
adverse effect on the torque results.

Install the crankshaft vibration damper and
bolts.

• Tighten the bolts in the sequence shown.

• Tighten the bolts to 68 Nm (50 lb-ft).

• Tighten the bolts an additional 90 degrees.

65. NOTE: Install a new O-ring seal.

Install the oil pump body and the bolts.
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303-01C-19 303-01C-19Engine — 6.0L Diesel

ASSEMBLY (Continued)

68. If equipped, install the dual generator pulley
and bolts.

72. CAUTION: To prevent engine damage,
do not use air powered tools when installing
the valve cover.

69. NOTE: Install a new O-ring seal on the coolant
Install the RH valve cover.pump.
• Install the gasket.Install the coolant pump and bolts.
• Install the valve cover.

• Install the bolts and stud bolts.

70. Install the coolant pump pulley and the bolts.

73. Cover the LH cylinder head with an appropriate
covering.

74. Install the eight glow plugs.

71. Install the RH high pressure oil rail-to-valve
cover gasket.
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303-01C-20 303-01C-20Engine — 6.0L Diesel

ASSEMBLY (Continued)

75. NOTE: Clean and apply clean engine oil to the 78. Install the high-pressure pump O-ring seal.
O-ring seals.

Using the special tool, install the glow plug
harness.

79. Position the high-pressure discharge pipe and
install the bolts.

76. Install a new O-ring seal.

80. Position the dial indicator with bracketry onto
the oil pump drive and check the oil pump
drive gear backlash.77. Install the high-pressure oil pump and the bolts.
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303-01C-21 303-01C-21Engine — 6.0L Diesel

ASSEMBLY (Continued)

81. Install a new D-ring seal on the high-pressure
discharge pipe.

85. Install the oil pump inlet strainer.

82. Clean the cover mounting surface and apply
sealant at the seams.

86. CAUTION: In the event of a
catastrophic engine failure, always install a
new oil cooler cover assembly (with oil
cooler). Foreign material cannot be removed

83. Install the high-pressure pump cover. from the oil cooler.
• Install the press-in-place gasket. Install the oil cooler assembly.
• Install the high-pressure pump cover. • Install the gasket.
• Install the bolts. • Install the oil cooler assembly.

• Install the bolts.

84. Install the turbocharger heat shield and bolts.
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303-01C-22 303-01C-22Engine — 6.0L Diesel

ASSEMBLY (Continued)

87. NOTE: The old oil cooler cover bolts or new
self-tapping bolts must be used to cut the
threads in the new oil cooler cover.

Install the oil filter base.

• Install the gasket.

• Install the oil filter base.

• Install the bolts.

90. Install the oil filter adapter and bolts.

88. Install the exhaust gas recirculation (EGR)
cooler coolant supply port cover.

• Install the gasket.

• Install the EGR cooler coolant supply port
cover.

91. Install the serpentine belt idler and bolt.• Install the bolts.

89. Install a new O-ring seal in the oil filter base.
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303-01C-23 303-01C-23Engine — 6.0L Diesel

ASSEMBLY (Continued)

92. If equipped, install the belt tensioner and bolts. 95. Position back the fuel bracket and install the
retaining nut.

93. NOTE: Install new sealing washers.
96. Install the RH motor mount plate and bolts.Install the left cylinder head fuel line.

97. Install the special tools.94. NOTE: Install a new O-ring seal on the
thermostat.

Install the thermostat housing and the stud
bolts.
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303-01C-24 303-01C-24Engine — 6.0L Diesel

ASSEMBLY (Continued)

98. Install the special tool. 99. Install the lifting crane and remove the engine
from the engine stand.

100. Install the flexplate and the bolts.

• Tighten the bolts in the following sequence.

• Tighten all bolts to 5 Nm (44 lb-in).

• Tighten all bolts to 94 Nm (69 lb-ft) in the
sequence shown.
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303-01C-1 303-01C-1Engine — 6.0L Diesel

INSTALLATION
InstallationEngine

1. With the vehicle in NEUTRAL, position it on aSpecial Tool(s)
hoist. For additional information, refer to

Lifting Attachment, Engine Section 100-02.
303-D043 (D83T-6000-B) or
equivalent

2. NOTE: The engine will need to be to the left
of the center line to install.

Raise the engine high enough to clear the No.1
crossmember, and position the engine into the
vehicle.

Heavy Duty Floor Crane
014-00071

Adapter for 303-D043
303-D043-02 or equivalent

Adapter for 303-D043 3. NOTE: Left side shown, right side similar.
303-D043-01 or equivalent

Position the motor mounts in the vehicle.

Wrench, Fan Clutch Nut
303-591

Material

Item Specification

SAE 15W-40 Super Duty WSS-M2C171-B
Motor Oil
XO-15W40-QSD or
equivalent

Premium Gold Engine WSS-M97B51-A1
Coolant
VC-7-A (in Oregon
VC-7-B, in Canada
VC-7-C)

Copyright  2003, Ford Motor Company
Last updated: 9/8/2006 2004 E-Series, 12/2003 



303-01C-2 303-01C-2Engine — 6.0L Diesel

INSTALLATION (Continued)

4. Align the torque converter studs with the holes 8. Install a new O-ring seal on the oil pick-up
in the flywheel and push the engine in. Install tube and position the oil pick-up tube in the oil
the top engine-to-transmission bolts. pan.

5. NOTE: Front bolts shown, rear bolts similar. 9. Install a new press-in-place gasket into the
upper oil pan.Lower the engine until it is just above the

motor mounts. Install the retaining bolts in the
RH motor mount.

10. Position the oil pan in the vehicle.

11. Install the oil pick-up tube and bolts.6. Install the four retaining bolts in the LH motor
mount.

7. Remove the transmission jack.
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303-01C-3 303-01C-3Engine — 6.0L Diesel

INSTALLATION (Continued)

12. Position the oil pan and install the bolts.

16. Remove the special tool.

13. Clean and inspect the oil pan drain plug and
gasket. Install new, if necessary.

17. Install the factory engine lifting bracket.

14. Install the oil pan drain plug.

18. Loosely install the turbocharger exhaust pipe.

15. Lower the engine. Remove the lifting crane and
the engine lifting attachment.
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303-01C-4 303-01C-4Engine — 6.0L Diesel

INSTALLATION (Continued)

19. Remove the special tools. 22. Install the glow plug module mounting bracket
and retaining nuts.

20. NOTE: Remove the plug or cap as needed.
23. Install the glow plug module and retaining nuts.Install the injection control pressure (ICP)

sensor.

24. Connect the exhaust back pressure tube at the
exhaust manifold.21. NOTE: Remove the protective covering from

the cylinder head.

Install the LH valve cover gasket, valve cover
and bolts.
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303-01C-5 303-01C-5Engine — 6.0L Diesel

INSTALLATION (Continued)

25. NOTE: Install a new O-ring seal and coat with 28. NOTE: Left side shown, right side similar.
clean engine oil. NOTE: The top retaining nut must be tightened
Install the oil indicator and tube. Install the first.
retaining nut. Connect the glow plug wire Install the motor mount nuts.
retainer.

29. Install the starter motor and bolts.
26. Position the fuel tubes and install the mounting

bolts for the fuel tube bracket.

30. Connect the starter motor electrical connections.

27. Install the lower engine-to-transmission bolts.
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303-01C-6 303-01C-6Engine — 6.0L Diesel

INSTALLATION (Continued)

31. Install the starter motor solenoid protective cap.

35. Install the torque converter cover.

32. Position the cable bracket and install the
retaining nut.

36. NOTE: Inspect the O-ring seals. Install new
seals, if necessary.

Position the transmission cooler tubes and
33. Connect the block heater electrical connector. install the retaining nut.

34. Install the new torque converter nuts.
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303-01C-7 303-01C-7Engine — 6.0L Diesel

INSTALLATION (Continued)

37. Position the tube lock and install the retaining 40. Connect the two electrical connectors.
bolt.

41. Connect the LH glow plug electrical connector.
38. Install the oil filter assembly and bolts.

42. Connect the push pin retainer and exhaust back
39. Position the engine wiring harness and connect pressure sensor electrical connector.

the powertrain control module (PCM) electrical
connectors.
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303-01C-8 303-01C-8Engine — 6.0L Diesel

INSTALLATION (Continued)

46. Connect the camshaft position sensor electrical43. CAUTION: Do not use power tools
connector and retaining clips.when installing the nut.

CAUTION: Use care not to overtighten
the nut during installation.

Connect the B+ wire and reposition the boot.

47. Position the wiring and connect the glow plug
electrical connector. Connect the ICP sensor
electrical connector.

44. Connect the two electrical connectors and wire
retainers at the transmission.

48. Connect the crankshaft position (CKP) sensor
electrical connector and retaining clips.

45. Connect the glow plug module electrical
connectors.

2004 E-Series, 12/2003 



303-01C-9 303-01C-9Engine — 6.0L Diesel

INSTALLATION (Continued)

49. Connect the fuel lines and install the retaining
clips.

53. Install the power steering upper mounting bolt.

50. Install the lower radiator hose.

54. NOTE: The bolt behind the pulley is accessed
through the pulley with an extension and a
short socket.

51. Position the power steering pump and install the Install the vacuum pump and bolts.
bolts.

52. Install the LH fan stator stand-off.
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303-01C-10 303-01C-10Engine — 6.0L Diesel

INSTALLATION (Continued)

55. Connect the vacuum pump hose and install the
engine coolant fill hose clip.

59. Install the A/C compressor and bolts.

56. Install the engine coolant fill hose and tighten
the clamp. Connect the engine fill hose into the
retaining clip

60. NOTE: Remove the caps or plugs as needed.
Install new O-ring seals and lubricate with PAG
oil.

Install the A/C manifold at the tee block.
Connect the high pressure switch electrical

57. Install the idler pulley and bolt. connector.

58. Position the heater hose back and connect.
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303-01C-11 303-01C-11Engine — 6.0L Diesel

INSTALLATION (Continued)

61. NOTE: Remove the caps or plugs as needed.
Install new O-ring seals and lubricate with PAG
oil.

Position the A/C manifold and install the bolt.
Connect the A/C clutch electrical connector.

63. Install the intake manifold. For additional
information, refer to Intake Manifold in this
section.

64. Install the radiator core supports and bolts.

62. Position back the cable and install the bolt.
Install the RH fan stator stand-off.
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303-01C-12 303-01C-12Engine — 6.0L Diesel

INSTALLATION (Continued)

65. Position the hood latch and install the bolts.

67. Install the valance panel, radiator grille support
and grille opening panel reinforcement. For

66. Position the headlamp wiring harness and additional information, refer to Section 501-05.
connect the air bag sensor. Install the bolts for
the air bag sensor. 68. Install the front bumper. For additional

information, refer to Section Section 501-19.

69. Install the A/C condenser assembly. For
additional information, refer to Section
412-03A.

70. Fill the engine with clean engine oil.

71. Connect the battery ground cable. For additional
information, refer to Section 414-01.

72. Check and top off the transmission fluid level.
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303-01C-1 303-01C-1Engine — 6.0L Diesel

INSTALLATION
InstallationCylinder Heads

One-piece head tubeSpecial Tool(s)

Lifting Bracket, Cylinder Head
1. CAUTION: Install new D-ring seals on303-759

the crankcase-to-head tube. It requires
several hours after installation for the D-ring
seals to relax back to their original size. If
the tube assembly is installed before the
D-ring seals have relaxed, damage to  the
D-ring seals can occur.Heavy Duty Floor Crane

014-00071 Install new D-ring seals on each end of the
crankcase-to-head tube assemblies.

Adapter for 303-D043
303-D043-01

Adapter for 303-D043
303-D043-02

Remover/Installer, Glow Plug
Connector
303-1114

Material

Item Specification

SAE 15W-40 Super Duty WSS-M2C171-B
Motor Oil
XO-15W40-QSD or
equivalent

High Temperature Nickel ESE-M12A4-A
Anti-Seize Lubricant
XL-2 or equivalent

Copyright  2003, Ford Motor Company
Last updated: 1/25/2006 2004 E-Series, 12/2003 



303-01C-2 303-01C-2Engine — 6.0L Diesel

INSTALLATION (Continued)

Two-piece head tube 4. Using the special tools, install the cylinder head
on the engine.

1 Install the lifting bracket.2. CAUTION: Install new D-ring seals on
the crankcase-to-head tube. It requires 2 Install the bolts.
several hours after installation for the D-ring

• Install the cylinder head.
seals to relax back to their original size. If
the tube assembly is installed before the
D-ring seals have relaxed, damage to  the
D-ring seals can occur.

Install new D-ring seals on the
crankcase-to-head tube.

5. Install the outer cylinder head bolts finger-tight.

Both cylinder heads

3. NOTE: Use care to avoid scratching the blue
compound on the cylinder head gasket. Install a
new cylinder head gasket with the part number
facing upward and verify the top five holes and
the head gasket push rod holes line up.

Install new dowels and the cylinder head
gasket.
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303-01C-3 303-01C-3Engine — 6.0L Diesel

INSTALLATION (Continued)

8. Install the rocker arm carrier.6. CAUTION: To prevent engine damage,
keep the push rods in the order in which • Install the press-in-place gasket.
they were removed. Install all push rods • Install the rocker arm carrier and bolts.
back in their original positions.

NOTE: Higher mileage engines require push
rods to be cleaned so the copper colored end of
the push rod can be identified.

NOTE: If a push rod has been replaced, it may
not have a copper-colored end and can be
installed with either end up.

Apply clean engine oil to each end of the push
rods. Insert them into their respective positions
with the copper colored end up.

9. CAUTION: Rotate the crankshaft until
the damper locating dowel notch is in the six
o’clock position or engine damage can occur.

NOTE: Apply clean engine oil to the top center
of each valve bridge.

Install the rocker arm assemblies and 16 bolts.

7. NOTE: Coat the end of each valve stem with
clean engine oil.

Install the 16 valve bridges.
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303-01C-4 303-01C-4Engine — 6.0L Diesel

INSTALLATION (Continued)

11. Tighten the head bolts in the following10. CAUTION: Using too much engine oil
sequence.on the threads of the cylinder head bolts can

cause damage to the threads and poor 1 Tighten bolts 1 through 10 to 88 Nm (65
sealing. Using anti-seize compounds, grease lb-ft).
or any other lubricants other than engine oil 2 Tighten bolts 1 through 10 to 115 Nm (85
on the cylinder head bolt threads can affect lb-ft).
the true torque value of the bolts.

3 Tighten bolts in sequence 1 through 10,
NOTE: Lightly lubricate the new cylinder head clockwise 90 degrees.
bolt threads and flanges with clean engine oil.

4 Tighten bolts in sequence 1 through 10, a
Install the 20 new inner cylinder head retaining second time, clockwise 90 degrees.
bolts finger-tight.

5 Tighten bolts in sequence 1 through 10, a
third time, clockwise 90 degrees.

6 Tighten bolts 11 through 15 to 24 Nm (18
lb-ft).

7 Tighten bolts 11 through 15 to 31 Nm (23
lb-ft).
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303-01C-5 303-01C-5Engine — 6.0L Diesel

INSTALLATION (Continued)

One-piece head tube

12. CAUTION: To prevent engine damage, 14. CAUTION: Failure to tighten the
check that the crankcase-to-head tube injector properly can lead to engine failure.
assemblies bottom out in the branch tube

CAUTION: To prevent engine damage,assembly. The oil rail, crankcase-to-head
do not use air tools when removing andtube and the fuel injectors will not function
installing the fuel injectors. The snap ringcorrectly if these tubes are not bottomed out.
that extracts the fuel injector can dislodge

Apply clean engine oil and install a and fall off.
crankcase-to-head tube assembly.

Install the fuel injector, the fuel injector hold
down and bolt.

13. CAUTION: If the fuel injector oil inlet
D-ring is damaged, a new fuel injector must

15. CAUTION: Make sure the injectorbe installed.
wiring is clear of all moving parts or engine

NOTE: Lubricate the fuel injector and O-ring damage can occur.
seals liberally with clean engine oil.

Install the fuel injector electrical connector into
Install new O-ring seals and a copper washer on the rocker carrier.
the fuel injector.
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303-01C-6 303-01C-6Engine — 6.0L Diesel

INSTALLATION (Continued)

16. NOTE: Apply clean engine oil to the top fuel
injector O-ring seals before installing the
high-pressure oil rail.

Position the high-pressure oil rail on the
injectors.

• Place the high-pressure oil rail on top of the
carrier so that the four single ball tubes are
engaging the fuel injector lead angle.

• Insert three guide bolts, two on the ends of
the straight side of the high-pressure oil rail
and one in the middle of the wavy side of
the high-pressure rail. Install the guide studs

Two-piece head tubesix to seven turns.

• Press the high-pressure oil rail into the fuel
18. NOTE: Apply clean engine oil to theinjectors.

crankcase-to-head tube prior to installation.• Inspect that the high-pressure oil rail
If equipped with an updated crankcase-to-headmounting feet are flat against the mounting
tube, install the crankcase-to-head tubesurface.
assembly.• Loosely install the six bolts.

RH cylinder head
17. Install the remaining bolts and tighten.

• Remove the three guide bolts. 19. Install the RH high-pressure oil rail-to-valve
• Loosely install the three remaining bolts. cover gasket.
• Tighten the nine bolts in the sequence

shown.
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303-01C-7 303-01C-7Engine — 6.0L Diesel

INSTALLATION (Continued)

20. CAUTION: To prevent engine damage,
do not use air powered tools when installing
the valve cover.

Install the RH valve cover.

24. NOTE: Install new sealing washers.

Install the left cylinder head fuel line.

21. NOTE: Start installing the bolts with the
second bolt from the rear on the top. The hole
diameter is smaller, therefore allowing
alignment of the remaining bolts.

NOTE: When installing the exhaust manifolds,
only use prevailing torque hex flange bolts with
an interference fit.

NOTE: Apply anti-seize lubricant to the bolt
threads prior to installing.

Install the right exhaust manifold and the bolts.
25. NOTE: Start installing the bolts with the

second bolt from the rear on the top. The hole
diameter is smaller, therefore allowing
alignment of the remaining bolts.

NOTE: When installing the exhaust manifolds,
only use prevailing torque hex flange bolts with
an interference fit.

NOTE: Apply anti-seize lubricant to the bolt
threads prior to installing.

Install the left exhaust manifold and the bolts.

LH cylinder head

22. Cover the LH cylinder head with an appropriate
covering.

23. Install the turbocharger heat shield and bolts.
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303-01C-8 303-01C-8Engine — 6.0L Diesel

INSTALLATION (Continued)

Both cylinder heads 28. Install the special tools.

26. Install the eight glow plugs.

29. Install the special tool.

27. NOTE: Clean and apply clean engine oil to the
O-ring seals.

Using the special tool, install the glow plug
harness.

30. Install the lifting crane and remove the engine
from the engine stand.
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303-01C-9 303-01C-9Engine — 6.0L Diesel

INSTALLATION (Continued)

31. Install the flexplate and the bolts.

• Tighten the bolts in the following sequence.

• Tighten all bolts to 5 Nm (44 lb-in).

• Tighten all bolts to 94 Nm (69 lb-ft) in the
sequence shown.

32. Install the engine. For additional information,
refer to Engine in this section.
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303-04A-1 303-04A-1Fuel Charging and Controls — 4.6L (2V) and 5.4L (2V)

Torque Specifications
SPECIFICATIONS

Description Nm lb-ft lb-in
General Specifications

Fuel supply manifold 10 — 89
Item Specification retaining bolts

Lubricants and Chemicals Throttle body bolts a — — —

SAE 5W-20 Premium WSS-M2C153-H EGR valve-to-exhaust 50 37 —
Synthetic Blend Motor Oil manifold tube (5.4L)

EGR valve-to-exhaust 40 30 —
manifold tube (4.6L)

a Refer to the procedure.
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303-04A-1 303-04A-1Fuel Charging and Controls — 4.6L (2V) and 5.4L (2V)

DESCRIPTION AND OPERATION

• connects the accelerator cable and, if equipped,Fuel Charging and Controls
the speed control actuator cable to the throttleThe fuel charging and control system consists of
plate.the:

• is not adjustable.
• throttle body.

• cannot be cleaned.
• fuel injectors.

The fuel injectors:
• fuel charging wiring.

• are electrically operated by the powertrain control• fuel injection supply manifold.
module (PCM).

• fuel rail pressure (FPR) sensor.
• each have an internal solenoid that opens a needle

• fuel pressure relief valve. valve to inject fuel into the lower intake manifold.
• A/C compressor clutch relay. • atomize the fuel as the fuel is delivered.
• fuel pump relay. • are deposit-resistant.
The fuel charging and control system is: The A/C compressor clutch control relay (if A/C

equipped):• a sequential, multiport fuel injection (SFI) system.

• is controlled by the powertrain control module.• pulse width modulated.

• interrupts A/C clutch operation during engine start• mass air flow controlled.
or manual transmission clutch engagement toThe fuel injection supply manifold:
reduce engine load.

• delivers fuel to the individual fuel injectors. The fuel pump relay engages the fuel pump when
• receives fuel from the fuel supply tube. energized by the powertrain control module.

The throttle body: The fuel charging wiring is a single harness that
also includes electrical connectors for monitoring all• controls air supply to the upper intake manifold
engine functions.by positioning the throttle plate.
Refer to Section 310-00A for description and
operation of the fuel charging system.
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303-04A-1 303-04A-1Fuel Charging and Controls — 4.6L (2V) and 5.4L (2V)

DIAGNOSIS AND TESTING

Fuel Charging and Controls
Refer to the Powertrain Control/Emissions Diagnosis
(PC/ED) manual.
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303-04A-1 303-04A-1Fuel Charging and Controls — 4.6L (2V) and 5.4L (2V)

REMOVAL AND INSTALLATION

Throttle Body

Removal

WARNING: Do not smoke or carry lighted
tobacco or open flame of any type when working
on or near any fuel-related components. Highly
flammable mixtures are always present and can
be ignited. Failure to follow these instructions
may result in personal  injury.

CAUTION: The throttle body bore and
plate area have a special coating and cannot be 5.4L engines
cleaned, or damage to the throttle body may
occur.

6. Drain the engine cooling system. For additional
information, refer to Section 303-03.All engines

7. Disconnect the coolant hoses.
1. Disconnect the battery ground cable. For

additional information, refer to Section 414-01.

2. Remove the engine cover. For additional
information, refer to Section 501-05.

3. Remove the air cleaner assembly, air cleaner
outlet tube and accelerator cable splash shield.
For additional information, refer to Section
303-12.

4. Disconnect the throttle body (TB) controls.

1 Disconnect the accelerator cable.

2 If equipped, disconnect the speed control
All enginescable.

3 Remove the throttle control return spring.
8. Remove the bolts and the TB.

• Discard the TB gasket.

5. Disconnect the throttle position (TP) sensor
electrical connector.
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303-04A-2 303-04A-2Fuel Charging and Controls — 4.6L (2V) and 5.4L (2V)

REMOVAL AND INSTALLATION (Continued)

Installation

All engines

1. Install a new TB gasket, position the TB and
tighten the four bolts in two stages.

• Stage 1: Tighten to 9 Nm (80 lb-in).

• Stage 2: Tighten an additional 90 degrees.

5. Connect the throttle body (TB) controls.

1 Connect the accelerator cable.

2 If equipped, connect the speed control
cable.

3 Install the throttle control return spring.

5.4L engines

2. Connect the coolant hoses.

6. Install the air cleaner assembly, air cleaner
outlet tube and accelerator cable splash shield.
For additional information, refer to Section
303-12.

7. Install the engine cover. For additional
information, refer to Section 501-05.

3. Fill and bleed the engine cooling system. For
8. Connect the battery ground cable. For additionaladditional information, refer to Section 303-03.

information, refer to Section 414-01.
All engines

4. Connect the TP sensor electrical connector.
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303-04A-1 303-04A-1Fuel Charging and Controls — 4.6L (2V) and 5.4L (2V)

REMOVAL AND INSTALLATION
InstallationFuel Injectors

NOTE: Use kit FOPZ-9229-A for replacementMaterial
O-ring seal.

Item Specification

Super Premium SAE WSS-M2C153-H 1. Install new O-ring seals on each fuel injector.
5W-20 Engine Oil
XO-5W20-QSP

Removal

1. Remove the fuel injection supply manifold. For
additional information, refer to Fuel Rail in this
section.

2. Remove the fuel injectors from the fuel
injection supply manifold.

2. CAUTION: Check for fuel leakage
after installation is complete.

NOTE: Be sure the fuel injectors and the fuel
injection supply manifold are fully seated.

NOTE: Lubricate the new O-ring seals with
clean engine oil to aid installation.

Install the fuel injectors into the fuel injection
supply manifold.

3. Discard the O-ring seals on each fuel injector.

3. Install the fuel injection supply manifold. For
additional information, refer to Fuel Rail in this
section.
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303-04A-1 303-04A-1Fuel Charging and Controls — 4.6L (2V) and 5.4L (2V)

REMOVAL AND INSTALLATION

Fuel Charging Wiring Harness

Removal and Installation

All vehicles

WARNING: Do not smoke or carry lighted
tobacco or open flame of any type when working
on or near any fuel-related components. Highly
flammable mixtures are always present and can
be ignited. Failure to follow these instructions
may result in personal  injury.

7. Disconnect the RH radio frequency interference
1. Relieve the fuel pressure. For additional capacitor electrical connector.

information, refer to Section 310-00A.

2. Disconnect the battery ground cable. For
additional information, refer to Section 414-01.

3. Remove the engine cover. For additional
information, refer to Section 501-05.

4. Remove the engine air cleaner, the air cleaner
outlet tube and the accelerator splash shield.
For additional information, refer to Section
303-12.

5. Disconnect the LH radio frequency interference
capacitor and cylinder head temperature (CHT) 8. Disconnect the knock sensor (KS) electrical
sensor electrical connectors. connector.

6. Disconnect the camshaft position (CMP) sensor
electrical connector.
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303-04A-2 303-04A-2Fuel Charging and Controls — 4.6L (2V) and 5.4L (2V)

REMOVAL AND INSTALLATION (Continued)

9. Disconnect the transmission wiring harness and 12. Disconnect the oil pressure switch electrical
the LH and RH heated oxygen (HO2S) connector.
electrical connectors.

13. Disconnect the crankshaft position (CKP)
10. Disconnect the evaporative emission (EVAP) sensor.

canister purge valve electrical connector.

14. Disconnect the idle air control (IAC) valve
11. Disconnect the A/C compressor electrical electrical connector.

connector.
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303-04A-3 303-04A-3Fuel Charging and Controls — 4.6L (2V) and 5.4L (2V)

REMOVAL AND INSTALLATION (Continued)

 5.4L engine

15. Disconnect the electrical connectors.

• Disconnect the throttle position (TP) sensor
electrical connector.

• Disconnect the differential pressure feedback
EGR sensor electrical connector.

• Disconnect the EGR vacuum regulator
solenoid electrical connector.

18. Disconnect the EGR vacuum regulator solenoid
electrical connector.

 4.6L engine

16. Disconnect the TP sensor electrical connector.

19. Disconnect the intake manifold tuning valve
(IMTV) electrical sensor.

17. Disconnect the differential pressure feedback
EGR sensor electrical connector.
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303-04A-4 303-04A-4Fuel Charging and Controls — 4.6L (2V) and 5.4L (2V)

REMOVAL AND INSTALLATION (Continued)

All vehicles 22. Remove the nut and the ground strap, and
disconnect the electrical connectors.

20. Disconnect the ignition coil and the fuel
injector electrical connectors and remove the
wiring harness retainers from the valve cover
studs.

23. Remove the fuel charging wiring harness.

24. To install, reverse the removal procedure.

21. Disconnect the fuel rail pressure (FPR) sensor
electrical connector.
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303-04A-1 303-04A-1Fuel Charging and Controls — 4.6L (2V) and 5.4L (2V)

REMOVAL AND INSTALLATION

Fuel Rail

Material

Item Specification

Super Premium SAE WSS-M2C153-H
5W-20 Engine Oil
XO-5W20-QSP

Removal

All vehicles

WARNING: Do not smoke or carry lighted 6. Disconnect the eight fuel injector electrical
tobacco or open flame of any type when working connectors.
on or near any fuel-related components. Highly
flammable mixtures are always present and can
be ignited. Failure to follow these instructions
may result in personal  injury.

WARNING: Fuel in the fuel system
remains under high pressure even when the
engine is not running. Before working on or
disconnecting any of the fuel lines or fuel system
components, the fuel system pressure must be
relieved. Failure to follow these  instructions may
result in personal injury.

1. Relieve the fuel pressure. For additional
information, refer to Pressure Relief in Section 7. Remove the crankcase vent tube.
310-00A.

2. Disconnect the battery ground cable. For
additional information, refer to Section 414-01.

3. Remove the engine cover. For additional
information, refer to Section 501-05.

4. Disconnect the fuel line. For additional
information, refer to Section 310-00A.

5. Disconnect the fuel rail pressure (FRP) sensor
vacuum hose and the electrical connector.
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303-04A-2 303-04A-2Fuel Charging and Controls — 4.6L (2V) and 5.4L (2V)

REMOVAL AND INSTALLATION (Continued)

Vehicles with 5.4L engine Vehicles with 4.6L engine

8. Disconnect the differential pressure feedback 10. Disconnect the differential pressure feedback
exhaust gas recirculation (EGR) sensor hoses. exhaust gas recirculation (EGR) sensor hoses.

9. Disconnect the upper and lower fittings and 11. Disconnect the upper and lower fittings and
position the EGR valve tube aside. position the EGR valve tube aside.
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303-04A-3 303-04A-3Fuel Charging and Controls — 4.6L (2V) and 5.4L (2V)

REMOVAL AND INSTALLATION (Continued)

All vehicles Installation

All vehicles12. Disconnect the vapor management valve hose.

1. NOTE: Use replacement kit O-ring seals
FOPZ-9229-A.

NOTE: Lubricate the new O-ring seals with
clean engine oil to aid installation.

Install the fuel injectors in the fuel injection
supply manifold.

13. NOTE: Remove the fuel injection supply
manifold and fuel injectors as an assembly.

Remove the four bolts and the fuel injection
supply manifold.

2. Install the fuel injection supply manifold and
the bolts.

14. Remove the fuel injectors from the fuel
injection supply manifold.
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303-04A-4 303-04A-4Fuel Charging and Controls — 4.6L (2V) and 5.4L (2V)

REMOVAL AND INSTALLATION (Continued)

3. Connect the vapor management valve hose.

Vehicles with 4.6L engine

Vehicles with 5.4L engine 6. Install the EGR valve tube. Tighten the fittings
in two stages, starting with the lower fitting.

4. Install the EGR valve tube. Tighten the fittings • Stage 1: Hand tighten.
in two stages starting with the lower fitting.

• Stage 2: Tighten to 40 Nm (30 lb-ft).
• Stage 1: Hand tighten.

• Stage 2: Tighten to 50 Nm (37 lb-ft).

5. Connect the differential pressure feedback EGR
sensor hoses.

2004 E-Series, 12/2003 



303-04A-5 303-04A-5Fuel Charging and Controls — 4.6L (2V) and 5.4L (2V)

REMOVAL AND INSTALLATION (Continued)

7. Connect the differential pressure feedback EGR
sensor hoses.

10. Connect the fuel rail pressure (FRP) sensor
vacuum hose and the electrical connector.

All vehicles

8. Install the crankcase ventilation tube.

11. Connect the fuel line. For additional
information, refer to Section 310-00A.

12. Install the engine cover. For additional
information, refer to Section 501-05.9. Connect the eight fuel injector electrical

connectors.
13. Connect the battery ground cable. For additional

information, refer to Section 414-01.
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303-04B-1 303-04B-1Fuel Charging and Controls — 6.8L

Torque Specifications
SPECIFICATIONS

Description Nm lb-ft lb-in
General Specifications

Fuel supply manifold 10 — 89
Item Specification retaining bolts

Lubricants and Chemicals Throttle body bolts a — a

SAE 5W-20 Premium WSS-M2C153-H Fuel charge wiring 10 — 89
Synthetic Blend Motor Oil harness retainer bolts

Transmission fluid 10 — 89
level indicator tube bolt

Accelerator cable 10 — 89
bracket bolts

a Refer to procedure in this section.
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303-04B-1 303-04B-1Fuel Charging and Controls — 6.8L

DESCRIPTION AND OPERATION

Fuel Charging and Controls
Refer to Section 310-00A, Gasoline and Diesel or
Section 310-00B, Natural Gas for description and
operation of  the fuel charging system.
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303-04B-1 303-04B-1Fuel Charging and Controls — 6.8L

DIAGNOSIS AND TESTING

Fuel Charging and Controls
Refer to the Powertrain Control/Emissions Diagnosis
(PC/ED) manual.
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303-04B-1 303-04B-1Fuel Charging and Controls — 6.8L

REMOVAL AND INSTALLATION

Throttle Body

Removal

WARNING: Do not smoke or carry lighted
tobacco or open flame of any type when working
on or near any fuel-related components. Highly
flammable mixtures are always present and can
be ignited, resulting in possible personal injury.

1. Disconnect the battery ground cable. For
additional information, refer to Section 414-01.

7. Disconnect the throttle position (TP) sensor
2. Remove the engine cover. For additional electrical connector.

information, refer to Section 501-05.

3. Remove the engine air cleaner assembly and the
air cleaner outlet tube. For additional
information, refer to Section 303-12.

4. Remove the accelerator cable splash shield.

5. Disconnect the throttle body control linkage.

1 Disconnect the speed control cable.

2 Disconnect the accelerator cable.

3 Remove the accelerator return spring.

8. Remove the throttle body (TB).

1 Remove the four bolts.

2 Remove the TB.

3 Remove and discard the TB gasket.

6. Remove the accelerator cable bracket.

1 Remove the bolts.

2 Remove the accelerator cable bracket.
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303-04B-2 303-04B-2Fuel Charging and Controls — 6.8L

REMOVAL AND INSTALLATION (Continued)

Installation

1. Install the throttle body (TB).

1 Install a new TB gasket.

2 Position the TB.

3 Install the four bolts and tighten in two
stages.

X Stage 1: Tighten the bolts to 9 Nm (80
lb-in).

X Stage 2: Tighten an additional 90 degrees.

4. Connect the throttle body control linkage.

1 Connect the speed control cable.

2 Connect the accelerator cable.

3 Install the accelerator return spring.

2. Connect the TP sensor electrical connector.

5. Install the accelerator cable splash shield.

6. Install the engine air cleaner assembly and the
air cleaner outlet tube. For additional
information, refer to Section 303-12.

7. Install the engine cover. For additional
information, refer to Section 501-05.

3. Install the accelerator cable bracket. 8. Connect the battery ground cable. For additional
information, refer to Section 414-01.1 Position the accelerator cable bracket.

2 Install the bolts.
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303-04B-1 303-04B-1Fuel Charging and Controls — 6.8L

REMOVAL AND INSTALLATION

Fuel Charging Wiring Harness

Removal and Installation

WARNING: Do not smoke or carry lighted
tobacco or open flame of any type when working
on or near any fuel-related components. Highly
flammable mixtures are always present and can
be ignited, resulting in possible personal injury.

1. Disconnect the battery ground cable. For
additional information, refer to Section 414-01.

7. Disconnect the engine coolant temperature
2. Remove the engine cover. For additional (ECT) sensor electrical connector.

information, refer to Section 501-05.

3. Remove the engine air cleaner and the air
cleaner outlet tube. For additional information,
refer to Section 303-12.

4. Remove the accelerator splash shield.

5. At the right front of the engine, disconnect the
42-pin connector and the two 16-pin connectors.

6. Disconnect the fuel rail pressure (FRP) sensor
electrical connector.
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303-04B-2 303-04B-2Fuel Charging and Controls — 6.8L

REMOVAL AND INSTALLATION (Continued)

8. Disconnect the LH radio ignition interference 11. Disconnect the A/C compressor connector.
capacitor and cylinder head temperature (CHT)
sensor electrical connectors.

12. Disconnect the oil pressure switch electrical
connector.

9. Disconnect the RH radio ignition interference
capacitor electrical connector.

13. Disconnect the crankshaft position (CKP) sensor
connector.

10. Disconnect the camshaft position (CMP) sensor
electrical connector.
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303-04B-3 303-04B-3Fuel Charging and Controls — 6.8L

REMOVAL AND INSTALLATION (Continued)

14. From the top of the engine, disconnect the idle
air control valve connector.

18. Disconnect the ten fuel injector electrical
connectors.

15. Disconnect the throttle position (TP) sensor
connector.

19. Remove the four bolts and the RH and LH fuel
charge wiring harness retainers.

16. Disconnect the engine knock sensor (KS)
electrical connector.

20. Remove the fuel charge wiring harness.

21. To install, reverse the removal procedure.
17. Disconnect the ten ignition coil electrical

connectors.
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303-04B-1 303-04B-1Fuel Charging and Controls — 6.8L

REMOVAL AND INSTALLATION

Fuel Rail

Material

Item Specification

SAE 5W-20 Premium WSS-M2C153-H
Synthetic Blend Motor Oil
XO-5W20-QSP or
equivalent

Removal and Installation

WARNING: Do not smoke or carry lighted
tobacco or open flame of any type when working 7. Disconnect the ten fuel injector electrical
on or near any fuel-related components. Highly connectors.
flammable mixtures are always present and can
be ignited resulting in possible personal injury.

WARNING: Before working on or
disconnecting any of the fuel tubes or fuel system
components, the fuel system pressure must be
relieved. Failure to follow these instructions may
result in personal injury.

1. Release the fuel system pressure. For additional
information, refer to Section 310-00A.

2. Disconnect the battery ground cable. For
additional information, refer to Section 414-01.

8. Disconnect the positive crankcase ventilation3. Remove the engine cover. For additional
(PCV) valve electrical connector and the tubeinformation, refer to Section 501-05.
from the RH valve cover.

4. Remove the air cleaner and the air cleaner
outlet tube. For additional information, refer to
Section 303-12.

5. Disconnect the fuel tube spring lock coupling.
For additional information, refer to Section
310-00A.

6. Disconnect the fuel rail pressure (FRP) sensor
electrical connector and vacuum hose.
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303-04B-2 303-04B-2Fuel Charging and Controls — 6.8L

REMOVAL AND INSTALLATION (Continued)

9. Remove the retainers from the fuel charging 12. Remove the fuel injectors from the fuel
wiring harness and position the wiring harness injection supply manifold.
away from the fuel injection supply manifold.

13. Remove and discard the O-ring seals from each
10. Remove the fuel injection supply manifold fuel injector.

support bracket bolts.

14. CAUTION: Check for fuel leakage
11. NOTE: Remove the fuel injection supply after installation is complete.

manifold and the fuel injectors as an assembly.
NOTE: Be sure the fuel injectors and the fuel

Remove the four retaining bolts and the fuel injection supply manifold are fully seated.
injection supply manifold.

NOTE: Lubricate the new fuel injector O-ring
seals with clean motor oil.

To install, reverse the removal procedure.
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303-04C-1 303-04C-1Fuel Charging and Controls — Natural Gas Vehicle

Torque Specifications (Continued)
SPECIFICATIONS

Description Nm lb-ft lb-in
General Specifications

Fuel Pressure Relief 6-10 — 53-89
Item Specification Valve

Lubricants and Chemicals High-Pressure Fuel 38-57a 28-42a —
Line FittingSAE 5W30 Premium WSS-M2C153-H

Synthetic Blend Motor Oil Low-Pressure Fuel 38-57a 28-42a —
Line Fitting

Lower Transmission 10-13 8-10 —Torque Specifications
Filler Tube Nut

Description Nm lb-ft lb-in Upper Transmission 5-6 — 44-53
Filler Tube NutCoalescer Filter Bolts 22-32 16-23 —

Fuel Injection Supply 8-12 — 71-106 a When tightening the fuel lines, a torque wrench
Manifold Bolts adapter must be used with the torque wrench. The

use of a torque wrench adapter will alter theFuel Pressure Regulator 22-32 16-23 —
effective torque of the torque wrench being used.Bolts
To correct the effective torque, a  torque

Fuel Pressure Regulator 38-49 28-36 — multiplication conversion must be used; refer to
to Coalescer Filter Section 310-00B, General Procedures.
Fitting
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303-04C-1 303-04C-1Fuel Charging and Controls — Natural Gas Vehicle

• fuel shut off valve solenoid (9D278)
DESCRIPTION AND OPERATION

Fuel Charging and Controls • fuel pressure relief valve (9H321)

The fuel charging and controls system consists of: • injection pressure sensor

• engine fuel temperature sensor• fuel pressure regulator (9C968)
• fuel charging wiring harness.• fuel injection supply manifold (9F792)

• fuel injector (9F593)
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303-04C-2 303-04C-2Fuel Charging and Controls — Natural Gas Vehicle

DESCRIPTION AND OPERATION (Continued)

Component Location
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303-04C-3 303-04C-3Fuel Charging and Controls — Natural Gas Vehicle

DESCRIPTION AND OPERATION (Continued)

Fuel pressure regulator heating is provided by twoItem Part Number Description
3/8-inch taps from the existing heater supply and1 9F972 Injection Pressure Sensor
return hoses on the back of the engine. Two

2 9F951 Engine Fuel Temperature high-temperature 3/8-inch ID heater hoses (packagedSensor
with the front low pressure fuel line) are used  to

3 9D278 Fuel Shutoff Valve Solenoid connect the fuel pressure regulator to the tap points
4 9H321 Fuel Pressure Relief Valve on the engine heater hoses.
5 9F792 Fuel Injection Supply Refer to low pressure fuel procedure in SectionManifold

310-01B  for fuel pressure regulator heater hose
6 9C968 Fuel Pressure Regulator replacement.
7 9F593 Fuel Injector

8 12B637 Fuel Charging Wiring
Harness

Fuel Pressure Regulator

The fuel pressure regulator is located on the inside
of the LH frame rail just forward of the
transmission support crossmember. It is part of an
assembly that includes the coalescer/filter. The fuel
pressure regulator reduces the line pressure  from
tank pressure, 20,685 kPa (3000 psi) to line
pressure, 655 kPa (95 psi).
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303-04C-4 303-04C-4Fuel Charging and Controls — Natural Gas Vehicle

DESCRIPTION AND OPERATION (Continued)
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303-04C-5 303-04C-5Fuel Charging and Controls — Natural Gas Vehicle

DESCRIPTION AND OPERATION (Continued)

Fuel Injection Supply Manifold • mounting attachments that locate the fuel injection
supply manifold and provide fuel injectorThe fuel injection supply manifold delivers
retentionline-pressure fuel from the vehicle fuel supply line

to the fuel injectors. The fuel injection supply • a fuel inlet connection that has a push-connect
manifold consists of the following: fitting

• an injection pressure sensor• a tubular fuel rail
• an engine fuel temperature sensor• eight fuel injector connectors

• a fuel pressure relief valve

• a fuel shut off valve solenoid

Fuel Injection Supply Manifold

Fuel InjectorsItem Part Number Description
The natural gas fuel injectors are electromechanical1 9F972 Injection Pressure Sensor
devices that meter fuel delivered to the engine. The2 9F951 Engine Fuel Temperature
natural gas fuel injectors are mounted in the lowerSensor
intake manifold (9424) and are positioned so that3 9D278 Fuel Shutoff Valve Solenoid
their tips direct fuel just ahead of  the engine intake

4 9H321 Fuel Pressure Relief Valve
valves (6507). The natural gas fuel injector bodies

5 — Fuel Inlet Connection consist of a solenoid and a needle and valve
(Part of 9F792)

assembly. Natural gas fuel injectors can be
6 — Tubular Fuel Rail identified by an aqua cap on the injector body.

 (Part of 9F792)

7 — Mounting Attachment Fuel Shutoff Valve Solenoid
(Part of 9F792)

The fuel shut off valve solenoid seals the upstream
8 — Fuel Injector Connector fuel pressure from entering the fuel injection supply

(Part of 9F792)
manifold when the engine is not running. The fuel
shut off valve solenoid is open only when it is
activated by the solenoid valve (fuel  pump) relay.
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DESCRIPTION AND OPERATION (Continued)

Fuel Pressure Relief Valve Engine Fuel Temperature Sensor

The fuel pressure relief valve is located on the fuel The engine fuel temperature sensor is located on the
injection supply manifold, and is used to relieve fuel injection supply manifold, and is used to
fuel system pressure from the fuel delivery system. provide a signal to the powertrain control module

that indicates the temperature of the fuel in the fuel
Injection Pressure Sensor injection supply manifold.
The injection pressure sensor is located on the fuel

Fuel Charging Wiringinjection supply manifold, and is used to provide a
signal to the powertrain control module (PCM) The fuel charging wiring is a single harness that
(12A650) that is proportional to pressure in the fuel includes electrical connectors for the fuel injectors,
injection supply manifold. ignition coils and various sensors, valves and

senders, which monitor all engine functions.

Fuel Charging Wiring

Item Part Number Description Item Part Number Description

5 — Coil-on-Plug Connector (8)1 — 42-Pin Connector
(Part of 12B637)(Part of 12B637)

6 — Fuel Rail Temperature Sensor2 — 16-Pin Connector (2)
Connector (Part of 12B637)(Part of 12B637)

7 — Fuel Shutoff Valve Solenoid3 — Fuel Rail Pressure Transducer
Connector (Part of 12B637)Connector (Part of 12B637)

8 — Water Temperature Indicator4 — Fuel Injector Connector (8)
Sender Connector(Part of 12B637)
(Part of 12B637)(Continued)

(Continued)

2004 E-Series, 11/2003 
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DESCRIPTION AND OPERATION (Continued)

Item Part Number Description Item Part Number Description

9 — Radio Capacitor Connector 14 — Cylinder Head Temperature
(Part of 12B637) Jumper Connector

(Part of 12B637)10 — Idle Speed Control Connector
(Part of 12B637) 15 — Intake Manifold Air Control

Valve Harness Connector11 — Throttle Position Sensor
(Part of 12B637)Connector (Part of 12B637)

16 — Crankshaft Position (CKP)12 — Oil Pressure Switch
Sensor ConnectorConnector (Part of 12B637)
(Part of 12B637)

13 — Camshaft Position (CMP)
17 — Air Conditioning CompressorSensor Connector

Connector (Part of 12B637)(Part of 12B637)
(Continued)
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DIAGNOSIS AND TESTING

Fuel Charging and Controls
Refer to the Powertrain Control/Emissions Diagnosis
(PC/ED) manual.
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303-04C-1 303-04C-1Fuel Charging and Controls — Natural Gas Vehicle

GENERAL PROCEDURES

Idle Speed Adjustment

1. The idle speed is not adjustable.
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GENERAL PROCEDURES
1. CAUTION:  Do not ground an injector

Fuel Injection Component Cleaning for more than ten seconds, prolonged
exposure can result in damage to the
injector.Material

NOTE:  If an injector does not produce anItem Specification
audible click after three attempts to energize the

Super Premium SAE WSS-M2C153-H
coil, install a new injector.5W-20

XO-5W20-DSP Start the vehicle and idle at 1,500 rpm for five
minutes, then turn the engine off. If the vehicle

WARNING:  Do not smoke or carry won’t start due to clogged injectors, the
lighted tobacco or open flame of any type when injectors can be completely stuck closed. If this
working on or near any fuel-related components. is the case, attempt to free them by applying 12
Highly flammable mixtures are always present volts directly to the injector coil.
and can be ignited. Failure to follow these 1 Apply battery voltage to the injector coil
instructions can result in personal  injury. where the red wire from circuit 361

connects.
WARNING:  Do not modify the system

2 Ground the other side of the connectorconfiguration or components, or install
momentarily and listen for an audible clickcomponents or parts not specially designed for
to confirm injector opening.use with natural gas. Ford Motor Company has

specially designed the materials, components and 3 If an injector remains stuck, wait ten
system configuration for the 5.4L  E-Series seconds and repeat the above steps. If an
natural gas vehicles, and each particular system injector remains stuck, install a new
is precisely calibrated for efficient operation. The injector.
use of different parts or materials can produce
an untested configuration that could result in fire 2. Vent the fuel lines. For additional information,
or personal injury, or cause engine  damage. refer to Section 310-00B.

3. Remove the bolts and position the fuel pressure
regulator shield aside.
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303-04C-2 303-04C-2Fuel Charging and Controls — Natural Gas Vehicle

GENERAL PROCEDURES (Continued)

NOTE:  Lubricate the fuel system O-ring seals with
clean engine oil prior to installation to hold the
seals and ease the installation.

NOTE:  Install new fuel system O-ring seals, using
approved O-ring seals only. O-ring seals that are
approved for natural gas use are identified with a
yellow stripe.

4. NOTE:  Make sure of correct drain plug
sealing by installing the new drain plug O-ring
seal, using the specified lubricant. Verify the
O-ring seal has not been twisted and is fully
seated. 8. Fill the filter bowl to the top with isopropyl

alcohol (with a strength of at least 90 percentRemove the filter bowl drain plug and discard
by volume) with the filter in place.the O-ring seal. Install the drain plug and install

a new O-ring seal when finished.
9. NOTE:  To make sure of correct• Lubricate the O-ring seal with clean engine

bowl-to-housing sealing, verify that the O-ringoil.
seal is fully seated into the bowl O-ring seal
groove.

Install the filter bowl.

5. Remove the filter bowl and discard the O-ring
seal.

10. Start the engine and idle at 1,500 rpm for five6. Check for dirt or oil in the filter bowl. Clean as
minutes.necessary.

11. Check the system for leaks.7. Inspect the filter element. If it appears to be
discolored with dark deposits, install a new
filter element.
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REMOVAL AND INSTALLATION

Fuel System Service Precautions

1. WARNING: Do not modify the system
configuration or components or replace
components with parts not specially designed
for use with natural gas. Ford Motor
Company has specially designed the
materials, components and system
configuration for the 5.4L econoline natural
gas vehicle, and each particular system is
precisely calibrated for efficient operation.
The use of different parts or materials can
produce an untested configuration that can
result in fire or personal injury or cause
engine  damage.

WARNING: It is important that your
natural gas vehicle be properly maintained
by ford natural gas trained personnel. If a
concern occurs, it is important that properly
trained personnel diagnose the cause. If the
concern relates to the fuel system,  proper
part replacement is imperative to keep your
vehicle operating at normal performance.
Natural gas components and gasoline fuel
components are not interchangeable. If your
vehicle is not serviced in accordance with
natural gas-fueled vehicle  procedures,
damage can occur and your warranty may
be invalidated.

WARNING: Fuel supply lines are
always pressurized. When servicing
fuel-related components, do not smoke or
carry lighted tobacco or an open flame of
any type. Flammable mixtures may be
present and can ignite, resulting in personal
injury.

WARNING: The fuel system is always
pressurized to 655 kpa (95 psi) downstream
of the fuel pressure regulator and up to
20,700 kpa (3000 psi) upstream of the fuel
pressure regulator. Use care when servicing
the fuel system or personal injury can
occur.

WARNING: The fuel charging system
on natural gas vehicles is pressurized to 655
kpa (95 psi). Fuel pressure must be relieved
prior to any fuel system service.

Make sure all warnings are observed.
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REMOVAL AND INSTALLATION

Fuel Injectors

Removal

1. Remove the fuel injection supply manifold
(9F792).

• Refer to Fuel Injection Supply Manifold in
this section.

2. Grasp the fuel injector body and pull up while
twisting gently to remove the fuel injector
(9F593). 2. Install the fuel injection supply manifold.

• Refer to Fuel Injection Supply Manifold in
this section.

Installation

1. NOTE: Replace O-ring seals (9229).

NOTE: Lubricate the O-ring seals with 5W30
engine oil meeting Ford specification
WSS-M2C153-G or equivalent prior to
installation to help seal and ease the
installation.

Install the fuel injectors using a light, twisting,
downward motion.
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REMOVAL AND INSTALLATION

Fuel Charging Wiring Harness

Removal

1. Disconnect the battery ground cable.

2. Remove the engine air cleaner assembly and
tubes.

• Refer to Section 303-12.

3. Disconnect the 42-pin connector.
6. Disconnect the No. 1 and No. 2 fuel injector1 Loosen the bolt.

connectors and the No. 1 coil-on-plug2 Disconnect the 42-pin connector.
connector.

4. Disconnect the front 16-pin connectors.

5. Disconnect the injection pressure sensor and the
engine fuel temperature sensor and the RH
radio capacitor connectors.
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303-04C-2 303-04C-2Fuel Charging and Controls — Natural Gas Vehicle

REMOVAL AND INSTALLATION (Continued)

7. Disconnect the water temperature sender 10. Disconnect the No. 5 and No. 6 coil-on-plug
connector. and the No. 5 and No. 6 fuel injector

connectors.

8. Disconnect the cylinder head temperature
jumper and the camshaft position (CMP) sensor 11. Disconnect the throttle position (TP) sensor.
connectors.

9. Disconnect the intake manifold air control valve
connector.
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REMOVAL AND INSTALLATION (Continued)

12. Disconnect the air conditioning compressor and 15. Disconnect the No. 2, No. 3 and No. 4
the crankshaft position (CKP) sensor coil-on-plug and the No. 3 and No. 4 fuel
connectors. injector connectors.

13. Disconnect the oil pressure switch connector. 16. Disconnect the fuel shutoff valve solenoid and
the idle speed control (ISC) connectors.

14. Remove the engine cover.

• Refer to Section 501-05.
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REMOVAL AND INSTALLATION (Continued)

17. Disconnect the rear 16-pin connectors. 19. Remove the fuel charging wiring harness.

Installation18. Disconnect the No. 7 and No. 8 coil-on-plug,
the No. 7 and No. 8 fuel injector and the LH
radio capacitor connectors. 1. Position the fuel charging wiring harness.
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REMOVAL AND INSTALLATION (Continued)

2. Connect the No. 7 and No. 8 fuel injector, the
No. 7 and No. 8 coil-on-plug and the LH radio
capacitor connectors.

5. Connect the No. 3 and No. 4 fuel injector and
the No. 2, No. 3 and No. 4 coil-on-plug
connectors.

3. Connect the rear 16-pin connectors.

6. Install the engine cover.

• Refer to Section 501-05.
4. Connect the idle speed control (ISC) and the

fuel shutoff valve solenoid connectors.
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REMOVAL AND INSTALLATION (Continued)

7. Connect the oil pressure switch connector.

10. Connect the No. 5 and No. 6 fuel injector and
the No. 5 and No. 6 coil-on-plug connectors.

8. Connect the crankshaft position (CKP) sensor
and the air conditioning compressor connectors.

11. Connect the intake manifold air control valve
connector.

9. Connect the throttle position (TP) sensor
connector.
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REMOVAL AND INSTALLATION (Continued)

12. Connect the camshaft position (CMP) sensor
and the cylinder head temperature jumper
connectors.

13. Connect the water temperature sender
connector.

15. Connect the engine fuel temperature sensor, the
injection pressure sensor and the RH radio
capacitor connectors.

14. Connect the No. 1 coil-on-plug and the No. 1
and No. 2 fuel injector connectors.
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REMOVAL AND INSTALLATION (Continued)

16. Connect the front 16-pin connectors.

18. Install the engine air cleaner assembly and
tubes.

17. Connect the 42-pin connector. • Refer to Section 303-12.
1 Connect the 42-pin connector.

19. Connect the battery ground cable.2 Tighten the bolt.
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REMOVAL AND INSTALLATION

Fuel Injection Supply Manifold

Special Tool(s)

Spring Lock Coupling
Disconnect Tool (5/8-Inch)
412-038 (T83P-19623-C)

Removal 5. Remove the RH front fuel injection supply
manifold retaining bolt.

1. Perform the pressure relief — fuel line venting
procedure.

• Refer to Section 310-00B.

2. Remove the engine air cleaner assembly and
tubes.

• Refer to Section 303-12.

3. Disconnect the injection pressure sensor, the
engine fuel temperature sensor and the RH
radio capacitor electrical connectors.

6. Disconnect the No. 5 and No. 6 fuel injector
electrical connectors.

4. Disconnect the No. 1 and No. 2 fuel injector
electrical connectors.
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REMOVAL AND INSTALLATION (Continued)

7. Remove the LH front fuel injection supply
manifold retaining bolt.

10. Disconnect the vacuum line from the throttle
body spacer.

8. Remove the transmission oil filler tube bolts.

11. Disconnect the fuel shutoff valve solenoid
electrical connector.

9. Disconnect the No. 3 and No. 4 fuel injector
electrical connectors.
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REMOVAL AND INSTALLATION (Continued)

12. Remove the RH center fuel injection supply
manifold retaining bolt.

13. Remove the two RH rear fuel injection supply
manifold retaining bolts.

15. Remove the LH rear fuel injection supply
manifold retaining bolt.

14. Disconnect the No. 7 and No. 8 fuel injector
and the LH radio capacitor electrical
connectors.
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REMOVAL AND INSTALLATION (Continued)

16. Remove the fuel line tether clamp. 19. Remove the fuel injection supply manifold.

Installation17. Using the Spring Lock Coupling Disconnect
Tool, disconnect the fuel supply line from the
fuel injection supply manifold (9F792). 1. NOTE: Replace the O-ring seals (9229).

• Refer to Section 310-00B  for detailed use NOTE: Lubricate the O-ring seals with 5W30
of the Spring Lock Coupling Disconnect engine oil meeting Ford specification
Tool. WSS-M2C153-G or equivalent prior to

installation, to help seal and ease the
installation.

Position the fuel injection supply manifold.

18. Remove and discard the two fuel line O-rings.
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REMOVAL AND INSTALLATION (Continued)

2. NOTE: Lubricate the two fuel line O-rings 5. Install the LH rear fuel injection supply
with 5W30 engine oil meeting Ford manifold retaining bolt.
specification WSS-M2C153-G or equivalent
prior to installation, to help seal and ease the
installation.

Install two new fuel line O-rings.

6. Connect the No. 7 and No. 8 fuel injector and
the LH radio capacitor electrical connectors.

3. NOTE: Pull on the fuel line to verify proper
engagement.

Connect the fuel supply line to the fuel
injection supply manifold.

4. Install the fuel line tether clamp.
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REMOVAL AND INSTALLATION (Continued)

7. Install the two RH rear fuel injection supply 10. Connect the vacuum line from the throttle body
manifold retaining bolts. spacer.

8. Install the RH center fuel injection supply 11. Connect the No. 3 and No. 4 fuel injector
manifold retaining bolt. electrical connectors.

9. Connect the fuel shutoff valve solenoid
electrical connector.
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REMOVAL AND INSTALLATION (Continued)

12. Install the transmission oil filler tube bolts.

15. Install the RH front fuel injection supply
manifold retaining bolt.

13. Install the LH front fuel injection supply
16. Connect the No. 1 and No. 2 fuel injectormanifold retaining bolt.

electrical connectors.

14. Connect the No. 5 and No. 6 fuel injector
electrical connectors.

2004 E-Series, 11/2003 



303-04C-8 303-04C-8Fuel Charging and Controls — Natural Gas Vehicle

REMOVAL AND INSTALLATION (Continued)

17. Connect the engine fuel temperature sensor, the 18. Perform the fuel system leak test procedure.
injection pressure sensor and the RH radio • Refer to Section 310-00B.
capacitor electrical connectors.

19. Install the engine air cleaner assembly and
tubes.

• Refer to Section 303-12.
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REMOVAL AND INSTALLATION

Pressure Regulator

Removal

1. Perform the pressure relief — fuel line venting
procedure; refer to Section 310-00B.

2. NOTE: The fuel pressure regulator and
coalescer/filter are removed as an assembly.

Disconnect the fuel pressure regulator coolant
lines.

5. NOTE: Use the hex on the regulator side of1 Pinch off the coolant lines 76 mm (3 in.)
the fitting.from the fuel pressure regulator.
Loosen the fitting retaining the fuel pressure2 Disconnect the fuel pressure regulator
regulator to the coalescer/filter.coolant lines.

6. Remove the bolts retaining the fuel pressure3. Disconnect the low-pressure fuel line from the
regulator to the mounting bracket.fuel pressure regulator.

4. Disconnect the high-pressure fuel line from the
coalescer/filter.
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REMOVAL AND INSTALLATION (Continued)

Installation7. Remove the bolts retaining the coalescer/filter
to the mounting bracket.

1. NOTE: Replace the fuel line face seal O-rings.

NOTE: Lubricate the fuel line O-ring seals
with 5W30 engine oil meeting Ford
specification WSS-M2C153-G or equivalent
prior to installation, to help seal and ease the
installation.

NOTE: When tightening the fuel lines, a torque
wrench adapter must be used with the torque
wrench. The use of a torque wrench adapter
will alter the effective torque of the torque
wrench being used. To correct the effective
torque, a torque  multiplication conversion must
be used. Refer to Section 310-00B.

8. Remove the fuel pressure regulator and Follow the removal procedure in reverse order.
coalescer/filter assembly from the vehicle.

9. Separate the fuel pressure regulator from the
coalescer/filter.
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REMOVAL AND INSTALLATION (Continued)

2. Perform the fuel system leak test procedure;
refer to Section 310-00B.
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Installation
REMOVAL AND INSTALLATION

Fuel Pressure Relief Valve
1. Follow the removal procedure in reverse order.

Removal

1. Perform the pressure relief — fuel line venting
procedure; refer to Section 310-00B.

2. Remove the fuel pressure relief valve (9H321).

1 Remove the fuel pressure relief valve cap.

2 Remove the fuel pressure relief valve from
the fuel injection supply manifold (9F792).

2. Perform the fuel system leak test procedure;
refer to Section 310-00B.
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Torque Specifications (Continued)
SPECIFICATIONS

Description Nm lb-ft lb-in
General Specifications

High-pressure oil pump 24 18 —
Item Specification mounting bolt

Oil Pump Backlash 0.179-0.315mm Injection pressure 50 37 —
(0.007-0.012 Inch) regulator valve

Lubricants and Sealants High-pressure pump 11 8 —
coverThreadlock 262 WSK-M2G351-A6

E2FZ-19554-B or High-pressure pump 8 — 71
equivalent discharge tube

mounting boltsRTV Silicone Sealant —
F5TZ-19G204-AB Rear heat shield 11 8 —

(M6x1.0x1.2)Super Duty SAE 15W-40 WSS-M2C171-B
Engine Oil Rear heat shield 49 36 —
XO-15W40-QSD or

Fuel rail plug assembly 27 20 —equivalent
High-pressure oil rail a — —Metal Brake Parts Cleaner —

PM-4 (Canada CPM-4) Two-piece 82 60 —
crankcase-to-head tube

Pipe plugs
Torque Specifications

1/8 x 27 9 — 80
Description Nm lb-ft lb-in

1/4 x 18 21 15 —
Fuel injector retaining 33 24 —

3/8 x 18 37 27 —bolt
1/2 x 14 36 27 —Injection control 12 9 —

pressure (ICP) sensor a Refer to the procedure in this section.
Secondary fuel filter 14 10 —
cover
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DESCRIPTION AND OPERATION

The injector fits into a sleeved bore machined intoFuel Charging and Controls
the cylinder head. The injector bore intersects with

Fuel System a machined fuel passage that runs the length of the
head. Each injector has two O-ring seals around theThe fuel system used on the 6.0L direct injection
outer body, one above the fuel  passage and one(DI) turbo diesel engine is controlled by the
below. A fuel inlet port between the O-ring sealspowertrain control module (PCM).
allows fuel under pressure to enter the pressureThe fuel system components consist of:
amplification area of the injector. High-pressure

• electric fuel pump. engine oil enters the injector through the top. The
high-pressure oil rail assembly  is mounted on top• high-pressure oil pump.
of the fuel injector.• fuel filters.

Fuel Injectors• injection pressure regulator valve.

• injection control pressure (ICP) sensor.

• fuel pressure regulator.

• water in fuel switch/fuel heater thermostat.

• fuel injection control module (FICM).

Fuel to be supplied to the combustion chambers
passes through the fuel-conditioning module into the
secondary fuel filter, then to the cylinder head
galleries and then through the electrohydraulic
injectors.

Excess fuel not used by the engine bypasses the
secondary fuel filter, flows through the fuel pressure
regulator assembly and returns to the fuel
conditioning module.

Fuel Pump
The fuel pump is mounted in the fuel-conditioning
module mounted on the LH frame rail. For
additional information, refer to Section 310-01A.

Fuel Injectors

CAUTION: Do not attempt to apply
battery voltage to the fuel injector or damage to
the fuel injector will occur.

CAUTION: To prevent engine damage, do
Item Part Number Descriptionnot use air tools to remove the fuel injectors. The

1 — Closing coil (Part of 9E527)clip that extracts the injector can dislodge and
fall into the drain hole. 2 — Control valve body (part of

9E527)The engine uses an electrohydraulic injector as part
3 — Intensifier piston (part ofof its fuel system. This PCM/FICM-controlled

9E527)injector uses high-pressure lube oil to provide the
4 — Piston return spring (part ofnecessary force to inject fuel into the combustion

9E527)chamber at pressures up to 144 mPa (21,000  psi) at
5 — Plunger (part of 9E527)rated horsepower.
6 — Valve opening pressure spring

(part of 9E527)
(Continued)
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DESCRIPTION AND OPERATION (Continued)

Item Part Number Description

7 — Needle (part of 9E527)

8 — Opening coil (part of 9E527)

9 — Spool valve (part of 9E527)

10 — Casenut (part of 9E527)

11 — Fuel strainer (part of 9E527)

12 — Nozzle assembly (part of
9E527)

Fuel Pressure Regulator

Fuel pressure in the cylinder head fuel galleries is
controlled by a fuel pressure regulator. The fixed Item Part Number Description
orifice is an air bleed in the fuel filter housing. It is

1 — Poppet valve and O-ring sealthe highest point in the fuel system. It allows the air
2 — Springbehind the fuel pressure  regulator to be vented to
3 — O-ring sealthe fuel tank rather than ingested in the fuel

galleries. The fuel pressure regulator contains a 4 — Cover
spring-loaded poppet valve, which opens to allow 5 — Screw, Torx M5 (4 req’d)
excess fuel to return to the fuel-conditioning
module. Once back to the  fuel-conditioning Injection Control Pressure System
module, the fuel is sent back to the fuel tank or to

Fuel injection pressure is controlled by the injectionthe engine, if the fuel-conditioning module is in
control pressure (ICP) system. The ICP systemrecirculation mode.
consists of the following:

• ICP sensor mounted in the right valve cover.

• injection pressure regulator valve located in the
high-pressure pump cover.

• powertrain control module

• high-pressure oil pump
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DIAGNOSIS AND TESTING

Fuel Charging and Controls
Refer to the Powertrain Control/Emissions Diagnosis
(PC/ED) manual.
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REMOVAL AND INSTALLATION
Two-piece head tubeFuel Injectors

3. NOTE: Some engines may have been updatedSpecial Tool(s)
with a new two-piece crankcase-to-head tube. If

Release Tool, Injector the crankcase-to-head tube has been updated itConnector
will have a hex head.303-1115
If the high-pressure oil rail has a hex head,
remove the crankcase-to-head tube assembly.

• Remove and discard the O-ring seals.

Material

Item Specification

SAE 15W-40 Super Duty WSS-M2C171-B
Motor Oil
XO-15W40-QSD or
equivalent

Metal Brake Parts Cleaner —
PM-4 (Canada CPM-4)

Removal

All vehicles

4. Position the crankcase-to-head tube and separate
1. Remove the valve covers. For additional the tube.

information, refer to Section 303-01C. • Allow the lower section to go back down.

• Remove and discard the D-ring seals.2. Disconnect the fuel injector electrical connector.
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REMOVAL AND INSTALLATION (Continued)

All vehicles Two-piece head tube

5. NOTE: Do not remove the oil rail end plugs or 7. CAUTION: Use care not to deform the
acoustic wave attenuator port fitting. Service lower crankcase-to-head tube during
parts are not available to support the removal. If the tube is damaged, a new tube
components. must be installed.
Remove the bolts and the high-pressure oil rail. NOTE: Use a shop towel and metal brake parts

cleaner to remove the oil residue prior to
removing.

If the updated crankcase-to-head tube separated,
using a pair of soft jawed pliers, remove the
lower crankcase-to-head tube.

One-piece head tube

6. NOTE: The rings on the crankcase-to-head
tube are to be used to pry the tube assembly
from the branch tube assembly or the oil rail
assembly. All vehicles
Remove the crankcase-to-head tube.

• Remove and discard the O-ring seals. 8. CAUTION: Do not attempt to apply
battery voltage to the fuel injector or damage
to the fuel injector will occur.

Using the special tool, push the fuel injector
electrical connector out of the rocker arm
carrier.

9. Prior to removing the injector assembly, insert
clean shop towels in the oil drain holes adjacent
to each glow plug.
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303-04D-3 303-04D-3Fuel Charging and Controls — 6.0L Diesel

REMOVAL AND INSTALLATION (Continued)

10. CAUTION: To prevent engine damage,
do not use air tools when removing and
installing the fuel injectors. The snap ring
that extracts the fuel injector can dislodge
and fall off.

CAUTION: Failure to account for all
snap rings or pieces prior to placing the
vehicle back in service can cause engine
damage. A missing snap ring can be ingested
into the lube oil system causing severe engine
damage.

NOTE: There is no need to drain the fuel rail.
Two-piece head tube

NOTE: If engine coolant is found in the
combustion chambers, it may be necessary to

2. CAUTION: Install new D-ring seals oninstall a new injector sleeve. For additional
the crankcase-to-head tube. It requiresinformation, refer to Fuel Injector Sleeve in this
several hours after installation for the D-ringsection.
seals to relax back to their original size. IfRemove the bolt, fuel injector hold-down clamp
the tube assembly is installed before theand fuel injector.
D-rings have relaxed, damage to the  D-ring
seals can occur.

Install new D-ring seals on the
crankcase-to-head tube.

Installation

One-piece head tube

1. CAUTION: Install new D-ring seals on
the crankcase-to-head tube. It requires
several hours after installation for the D-ring
seals to relax back to their original size. If
the tube assembly is installed before the
D-ring seals have relaxed, damage to  the
D-ring seals can occur.

Install new D-ring seals on each end of the
crankcase-to-head tube assemblies.
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303-04D-4 303-04D-4Fuel Charging and Controls — 6.0L Diesel

REMOVAL AND INSTALLATION (Continued)

All vehicles 5. NOTE: If a snap ring or piece of a snap ring is
missing from the injector hold-down assembly,
it must be located prior to removing the shop3. CAUTION: If the fuel injector oil inlet
towels.D-shaped O-ring is damaged, a new fuel
Remove the shop towels.injector must be installed.

Install new O-ring seals and copper washer on
6. CAUTION: Make sure the injectorthe fuel injector. Lubricate the fuel injector and

wiring is clear of all moving parts or engineO-ring seals liberally with clean engine oil.
damage can occur.

Install the fuel injector electrical connector into
the rocker carrier.

4. CAUTION: Failure to tighten the
injector properly can lead to engine failure.

CAUTION: To prevent engine damage, 7. Apply engine oil to the top fuel injector O-ring
do not use air tools to install the fuel seals.
injectors. The snap ring that extracts the
injector can dislodge and fall into the oil
drain hole.

Install the fuel injector, fuel injector hold-down
clamp and bolt.
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303-04D-5 303-04D-5Fuel Charging and Controls — 6.0L Diesel

REMOVAL AND INSTALLATION (Continued)

One-piece head tube

8. CAUTION: To prevent engine damage,
check to make sure the crankcase-to-head
tube assemblies bottom out in the branch
tube assembly. The oil rail,
crankcase-to-head tube and the fuel injectors
will not function correctly if these tubes are
not bottomed  out.

Apply clean engine oil on the crankcase-to-head
tube O-ring seals and install the tubes.

10. Install the oil rail retaining bolts.

• Remove the three guide bolts.

• Loosely install three remaining bolts.

• Tighten the nine bolts in the sequence
shown.

All vehicles

9. NOTE: Apply clean engine oil on the tubes
prior to installing the oil manifold.

Position the oil rail on the fuel injectors.

• Place the oil rail on top of the carrier so
that the four single ball tubes are engaging
the injector lead angle.

• Insert three bolts, two on the ends of the
straight side of the oil rail and one in the
middle of the wavy side of the rail. Install
the guide studs six to seven turns.

• Press the oil rail into the fuel injectors.

• Make sure that the oil rail mounting feet are
flat against the mounting surface.

• Loosely install the six bolts.
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303-04D-6 303-04D-6Fuel Charging and Controls — 6.0L Diesel

REMOVAL AND INSTALLATION (Continued)

Two-piece head tube All vehicles

11. NOTE: The upper section will have to be 12. Connect the fuel injector electrical connector.
pushed into the lower section prior to the
threads engaging.

NOTE: Apply clean engine oil to the
crankcase-to-head tube prior to installation.

If equipped with an updated crankcase-to-head
tube, install the crankcase-to-head tube
assembly.

13. Install the valve covers. For additional
information, refer to Section 303-01C.
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303-04D-1 303-04D-1Fuel Charging and Controls — 6.0L Diesel

REMOVAL AND INSTALLATION

Fuel Pressure Regulator

Removal and Installation

1. Remove the retainers and the air deflector.

4. Disconnect the coolant hoses from the air
cleaner outlet pipe.

2. Remove the power steering reservoir bracket
retainers.

5. NOTE: Air cleaner side shown, engine side
similar.

Loosen the clamps and remove the air cleaner
outlet pipe.

3. Remove the power steering fluid indicator and
retainers. Remove the power steering reservoir
mounting bracket. Install the power steering
fluid indicator and position the power steering
reservoir aside.
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303-04D-2 303-04D-2Fuel Charging and Controls — 6.0L Diesel

REMOVAL AND INSTALLATION (Continued)

6. NOTE: If there is any oil residue, clean both 9. WARNING: Clean all fuel residue
connecting ports and the inside surface of the from the engine compartment. Failure to
charge air cooler pipe to prevent the pipe from follow these instructions may result in
blowing off. personal injury.
Loosen the clamps and remove the charge air Remove the screws and the fuel pressure
cooler (CAC) pipe. regulator cover.

7. Remove the secondary fuel filter and remove all 10. Remove and discard the fuel pressure regulator
fuel from the filter housing. cover O-ring seal.

8. Disconnect the fuel return tube from the 11. Remove the spring and poppet valve.
regulator cover.

• Inspect the fixed orifice for foreign material.
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303-04D-3 303-04D-3Fuel Charging and Controls — 6.0L Diesel

REMOVAL AND INSTALLATION (Continued)

12. Clean the fuel pressure regulator bore in the 13. To install, reverse the removal procedure.
fuel filter housing.
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303-04D-1 303-04D-1Fuel Charging and Controls — 6.0L Diesel

REMOVAL AND INSTALLATION

Fuel Injection Pressure Regulator
(IPR) Valve

Special Tool(s)

Socket, Fuel Injector Pressure
Regulator Valve
303-769

Removal and Installation 4. NOTE: It will be necessary to position back or
remove the heat insulating wrap.

WARNING: Do not carry out this repair Disconnect the injection pressure regulator
until the engine has cooled. Failure to follow (IPR) valve electrical connector.
these instructions may result in personal injury.

1. Remove the engine cover. For additional
information, refer to Section 501-05.

2. Disconnect the wiring harness from the oil filter
tube. Loosen the retaining bolt and position the
oil tube clamp aside.

5. Unsnap and remove the heat insulating wrap.

3. Remove the bolts and position aside the exhaust
heat shield.
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303-04D-2 303-04D-2Fuel Charging and Controls — 6.0L Diesel

REMOVAL AND INSTALLATION (Continued)

6. Using the special tool, remove the IPR valve. 7. To install, reverse the removal procedure.
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303-04D-1 303-04D-1Fuel Charging and Controls — 6.0L Diesel

REMOVAL AND INSTALLATION

Oil Pump

Special Tool(s)

Dial Indicator with Bracketry
100-002 (TOOL-4201-C) or
equivalent

Material

Item Specification 4. Position the dial indicator with bracketry onto
the oil pump drive and check the oil pumpRTV Silicone Sealant —

F5TZ-19G204-AB drive gear backlash.

Removal

1. Remove the intake manifold. For additional
information, refer to Section 303-01C.

2. Remove the turbocharger heat shield.

5. Remove the bolts from the high-pressure oil
pump discharge pipe. Position the high-pressure
discharge pipe aside.

3. Remove the bolts and the high-pressure oil
pump cover.

• Use a thin gasket scraper to separate the
cover from the crankcase.

• Remove and discard the press-in-place
gasket.
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303-04D-2 303-04D-2Fuel Charging and Controls — 6.0L Diesel

REMOVAL AND INSTALLATION (Continued)

Installation6. Remove and discard the high-pressure pump
O-ring seal.

1. Install a new lower O-ring seal.

7. Remove the bolts and the high-pressure oil
pump. 2. Install the high-pressure oil pump and bolts.

8. Remove and discard the lower O-ring seal. 3. Install the high-pressure pump O-ring seal.
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303-04D-3 303-04D-3Fuel Charging and Controls — 6.0L Diesel

REMOVAL AND INSTALLATION (Continued)

4. Position back the high-pressure discharge tube 7. Install a new press-in-place gasket in the
and install the bolts. high-pressure pump cover.

5. Position the dial indicator with bracketry onto 8. Clean the cover mounting surface and apply
the oil pump drive and check the oil pump sealer at the seams.
drive gear backlash.

9. Install the high-pressure pump cover and bolts.
6. Install a new D-ring seal on the high-pressure

discharge pipe.
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303-04D-4 303-04D-4Fuel Charging and Controls — 6.0L Diesel

REMOVAL AND INSTALLATION (Continued)

10. Install the turbocharger heat shield. 11. Install the intake manifold. For additional
information, refer to Section 303-01C.
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303-04D-1 303-04D-1Fuel Charging and Controls — 6.0L Diesel

REMOVAL AND INSTALLATION

Fuel Injection Control Pressure (ICP)
Sensor

Removal and Installation

Vehicles with dual generators

1. Disconnect the negative battery cable. For
additional information, refer to Section 414-01.

All vehicles

4. To install, reverse the removal procedure.2. NOTE: The injection control pressure (ICP)
sensor is located in the RH valve cover. • Verify the sensor O-ring seal is in place.
Disconnect the ICP sensor electrical connector.

3. Remove the ICP sensor.
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303-04D-1 303-04D-1Fuel Charging and Controls — 6.0L Diesel

REMOVAL AND INSTALLATION

2. Remove the lifting bracket from the cylinderFuel Injector Sleeve
head.

Special Tool(s)
3. NOTE: The fuel injector sleeve is made of

Impact Slide Hammer stainless steel. Lubrication of the fuel injector
100-001 (T50T-100-A) sleeve removal tap is necessary. Excessive force

will be needed to get the tap started, damage to
the tap can occur without lubrication.

Insert the injector sleeve tap and injector sleeve
tap pilot into the cylinder head fuel injector
bore. Tighten the injector sleeve tap 1-1/2 to 2

Injector Sleeve Brush Set turns.
303-DS110 (D94T-9000-D) or
equivalent

Remover, Fuel Injector Sleeve
303-768

Installer, Fuel Injector Sleeve
303-767 4. Install the fuel injector sleeve removal tool into

the threaded sleeve. Using the special tools,
remove the fuel injector sleeve from the
cylinder head fuel injector bore. Discard the
sleeve.

Material

Item Specification

Threadlock 262 WSK-M2G351-A6
E2FZ-19554-B or
equivalent

SAE 15W-40 Super Duty WSS-M2C171-B
Motor Oil
XO-15W40-QSD or
equivalent

Removal

1. NOTE: To install a new fuel injector sleeve,
the cylinder heads must be removed from the
vehicle. 

Remove the cylinder heads from the engine.
For additional information, refer to Section
303-01C.
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303-04D-2 303-04D-2Fuel Charging and Controls — 6.0L Diesel

REMOVAL AND INSTALLATION (Continued)

5. Using the special tool, clean the fuel injector
bore of deposits and hardened sealant.

3. Position the fuel injector sleeve into the
cylinder head fuel injector bore. Seat the fuel
injector sleeve in the fuel injector bore, using a

6. Remove the fuel rail plug. Clean the fuel rubber mallet. If any sealant gets into the inside
gallery with a wire brush. Use filtered of the injector sleeve, it must be cleaned out
compressed air to remove foreign material from before it hardens.
the gallery. Install the fuel rail plug.

4. Install the lifting bracket on the cylinder head.
Installation

5. Install the cylinder heads. For additional
1. Verify the fuel injector bore is clean and dry. information, refer to Section 303-01C.

2. Position the fuel injector sleeve onto the
Injector Sleeve Installer. Apply Threadlock
262 or equivalent to the very bottom (smallest
diameter) and very top (largest diameter) flat
areas.
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303-04E-1 303-04E-1Fuel Charging and Controls — Turbocharger

Torque Specifications
SPECIFICATIONS

Description Nm lb-ft lb-in
General Specifications

Turbocharger mounting 38 28 —
Item Specification bolts

Turbocharger Turbocharger pedestal 31 23 —
mounting boltsMaximum turbine shaft 0.091 mm (0.0036 in)

axial end play Exhaust inlet V-clamp 12 9 —

Maximum turbine shaft 0.5 mm (0.02 in) Exhaust tube-to-exhaust 27 20 —
radial shaft movement manifold flange (right

and left)SAE 15W-40 Super Duty WSS-M2C171-B
Motor Oil Turbocharger oil 24 18 —
XO-15W40-QSD or supply tube bolts (at
equivalent turbocharger)

High Temperature Nickel ESE-M12A4-A Turbocharger oil 13 10 —
Anti-Seize Lubricant XL-2 supply tube bolt (at oil
or equivalent cooler)

Turbocharger 27 20 —
flange-to-exhaust/EGR
tube (right side)

Oil filter drain plug 10 — 89
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303-04E-1 303-04E-1Fuel Charging and Controls — Turbocharger

DESCRIPTION AND OPERATION

The electronic turbocharger variable vane hydraulicTurbocharger
control valve utilizes the powertrain control moduleComponent Location
(PCM) to control intake manifold pressure. The
turbocharger uses a set of moveable vanes in the
turbine housing to change the flow of the  exhaust
gases throughout the turbocharger. These vanes can
be positioned to change the angle or direction and
the velocity of flow to the turbine wheel, depending
upon the conditions in which the engine is operated.
As power demands increase,  exhaust gas velocity
increases in direct relation, as does intake manifold
boost pressure. Conversely, as the flow of exhaust
gas diminishes, intake manifold boost pressure is
also reduced at the same rate.

Vanes mounted around the internal circumference of
the turbine housing are connected to a unison ring.
The unison ring links all the vanes together and
when the unison ring moves, all the vanes move.
The unison ring is moved by exposing either  side
of an actuator piston to pressurized engine oil. Oil
flow to the appropriate side of the piston is
regulated by the turbocharger variable control valve
whose winding is part of a pulse width modulated
(PWM) circuit regulated by the powertrain  control
module (PCM). An increase in duty cycle of the
PWM circuit will route oil through the turbocharger
variable control valve in a way that will cause
piston movement that increases manifold pressure
(BOOST). Decreasing the pulse width will  directItem Part Number Description
oil such that the manifold pressure (BOOST) will be

1 — Actuator (part of 6K682) decreased. Turbocharger control is a closed-loop
2 — Control valve (part of 6K682) system using the exhaust pressure (EP) sensor to
3 — Unison ring (part of 6K682) provide feedback to the PCM. In response to engine

speed, engine load, manifold pressure and4 — Vanes (part of 6K682)
barometric pressure, the PCM provides a duty cycle

The turbocharger is an exhaust-driven centrifugal air to the turbocharger variable control valve to cause it
compressor. Its purpose is to increase power output to match manifold pressure (BOOST) to the
by supplying compressed air to the engine. The requirements of the engine.
internal components are oil and air cooled. Engine
oil is circulated through the housing,  which acts as
a heat barrier between the ‘‘hot’’ turbine and the
‘‘cold’’ compressor. Bearings are sleeve type and
are lubricated by engine oil. Oil is pumped directly
from the oil filter base, then circulated to the
turbocharger housing and returned to  the sump
through an oil drain in the turbocharger center
housing.
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303-04E-2 303-04E-2Fuel Charging and Controls — Turbocharger

DESCRIPTION AND OPERATION (Continued)

Expanding exhaust gases drive the turbine shaft
assembly to speeds over 100,000 rpm. Filtered air
entering the compressing side of the turbocharger is
compressed and delivered through a charge air
cooler (CAC). The very hot compressed air is
cooled, then continues on to fill the intake manifold
at a pressure higher than atmospheric pressure.
Because considerably more air is forced into the
intake manifold, the results are increased power,
fuel efficiency and the ability to maintain  power at
higher altitudes.
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303-04E-1 303-04E-1Fuel Charging and Controls — Turbocharger

DIAGNOSIS AND TESTING
Visual Inspection ChartTurbocharger

Mechanical
Inspection and Verification

• Damaged intake hoses
1. Verify the customer concern. • Loose hose clamps

• Loose exhaust clamps2. Inspect the entire turbocharger system for
• Damaged turbochargerobvious signs of damage, using the following • Restricted intake or exhaust

chart. • Damaged charge air cooler (CAC)
• Damaged/kinked or disconnected manifold absolute

pressure (MAP) hose

3. If the concern(s) remains after the inspection,
GO to Symptom Chart in this section.

Symptom Chart

SYMPTOM CHART

Condition Possible Sources Action
• No boost/low boost • Clogged air cleaner element • INSTALL a new air cleaner

or restriction upstream of element. REMOVE the
compressor. restriction.

• Compressor air intake hose • REPAIR or INSTALL a new
collapsed. hose as required.

• Compressor manifold hoses • TIGHTEN hose clamps.
leaking.

• Turbocharger turbine or • INSTALL a new
compressor wheel damaged. turbocharger.

• Turbocharger bearings seized. • INSTALL a new
turbocharger.

• Turbocharger variable vane • REFER to the Powertrain
hydraulic control valve not Control/Emissions Diagnosis
functioning. (PC/ED) manual.

• Damaged charge air cooler • REPAIR or INSTALL a new
(CAC). charge air cooler (CAC).

• Damaged/defective manifold • INSTALL a new MAP sensor
absolute pressure (MAP) or hose.
sensor or hose.

• Exhaust restriction or leak. • Repair as required.
• Lack of power • Low compression. • REPAIR as required.

• Clogged air cleaner element • INSTALL a new air cleaner
or restriction upstream of element. REMOVE the
compressor. restriction.

• Insufficient fuel supply. • REPAIR or INSTALL new
fuel system components as
required.

• Turbocharger variable vane • REFER to the Powertrain
hydraulic control valve not Control/Emissions Diagnosis
functioning. (PC/ED) manual.

• Damaged/defective manifold • INSTALL a new MAP sensor
absolute pressure (MAP) or hose.
sensor or hose.

• Exhaust restriction. • REPAIR as required.
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303-04E-2 303-04E-2Fuel Charging and Controls — Turbocharger

DIAGNOSIS AND TESTING (Continued)

SYMPTOM CHART (Continued)

Condition Possible Sources Action
• Excessive fuel consumption • High fuel pressure. • REPAIR as required. REFER

(black exhaust smoke) • Fuel pressure regulator. to the Powertrain
Control/Emissions Diagnosis
(PC/ED) manual.

• Fuel return tube plugged or • CLEAN or INSTALL a new
kinked. fuel return tube as required.

• Injectors leaking. • INSTALL new injectors.
• Powertrain control module • REFER to the Powertrain

malfunctioning. Control/Emissions Diagnosis
(PC/ED) manual.

• Exhaust restriction. • REPAIR as required.
• Excessive oil consumption • Incorrect type or grade of oil. • DRAIN and FILL with

(blue, gray or white exhaust specified oil.
smoke)

• Extended oil change intervals. • CHANGE oil as
recommended.

• Clogged air cleaner element • REPAIR as required.
or restriction upstream of
compressor. 

• Engine wear (piston rings, • REPAIR as required.
valve guides).

• Turbocharger oil seals • REFER to Turbocharger
leaking. Internal Oil Leak Test in this

section.
• Noise or vibration • Leaks at turbocharger inlet • REPAIR as required.

and outlet connections. 
• Foreign object damage to • INSTALL a new

turbine or compressor blades. turbocharger.
• Turbine bearing failure. • INSTALL a new

turbocharger. 
• High boost • Leak in exhaust system • REPAIR as required.

before muffler.
• Malfunctioning turbocharger • REFER to the Powertrain

variable vane hydraulic Control/Emissions Diagnosis
control valve. (PC/ED) manual.

Component Tests Exhaust leaks can usually be detected audibly or
visually by a discoloration caused by escaping hot

Turbocharger Leak Test exhaust gases.
Check for loose connections or damage to air intake

Turbocharger Internal Oil Leak Testhoses and tubes.
NOTE: Some engine oil may be present in theAir leaks at the compressor manifold, intake
turbocharger compressor inlet and in the air inletmanifold hose, charge air cooler (CAC), or intake
components due to the crankcase breather system.manifold can cause excessive smoke, loss of engine

power or a noise condition. Check the turbocharger compressor inlet for
evidence of oil. If excessive oil is present, thisExhaust leaks at the exhaust manifolds or in the
indicates that the failure could be in the engine orturbine housing will also cause loss of engine power
turbocharger. For additional information, refer toand a noise condition.
Section 303-01C or the following turbocharger

Inspect turbocharger and components for loose checks. If excessive oil is found in the turbocharger
connections or damage. Using a liquid soap on hose compressor outlet, check the charge air cooler
or tube connections will aid in leak detection. (CAC) for oil contamination.
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303-04E-3 303-04E-3Fuel Charging and Controls — Turbocharger

DIAGNOSIS AND TESTING (Continued)

Check Axial End PlayCheck the turbocharger turbine outlet for evidence
of oil. If oil is present in the outlet, remove the 1. NOTE: Radial shaft movement cannot readily
turbocharger from the engine and examine the oil be measured on this turbocharger.
supply and return passages in the turbocharger and

Position the dial indicator on the turbine end ofengine block for restriction. If no  restriction is
the radial shaft and zero the indicator.found, install a new turbocharger.

2. Move the radial shaft back and forth by hand
Bearing Clearance Check and record the reading.
When bearing damage is suspected, verify using the
following procedure.

Check for Free Rotation

NOTE: The turbocharger must be preoiled before
carrying out this check.

NOTE: Turbine and compressor wheels must spin
freely when turned by hand. No housing contact is
permitted. 

Press and rotate the radial shaft, then repeat from
the opposite side. If either the compressor wheel or
the turbine wheel contacts the housing, the bearings
are bad, and a new turbocharger must be installed. 3. If readings exceed specifications, install a new

turbocharger.
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REMOVAL AND INSTALLATION

Turbocharger

Material

Item Specification

SAE 15W-40 Super Duty WSS-M2C171-B
Motor Oil
XO-15W40-QSD or
equivalent

High Temperature Nickel ESE-M12A4-A
Anti-Seize Lubricant
XL-2

Removal
5. Remove the conduit and position the wiring

aside.1. With the vehicle in NEUTRAL, position it on a
hoist. For additional information, refer to • Disconnect the locking tab.
Section 100-02. • Remove the bolts.

• Disconnect the push pin and remove the2. Remove the turbocharger intake tube. For
wiring harness from the conduit.additional information, refer toTurbocharger

Intake Tube in this section.

3. Loosen the turbocharger outlet clamp.

6. Remove the bolts for the charge air cooler tube.

4. Remove the bolt and position the ground wire
aside. Disconnect the electrical connector push
pin.
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303-04E-2 303-04E-2Fuel Charging and Controls — Turbocharger

REMOVAL AND INSTALLATION (Continued)

7. Remove the retaining nuts, charge air cooler
tube and bracket.

11. Remove the RH bolts for the turbocharger
adapter pipe.

8. Remove the turbocharger outlet clamp.

12. Remove the exhaust gas recirculation (EGR)
cooler clamp.

9. Loosen the pipe at the exhaust clamp and
position aside.

10. Remove the LH bolts for the turbocharger
adapter pipe.
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303-04E-3 303-04E-3Fuel Charging and Controls — Turbocharger

REMOVAL AND INSTALLATION (Continued)

13. Remove the turbocharger inlet clamp and
turbocharger adapter pipe.

17. Remove the LH turbocharger mounting bolts.

14. Disconnect the VGT actuator electrical
connector and retaining clip.

18. CAUTION: Use care not to damage
the turbocharger outlet hose when removing
the turbocharger.

Position the turbocharger to remove the15. Remove the bolts from the turbocharger oil feed
turbocharger drain tube. Remove thetube.
turbocharger from the vehicle.

• Remove and discard the gasket.
• Remove and discard the O-ring seals.

16. Remove the RH turbocharger mounting bolts.
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REMOVAL AND INSTALLATION (Continued)

Installation

1. NOTE: Install new drain tube O-ring seals and
apply clean engine oil.

NOTE: Position the turbocharger outlet flange
into the outlet hose as the turbocharger is
positioned on the engine.

Position the turbocharger in the vehicle. Install
the turbocharger drain tube and turbocharger.

4. Prelubricate the oil inlet hole of the
turbocharger assembly with clean engine oil and
spin the compressor wheel several times to coat
the bearings with oil.

5. NOTE: Use a new gasket when installing the
oil feed tube.

Install the turbocharger oil feed tube, gasket
and bolts.

2. NOTE: Apply High Temperature Nickel
Anti-Seize Lubricant to the bolt threads prior to
installation.

Install the LH turbocharger mounting bolts.

6. Connect the VGT actuator electrical connector
and retaining clip.

3. NOTE: Apply High Temperature Nickel
Anti-Seize Lubricant to the bolt threads prior to
installation.

Install the RH turbocharger mounting bolts.
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REMOVAL AND INSTALLATION (Continued)

7. Position the turbocharger adapter pipe and 10. NOTE: Apply High Temperature Nickel
install the turbocharger inlet clamp. Anti-Seize Lubricant to the bolt threads prior to

installation.

Install the LH bolts for the turbocharger adapter
pipe.

8. Install the EGR cooler clamp.

11. Position back the turbocharger exhaust pipe.
Install the turbocharger exhaust clamp.

9. NOTE: Apply High Temperature Nickel
Anti-Seize Lubricant to the bolt threads prior to
installation.

Install the RH bolts for the turbocharger adapter
pipe. 12. Tighten the retaining nuts at the exhaust clamp.
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REMOVAL AND INSTALLATION (Continued)

13. Tighten the turbocharger outlet clamp. 16. Install the conduit and bolts.

• Install the wiring harness into the conduit
and connect the push pins.

• Install the bolts.

• Connect the locking tab.

14. NOTE: If there is any oil residue, clean both
connecting ports and the inside surface of the
charge air cooler tube to prevent the tube from
blowing off.

Position the charge air cooler tube and bracket.
17. Connect the electrical connector push pin.Install the retaining nuts.

Position back the ground wire and install the
bolt.

15. Install the bolts for the charge air cooler tube
and oil fill tube.

18. Install the turbocharger intake tube. For
additional information, refer toTurbocharger
Intake Tube in this section.
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REMOVAL AND INSTALLATION

Turbocharger Intake Tube

Removal and Installation

1. Remove the engine cover. For additional
information, refer to Section 501-05.

2. Remove the retainers and the air deflector.

5. Disconnect the coolant hoses from the air
cleaner outlet pipe.

3. Remove the power steering reservoir bracket
retainers.

6. NOTE: Air cleaner side shown, engine side
similar.

Loosen the clamps and remove the air cleaner
outlet pipe.

4. Remove the power steering fluid indicator and
retainers. Remove the power steering mounting
bracket. Install the power steering fluid
indicator and position the power steering
reservoir aside.
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303-04E-2 303-04E-2Fuel Charging and Controls — Turbocharger

REMOVAL AND INSTALLATION (Continued)

7. Disconnect the turbocharger intake tube breather
hose.

10. Remove the stud bolts and the turbocharger
intake tube.

8. Loosen the clamp at the turbocharger.

11. To install, reverse the removal procedure.

9. Remove the retaining nuts and position the
heater hose bracket aside.

2004 E-Series, 12/2003 



303-04E-1 303-04E-1Fuel Charging and Controls — Turbocharger

REMOVAL AND INSTALLATION

Turbocharger Pedestal

Removal and Installation

1. Remove the turbocharger. For additional
information, refer to Turbocharger in this
section.

2. Remove the plug and drain the oil filter
assembly and tubes.

5. Remove the bolt and retaining clamp at the oil
filter assembly.

3. Disconnect the wiring push-pin retainer.

6. NOTE: Use care not to bend the tubes, when
removing the oil filter tubes.

Remove the bolt and retaining clamp. Remove
the oil filter tubes.

4. Remove the bolt and retaining clamp at the oil
filter adapter.
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303-04E-2 303-04E-2Fuel Charging and Controls — Turbocharger

REMOVAL AND INSTALLATION (Continued)

7. Remove the bolts and turbocharger pedestal. 8. To install, reverse the removal procedure.

• Inspect the O-ring seals for the oil filter
tube ends, replace as necessary.

• Check and top off the engine oil after the
engine is running.
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Torque Specifications
SPECIFICATIONS

Description Nm lb-ft lb-in
General Specifications

Starter Motor Solenoid 7-9 — 61-79
Item Specification Relay Switch Mounting

BoltsNormal engine cranking 140-220 rpm
speed Battery Cables 5-11 — 44-97

Starter motor no load 60-80 amps Starter Motor Bolts 22-28 16-20 —
current draw

Starter Motor Ground 17-23 13-17 —
Starter motor normal load 130-220 amps Cable Nut
current draw

Starter Solenoid 10-14 7-10 —
Starter motor maximum 800 amps B-Terminal Nut
load

Starter Solenoid 6 — 53
Starter motor minimum 14.7Nm S-Terminal Nut
stall torque (at 5 volts)

Starting circuit maximum 0.5 volts
voltage drop (engine
temperature normal)

Lubricant

SAE 5W-20 Premium WSS-M2C153-H
Synthetic Blend Motor Oil

Copyright  2003, Ford Motor Company
Last updated: 10/24/2003 2004 E-Series, 11/2003 
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• transmission range (TR) sensor
DESCRIPTION AND OPERATION

Starting System • starter motor solenoid relay switch (11450)

The starting system consists of the: • starter solenoid (11390)

• starter drive (11350)• starter motor (11002)

• starter switch, part of the ignition switch (11572)

Component Locations

Item Part Number Description Item Part Number Description

3 10655 Battery1 — Battery Positive Terminal

4 14088 Auxiliary Battery Relay2 — Battery Negative Terminal
(Continued)(Continued)
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303-06A-2 303-06A-2Starting System — Gasoline Engines

DESCRIPTION AND OPERATION (Continued)

Item Part Number Description

5 — Auxiliary Battery Relay B+
Terminal

6 — Auxiliary Battery Relay
Trigger Terminal

7 — Auxiliary Battery Relay
Switched Terminal

8 11450 Starter Motor Solenoid Relay
Switch

9 — Starter Motor Relay Trigger
Terminal

10 — Starter Motor Relay Enable
Terminal The starter motor solenoid relay switch:

11 — Starter Motor Relay B+
• controls current to the starter solenoid.Terminal
• is engaged by the ignition switch.12 11390 Starter Solenoid

13 — M-Terminal to Starter Motor • connects the battery (10655) to the starter motor.
Wire The TR sensor on automatic transmission-equipped

14 — Starter Motor/Solenoid Enable vehicles prevents starter motor engagement unless
15 — Starter Motor/Solenoid B+ the transmission is in the NEUTRAL or PARK

Terminal position. For additional information, refer to Section
16 10655 Battery 307-01A  or Section 307-01B.

The starter motor:

• is a permanent magnet, gear reduction, 12 V dc
motor

• has an integral starter solenoid.

• has an overrunning clutch in the starter drive.
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DESCRIPTION AND OPERATION (Continued)

The starter drive: The starter solenoid:

• is operated by the starter solenoid. • is an electromagnet.

• engages the flywheel to turn the engine. • engages the starter drive to the flywheel (6375).

• has an internal overrunning clutch to disengage • when energized, contacts close, connecting the
the starter motor when the engine starts. battery to the starter motor and causing the starter

motor to turn the starter drive.

• is kept in the energized condition by a hold-in
winding until the starter switch is released.

When the ignition switch is turned to the START
position, the starter motor is energized, connecting
the battery to the starter solenoid. The starter
solenoid moves the drive lever and drive lever and
pin (11067) to engage the starter drive with the
flywheel ring gear and connects the battery to the
starter motor.
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Inspection and Verification
DIAGNOSIS AND TESTING

Starting System 1. Verify the customer concern by operating the
Refer to Wiring Diagrams Cell 20 for schematic and starting system.
connector information. 2. Visually inspect for obvious signs of

mechanical and electrical damage. Refer to theSpecial Tool(s)
following chart.

73 Digital Multimeter
105-R0051 or equivalent Visual Inspection Chart

Mechanical Electrical

• Starter motor • Battery
• Starter motor solenoid • Open fuse
• Brackets • Damaged wiring harness

• Loose or corroded
connectionsStarter, Alternator, Battery,

Regulator, and Electrical Tester
(SABRE)

3. If the concern is not visually evident, determine010-00730 or equivalent
the symptom. GO to Symptom Chart.

Symptom Chart

SYMPTOM CHART

Condition Possible Sources Action
• The Engine Does Not Crank • Battery. • GO to Pinpoint Test A.

or The Relay Clicks • Fuse.
• Starter motor/solenoid.
• Ignition switch.
• Circuit.

• The Engine Cranks Slowly • Battery. • GO to Pinpoint Test B.
• Starter motor/solenoid.
• Circuit.

• Unusual Starter Noise • Starter mounting. • GO to Pinpoint Test C.
• Starter motor.
• Improper starter drive

engagement.
• Flywheel.

• The Starter Spins But The • Drive pinion/overrunning • GO to Pinpoint Test D.
Engine Does Not Crank clutch.

• Starter solenoid.

Pinpoint Tests

PINPOINT TEST A: THE ENGINE DOES NOT CRANK OR THE RELAY CLICKS

Test Step Result / Action to Take
A1 CHECK THE VOLTAGE TO THE STARTER RELAY COIL

• Key in OFF position.

(Continued)
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303-06A-2 303-06A-2Starting System — Gasoline Engines

DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST A: THE ENGINE DOES NOT CRANK OR THE RELAY CLICKS (Continued)

Test Step Result / Action to Take
A1 CHECK THE VOLTAGE TO THE STARTER RELAY COIL

(Continued)

• Measure the voltage between the starter relay Terminal 86,
Circuit 1093 (T/R) and chassis ground while momentarily turning
the ignition to START.

Yes
GO to A2.
No
REFER to Section 307-01A  or Section
307-01B  for diagnosis and testing of the

• Is the voltage reading greater than 10 volts? starter interrupt inhibitor system.
A2 CHECK THE VOLTAGE TO THE STARTER RELAY

• Measure the voltage between the starter relay Terminal 30 and
ground.

Yes
GO to A3.
No
REPAIR the battery to starter relay cable.

• Is the voltage reading greater than 10 volts? TEST the system for normal operation.
A3 CHECK THE VOLTAGE TO THE STARTER MOTOR SOLENOID

• Measure the voltage between the starter motor solenoid positive
terminal and ground.

Yes
GO to A4.
No
REPAIR the circuit between the battery
ground cable (14301) and the starter
solenoid (11390) . CLEAN and TIGHTEN
the connections at the battery terminals.

• Is the voltage reading greater than 10 volts? TEST the system for normal operation.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST A: THE ENGINE DOES NOT CRANK OR THE RELAY CLICKS (Continued)

Test Step Result / Action to Take
A4 MANUALLY JUMP THE STARTER MOTOR

• Connect one end of a jumper wire to the positive terminal of the
battery ground cable and the other end to the starter solenoid
S-terminal.

Yes
GO to A5.
No
REPLACE the starter motor (11002).

• Does the starter solenoid engage? TEST the system for normal operation.
A5 CHECK THE STARTER MOTOR

• Connect one end of a jumper wire to the positive terminal of the
battery and the other end to the starter motor terminal.

Yes
GO to A6.
No
REPLACE the starter motor. TEST the

• Does the starter motor spin? system for normal operation.
A6 CHECK THE CONTINUITY OF THE CIRCUIT

• Key in OFF position.
• Measure the resistance between the starter relay and starter

solenoid positive cable.

Yes
REPLACE the starter relay. TEST the
system for normal operation.
No
REPAIR the circuit. TEST the system for

• Is the resistance reading less than 5 ohms? normal operation.
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST B: THE ENGINE CRANKS SLOWLY

Test Step Result / Action to Take
B1 CHECK THE VOLTAGE TO THE STARTER

• Key in OFF position.
• Measure the voltage between the starter motor solenoid positive

terminal and ground.

Yes
GO to B2.
No
REPAIR the circuit between the battery
and the starter solenoid. CLEAN and
TIGHTEN the connections at the battery
terminals. TEST the system for proper

• Is the voltage reading 12.5 volts or greater? operation.
B2 CHECK MOTOR GROUND CIRCUIT

• Carry out the Motor Ground Circuit test; refer to Component Yes
Tests in this section. REPLACE the starter motor. Test the

• Is the ground OK? system for normal operation.
No
REPAIR the ground circuit as necessary.
TEST the system for normal operation.

PINPOINT TEST C: UNUSUAL STARTER NOISE

Test Step Result / Action to Take
C1 CHECK THE STARTER MOTOR MOUNTING

• Inspect the starter motor mounting bolts and brackets for Yes
looseness. GO to C2.

• Is the starter motor mounted properly? No
INSTALL the starter motor properly;
REFER to Starter Motor in this section.
TEST the system for normal operation.

C2 CHECK FOR ENGINE NOISE
• Key in OFF position.
• Connect a remote starter switch between the starter solenoid B

and S terminals.

Yes
GO to C3.
No
REFER to Section 303-01A  (4.2L),

• Engage the starter motor and verify the noise due to the starter Section 303-01B  (4.6L and 5.4L) or
operation. Section 303-01C  (6.8L) to continue the

• Is the noise due to the starter motor engagement? diagnosis.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST C: UNUSUAL STARTER NOISE (Continued)

Test Step Result / Action to Take
C3 CHECK FOR UNUSUAL WEAR

• Remove the starter motor; refer to Starter Motor in this section. Yes
• Inspect the ring gear for damaged or worn teeth. REPLACE the flywheel ring gear.
• Is the noise due to flywheel ring gear tooth damage? EXAMINE the starter pinion teeth. If

damaged, REPLACE the starter motor.
TEST the system for normal operation.
No
REPLACE the starter motor. TEST the
system for normal operation.

PINPOINT TEST D: THE STARTER SPINS BUT THE ENGINE DOES NOT CRANK

Test Step Result / Action to Take
D1 CHECK THE STARTER MOTOR

• Connect one end of a jumper wire to the positive terminal of the
battery ground cable and the other end to the starter motor
terminal.

Yes
RETURN the starter motor to service.
TEST the system for normal operation.
No
 REPLACE the starter motor. TEST the

• Does the starter motor spin? system for normal operation.

Component Tests 2. Connect the ARBST to the vehicle, using the
amperage lead clipped around the positive

Starter Motor—Starter Load Test battery cable.
WARNING: When repairing the starter 3. Measure the amperage draw of the starter motor

motor or carying out other underhood work in while activating the starting system. A properly
the vicinity of the starter motor, be aware that operating starter motor will draw from 130 to
the heavy gauge battery input lead at the starter 190 amps of current (for gasoline engines only).
solenoid is electrically hot at all times. The

Starter Motor—Voltage Drop Test — Motorprotective cap or boot  provided over this
Feed Circuitterminal must be replaced after the maintenance

is complete. Make sure to disconnect the battery The following test procedure is performed with the
ground cable before working on the starter starter motor on the vehicle.
motor. NOTE: Make all multimeter connections at the
NOTE: Before carrying out this test, check the component terminal rather than the cable or wiring
battery to determine its state of charge. Carry out a terminal.
load test of the battery, using the Alternator, 1. Disconnect the ignition coil connector from the
Regulator, Battery and Starter Tester (ARBST). ignition coil.
Refer to Section 414-01  for the test procedure.

2. Connect a remote starter switch between the
1. Disconnect the ignition coil connector from the starter solenoid S-terminal and the battery

ignition coil (12029). positive (+) post.
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DIAGNOSIS AND TESTING (Continued)

3. Connect the positive (+) lead of the 73 Digital 5. If the voltage drop is greater than 0.2 volt,
Multimeter to the battery positive (+) post. clean the negative (-) battery cable connections
Connect the negative (-) lead of the multimeter at the battery and chassis. Also, clean the
to the starter solenoid M-terminal. engine ground cable connection at the cable

mounting bracket. If the voltage drop is still4. Engage the remote starter switch. The
excessive,  repair or replace the battery groundmultimeter reading should be 0.5 volt or less.
cable.

5. If the voltage at the M-terminal is greater than
0.5 volt, move the multimeter negative (-) lead Starter Motor—Starter Drive Test
to the starter solenoid B-terminal and repeat the 1. Remove the starter motor.
test.

2. Secure the starter motor in a vise.
6. If the voltage reading at the B-terminal is less

3. Connect the battery ground cable of a fullythan 0.5 volt, the problem is either in the
charged battery to the case of the starter motor.connections at the starter solenoid, or the starter

solenoid. 4. CAUTION: Do not leave the positive
lead of the battery connected to the starter7. Remove the wires at the starter solenoid B- and
motor S-terminal for more than 10 seconds.S-terminals. Clean the connections and install

the cables. Repeat Steps 1 through 5 above. If Touch the positive lead from the battery to the
the reading is still higher than 0.5 volt at the S-terminal and verify that the starter drive
M-terminal and 0.5 volt or lower at the (11350) ejects.
B-terminal,  the problem is in the starter

5. Remove the positive lead from the startersolenoid. Remove the starter motor for repair.
motor. The ejected starter drive should return to

8. If the voltage taken at the starter solenoid its original position.
B-terminal is greater than 0.5 volt, the problem

6. If the starter drive does not eject and return tois either the positive (+) battery cable
position, replace the starter motor.connection or the positive (+) battery cable.

7. Check the starter drive. It should turn freely in
Starter Motor—Voltage Drop Test—Motor one direction, and positively engage to the
Ground Circuit armature when turned in the opposite direction.

If not as specified, replace the starter motor.The following test procedure is carried out with the
starter motor on the vehicle.

Starter Motor—Starter No Load Test
NOTE: Make all multimeter connections at the

The starter no load test will identify open or shortedcomponent terminal rather than the cable or wiring
windings and a possible rubbing starter motorterminal.
armature (11005)or bent starter motor armature

A slow cranking condition can be caused by shaft.
resistance in the ground or return portion of the

1. WARNING: Make sure the startercranking circuit. Check the voltage drop in the
motor is securely mounted on a benchground circuit as follows:
because the starter motor may move or jump1. Disconnect the ignition coil connector from the
when it is energized.ignition coil.
Connect a fully charged battery, the Alternator,2. Connect a remote starter switch between the
Regulator, Battery and Starter Tester (ARBST),starter solenoid terminal and the battery positive
and a remote starter switch to the starter motor(+) terminal.
in the following manner.

3. Connect the positive (+) lead of the 73 Digital
• Connect the remote starter switch betweenMultimeter to the starter motor housing. The

the battery positive (B+) post and the starterconnection must be clean and free of rust or
motor S-terminal.grease. Connect the negative (-) lead to the

• Connect the starter motor B-terminal to thenegative (-) battery terminal.
battery positive (B+) post.4. Engage the remote starter switch and read the

voltage. The reading should be 0.2 volt or less.
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DIAGNOSIS AND TESTING (Continued)

• Connect the ARBST positive (B+) terminal 2. Check for continuity between the S-terminal
and negative (-) terminal to the and the starter solenoid body, using the digital
corresponding battery posts multimeter. Replace the starter motor if there is

no continuity.• Make sure the battery and starter motor are
grounded. Starter Solenoid—Solenoid M-Terminal

2. Engage the remote starter switch. 1. Make sure the starter solenoid is isolated from
3. The starter motor should eject the starter drive the starter motor. Using the 73 Digital

and run smoothly. If the starter motor does not Multimeter, check for continuity between the S-
run smoothly, replace it. and M-terminals. Also check for continuity

between the S-terminal and starter motor body.4. While the starter motor is running, check the
If either check  shows no continuity, replace thevoltmeter and ammeter.
starter motor.

5. The voltage should be greater than 11.0 volts
2. Check for continuity between the M-terminaland the amperage should be no more than 70

and the B-terminal. If there is continuity,amps.
replace the starter motor.

6. If the voltage is lower than the 11.0 volts, or
the amperage is higher than 70 amps, replace
the starter motor (11001).

Starter Solenoid

1. Check the starter solenoid for continuity
between the S- and M-terminals, using the 73
Digital Multimeter. Replace the starter motor if
there is no continuity.
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2. If the (A) starter drive gear and the flywheel
GENERAL PROCEDURES

ring gear are not fully meshing or the gears areStarter Drive and Flywheel Ring Gear
(B) milled or damaged, replace the starterInspection
motor and flywheel (6375). For additional
information, refer to Starter Motor in this

1. Check the wear patterns on the (A) starter drive section.
and the (B) flywheel ring gear. If the wear
pattern is normal, install the starter motor.
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4. Remove the starter motor solenoid relay switch
REMOVAL AND INSTALLATION

(11450).Switch — Relay
1 Remove the bolts.

Removal 2 Remove the starter motor solenoid relay
switch.

WARNING: When repairing the starter
motor (11002) or carrying out other underhood
work in the vicinity of the starter motor , be
aware that the heavy gauge battery input lead at
the starter solenoid is electrically hot at all times.
The protective cap or  boot provided over this
terminal must be replaced after maintenance is
complete. Make sure to disconnect the battery
ground cable (14301) before working on the
starter motor .

1. Disconnect and remove the battery. For
additional information, refer to Section 414-01.

Installation2. Remove the relay cover.

3. Disconnect the starter motor solenoid relay WARNING: When carring out
switch wires and cables. maintenance on the starting system, be aware

that heavy gauge leads are connected directly to1 Remove the insulator.
the battery. Make sure the protective caps are in

2 Disconnect the starter motor relay trigger place when the maintenance is complete.
terminal connector.

3 Remove the starter motor solenoid relay 1. Follow the removal procedure in reverse order.
switch terminal nuts.

4 Remove the engine control sensor wire and
the generator wire.

5 Remove the battery cable.
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REMOVAL AND INSTALLATION (Continued)
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REMOVAL AND INSTALLATION

Starter Motor

Removal

WARNING: When carrying out
maintenance on the starting system, be aware
that heavy gauge leads are connected directly to
the battery. Make sure protective caps are in
place when maintenance is complete.

1. Disconnect the battery ground cable (14301).
For additional information, refer to Section 5. Remove the nut and the starter motor ground
414-01. cable.

2. Raise and support the vehicle. For additional
information, refer to Section 100-02.

3. Remove the starter motor solenoid terminal
cover (11N087).

6. Remove the starter motor (11002).

1 NOTE: Most applications use two bolts;
however, some use three bolts.

Remove the bolts.

2 Remove the starter motor.
4. Disconnect the starter motor electrical

connections.

1 Remove the nuts (B+ and S).

2 Remove the battery cable.

3 Remove the starter solenoid wire.
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REMOVAL AND INSTALLATION (Continued)

Installation 3. Connect the starter motor electrical connections.

1 Position the battery cable.
WARNING: When carrying out 2 Position the starter solenoid wire.

maintenance on the starting system, be aware
3 Install the nuts.that heavy gauge leads are connected directly to

the battery (10653). Make sure the protective
caps are in place when the maintenance is
complete.

1. Install the starter motor.

1 Position the starter motor.

2 NOTE: Most applications use two bolts;
however, some use three bolts.

Install the bolts.

4. Install the starter motor solenoid terminal cover.

2. Connect the starter motor ground cable and
install the nut.

5. Lower the vehicle.

6. Reconnect the battery ground cable.
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Torque Specifications
SPECIFICATIONS

Description Nm lb-ft lb-in
General Specifications — 6.0L Diesel

Solenoid B-terminal 14 10 —
Item Specification nuts

Normal engine cranking 185 rpm Starter mounting bolts 25 18 —
speed

Battery cable nut 12 9 —
Starter motor no load 155 amps max.

Solenoid wire nut 6 — 53current draw
Harness bracket nut 22 16 —Starter motor normal load 365 amps

current draw

Starter motor maximum 1300 amps
load current draw

Starter motor minimum 74 Nm (55 lb-ft)
stall torque @ 2.5 volts

Starting circuit maximum 0.5 volts
voltage drop (engine at
normal operating
temperature)
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DESCRIPTION AND OPERATION
Starter RelayStarting System
The starter interrupt relay consists of:The starting system consists of the following

components: • the pull-in coil and contacts.

• Starter motor When the key cylinder is in the START position:

• Starter switch, part of the ignition switch • the pull-in coil is activated and pulls the contacts
• Digital transmission range (DTR) sensor together.

• Starter motor relay • current passes through the starter relay to the
starter solenoid.• Starter solenoid 

When the key cylinder is returned to the RUN• Starter drive
position:

6.0L Diesel Engine Starter Motor
• the relay turns off the starter solenoid, which

disengages the pinion from the flywheel.

Transmission Range Sensor (Automatic
Transmission)

The transmission range sensor:

• prevents starter motor engagement unless the
transmission is in the NEUTRAL or PARK
position. For additional information, refer to
Section 307-01C.

Starter Drive

The starter drive:

Starter Motor • is operated by the starter solenoid.
The starter motor: • engages the flywheel to turn the engine.

• is a wound field, gear reduction, 12 VDC motor. • has an internal overrunning clutch to disengage
the starter motor when the engine starts.• has an integral starter solenoid.

• has an overrunning clutch in the starter drive. Starter Solenoid
The starter motor functions as follows: The starter solenoid:

• When the key cylinder turns to the START • is an electromagnet.
position, current flows through the solenoid • engages the starter drive to the flywheel.
pull-in and hold-in coils until the solenoid plunger

• when energized, contacts close, connecting theis at the end of its travel. The plunger pulls the
battery to the starter motor to turn the starterlever, which pushes the pinion to engage the
drive.flywheel.

• is kept in the energized condition by a hold-in• The contact bridges the solenoid terminals that
winding until the starter switch is released.bypass the pull-in coil. This allows the hold-in

coil to keep the starter drive engaged and to pass
battery current to the starter motor. The starter
motor cranks the engine fast enough to start  it.

• As the key returns to the RUN position, the relay
cuts off current to the solenoid, and the solenoid
disengages the pinion from the flywheel.
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DESCRIPTION AND OPERATION (Continued)

Starter Motor, Disassembled View

Item Part Number Description Item Part Number Description

6 — Rear housing1 — Through bolts

7 — Front housing2 — End plate

8 — Drive assembly3 — Brush assembly

9 — Armature assembly4 — Solenoid

10 — Frame assembly5 — Lever
(Continued)
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DIAGNOSIS AND TESTING

2. Inspect the system to determine if any of theStarting System
following mechanical or electrical concerns

Special Tool(s) apply.

73 III Automotive Meter Visual Inspection Chart
105-R0057 or equivalent

Mechanical Electrical

• Starter motor mounting • Battery condition
• Starter relay mounting • Electrical connections at

the switches, relay and
solenoid

• Fuse
ARBST Battery and Electrical
System Tester
010-00735 or equivalent 3. If the concern(s) remains after the inspection

and verification, determine the symptoms. GO
to Symptom Chart.

Inspection and Verification

1. WARNING: When servicing the starter
motor or carrying out other underhood work
in the vicinity of the starter motor, be aware
that the heavy gauge battery input lead at
the starter solenoid is electrically hot at all
times. Failure to follow these  instructions
may result in personal injury.

Verify the vehicle owner’s original concern by
operating the system to duplicate the condition.

Symptom Chart

SYMPTOM CHART

Condition Possible Sources Action
• The engine does not crank • Battery. • GO to Pinpoint Test A.

and the relay does click • Fuse.
• Starter motor/solenoid.
• Ignition switch.
• Circuit.

• The engine does not crank • Fuse. • GO to Pinpoint Test B.
and the relay does not click • Battery.

• Starter relay.
• Ignition switch.
• Digital transmission range

(TR) sensor.
• Starter solenoid.
• Circuit.

• The engine cranks slowly • Battery. • GO to Pinpoint Test C.
• Starter motor/solenoid.
• Circuit.

Copyright  2003, Ford Motor Company
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303-06B-2 303-06B-2Starting System — Diesel Engine

DIAGNOSIS AND TESTING (Continued)

SYMPTOM CHART (Continued)

Condition Possible Sources Action
• Unusual starter noise • Starter mounting. • GO to Pinpoint Test D.

• Starter motor.
• Incorrect starter drive

engagement.
• The starter spins but the • Worn or damaged starter • GO to Pinpoint Test E.

engine does not crank motor.
• Damaged flywheel ring gear.

Pinpoint Tests

PINPOINT TEST A: THE ENGINE DOES NOT CRANK AND THE RELAY DOES CLICK

Test Step Result / Action to Take
A1 CHECK THE VOLTAGE TO THE STARTER RELAY

• Measure the voltage between the starter relay pin 30, circuit
1523 (DG) and ground.

Yes
GO to A2.
No
REPAIR circuit 1523 (DG) for an open.

• Is the voltage greater than 12.5 volts? TEST the system for normal operation.
A2 CHECK THE VOLTAGE TO THE STARTER MOTOR SOLENOID

• Measure the voltage between the starter motor solenoid positive
terminal and ground.

Yes
GO to A3.
No
REPAIR circuit 2037 (RD) for an open.

• Is the voltage 12.5 volts or greater? TEST the system for normal operation.

(Continued)
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303-06B-3 303-06B-3Starting System — Diesel Engine

DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST A: THE ENGINE DOES NOT CRANK AND THE RELAY DOES CLICK (Continued)

Test Step Result / Action to Take
A3 MANUALLY JUMP THE STARTER MOTOR

• Connect one end of a fused (15A) jumper wire to the positive
terminal of the battery and touch the other end to the starter
solenoid S-terminal.

Yes
GO to A4.
No
INSTALL a new starter. TEST the system

• Does the starter solenoid engage? for normal operation.
A4 TEST THE STARTER MOTOR RELAY

• Carry out the relay component test on the starter motor relay. Yes
Refer to the relay component test in this section. REPAIR circuit 113 (YE/LB) for an open.

• Does the starter motor relay test good? TEST the system for normal operation.
No
INSTALL a new starter motor relay. TEST
the system for normal operation.

PINPOINT TEST B: THE ENGINE DOES NOT CRANK AND THE RELAY DOES NOT CLICK

Test Step Result / Action to Take
B1 CHECK THE STARTER MOTOR RELAY COIL FOR VOLTAGE

• Disconnect: Starter Motor Relay.
• Key in START position.
• Measure the voltage between the starter motor relay pin 86,

circuit 1093 (TN/RD) and ground while holding the key in the
START position.

Yes
GO to B5.
No

• Is the voltage greater than 10 volts? GO to B2.
B2 CHECK FOR VOLTAGE AT FUSE 33

• Key in OFF position.
• Disconnect: Fuse #33.
• Key in START position.

(Continued)
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303-06B-4 303-06B-4Starting System — Diesel Engine

DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST B: THE ENGINE DOES NOT CRANK AND THE RELAY DOES NOT CLICK (Continued)

Test Step Result / Action to Take
B2 CHECK FOR VOLTAGE AT FUSE 33 (Continued)

• Measure the voltage between the central junction box (CJB) fuse
33, circuit 33 (WH/PK) and ground while holding the key in the
START position.

Yes
REPAIR circuit 1093 (TN/RD). TEST the
system for normal operation.
No

• Is the voltage greater than 10 volts? GO to B3.
B3 CHECK CIRCUIT 1050 (LG/VT) FOR VOLTAGE

• Key in OFF position.
• Disconnect: Ignition Switch C250.
• Key in ON position.
• Measure the voltage between the ignition switch connector

C250, circuit 1050 (LG/VT) and ground.

Yes
GO to B4.
No
REPAIR circuit 1050 (LG/VT). TEST the

• Is the voltage greater than 10 volts? system for normal operation.
B4 CHECK THE IGNITION SWITCH

• Carry out the ignition switch component test. Yes
• Does the ignition switch test good? REPAIR circuit 33 (WH/PK). TEST the

system for normal operation.
No
INSTALL a new ignition switch. TEST the
system for normal operation.

B5 CHECK THE RELAY GROUND CIRCUIT FOR AN OPEN
• Key in OFF position.

(Continued)
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303-06B-5 303-06B-5Starting System — Diesel Engine

DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST B: THE ENGINE DOES NOT CRANK AND THE RELAY DOES NOT CLICK (Continued)

Test Step Result / Action to Take
B5 CHECK THE RELAY GROUND CIRCUIT FOR AN OPEN

(Continued)

• Measure the voltage between the starter motor relay pin 85,
circuit 1419 (LG/YE) and pin 86, circuit 1093 (TN/RD).

Yes
INSTALL a new starter motor relay. TEST
the system for normal operation.
No

• Is the voltage greater than 10 volts? GO to B6.
B6 CHECK CIRCUIT 1419 (LG/YE)

• Key in OFF position.
• Disconnect: PCM C176A.
• Measure the resistance between the starter motor relay socket

pin 85, circuit 1419 (LG/YE) and the PCM C176A pin 4, circuit
1419 (LG/YE).

Yes
INSTALL a new PCM. TEST the system
for normal operation.
No
REPAIR circuit 1419 (LG/YE). CLEAR the
DTCs. TEST the system for normal

• Is the resistance less than 5 ohms? operation.

PINPOINT TEST C: THE ENGINE CRANKS SLOWLY

NOTE: Before beginning this test, be sure that the battery is tested and fully charged.
Test Step Result / Action to Take

C1 CHECK THE VOLTAGE TO THE STARTER
• Key in OFF position.

(Continued)
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303-06B-6 303-06B-6Starting System — Diesel Engine

DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST C: THE ENGINE CRANKS SLOWLY (Continued)

Test Step Result / Action to Take
C1 CHECK THE VOLTAGE TO THE STARTER (Continued)

• Measure the voltage between the starter motor solenoid positive
terminal and ground.

Yes
GO to C2.
No
REPAIR the circuit between the battery
and the starter solenoid. CLEAN and
TIGHTEN the connections at the battery
terminals. TEST the system for normal

• Is the voltage 12.5 volts or greater? operation.
C2 CHECK THE MOTOR GROUND CIRCUIT

• Carry out the motor ground circuit test. Refer to the component Yes
tests in this section. INSTALL a new starter motor. TEST the

• Is the ground OK? system for normal operation.
No
REPAIR the ground circuit as necessary.
TEST the system for normal operation.

PINPOINT TEST D: UNUSUAL STARTER NOISE

Test Step Result / Action to Take
D1 CHECK THE STARTER MOTOR MOUNTING

• Inspect the starter motor mounting brackets for cracks. Yes
• Check the starter motor mounting bolts for looseness. GO to D2.
• Is the starter motor mounted correctly? No

REINSTALL the starter motor correctly.
D2 INSPECT THE STARTER MOTOR

• Remove the starter motor. Yes
• Inspect the starter motor for damage. INSTALL a new starter motor. TEST the
• Is the starter motor damaged? system for normal operation.

No
CHECK the starter drive. REFER to
component tests, starter drive test in this
section. INSTALL a new starter motor.
TEST the system for normal operation.

PINPOINT TEST E: THE STARTER SPINS BUT THE ENGINE DOES NOT CRANK

Test Step Result / Action to Take
E1 CHECK THE FLYWHEEL

• Remove the starter motor. Yes
• Inspect the flywheel and the drive pinion for damage or INSTALL a new starter motor and

excessive wear. flywheel. TEST the system for normal
• Is the flywheel or the drive pinion worn or damaged? operation.

No
INSTALL a new starter.
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303-06B-7 303-06B-7Starting System — Diesel Engine

DIAGNOSIS AND TESTING (Continued)

Component Tests 2. The pinion drive should free-wheel in one
direction and lock to the armature shaft in the

Starter Motor — Load Test other.
NOTE: The batteries must be fully charged before 3. If the pinion drive free-wheels in both
carrying out a starter load test. directions, install a new starter motor.
1. Set the parking brake and shift the transmission

Starter Motor — No-Load Testinto the NEUTRAL position.
1. Connect a fully charged battery to the starter.2. Remove fuse 17 from the engine compartment

fuse box. 2. Connect the alternator, regulator, battery and
starter tester (ARBST) as illustrated.3. Connect the alternator, regulator, battery and

starter tester (ARBST). Follow the 3. Connect a remote starter switch between the
manufacturer’s supplied instructions. starter solenoid Terminal S and the positive

battery terminal post.4. Connect a remote starter switch across the
starter relay S-terminal and the battery positive 4. Press the remote starter switch. The pinion
terminal post. should shift to the crank position and the motor

should run smoothly.5. Turn the ignition switch to the RUN position.
5. While the starter motor is running, record the6. Crank the engine and record the voltmeter

voltmeter and ammeter readings.reading.
6. The voltage reading should be greater than 11.07. Turn the carbon pile control knob until the

volts and the amperage should be no more thanvoltmeter indicates the same reading recorded
170 amps.during cranking the engine. Record the ammeter

reading. 7. If the voltage is lower than specified or
amperage is higher than specified, refer to the8. Compare the ammeter reading with
results chart below to determine possible causespecifications.
and corrective action.

Starter Motor — Drive Pinion Test

1. Rotate the pinion drive clockwise and
counterclockwise.

Starter Motor No-Load Test Results

Condition Possible Sources Action
• Normal Current and Speed • Cranking motor OK. • RECHECK the battery,

switches and wiring,
including voltage drop tests,
if cranking motor operation
on the engine is slow or
sluggish.

• Current Flow with Test • Solenoid contacts stuck • CARRY OUT the Starter
Circuit Switch Open closed. Solenoid Component Test.

• Failure to Operate with Very • Open solenoid winding. • CARRY OUT the Starter
Low or No Current Solenoid Component Test.

• Open field circuit. • INSTALL a new starter
motor.

• Open armature coil(s) or high • INSTALL a new starter
insulation between motor.
commutator bars. 

• Broken brush spring(s) or • INSTALL a new starter
worn brushes. motor.

• Failure to Operate with High • Frozen bearing, or other • INSTALL a new starter
Current damage to drivetrain. motor.

• Direct ground in terminals or • INSTALL a new starter
fields. motor.
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303-06B-8 303-06B-8Starting System — Diesel Engine

DIAGNOSIS AND TESTING (Continued)

Starter Motor No-Load Test Results (Continued)

Condition Possible Sources Action
• Low Speed with High Current • Excessive friction in bushings • INSTALL a new starter

or gear reduction unit, bent motor.
armature shaft or loose pole
shoe, bent driveshaft. 

• Shorted armature. • INSTALL a new starter
motor.

• Grounded armature or fields. • INSTALL a new starter
motor.

• Low Speed with Normal (or • High internal electrical • INSTALL a new starter
Low) Current resistance caused by poor motor.

connections, defective leads
or dirty commutator. 

• Open solenoid winding. • CARRY OUT the Starter
Solenoid Component Test.

• Open field circuit. • INSTALL a new starter
motor.

• Broken brush spring(s) or • INSTALL a new starter
worn brushes. motor.

• High Speed with High • Shorted fields. • INSTALL a new starter
Current motor.

Starter Motor — Motor Feed Circuit Voltage 12. If the reading at the starter solenoid M-terminal
Drop Test is still higher than 0.5 volt or the reading at the

B-terminal is lower, carry out the Starter1. This test is carried out to determine if slow
Solenoid Component Test. If no change iscranking is caused by high resistance in the
noted, install a new positive battery cable lead.starter motor circuit wiring.

2. The voltage drop test can only be carried out Starter Motor — Motor Ground Circuit
with the starter motor on the vehicle. Voltage Drop Test

3. Disconnect the fuel pump electrical connector. NOTE: A slow cranking condition can also be
caused by high resistance in the ground circuit.4. Connect the positive lead of the 73 Digital

Multimeter to the battery positive (+) post, and 1. Disconnect the wiring from the fuel pump
the negative lead to the starter solenoid electrical connector.
M-terminal. 2. Connect the Digital Volt-Ohmmeter positive

5. Connect a remote starter switch between the lead to the starter motor housing.
starter solenoid S-terminal and the positive 3. Connect the Digital Volt-Ohmmeter negative
battery terminal post. lead to the battery negative (-) terminal.

6. Press the remote starter switch and record the 4. Connect a remote starter switch between the
voltage reading. starter solenoid S-terminal and the positive

7. The voltage reading should be 0.5 volt or less. battery terminal post.
A reading higher than 0.5 volt indicates high 5. Press the remote starter switch and record the
resistance. voltage reading.

8. Repeat the test on the starter solenoid 6. The voltage reading should be 0.2 volt or less.
B-terminal. If the voltage reading is higher, remove and

9. If the readings are higher than 0.5 volt, remove clean the negative cable connections at the
the wiring from the starter solenoid. battery, starter motor and the body.

10. Clean and inspect each wire connector and the 7. Retest the system. If readings are still higher
starter solenoid terminal. than 0.2 volt, test each individual negative

cable.11. Install the wires onto the starter solenoid and
retest.
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303-06B-9 303-06B-9Starting System — Diesel Engine

DIAGNOSIS AND TESTING (Continued)

Starter Solenoid • An extremely high resistance reading
indicates a break or fault in winding1. Disconnect the battery negative cable.
continuity. A very low resistance reading

2. Using the Digital Multimeter, check the indicates a short or ground in the winding
windings of the solenoid as follows: circuit. Either condition is cause for
• Measure the resistance between the starter installation of a new solenoid assembly.

motor ground terminal and the solenoid
case. The resistance reading should be
approximately 0.95 ohms.
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303-06B-1 303-06B-1Starting System — Diesel Engine

REMOVAL AND INSTALLATION

5. Disconnect the starter motor electricalStarter Motor
connections.

Removal and Installation

WARNING: When carrying out
maintenance on the starting system, be aware
heavy gauge leads are connected to the battery.
Make sure protective caps are in place when
maintenance is complete.

1. With the vehicle in NEUTRAL position it on a
hoist. For additional information, refer to
Section 100-02.

2. NOTE: The 6.0L diesel uses two frame mount
batteries. The ground path is through the frame. 6. Remove the bolts and the starter.
Disconnect the battery ground cable. For
additional information, refer to Section 414-01.

3. Remove the retaining nut and position the cable
bracket aside.

7. To install, reverse the removal procedure.

• Install the starter bolts finger tight.

• Tighten the upper bolt.

• Tighten the lower bolts.
4. Remove the starter solenoid protective cap.
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303-07A-1 303-07A-1Engine Ignition — 4.6L (2V) and 5.4L (2V)

General Specifications (Continued)
SPECIFICATIONS

Item Specification
General Specifications

Spark plug type 4.6L AGSF-32PM
Item Specification

Lubricant
Base ignition timing 10° before top dead center

Brake Caliper Grease and ESE-M1C171Aand not adjustable
Silicone Dielectric

Firing order 1-3-7-2-6-5-4-8 Compound

Spark plug gap 1.32-1.42 mm
 (0.052-0.056 in.)

Torque Specifications
Spark plug type 5.4L AGSF-22WM

Description Nm lb-ft lb-in(GAS)

Ignition coil bolts 6 — 53Spark plug type 5.4L AGSF-22FM1
(NGV) Spark plugs 14 10 —
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303-07A-1 303-07A-1Engine Ignition — 4.6L (2V) and 5.4L (2V)

DESCRIPTION AND OPERATION

The eight separate ignition coils:Engine Ignition
The electronic ignition (EI) system is a coil-on-plug • change low voltage signals from the PCM to high
(COP) ignition system. The COP ignition system voltage pulses.
consists of the following components: • produce the high voltage pulses to the spark

plugs.• crankshaft position (CKP) sensor
• are connected directly to each spark plug.• ignition coils
The spark plugs:• spark plugs

The CKP sensor: • change a high voltage pulse into a spark which
ignites the fuel and air mixture.• is a variable reluctance sensor.

• originally equipped on the vehicle have a• is triggered by a 36-minus-1 tooth trigger wheel
platinum-enhanced electrode for long life.mounted on the crankshaft.

• provides base timing and crankshaft speed (rpm)
to the powertrain control module (PCM). For
additional information, refer to Section 303-14A.
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303-07A-1 303-07A-1Engine Ignition — 4.6L (2V) and 5.4L (2V)

DIAGNOSIS AND TESTING

Engine Ignition
Refer to the Powertrain Control/Emissions Diagnosis
(PC/ED) manual.
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303-07A-1 303-07A-1Engine Ignition — 4.6L (2V) and 5.4L (2V)

REMOVAL AND INSTALLATION

Ignition Coil-On-Plug

Material

Item Specification

Silicone Brake Caliper ESE-M1C171-A
Grease and Dielectric
Compound
D7AZ-19A331-A or
equivalent

Removal and Installation

1. Remove the engine cover. For additional
5. To install, reverse the removal procedure.information, refer to Section 501-05.

• Apply Dielectric compound to the inside of
2. Remove the air cleaner assembly. For additional the coil boots.

information, refer to Section 303-12.

3. Disconnect the ignition coil electrical connector.

4. Remove the bolt and the ignition coil.
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303-07A-1 303-07A-1Engine Ignition — 4.6L (2V) and 5.4L (2V)

REMOVAL AND INSTALLATION

4. To install, reverse the removal procedure.Spark Plugs

Removal and Installation

1. Remove the ignition coil. For additional
information, refer to Ignition Coil-On-Plug in
this section.

2. NOTE: Remove any foreign material from the
spark plug wells with compressed air before
removing the spark plugs.

Remove the spark plugs.

3. Inspect the spark plugs. For additional
information, refer to Section 303-00.
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303-07B-1 303-07B-1Engine Ignition — 6.8L

General Specifications (Continued)
SPECIFICATIONS

Item Specification
General Specifications

Lubricant
Item Specification

Brake Caliper Grease and ESE-M1C171A
Base ignition timing 10° before top dead center Silicone Dielectric

and not adjustable Compound

Firing order 1-6-5-10-2-7-3-8-4-9

Spark plug gap 1.32-1.42 mm Torque Specifications
 (0.052-0.056 in)

Description Nm lb-ft lb-in
Spark plug type AGSF-22WM

Ignition coil bolts 6 — 53

Spark plugs 14 10 —
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303-07B-1 303-07B-1Engine Ignition — 6.8L

DESCRIPTION AND OPERATION

The 10 separate ignition coils:Engine Ignition
The electronic ignition (EI) system is a coil-on-plug • change low voltage signals from the PCM to high
(COP) ignition system. The COP ignition system voltage pulses.
consists of the following components: • produce the high voltage pulses to the spark

plugs.• crankshaft position (CKP) sensor
• are connected directly to each spark plug.• ignition coils
The spark plugs:• spark plugs

The CKP sensor: • change a high voltage pulse into a spark which
ignites the fuel and air mixture.• is a variable reluctance sensor.

• originally equipped on the vehicle have a• is triggered by a 40-minus-1 tooth trigger wheel
platinum-enhanced electrode for long life.mounted on the crankshaft.

• provides base timing and crankshaft speed (rpm)
to the powertrain control module (PCM). For
additional information, refer to Section 303-14A.
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303-07B-1 303-07B-1Engine Ignition — 6.8L

DIAGNOSIS AND TESTING

Engine Ignition
Refer to the Powertrain Control/Emissions Diagnosis
(PC/ED) manual.
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303-07B-1 303-07B-1Engine Ignition — 6.8L

REMOVAL AND INSTALLATION

Ignition Coil-On-Plug

Material

Item Specification

Silicone Brake Caliper ESE-M1C171-A
Grease and Dielectric
Compound
D7AZ-19A331-A or
equivalent

Removal and Installation

1. Remove the engine cover. For additional
5. To install, reverse the removal procedure.information, refer to Section 501-05.

• Apply Dielectric compound to the inside of
2. Remove the air cleaner assembly. For additional the coil boots.

information, refer to Section 303-12.

3. Disconnect the ignition coil electrical connector.

4. Remove the bolt and the ignition coil.
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303-07B-1 303-07B-1Engine Ignition — 6.8L

REMOVAL AND INSTALLATION

4. To install, reverse the removal procedure.Spark Plugs

Removal and Installation

1. Remove the ignition coil. For additional
information, refer to Ignition Coil-On-Plug in
this section.

2. NOTE: Remove any foreign material from the
spark plug wells with compressed air before
removing the spark plugs.

Remove the spark plugs.

3. Inspect the spark plugs. For additional
information, refer to Section 303-00.
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303-07C-1 303-07C-1Glow Plug System

Torque Specifications
SPECIFICATIONS

Description Nm lb-ft
General Specifications

Glow plug 19 14
Item Specification

Glow plug relay 11 8
Lubricants and Sealants

SAE 15W-40 Super Duty WSS-M2C171-B
Motor Oil
XO-15W-40-QSD or
equivalent

Threadlock 262 TA-26 or WSK-M2G351-A6
equivalent
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303-07C-1 303-07C-1Glow Plug System

DESCRIPTION AND OPERATION
Glow Plugs — PCM-ControlledGlow Plug System

Glow Plug Control Module

The glow plugs are located in the cylinder heads,
under the glow plug buss bar.The 6.0L diesel engine uses a glow plug system that

preheats air in the combustion chamber to improve The glow plugs are self-regulating. If the engine oil
cold engine starting. temperature is above 55°C (131°F), the PCM will

bulb-check the WAIT TO START lamp but notThe system consists of:
energize the glow plug relay.

• glow plugs.
The glow plug ON time varies from 0-120 seconds

• glow plug control module. depending on battery voltage, engine oil temperature
• powertrain control module (PCM). and barometric pressure.

• engine oil temperature (EOT) sensor. The glow plug control monitor (GPCM) system is
designed to find failed glow plugs or failed wiring• barometric pressure sensor (BARO sensor).
in the glow plug system.

The glow plug monitor system is part of the
On-Board Diagnostics II (OBD II) System.

The glow plug system is electronically controlled by
the PCM. If the oil temperature is below 55°C
(131°F), the PCM will energize the glow plugs
immediately after the key is placed in the ON
position. Then, depending on the readings  from the
EOT sensor and the BARO sensor, the PCM
determines how long the glow plugs will be on.
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303-07C-1 303-07C-1Glow Plug System

DIAGNOSIS AND TESTING

Glow Plug System
Refer to the Powertrain Control/Emissions Diagnosis
(PC/ED) manual.

Copyright  2003, Ford Motor Company
Last updated: 10/24/2003 2004 E-Series, 12/2003 



303-07C-1 303-07C-1Glow Plug System

REMOVAL AND INSTALLATION

Glow Plug

Special Tool(s)

Remover/Installer, Glow Plug
Connector
303-1114

Material

Item Specification 3. Remove the power steering fluid indicator and
retainers. Remove the power steering reservoirSAE 15W-40 Super Duty WSS-M2C171-D

Motor Oil mounting bracket. Install the power steering
XO-15W40-QSD or fluid indicator and position the power steering
equivalent reservoir aside.

Removal

No. 2 glow plug

1. Remove the retainers and the air deflector.

4. Disconnect the coolant hoses from the air
cleaner outlet pipe.

2. Remove the power steering reservoir bracket
retainers.
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303-07C-2 303-07C-2Glow Plug System

REMOVAL AND INSTALLATION (Continued)

5. NOTE: Air cleaner side shown, engine side 8. CAUTION: Do not pull on the wiring
similar. to remove the glow plug connector or

damage may occur.Loosen the clamps and remove the air cleaner
outlet pipe. NOTE: The Glow Plug Connector

Remover/Installer does not work on all
connectors.

NOTE: Only one glow plug connector shown.

NOTE: Only the No. 2 glow plug is accessed
from under the hood.

Using the special tool, remove the glow plug
harness as needed.

6. Disconnect the powertrain control module
(PCM) electrical connectors.

9. NOTE: If coolant residue is found on the glow
plug, a new glow plug sleeve may have to be
installed. For additional information, refer to
Glow Plug Sleeve in this section.

Remove the glow plug.

7. Remove the bolt and PCM.

No. 7 and 8 glow plugs

10. Remove the engine cover. For additional
information, refer to Section 501-05.
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303-07C-3 303-07C-3Glow Plug System

REMOVAL AND INSTALLATION (Continued)

11. CAUTION: Do not pull on the wiring 14. CAUTION: Do not pull on the wiring
to remove the glow plug connector or to remove the glow plug connector or
damage may occur. damage may occur.

NOTE: The Glow Plug Connector NOTE: The Glow Plug Connector
Remover/Installer does not work on all Remover/Installer does not work on all
connectors. connectors.

NOTE: Only one glow plug connector shown. NOTE: Only one glow plug connector shown.

NOTE: The No. 7 and 8 glow plugs are NOTE: The No. 1, 3 and 5 glow plugs are
accessed from the inside the vehicle. accessed through the wheel well.

Using the special tool, remove the glow plug Using the special tool, remove the glow plug
harness as needed. harness as needed.

12. NOTE: If coolant residue if found on the glow 15. NOTE: If coolant residue is found on the glow
plug, a new glow plug sleeve may have to be plug, a new glow plug sleeve may have to be
installed. For additional information, refer to installed. For additional information, refer to
Glow Plug Sleeve in this section. Glow Plug Sleeve in this section.

Remove the glow plug. Remove the glow plug

No. 1, 3 and 5 glow plugs No. 4 and 6 glow plugs

13. With the vehicle in NEUTRAL, position it on a 16. Remove the LH exhaust manifold. For
hoist. For additional information, refer to additional information, refer to Section
Section 100-02. 303-01C.
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303-07C-4 303-07C-4Glow Plug System

REMOVAL AND INSTALLATION (Continued)

17. CAUTION: Do not pull on the wiring
to remove the glow plug connector or
damage may occur.

NOTE: The Glow Plug Connector
Remover/Installer does not work on all
connectors.

NOTE: Only one glow plug connector shown.

NOTE: The No. 4 and 6 glow plugs are
accessed from under the vehicle.

Using the special tool, remove the glow plug
harness as needed.

2. Clean the O-ring seals and apply clean engine
oil.

18. NOTE: If coolant residue is found on the glow
plug, a new glow plug sleeve may have to be
installed. For additional information, refer to 3. Using the special tool, install the glow plug
Glow Plug Sleeve in this section. harness.
Remove the glow plug.

4. Install the LH exhaust manifold. For additional
Installation information, refer to Section 303-01C.

No. 4 and 6 glow plugs

1. Install the glow plug.
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303-07C-5 303-07C-5Glow Plug System

REMOVAL AND INSTALLATION (Continued)

No. 1, 3 and 5 glow plugs

5. Install the glow plug.

9. Clean the O-ring seals and apply clean engine
oil.

6. Clean the O-ring seals and apply clean engine
oil.

10. Using the special tool, install the glow plug
harness.

7. Using the special tool, install the glow plug
harness.

11. Install the engine cover. For additional
information, refer to Section 501-05.

No. 7 and 8 glow plugs

8. Install the glow plug.
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303-07C-6 303-07C-6Glow Plug System

REMOVAL AND INSTALLATION (Continued)

No. 2 glow plug 15. Install the PCM and bolt.

12. Install the glow plug.

16. Connect the PCM electrical connectors.

13. Clean the O-ring seals and apply clean engine
oil.

17. NOTE: Air cleaner side shown, engine side
similar.

Install the air cleaner outlet pipe and tighten the
14. Using the special tool, install the glow plug clamps.

harness.
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303-07C-7 303-07C-7Glow Plug System

REMOVAL AND INSTALLATION (Continued)

18. Connect the coolant hoses to the air cleaner 20. Install the power steering reservoir bracket
outlet pipe. retainers.

19. Remove the power steering fluid indicator. 21. Position the air deflector and install the
Position the power steering reservoir mounting retainers.
bracket. Install the retainers and power steering
fluid indicator.
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303-07C-1 303-07C-1Glow Plug System

REMOVAL AND INSTALLATION

Glow Plug Module

Removal and Installation

1. Disconnect the battery ground cable. For
additional information, refer to Section 414-01.

2. Remove the engine cover. For additional
information, refer to Section 501-05.

3. Disconnect the glow plug module electrical
connectors.

5. To install, reverse the removal procedure.

4. Remove the nuts and the glow plug module.

Copyright  2003, Ford Motor Company
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303-07C-1 303-07C-1Glow Plug System

REMOVAL AND INSTALLATION

Glow Plug Sleeve

Special Tool(s)

Remover, Glow Plug Sleeve
303-764

Installer, Glow Plug Sleeve
303-763

4. Install the glow plug sleeve removal tool into
the threaded sleeve and tighten. Use a wrench
to thread the tool into the sleeve until the
sleeve is extracted.

Material

Item Specification

Threadlock 262 TA-26 WSK-M2G351-A6
or equivalent

SAE 15W-40 Super Duty WSS-M2C171-B
Motor Oil
XO-15W40-QSD or
equivalent

Removal

1. NOTE: To install new glow plug sleeves, the
cylinder heads must be removed from the 5. Clean the glow plug bore with a stiff wire
vehicle. brush. Use filtered compressed air to remove

foreign material from the glow plug recess.Remove the cylinder heads from the engine.
For additional information, refer to Section
303-01C.

2. Remove the lifting bracket from the cylinder
head.

3. NOTE: The glow plug sleeve is made of
stainless steel. The glow plug sleeve removal
tap must be lubricated. Otherwise, excessive
force will be needed to start the tap, which may
result in damage to the tap.

Thread the glow plug sleeve removal tap into
the glow plug sleeve.
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303-07C-2 303-07C-2Glow Plug System

REMOVAL AND INSTALLATION (Continued)

Installation

1. Verify that the glow plug bore is completely
clean and dry.

2. Apply Threadlock 262 sealant to the glow plug
sleeve in the two places shown.

4. Clean the glow plug sleeve after installation
with a nylon brush and solvent. Make sure
Threadlock 262 sealant is cleaned out before it
hardens.

5. Install the lifting bracket on the cylinder head.

6. Install the cylinder heads. For additional
information, refer to Section 303-01C.3. Install the glow plug sleeve into the glow plug

bore until it bottoms.
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303-00-1 303-00-1Engine System — General Information

General Specifications (Continued)
SPECIFICATIONS

Item Specification
General Specifications

Gasoline Engine Oil Dye —
Item Specification 164-R3705

Lubricants and Sealants Threadlock 262 TA-26 WSK-M2G351-A6

Motorcraft SAE 5W-20 WSS-M2C930-A
Premium Synthetic Blend
Motor Oil XO-5W20-QSP
(US); Motorcraft SAE
5W-20 Super Premium
Motor Oil
CXO-5W20-LSP12
(Canada); or equivalent
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303-00-1 303-00-1Engine System — General Information

DESCRIPTION AND OPERATION

• an exhaust emission control system. Refer toEngine
Section 303-08.

CAUTION: When repairing engines, all
• an evaporative emission control system. Refer toparts must be contamination free. If

Section 303-13.contamination/foreign material is present when
Some engines incorporate a fail-safe cooling system.repairing an engine, premature engine failure
Refer to the appropriate section in Group 303 forcan occur.
the procedure.NOTE: This section contains information, steps and
The engine, fuel system, ignition system, emissionsprocedures that may not be specific to your engine.
system and exhaust system all affect exhaustThis section covers general procedures and
emission levels and must be maintained accordingdiagnosis and testing of the engine system, except
to the maintenance schedule. Refer to the scheduledfor exhaust emission control devices, which are
Maintenance Guide.covered in the Powertrain Control/Emissions
Correct engine identification is required to orderDiagnosis (PC/ED) manual.
parts. Refer to the appropriate section in Group 303The engine incorporates the following features:
for the procedure.

• a closed positive crankcase ventilation (PCV) For complete vehicle and engine identification
system. Refer to Section 303-08. codes, refer to Section 100-01.
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303-00-1 303-00-1Engine System — General Information

DIAGNOSIS AND TESTING
Special Tool(s)Engine

UV Leak Detector Kit
Special Tool(s) 164-R0756 or equivalent

Commercially Available
Leakdown Tester
—

Vacuum/Pressure Tester
164-R0253 or equivalent

Quick Disconnect Compression
Tester
134-R0212 or equivalent

Material

Item SpecificationDial Indicator Gauge Adapter
303-007 (TOOL-6565-AB) or Gasoline Engine Oil Dye ESE-M99C103-B1
equivalent 164-R3705 or equivalent

Engine Oil Refer to owner literature

Inspection and Verification
1. Verify the customer concern by operating the

engine to duplicate the condition.Dial Indicator Gauge with
Holding Fixture 2. Visually inspect for obvious signs of
100-002 (TOOL-4201-C) or

mechanical damage. Refer to the followingequivalent
chart.

Visual Inspection Chart

Mechanical
Engine Cylinder Leak

• Engine coolant leaksDetection/Air Pressurization Kit
• Engine oil leaks014-00708 or equivalent
• Fuel leaks
• Damaged or severely worn parts
• Loose mounting bolts, studs and nuts

3. If the inspection reveals obvious concerns that
Oil Pressure Gauge can be readily identified, repair as necessary.
303-088 (T73L-6600-A)

4. If the concerns remain after the inspection,
determine the symptoms. GO to Symptom
Chart.

(Continued)
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303-00-2 303-00-2Engine System — General Information

DIAGNOSIS AND TESTING (Continued)

Symptom Chart

Symptom Chart

Condition Possible Sources Action
• Difficult starting • Damaged ignition system. • Refer to the appropriate

section in Group 303 for the
procedure. REFER to the
Powertrain Control/Emissions
Diagnosis (PC/ED) manual.

• Damaged fuel system. • Refer to the appropriate
section in Group 303 for the
procedure. REFER to the
Powertrain Control/Emissions
Diagnosis (PC/ED) manual.

• Damaged starting system. • Refer to the appropriate
section in Group 303 for the
procedure. REFER to the
Powertrain Control/Emissions
Diagnosis (PC/ED) manual.

• Damaged charging • REFER to Section 414-00.
system/battery.

• Burnt valve. • INSTALL a new valve.
• Worn piston. • INSTALL a new piston.
• Worn piston rings. • INSTALL new piston rings.
• Worn cylinder. • REPAIR or INSTALL a new

cylinder block.
• Damaged head gasket. • INSTALL a new head gasket.
• Damaged cooling system. • Refer to the appropriate

section in Group 303 for the
procedure. REFER to the
Powertrain Control/Emissions
Diagnosis (PC/ED) manual.

• Poor idling • Vacuum leaks. • Refer to the appropriate
section in Group 303 for the
procedure. REFER to the
Powertrain Control/Emissions
Diagnosis (PC/ED) manual.

• Malfunctioning or damaged • Refer to the appropriate
ignition system. section in Group 303 for the

procedure. REFER to the
Powertrain Control/Emissions
Diagnosis (PC/ED) manual.

• Malfunctioning or damaged • Refer to the appropriate
fuel system. section in Group 303 for the

procedure. REFER to the
Powertrain Control/Emissions
Diagnosis (PC/ED) manual.

• Damaged hydraulic lash • INSTALL a new hydraulic
adjuster. lash adjuster.

• Incorrect valve-to-valve seat • REPAIR or INSTALL a new
contact. valve or valve seat.

• Damaged head gasket. • INSTALL a new head gasket.
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303-00-3 303-00-3Engine System — General Information

DIAGNOSIS AND TESTING (Continued)

Symptom Chart (Continued)

Condition Possible Sources Action
• Abnormal combustion • Malfunctioning or damaged • Refer to the appropriate

fuel system. section in Group 303 for the
procedure. REFER to the
Powertrain Control/Emissions
Diagnosis (PC/ED) manual.

• Malfunctioning or damaged • Refer to the appropriate
ignition system. section in Group 303 for the

procedure. REFER to the
Powertrain Control/Emissions
Diagnosis (PC/ED) manual.

• Malfunctioning or damaged • Refer to the appropriate
air intake system. section in Group 303 for the

procedure. REFER to the
Powertrain Control/Emissions
Diagnosis (PC/ED) manual.

• Damaged hydraulic lash • INSTALL a new hydraulic
adjuster. lash adjuster.

• Burnt or sticking valve. • REPAIR or INSTALL a new
valve.

• Weak or broken valve spring. • INSTALL a new valve
spring.

• Carbon accumulation in • ELIMINATE carbon buildup.
combustion chamber.

• Excessive oil consumption • Leaking oil. • REPAIR oil leakage.
• Malfunctioning PCV system. • REPAIR or INSTALL new

necessary components.
• Worn valve stem seal. • INSTALL a new valve stem

seal.
• Worn valve stem or valve • INSTALL a new valve and

guide. valve guide.
• Sticking piston rings. • REPAIR or INSTALL new

piston rings.
• Worn piston ring groove. • INSTALL a new piston and

piston pin.
• Worn piston or cylinder. • REPAIR or INSTALL a new

piston or cylinder block. 
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303-00-4 303-00-4Engine System — General Information

DIAGNOSIS AND TESTING (Continued)

Symptom Chart (Continued)

Condition Possible Sources Action
• Engine noise • Leaking exhaust system. • REPAIR exhaust leakage.

• Incorrect drive belt tension. • REFER to Section 303-05.
• Malfunctioning generator • Refer to the appropriate

bearing. section in Group 414 for the
procedure.

• Malfunctioning coolant pump • REFER to Section 303-03.
bearing.

• Malfunctioning or damaged • REFER to Section 303-03.
cooling system.

• Malfunctioning or damaged • Refer to the appropriate
fuel system. section in Group 303 for the

procedure. REFER to the
Powertrain Control/Emissions
Diagnosis (PC/ED) manual.

• Loose timing chain/belt. • ADJUST or INSTALL a new
timing chain/belt.

• Damaged timing chain • INSTALL a new timing chain
tensioner. tensioner.

• Excessive main bearing • CAUTION: Remove the
clearance. cylinder heads before

removing the crankshaft.
Failure to do so can result
in engine damage.
INSTALL a new crankshaft
main bearing.

• Seized or heat damaged • INSTALL a new crankshaft
crankshaft main bearing. main bearing.

• Excessive crankshaft end • INSTALL a new thrust
play. bearing or crankshaft.

• Excessive connecting rod • INSTALL a new connecting
bearing clearance. rod bearing or connecting

rod.
• Heat damaged connecting rod • INSTALL a new connecting

bearing. rod bearing.
• Damaged connecting rod • INSTALL a new connecting

bushing. rod bushing.
• Worn cylinder. • REPAIR or INSTALL a new

cylinder block.
• Worn piston or piston pin. • INSTALL a new piston or

piston pin.
• Damaged piston rings. • INSTALL new piston rings.
• Bent connecting rod. • INSTALL a new connecting

rod.
• Malfunctioning hydraulic lash • INSTALL a new hydraulic

adjuster. lash adjuster.
• Broken valve spring. • INSTALL a new valve

spring.
• Excessive valve guide • ADJUST clearance or

clearance. INSTALL a new valve guide
or valve.
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303-00-5 303-00-5Engine System — General Information

DIAGNOSIS AND TESTING (Continued)

Symptom Chart (Continued)

Condition Possible Sources Action
• Insufficient power • Malfunctioning or damaged • Refer to the appropriate

ignition system. section in Group 303 for the
procedure. REFER to the
Powertrain Control/Emissions
Diagnosis (PC/ED) manual.

• Malfunctioning or damaged • Refer to the appropriate
fuel system. section in Group 303 for the

procedure. REFER to the
Powertrain Control/Emissions
Diagnosis (PC/ED) manual.

• Malfunctioning or damaged • Refer to the appropriate
air intake system. section in Group 303 for the

procedure. REFER to the
Powertrain Control/Emissions
Diagnosis (PC/ED) manual.

• Damaged or plugged exhaust • INSPECT exhaust system.
system.

• Incorrect tire size. • REFER to Section 204-04.
• Dragging brakes. • REFER to Section 206-00.
• Slipping transmission. • Refer to the appropriate

section in Group 307 for the
procedure.

• Malfunctioning hydraulic lash • INSTALL a new hydraulic
adjuster. lash adjuster.

• Compression leakage at valve • REPAIR or INSTALL a new
seat. valve, valve seat or cylinder

head.
• Seized valve stem. • INSTALL a new valve.
• Weak or broken valve spring. • INSTALL a new valve

spring.
• Worn or damaged camshaft. • INSTALL a new camshaft.
• Damaged head gasket. • INSTALL a new head gasket.
• Cracked or distorted cylinder • INSTALL a new cylinder

head. head.
• Damaged, worn or sticking • REPAIR or INSTALL a new

piston ring(s). piston ring(s).
• Worn or damaged piston. • INSTALL a new piston and

piston pin.

Component Tests 1. Add gasoline engine oil dye. Use a minimum
14.8 ml (0.5 ounce) to a maximum 29.6 ml (1

Engine Oil Leaks ounce) of fluorescent additive to all engines. If
NOTE: When diagnosing engine oil leaks, the the oil is not premixed, fluorescent additive
source and location of the leak must be positively must first be added to crankcase.
identified prior to repair. 2. Run the engine for 15 minutes. Stop the engine
Prior to carrying out this procedure, clean all and inspect all seal and gasket areas for leaks
sealing surface areas with a suitable solvent to using the UV Leak Detector Kit. A clear bright
remove all traces of oil. yellow or orange area will identify the leak. For

extremely small leaks, several hours may be
Engine Oil Leaks — Fluorescent Oil Additive required  for the leak to appear.
Method

Use the UV Leak Detector Kit to carry out the
following procedure for oil leak diagnosis.
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303-00-6 303-00-6Engine System — General Information

DIAGNOSIS AND TESTING (Continued)

Leakage Points — Underhood Oil leaks at crimped seams in sheet metal parts and
cracks in cast or stamped parts can be detectedExamine the following areas for oil leakage:
when using the dye method.

• valve cover gaskets
Compression Test — Compression• intake manifold gaskets Gauge Check

• cylinder head gaskets
1. Make sure the oil in the crankcase is of the

• oil bypass filter correct viscosity and at the correct level and
that the battery is correctly charged. Operate the• oil filter adapter
vehicle until the engine is at normal operating• engine front cover
temperature. Turn the ignition switch to the

• oil filter adapter and filter body OFF  position, then remove all the spark plugs.
• oil level indicator tube connection 2. Set the throttle plates in the wide-open position.
• oil pressure sensor 3. Install a compression gauge such as the

Compression Tester in the No. 1 cylinder.Leakage Points — Under Engine — With
Vehicle on Hoist 4. Install an auxiliary starter switch in the starting

circuit. With the ignition switch in the OFF
• oil pan gaskets position, and using the auxiliary starter switch,
• oil pan sealer crank the engine a minimum of five

compression strokes and record the highest• oil pan rear seal
reading. Note the  approximate number of• engine front cover gasket
compression strokes required to obtain the

• crankshaft front seal highest reading.
• crankshaft rear oil seal 5. Repeat the test on each cylinder, cranking the

engine approximately the same number of• crankshaft main bearing cap side bolts
compression strokes.• oil filter adapter and filter body 

• oil cooler, if equipped Compression Test — Test Results

The indicated compression pressures are consideredLeakage Points — With Transmission and
within specification if the lowest reading cylinder isFlywheel Removed
at least 75 percent of the highest reading. Refer to

• crankshaft rear oil seal the Compression Pressure Limit Chart.
• rear main bearing cap parting line

• rear main bearing cap and seals

• flywheel mounting bolt holes (with flywheel
installed)

• camshaft rear bearing covers or pipe plugs at the
end of oil passages

Compression Pressure Limit Chart

Maximum Minimum Maximum Minimum Maximum Minimum Maximum Minimum
Pressure Pressure Pressure Pressure Pressure Pressure Pressure Pressure

924 kPa 696 kPa 1131 kPa 848 kPa 1338 kPa 1000 kPa 1544 kPa 1158 kPa
(134 psi) (101 psi) (164 psi) (123 psi) (194 psi) (146 psi) (224 psi) (168 psi)

938 kPa 703 kPa 1145 kPa 855 kPa 1351 kPa 1014 kPa 1558 kPa 1165 kPa
(136 psi) (102 psi) (166 psi) (124 psi) (196 psi) (147 psi) (226 psi) (169 psi)

952 kPa 717 kPa 1158 kPa 869 kPa 1365 kPa 1020 kPa 1572 kPa 1179 kPa
(138 psi) (104 psi) (168 psi) (126 psi) (198 psi) (148 psi) (228 psi) (171 psi)
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303-00-7 303-00-7Engine System — General Information

DIAGNOSIS AND TESTING (Continued)

Compression Pressure Limit Chart (Continued)

Maximum Minimum Maximum Minimum Maximum Minimum Maximum Minimum
Pressure Pressure Pressure Pressure Pressure Pressure Pressure Pressure

965 kPa 724 kPa 1172 kPa 876 kPa 1379 kPa 1034 kPa 1586 kPa 1186 kPa
(140 psi) (106 psi) (170 psi) (127 psi) (200 psi) (150 psi) (230 psi) (172 psi)

979 kPa 738 kPa 1186 kPa 889 kPa 1303 kPa 1041 kPa 1600 kPa 1200 kPa
(142 psi) (107 psi) (172 psi) (129 psi) (202 psi) (151 psi) (232 psi) (174 psi)

933 kPa 745 kPa 1200 kPa 903 kPa 1407 kPa 1055 kPa 1055 kPa 1207 kPa
(144 psi) (109 psi) (174 psi) (131 psi) (204 psi) (153 psi) (153 psi) (175 psi)

1007 kPa 758 kPa 1214 kPa 910 kPa 1420 kPa 1062 kPa 1627 kPa 1220 kPa
(146 psi) (110 psi) (176 psi) (132 psi) (206 psi) (154 psi) (154 psi) (177 psi)

1020 kPa 765 kPa 1227 kPa 917 kPa 1434 kPa 1075 kPa 1641 kPa 1227 kPa
(148 psi) (111 psi) (178 psi) (133 psi) (208 psi) (156 psi) (238 psi) (178 psi)

1034 kPa 779 kPa 1241 kPa 931 kPa 1448 kPa 1083 kPa 1655 kPa 1241 kPa
(150 psi) (113 psi) (180 psi) (135 psi) (210 psi) (157 psi) (240 psi) (180 psi)

1048 kPa 786 kPa 1255 kPa 936 kPa 1462 kPa 1089 kPa 1669 kPa 1248 kPa
(152 psi) (114 psi) (182 psi) (136 psi) (212 psi) (158 psi) (242 psi) (181 psi)

1062 kPa 793 kPa 1269 kPa 952 kPa 1476 kPa 1103 kPa 1682 kPa 1262 kPa
(154 psi) (115 psi) (184 psi) (138 psi) (214 psi) (160 psi) (244 psi) (183 psi)

1076 kPa 807 kPa 1282 kPa 965 kPa 1489 kPa 1117 kPa 1696 kPa 1269 kPa
(156 psi) (117 psi) (186 psi) (140 psi) (216 psi) (162 psi) (246 psi) (184 psi)

1089 kPa 814 kPa 1296 kPa 972 kPa 1503 kPa 1124 kPa 1710 kPa 1202 kPa
(158 psi) (118 psi) (188 psi) (141 psi) (218 psi) (163 psi) (248 psi) (186 psi)

1103 kPa 827 kPa 1310 kPa 979 kPa 1517 kPa 1138 kPa 1724 kPa 1289 kPa
(160 psi) (120 psi) (190 psi) (142 psi) (220 psi) (165 psi) (250 psi) (187 psi)

1110 kPa 834 kPa 1324 kPa 993 kPa 1631 kPa 1145 kPa — —
(161 psi) (121 psi) (192 psi) (144 psi) (222 psi) (166 psi)

Cylinder Leakage DetectionIf one or more cylinders reads low, squirt
approximately one tablespoon of engine oil on top When a cylinder produces a low reading, use of the
of the pistons in the low-reading cylinders. Repeat Engine Cylinder Leak Detection/Air Pressurization
the compression pressure check on these cylinders. Kit will be helpful in pinpointing the exact cause.

The leakage detector is inserted in the spark plugCompression Test — Interpreting
hole, the piston is brought up to dead center on theCompression Readings
compression stroke, and compressed air is admitted.1. If compression improves considerably, piston
Once the combustion chamber is pressurized, arings are faulty.
special gauge included in the kit will read the2. If compression does not improve, valves are
percentage of leakage. Leakage exceeding 20sticking or seating incorrectly.
percent is excessive.

3. If two adjacent cylinders indicate low
compression pressures and squirting oil on each
piston does not increase compression, the head
gasket may be leaking between cylinders.
Engine oil or coolant in cylinders could result
from this condition.

Use the Compression Pressure Limit Chart
when checking cylinder compression so that the
lowest reading is within 75 percent of the
highest reading.
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DIAGNOSIS AND TESTING (Continued)

While the air pressure is retained in the cylinder, 6. Carry out an oil consumption test:
listen for the hiss of escaping air. A leak at the

a. Drain the engine oil, remove the oil bypassintake valve will be heard in the throttle body. A
filter and refill with one liter (quart) lessleak at the exhaust valve can be heard at the tail
than the recommended amount.pipe. Leakage past the piston rings  will be audible

b. Run the engine for three minutes (10at the positive crankcase ventilation (PCV)
minutes if cold), and allow the oil to drainconnection. If air is passing through a blown head
back for at least five minutes with thegasket to an adjacent cylinder, the noise will be
vehicle on a level surface.evident at the spark plug hole of the cylinder into

which the air is leaking. Cracks in  the cylinder c. Remove oil level dipstick and wipe clean.
block or gasket leakage into the cooling system may (Do not wipe with anything contaminated
be detected by a stream of bubbles in the radiator. with silicone compounds.) Reinstall the oil

level dipstick, being sure to seat it firmlyOil Consumption Test in the oil level indicator tube. Remove the
The following diagnostic procedure is used to oil level dipstick and draw a  mark on the
determine the source of excessive internal oil back (unmarked) surface at the indicated
consumption. oil level. This level should be about the

same as the MIN or ADD mark on the1. NOTE: Oil use is normally greater during the
face of the oil level dipstick.first 16,100 km (10,000 miles) of service. As

mileage increases, oil use generally decreases. d. Add one liter (quart) of oil. Restart the
High speed driving, towing, high ambient engine and allow to idle for at least two
temperature and other factors may result in minutes. Shut off the engine and allow the
greater oil use. oil to drain back for at least five minutes.

Mark the oil level dipstick, using theDefine excessive oil consumption, such as the
procedure above.number of miles driven per liter (quart) of oil

used. Also determine customer’s driving habits, e. Record the vehicle mileage.
such as sustained high speed operation, towing, f. Instruct the customer to drive the vehicle
extended idle and other considerations. as usual and perform the following:

2. Verify that the engine has no external oil leak — Check the oil level regularly at
as described under Engine Oil Leaks in the intervals of 160 to 240 km (100-150
Diagnosis and Testing portion of this section. miles).

3. Verify that the engine has the correct oil level — Return to the service point when the oil
dipstick. level drops below the lower (MIN or

4. Verify that the engine is not being run in an ADD) mark on the oil level dipstick.
overfilled condition. Check the oil level at least — Add only full liters (quarts) of the same
five minutes after a hot shutdown with the oil in an emergency. Note the mileage
vehicle parked on a level surface. In no case at which the oil is added.
should the level be above MAX or the letter F
in FULL. If  significantly overfilled, carry out
Steps 6a through 6d.

5. Verify the spark plugs are not oil saturated. If
the spark plugs are oil saturated and
compression is good it can be assumed the
valve seals or valve guides are at fault.
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DIAGNOSIS AND TESTING (Continued)

g. Check the oil level under the same b. Check piston ring clearance, ring gap and
conditions and at the same location as in ring orientation. Repair as necessary.
Steps 6c and 6d. c. Check for excessive bearing clearance.
— Measure the distance from the oil level Repair as necessary.

to the UPPER mark on the oil level 13. Repeat the oil consumption test (Step 6) to
dipstick and record. confirm the oil consumption concern has been

— Measure the distance between the two resolved.
scribe marks and record. 

Intake Manifold Vacuum Test
— Divide the first measurement by the

Bring the engine to normal operating temperature.second.
Connect the Vacuum/Pressure Tester to the intake

— Divide the distance driven during the manifold. Run the engine at the specified idle speed.
oil test by the result. This quantity is

The vacuum gauge should read between 51-74 kPathe approximate oil consumption rate in
(15-22 in-Hg) depending upon the engine conditionkilometers per liter or in miles per
and the altitude at which the test is performed.quart.
Subtract 4.0193 kPa (1 in-Hg) from the specified

h. If the oil consumption rate is unacceptable, reading for every 304.8 m (1,000 feet) of  elevation
go to Step 7. above sea level.

7. Check the positive crankcase ventilation (PCV) The reading should be steady. If necessary, adjust
system. Make sure the system is not plugged. the gauge damper control (where used) if the needle

8. Check for plugged oil drain-back holes in the is fluttering rapidly. Adjust the damper until the
cylinder heads and cylinder block. needle moves easily without excessive flutter.

9. If the condition still exists after performing the Intake Manifold Vacuum Test — Interpreting
above steps, go to Step 10. Vacuum Gauge Readings

10. Perform a cylinder compression test or perform A careful study of the vacuum gauge reading while
a cylinder leak detection test with Engine the engine is idling will help pinpoint trouble areas.
Cylinder Leak Detection/Air Pressurization Kit. Always conduct other appropriate tests before
This can help determine the source of oil arriving at a final diagnostic decision. Vacuum
consumption such as valves, piston rings or gauge readings, although helpful, must be
other areas. interpreted carefully.

11. NOTE: After determining if new parts should Most vacuum gauges have a normal band indicated
be installed, make sure correct parts are used. on the gauge face.
Check valve guides for excessive guide
clearance. Install new all valve stem seals after
verifying valve guide clearance.

12. Worn or damaged internal engine components
can cause excessive oil consumption. Small
deposits of oil on the tips of spark plugs can be
a clue to internal oil consumption. If internal oil
consumption still persists, proceed as follows:

a. Remove the engine from the vehicle and
place it on an engine work stand. Remove
the intake manifold, cylinder heads, oil pan
and oil pump.
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DIAGNOSIS AND TESTING (Continued)

The following are potential gauge readings. Some 5. STICKING VALVES: When the needle (dotted)
are normal; others should be investigated further. remains steady at a normal vacuum but

occasionally flicks (sharp, fast movement) down
and back about 13 kPa (4 in-Hg), one or more
valves may be sticking.

6. BURNED OR WARPED VALVES: A regular,
evenly-spaced, downscale flicking of the needle
indicates one or more burned or warped valves.
Insufficient hydraulic lash adjuster or hydraulic
lash adjuster (HLA) clearance will also cause
this reaction.

7. POOR VALVE SEATING: A small but regular
downscale flicking can mean one or more
valves are not seating.

8. WORN VALVE GUIDES: When the needle
oscillates over about a 13 kPa (4 in-Hg) range
at idle speed, the valve guides could be worn.
As engine speed increases, the needle will
become steady if guides are responsible.

9. WEAK VALVE SPRINGS: When the needle
oscillation becomes more violent as engine rpm
is increased, weak valve springs are indicated.
The reading at idle could be relatively steady.

10. LATE VALVE TIMING: A steady but low
reading could be caused by late valve timing.

11. IGNITION TIMING RETARDING: Retarded
ignition timing will produce a steady but

1. NORMAL READING: Needle between 51-74 somewhat low reading.
kPa (15-22 in-Hg) and holding steady.

12. INSUFFICIENT SPARK PLUG GAP: When
2. NORMAL READING DURING RAPID spark plugs are gapped too close, a regular,

ACCELERATION AND DECELERATION: small pulsation of the needle can occur.
When the engine is rapidly accelerated (dotted

13. INTAKE LEAK: A low, steady reading can beneedle), the needle will drop to a low reading
caused by an intake manifold or throttle body(not to zero). When the throttle is suddenly
gasket leak.released, the needle will snap back up to a

14. BLOWN HEAD GASKET: A regular drop ofhigher than normal figure.
fair magnitude can be caused by a blown head3. NORMAL FOR HIGH-LIFT CAMSHAFT
gasket or warped cylinder head-to-cylinderWITH LARGE OVERLAP: The needle will
block surface.register as low as 51 kPa (15 in-Hg) but will be

15. RESTRICTED EXHAUST SYSTEM: When therelatively steady. Some oscillation is normal.
engine is first started and is idled, the reading4. WORN RINGS OR DILUTED OIL: When the
may be normal, but as the engine rpm isengine is accelerated (dotted needle), the needle
increased, the back pressure caused by adrops to 0 kPa (0 in-Hg). Upon deceleration,
clogged muffler, kinked tail pipe or otherthe needle runs slightly above 74 kPa (22
concerns will cause the needle to  slowly dropin-Hg).
to 0 kPa (0 in-Hg). The needle then may slowly
rise. Excessive exhaust clogging will cause the
needle to drop to a low point even if the engine
is only idling.
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DIAGNOSIS AND TESTING (Continued)

16. When vacuum leaks are indicated, search out Operation under varying conditions can frequently
and correct the cause. Excess air leaking into be misleading. A vehicle that has been run for
the system will upset the fuel mixture and cause several thousand miles on short trips or in
concerns such as rough idle, missing on below-freezing ambient temperatures may have
acceleration or burned valves. If the leak exists consumed a ‘‘normal’’ amount of oil. However,
in an  accessory unit such as the power brake when checking  the engine oil level, it may measure
booster, the unit will not function correctly. up to the FULL or MAX on the oil level dipstick
Always fix vacuum leaks. due to dilution (condensation and fuel) in the engine

crankcase. The vehicle might then be driven at high
Excessive Engine Oil Consumption speeds on the highway where the condensation and
The amount of oil an engine uses will vary with the fuel boil  off. The next time the engine oil is
way the vehicle is driven in addition to normal checked, it may appear that a liter (quart) of oil was
engine-to-engine variation. This is especially true used in about 160 km (100 miles). This perceived
during the first 16,100 km (10,000 miles) when a 160 km (100 miles) per liter (quart) oil consumption
new engine is being broken in or until  certain rate causes customer concern even though the actual
internal engine components become conditioned. overall oil consumption rate is about 2,400 km
Vehicles used in heavy-duty operation may use (1,500 miles) per liter (quart).
more oil. The following are examples of heavy-duty Make sure the selected engine oil meets the current
operation: recommended API performance category with SAE

viscosity grade as shown in the vehicle Owner’s• trailer towing applications
Guide. It is also important that the engine oil is

• severe loading applications changed at the intervals specified. Refer to  the
• sustained high speed operation vehicle Owner’s Guide.
Engines need oil to lubricate the following internal

Oil Pressure Testcomponents:
1. Disconnect and remove the oil pressure sensor

• cylinder block cylinder walls from the engine.
• pistons and piston, pin and rings 2. Connect the Oil Pressure Gauge to the oil
• intake and exhaust valve stems pressure sender oil galley port.

• intake and exhaust valve guides 3. Run the engine until normal operating
temperature is reached.• all internal engine components

4. Run the engine at the specified rpm and recordWhen the pistons move downward, a thin film of
the gauge reading.oil is left on the cylinder walls. As the vehicle is

operated, some oil is also drawn into the 5. The oil pressure should be within specifications;
combustion chambers past the intake and exhaust refer to the specification chart in the appropriate
valve stem seals and burned. engine section.

The following is a partial list of conditions that can 6. If the pressure is not within specification, check
affect oil consumption rates: the following possible sources:

• insufficient oil• engine duty cycle
• oil leakage• operator driving habits
• worn or damaged oil pump• ambient temperature
• oil pump screen cover and tube• quality and viscosity of the oil
• excessive main bearing clearance

• excessive connecting rod bearing clearance
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DIAGNOSIS AND TESTING (Continued)

Valve Train Analysis — Engine Off — Valve Valve Train Analysis — Engine Running,
Cover Removed Valves and Cylinder Head

Check for damaged or severely worn parts and • Check for plugged oil drain back holes.
correct assembly. Make sure correct parts are used

• Check for missing or damaged valve stem seals orwith the static engine analysis as follows.
guide mounted valve stem seals.

Valve Train Analysis — Engine Off, If insufficient oiling is suspected, check oil passages
Camshaft Roller Followers and Hydraulic for blockage, then accelerate the engine to 1,200
Lash Adjusters, Overhead Camshaft rpm with the transmission in NEUTRAL and the

engine at normal operating temperature. Oil should• Check for loose mounting bolts on camshaft
spurt from the rocker arm oil holes such  that valvecarriers.
tips and camshaft roller followers are well oiled.

• Check for plugged oil feed in the camshaft roller With the valve covers off, some oil splash may
followers, lash adjusters or cylinder heads. overshoot camshaft roller followers.

Valve Train Analysis — Engine Off, Valve Train Analysis — Engine Running,Camshaft — Engines Camshaft Lobe Lift
• Check for broken or damaged parts. Check the lift of each camshaft lobe in consecutive

order and make a note of the readings.Valve Train Analysis — Valve Springs
1. Remove the valve covers.

• Check for broken or damaged parts.
2. Remove the spark plugs.

Valve Train Analysis — Engine Off, Valve 3. Install the Dial Indicator Gauge with Holding
Spring Retainer and Valve Spring Retainer Fixture so the rounded tip of indicator is on top
Keys of the camshaft lobe and on the same plane as

the valve tappet.• Check for correct seating of the valve spring
retainer key on the valve stem and in valve spring 4. Rotate the crankshaft using a breaker bar and
retainer. socket attached to the crankshaft pulley retainer

bolt. Rotate the crankshaft until the base circle• Check for correct seating on the valve stem.
of the camshaft lobe is reached.

Valve Train Analysis — Engine Off, Valves
and Cylinder Head

• Check for plugged oil drain back holes.

• Check for worn or damaged valve tips.

• Check for missing or damaged guide-mounted
valve stem seal.

• Check installed valve spring height.

• Check for missing or worn valve spring seats.

• Check for plugged oil metering orifice in cylinder
head oil reservoir (if equipped).

Static checks (engine off) are to be made on the
engine prior to the dynamic procedure. 5. Zero the dial indicator. Continue to rotate the

crankshaft until the (1) high-lift point of the
Valve Train Analysis — Engine Running camshaft lobe is in the fully-raised position

(highest indicator reading).• Start the engine and, while idling, check for
correct operation of all parts. Check the
following:
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DIAGNOSIS AND TESTING (Continued)

6. To check the accuracy of the original indicator 7. NOTE: If the lift on any lobe is below
reading, continue to rotate crankshaft until the specified service limits, install a new camshaft,
(2) base circle is reached. The indicator reading and new camshaft roller followers.
should be zero. If zero reading is not obtained, Remove the Dial Indicator Gauge with Holding
repeat Steps 1 through 6. Fixture.

8. Install the spark plugs.

9. Install the valve covers.
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GENERAL PROCEDURES

Sprockets

1. WARNING: To avoid the possibility of
personal injury or damage to the vehicle, do
not operate the engine with the hood open
until the fan blade has been examined for
possible cracks and separation.

NOTE: Specifications show the expected
minimum or maximum condition. Refer to the
appropriate section in Group 303 for the
procedure.

NOTE: If a component fails to meet the
specifications, it is necessary to install a new
component or refinish. If the component can be
refinished, wear limits are provided as an aid to
making a decision. A new component must be
installed for any  component that fails to meet
specifications and cannot be refinished.

Inspect the timing chain/belt and the sprockets.

• Install new components as necessary. Refer
to the appropriate section in Group 303 for
the procedure.
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GENERAL PROCEDURES

Camshaft Journal — Diameter

1. Measure each camshaft journal diameter in 2
directions.

• If out of specification, install new
components as necessary. Refer to the
appropriate section in Group 303 for the
procedure.
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GENERAL PROCEDURES

Camshaft Journal — Clearance,
Plastigage Method

NOTE: The camshaft journals must meet
specifications before checking camshaft journal
clearance.

1. Remove the camshaft bearing cap and lay
Plastigage across the surface. Refer to the
appropriate section in Group 303 for the
procedure.

2. NOTE: Do not turn the camshaft while
3. Use Plastigage to verify the camshaft journalcarrying out this procedure.

clearance.
Position the camshaft bearing cap and install

• If out of specification, install newthe bolts. Refer to the appropriate section in
components as necessary. Refer to theGroup 303 for the procedure.
appropriate section in Group 303 for the
procedure.
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GENERAL PROCEDURES

4. Move the camshaft to the front of the cylinderCamshaft End Play
head. Note and record the camshaft end play.

Special Tool(s) • If camshaft end play exceeds specifications,
install new camshaft and recheck end play.

Dial Indicator Gauge with
Refer to the appropriate section in GroupHolding Fixture
303 for the procedure.100-002 (TOOL-4201-C) or

equivalent • If camshaft end play exceeds specification
after camshaft installation, install a new
cylinder head. Refer to the appropriate
section in Group 303 for the procedure.

1. Use a Dial Indicator Gauge with Holding
Fixture to measure camshaft end play.

2. Position the camshaft to the rear of the cylinder
head.

3. Zero the indicator.
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GENERAL PROCEDURES

Camshaft — Lobe Surface

1. Inspect camshaft lobes for pitting or damage in
the contact area. Minor pitting is acceptable
outside the contact area.

• If excessive pitting or damage is present,
install new components as necessary. Refer
to the appropriate section in Group 303 for
the procedure.
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GENERAL PROCEDURES

Camshaft Lobe Lift

Special Tool(s)

Dial Indicator Gauge with
Holding Fixture
100-002 (TOOL-4201-C) or
equivalent

1. Use a Dial Indicator Gauge with Holding
Fixture to measure camshaft intake/exhaust lobe
lift.

• Rotate the camshaft and subtract the lowest
indicator reading from the highest indicator
reading to figure the camshaft lobe lift.

• Refer to the appropriate section in Group
303 for the procedure.
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GENERAL PROCEDURES

Camshaft Runout

Special Tool(s)

Dial Indicator Gauge with
Holding Fixture
100-002 (TOOL-4201-C) or
equivalent

1. NOTE: Camshaft journals must be within
specifications before checking runout.

Use a Dial Indicator Gauge with Holding
Fixture to measure the camshaft runout.

• Rotate the camshaft and subtract the lowest
indicator reading from the highest indicator
reading.

• For additional information, refer to the
specification chart in the appropriate engine
section.

• If out of specification, install new
components as necessary. Refer to the
appropriate section in Group 303 for the
procedure.
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GENERAL PROCEDURES

Crankshaft Main Bearing Journal —
Diameter

1. Measure each of the crankshaft main bearing
journal diameters in at least 2 directions.

• Refer to the appropriate section in Group
303 for the procedure.

• If out of specification, install new
components as necessary. Refer to the
appropriate section in Group 303 for the
procedure.
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GENERAL PROCEDURES

Crankshaft Main Bearing Journal —
Taper

1. Measure each of the crankshaft main bearing
journal diameters in at least 2 directions at each
end of the main bearing journal.

• Refer to the appropriate section in Group
303 for the procedure.

• If out of specification, install new
components as necessary. Refer to the
appropriate section in Group 303 for the
procedure.
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GENERAL PROCEDURES

3. NOTE: Do not turn the crankshaft whileCrankshaft Main Bearing Journal —
carrying out this procedure.Clearance
Install and remove the crankshaft main bearing
cap.NOTE: Crankshaft main bearing journals must be

within specifications before checking journal
4. Verify the crankshaft journal clearance.clearance.

• Refer to the appropriate section in Group
1. Remove the crankshaft main bearing caps and 303 for the procedure.

crankshaft main bearing. • If out of specification, install new
components as necessary. Refer to the

2. Lay a piece of Plastigage across the face of appropriate section in Group 303 for the
each crankshaft main bearing surface. procedure.
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GENERAL PROCEDURES

4. Move the crankshaft to the front of the cylinderCrankshaft End Play
block. Note and record the crankshaft end play.

Special Tool(s) • If crankshaft end play exceeds
specifications, install a new crankshaft thrust

Dial Indicator Gauge with
washer or crankshaft thrust main bearing.Holding Fixture
Refer to the appropriate section in Group100-002 (TOOL-4201-C) or

equivalent 303 for the procedure.

1. Use a Dial Indicator Gauge with Holding
Fixture to measure crankshaft end play.

2. Position the crankshaft to the rear of the
cylinder block.

3. Zero the indicator.
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GENERAL PROCEDURES

Crankshaft Runout

Special Tool(s)

Dial Indicator Gauge with
Holding Fixture
100-002 (TOOL-4201-C) or
equivalent

1. NOTE: Crankshaft main bearing journals must
be within specifications before checking runout.

Use the Dial Indicator Gauge with Holding
Fixture to measure the crankshaft runout.

• Refer to the appropriate section in Group
303 for the procedure.

• Rotate the crankshaft and subtract the lowest
dial indicator reading from the highest dial
indicator reading to figure the crankshaft
runout. If it is out of specification, install
new components as necessary. Refer to the
appropriate section in Group 303 for the
procedure.
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GENERAL PROCEDURES

Crankshaft — Connecting Rod
Journal Taper, Out of Round

1. Measure the crankshaft connecting rod journal
diameters in 2 directions perpendicular to one
another at each end of the connecting rod
journal. The difference in the measurements
from one end to the other is the taper. Verify
measurement is  within the wear limit.

• Refer to the appropriate section in Group
303 for the procedure.

• If out of specification, install new
components as necessary. Refer to the
appropriate section in Group 303 for the
procedure.
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GENERAL PROCEDURES

Cylinder Bore — Taper

1. Measure the cylinder bore at the top, middle
and bottom of piston ring travel in 2 directions
as indicated. Verify the cylinder bore is within
the wear limit. The difference indicates the
cylinder bore taper. Bore the cylinder to the
next  oversize.

• Refer to the appropriate section in Group
303 for the procedure.
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GENERAL PROCEDURES

Cylinder Bore — Out-of-Round

1. Measure the cylinder bore in 2 directions. The
difference is the out-of-round. Verify the
out-of-round is within the wear limit and bore
the cylinder to the next oversize limit.

• Refer to the appropriate section in Group
303 for the procedure.
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GENERAL PROCEDURES

Piston Inspection

Special Tool(s)

Scraper, Piston Ring Groove
303-D033 (D81L-6002-D) or
equivalent

CAUTION: Do not use a caustic cleaning
solution or a wire brush to clean the pistons or 2. Use the Piston Ring Groove Scraper to clean
damage can occur. the piston ring grooves.

• Make sure the oil ring holes are clean.1. Clean and inspect the (1) ring lands, (2) skirts,
(3) pin bosses and the (4) tops of the pistons. If
wear marks, scores or glazing is found on the
piston skirt, check for a bent or twisted
connecting rod.
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GENERAL PROCEDURES

Piston — Pin to Bore Diameter

1. WARNING: Cover the end of the pin
bore with a hand or shop rag when removing
the retainer ring, since it has a tendency to
spring out. Wear eye protection. Failure to
follow instructions may result in personal
injury.

NOTE: Piston and piston pins are a matched
set and should not be interchanged.

Measure the piston pin bore diameter in 2
directions on each side. Verify the diameter is
within specification.

• If out of specification, install new
components as necessary. Refer to the
appropriate section in Group 303 for the
procedure.
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GENERAL PROCEDURES

Piston — Diameter

1. Measure the piston diameter 90 degrees from
the piston pin and 42 mm (1.65 in) down from
the top of the piston at the point indicated.
Refer to the appropriate section in Group 303
for the procedure.

• If out of specification, install new
components as necessary. Refer to the
appropriate section in Group 303 for the
procedure.

Copyright  2003, Ford Motor Company
Last updated: 08/27/2003 2004 E-Series, 12/2003 



303-00-1 303-00-1Engine System — General Information

GENERAL PROCEDURES

Piston — to Cylinder Bore Clearance

1. Subtract the piston diameter from the cylinder
bore diameter to find the piston-to-cylinder bore
clearance.
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GENERAL PROCEDURES

2. NOTE: For precision fit, new pistons arePiston Selection
divided into 3 categories within each size range
based on their relative position within theNOTE: The cylinder bore must be within the
range. A paint spot or specific size grade on aspecifications for taper and out-of-round before
new piston indicates the position within the sizefitting a piston.
range.

1. Select a piston size based on the cylinder bore. Choose the piston with the correct paint color
or specific size grade.

• Refer to the appropriate section in Group
303 for the procedure.

Copyright  2003, Ford Motor Company
Last updated: 08/27/2003 2004 E-Series, 12/2003 



303-00-1 303-00-1Engine System — General Information

GENERAL PROCEDURES

2. Use a feeler gauge to measure the top pistonPiston — Ring End Gap
ring end gap and the second piston ring end
gap.

CAUTION: Use care when fitting piston
• Refer to the appropriate section in Grouprings to avoid possible damage to the piston ring

303 for the procedure.or the cylinder bore.

CAUTION: Piston rings should not be
transferred from one piston to another.

NOTE: Cylinder bore must be within specification
for taper and out-of-round.

1. Use a piston without rings to push a piston ring
in a cylinder to the bottom of ring travel.
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GENERAL PROCEDURES

Piston — Ring-to-Groove Clearance

1. Inspect the piston for ring land damage or
accelerated wear.

2. Measure the piston ring-to-groove clearance.

• Refer to the appropriate section in Group
303 for the procedure.

• If out of specification, install new
components as necessary. Refer to the
appropriate section in Group 303 for the
procedure.
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GENERAL PROCEDURES

Piston — Pin Diameter

1. Measure the piston pin diameter in 2 directions
at the points shown. Verify the diameter is
within specification.

• Refer to the appropriate section in Group
303 for the procedure.

• If out of specification, install new
components as necessary. Refer to the
appropriate section in Group 303 for the
procedure.
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GENERAL PROCEDURES

Connecting Rod — Cleaning

CAUTION: Do not use a caustic cleaning
solution or damage to connecting rods can occur.

1. NOTE: The connecting rod large end is a
matched set. The connecting rod cap must be
installed on the original connecting rod in the
original position. Do not reverse the cap. Parts
are not interchangeable.

Mark and separate the parts and clean with
solvent. Clean the oil passages.
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GENERAL PROCEDURES

Connecting Rod — Large End Bore

1. Tighten the bolts to specification, then measure
the bore in 2 directions. The difference is the
connecting rod bore out-of-round. Verify the
out-of-round is within specification.

• Refer to the appropriate section in Group
303 for the procedure.

• If out of specification, install new
components as necessary. Refer to the
appropriate section in Group 303 for the
procedure.
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GENERAL PROCEDURES

Connecting Rod — Bushing Diameter

1. Measure the inner diameter of the connecting
rod bushing, if equipped. Verify the diameter is
within specification.

• Refer to the appropriate section in Group
303 for the procedure.

• If out of specification, install new
components as necessary. Refer to the
appropriate section in Group 303 for the
procedure.
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GENERAL PROCEDURES

Connecting Rod — Bend

1. Measure the connecting rod bend on a suitable
alignment fixture. Follow the instructions of the
fixture manufacturer. Verify the bend
measurement is within specification.

• Refer to the appropriate section in Group
303 for the procedure.

• If out of specification, install new
components as necessary. Refer to the
appropriate section in Group 303 for the
procedure.
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GENERAL PROCEDURES

Connecting Rod — Twist

1. Measure the connecting rod twist on a suitable
alignment fixture. Follow the instructions of the
fixture manufacturer. Verify the measurement is
within specification.

• Refer to the appropriate section in Group
303 for the procedure.

• If out of specification, install new
components as necessary. Refer to the
appropriate section in Group 303 for the
procedure.
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GENERAL PROCEDURES

Connecting Rod — Piston Pin Side
Clearance

1. Measure the clearance between the connecting
rod and the piston. Verify the measurement is
within specification.

• Refer to the appropriate section in Group
303 for the procedure.

• If out of specification, install new
components as necessary. Refer to the
appropriate section in Group 303 for the
procedure.
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GENERAL PROCEDURES

4. Measure the Plastigage to get the connectingConnecting Rod — Bearing Journal
rod bearing journal clearance. The PlastigageClearance
should be smooth and flat. A changing width
indicates a tapered or damaged connecting rod

NOTE: The crankshaft connecting rod journals or connecting rod bearing.
must be within specifications to check the

• Refer to the appropriate section in Groupconnecting rod bearing journal clearance.
303 for the procedure.

1. Remove the connecting rod bearing cap. • If out of specification, install new
components as necessary. Refer to the

2. Position a piece of Plastigage across the bearing appropriate section in Group 303 for the
surface. procedure.

3. NOTE: Do not turn the crankshaft during this
step.

Install and tighten to specifications, then
remove the connecting rod bearing cap.
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GENERAL PROCEDURES

Connecting Rod — Side Clearance

1. Measure the clearance between the connecting
rod and the crankshaft. Verify the measurement
is within specification.

• Refer to the appropriate section in Group
303 for the procedure.

• If out of specification, install new
components as necessary. Refer to the
appropriate section in Group 303 for the
procedure.
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GENERAL PROCEDURES

Roller Follower Inspection

1. Inspect the roller follower for flat spots or
scoring. If any damage is found, inspect the
camshaft lobes and hydraulic lash adjuster for
damage.
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GENERAL PROCEDURES

Hydraulic Lash Adjuster Inspection

1. Inspect the hydraulic lash adjuster and roller
follower for damage. If any damage is found,
inspect the camshaft lobes and valves for
damage.
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GENERAL PROCEDURES

Valve — Stem Diameter

1. Measure the diameter of each intake and
exhaust valve stem at the points shown. Verify
the diameter is within specification.

• Refer to the appropriate section in Group
303 for the procedure.

• If out of specification, install new
components as necessary. Refer to the
appropriate section in Group 303 for the
procedure.
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GENERAL PROCEDURES

Valve Stem to Valve Guide Clearance

Special Tool(s)

Dial Indicator Gauge with
Holding Fixture
100-002 (TOOL-4201-C) or
equivalent

Clearance Gauge, Valve Guide
303-004 (TOOL-6505-E) or
equivalent 2. Move the Valve Guide Clearance Gauge toward

the indicator and zero the indicator. Move the
Valve Guide Clearance Gauge away from the
indicator and note the reading. The reading will
be DOUBLE the valve stem-to-valve guide
clearance. Valves with  oversize stems will

NOTE: Valve stem diameter must be within need to be installed if out of specification.
specifications before checking valve stem to valve
guide clearance. 

1. NOTE: If necessary, use a magnetic base. 

Install a Valve Guide Clearance Gauge on the
valve stem and install a Dial Indicator Gauge
with Holding Fixture. Lower the valve until the
Valve Guide Clearance Gauge contacts the
upper surface of the valve guide.
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GENERAL PROCEDURES

Valve — Inspection

1. Inspect the following valve areas:

1 The end of the stem for grooves or scoring.

2 The valve face and the edge for pits,
grooves or scores.

3 The valve head for signs of burning,
erosion, warpage and cracking.

4 The valve margin for wear.
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GENERAL PROCEDURES

2. If the valve guide is not within specifications,Valve — Guide Inner Diameter
ream the valve guide and install a valve with an
oversize stem or remove the valve guide and

1. Measure the inner diameter of the valve guides install a new valve guide.
in 2 directions where indicated.

• Refer to the appropriate section in Group
303 for the procedure.
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GENERAL PROCEDURES

3. Clean the sharp edges left by reaming.Valve — Guide Reaming

1. Use a hand-reaming kit to ream the valve
guide.

2. Reface the valve seat.
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GENERAL PROCEDURES

Valve — Spring Installed Length

1. Measure the installed length of each valve
spring.

• Refer to the appropriate section in Group
303 for the procedure.

• If out of specification, install new
components. Refer to the appropriate section
in Group 303 for the procedure.
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GENERAL PROCEDURES

Valve — Spring Free Length

1. Measure the free length of each valve spring.

• Refer to the appropriate section in Group
303 for the procedure.

• If out of specification, install new
components as necessary. Refer to the
appropriate section in Group 303 for the
procedure.
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GENERAL PROCEDURES

Valve — Spring Squareness

1. Measure the out-of-square on each valve spring.

• Turn the valve spring and observe the space
between the top of the valve spring and the
square. Install a new valve spring if out of
square. Refer to the appropriate section in
Group 303 for the procedure.
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GENERAL PROCEDURES

Valve Spring Strength

Special Tool(s)

Pressure Gauge, Valve/Clutch
Spring
303-006 (TOOL-6513-DD) or
equivalent

1. Use a Valve/Clutch Spring Pressure Gauge to
check the valve spring for correct strength at
the specified valve spring length.

• Refer to the appropriate section in Group
303 for the procedure.

• If out of specification, install new
components as necessary. Refer to the
appropriate section in Group 303 for the
procedure.
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GENERAL PROCEDURES

Valve — Seat Inspection

Valve and Seat Refacing Measurements

CAUTION: After grinding valves or valve
seats, check valve clearance.

1. Check the valve head and seat.

• Check valve angles.

• Check margin width.

• Refer to the appropriate section in Group
303 for the procedure. 2. Inspect for abnormalities on the valve face and

• Be sure margin width is within specification. seat.

Copyright  2003, Ford Motor Company
Last updated: 08/27/2003 2004 E-Series, 12/2003 



303-00-1 303-00-1Engine System — General Information

GENERAL PROCEDURES

Valve — Seat Width

1. Measure the valve seat width. If necessary,
grind the valve seat to specification.

• Measure the intake valve seat width.

• Measure the exhaust valve seat width.

• Recheck the valve spring installed length
after the seats have been ground, and shim
the valve springs as necessary to achieve the
correct installed spring length.

• Refer to the appropriate section in Group
303 for the procedure.
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GENERAL PROCEDURES

Valve — Seat Runout

1. Use a valve seat runout gauge to check valve
seat runout.
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GENERAL PROCEDURES

Cylinder Head Distortion

1. NOTE: Make sure all cylinder head surfaces
are clear of any gasket material, RTV, oil and
coolant. The cylinder head surface must be
clean and dry before running a flatness check.

NOTE: Use a straightedge that is calibrated by
the manufacturer to be flat with 0.005 mm
(0.0002 in) per running foot length. For
example, if the straightedge is 61 cm (24 in)
long, the machined edge must be flat with
0.010 mm (0.0004 in) from end to  end.

Using a straightedge and a feeler gauge, inspect
the cylinder head for flatness in the sequence
shown. If the cylinder head is distorted, install a
new cylinder head.
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GENERAL PROCEDURES

2. Thoroughly rinse with clean water and wipe dryCylinder Bore — Cleaning
with a clean, lint-free cloth.

1. CAUTION: If these procedures are not 3. Use a clean, lint-free cloth and lubricate the
followed, rusting of the cylinder bores may cylinder bores.
occur. • Use clean engine oil meeting Ford
Clean the cylinder bores with soap or detergent specification.
and water.
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GENERAL PROCEDURES
Cup-TypeCylinder Block Core Plug

Replacement
1. CAUTION: Use care during this

procedure so as not to disturb or distort theSpecial Tool(s)
cup sealing surface.

Slide Hammer
100-001 (T50T-100-A) CAUTION: When installed, the flanged

edge must be below the chamfered edge of
the bore to effectively seal the bore.

Use a tool suitable to seat the cup-type cylinder
block core plug.

Material

Item Specification

Threadlock 262 WSK-M2G351-A6
TA-26

1. Use a slide hammer or tools suitable to remove
the cylinder block core plug.

Expansion-Type

1. CAUTION: Do not contact the crown
when installing an expansion-type cylinder
block core plug. This could expand the plug
before seating and result in leakage.

Use a tool suitable to seat the expansion-type
cylinder block core plug.

2. Inspect the cylinder block plug bore for any
damage that would interfere with the correct
sealing of the plug. If the cylinder block plug
bore is damaged, bore for the next oversize
plug.

3. NOTE: Oversize plugs are identified by the OS
stamped in the flat located on the cup side of
the plug.

Coat the cylinder block core plug and bore
lightly with Threadlock 262 and install the
cylinder block core plug.
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GENERAL PROCEDURES

3. Inspect for carbon fouling. Look for black, dry,Spark Plug — Inspection
fluffy carbon deposits on the insulator tips,
exposed shell surfaces and electrodes, caused by

1. Inspect the spark plug for a bridged gap. a spark plug with an incorrect heat range, dirty
• Check for deposit build-up closing the gap air cleaner, too rich a fuel mixture or excessive

between the electrodes. Deposits are caused idling.
by oil or carbon fouling. • Clean the spark plug.

• Clean the spark plug.

4. Inspect for normal burning.
2. Check for oil fouling. • Check for light tan or gray deposits on the

• Check for wet, black deposits on the firing tip.
insulator shell bore electrodes, caused by
excessive oil entering the combustion
chamber through worn rings and pistons,
excessive valve-to-guide clearance or worn
or loose bearings.

• Correct the oil leak concern.

• Install a new spark plug.
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GENERAL PROCEDURES (Continued)

5. Inspect for pre-ignition, identified by melted
electrodes and a possibly damaged insulator.
Metallic deposits on the insulator indicate
engine damage. This may be caused by
incorrect ignition timing, wrong type of fuel or
the unauthorized  installation of a heli-coil
insert in place of the spark plug threads.

• Install a new spark plug.

7. Inspect for fused deposits, identified by melted
or spotty deposits resembling bubbles or
blisters. These are caused by sudden
acceleration.

• Clean the spark plug.

6. Inspect for overheating, identified by white or
light gray spots and with bluish-burnt
appearance of electrodes. This is caused by
engine overheating, wrong type of fuel, loose
spark plugs, spark plugs with an incorrect heat
range, low fuel  pump pressure or incorrect
ignition timing.

• Install a new spark plug.
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GENERAL PROCEDURES

Exhaust Manifold Cleaning and
Inspection

Special Tool(s)

Straight Edge
303-D039 (D83L-4201-A) or
equivalent

1. Clean the exhaust manifold using a suitable
solvent. Use a plastic scraping tool to clean the
gasket sealing surfaces.

2. NOTE: New exhaust manifold gaskets, studs,
nuts and/or bolts must be installed when an
exhaust manifold is serviced.

Using the special tool (or a precision straight
edge) and a feeler gauge, check the exhaust
manifold sealing surface for warpage. If the
warpage is greater than 0.76 mm (0.0299 in),
install a new exhaust manifold.
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GENERAL PROCEDURES

Bearing — Inspection

1. Inspect bearings for the following defects:

1 Cratering — fatigue failure

2 Spot polishing — incorrect seating

3 Imbedded dirt engine oil

4 Scratching — dirty engine oil

5 Base exposed — poor lubrication

6 Both edges worn — journal damaged

7 One edge worn — journal tapered or
bearing not seated

Copyright  2003, Ford Motor Company
Last updated: 08/27/2003 2004 E-Series, 12/2003 



303-03-1 303-03-1Engine Cooling

Torque Specifications
SPECIFICATIONS

Description Nm lb-ft lb-in
General Specifications

Water pump pulley 25 18 —
Item Specification mounting bolts, 4.6L,

5.4L and 6.8LCooling System Capacity
Fan blades to fan 20 15 —4.6L 22.6L (23.8 quarts)
clutch mounting bolts

4.6L with aux rear heat 24.6L (26.0 quarts)
Fan clutch hub to water 133 98 —

5.4L 26.3L (27.8 quarts) pump 6.8L and 6.0L
Diesel5.4L with aux rear heat 28.3L (29.8 quarts)
Radiator mounting 20 15 —6.8L 27.9L (29.4 quarts)
bracket retaining bolts

6.8L with aux rear heat 29.9L (31.6 quarts)
Fan shroud mounting 6 — 53

6.0L 21.0L (22.2 quarts) bolts
6.0L with aux rear heat 23.6L (24.9 quarts) Water pump mounting 25 18 —

bolts, 4.6L, 5.4L andCoolant Type
6.8L

Motorcraft Premium Gold WSS-M97B51-A1
Cylinder block drain 20 15 —Engine Coolant VC-7-A
plug(in Oregon VC-7-B, in

Canada VC-7-C) Radiator side bracket 9 — 80
boltsOther Chemicals
Charge air 9 — 80Motorcraft Cooling ESR-M14P7-A
cooler-to-radiator boltsSystem Flush VC-1

Coolant pump 23 17 —Cooling System Stop Leak WSS-M99B37-B6
mounting bolts — 6.0LPellets VC-6
Diesel

Cooling System Pressure 89-124 kPa (13-18 psi)
Coolant pump pulley 31 23 —Test Specifications held for two minutes
bolts — 6.0L Dieselwithout pressure drop

Cooling fan stator bolts 40 30 —Radiator Cap Pressure 89-124 kPa (13-18 psi)
— 6.0L DieselTest Specifications

Block heater — 6.0L 41 30 —Thermostat Opening Temperature — 4.6L, 5.4L
Diesel

Starts to open 86.7-90.6°C (188-195°F)
A/C 9 — 80

Fully open 100°C (212°F) condenser-to-radiator
boltsThermostat Opening Temperature — 6.8L

Starts to open 83-87°C (181-187°F)

Fully open 99°C (210°F)

Thermostat Opening Temperature — 6.0L

Starts to open 87-91°C (189-196°F)

Fully open 104°C (219°F)
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DESCRIPTION AND OPERATION

Engine Cooling

Cooling System Components, Gasoline and NGV

Item Part Number Description Item Part Number Description

9 8146 Fan shroud1 8A080 Degas bottle

10 — Screws, M6-1.0 x 252 8101 Pressure relief cap

11 8B273 Lower radiator hose3 — Spring clamp

12 — Oil cooler supply hoses4 — Overflow hose
(gasoline)5 8A287 Radiator support

13 — Coolant supply hose6 8A293 Radiator mounting brackets
14 8B274 Upper radiator hose7 8005 Radiator

8 8B204 Radiator mounting insulator
(Continued)
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DESCRIPTION AND OPERATION (Continued)

Cooling System — Natural Gas Bi-Fuel
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DESCRIPTION AND OPERATION (Continued)

Item Part Number Description

1 — T-fittings (2 req’d)

2 — Heater hose-to-fuel pressure
regulator hoses (2 req’d)
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DESCRIPTION AND OPERATION (Continued)

Cooling System — Liquid Propane Gas Bi-Fuel
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DESCRIPTION AND OPERATION (Continued)

The degas bottle:Item Part Number Description

1 — T-fittings (4 req’d) • provides a location for service fill.
2 — Heater hose-to-compuvalve • contains coolant expansion and system

hoses (2 req’d) pressurization.
3 — Compuvalve-to-vaporizer

• provides air separation during operation.hoses (2 req’d)

• replenishes the engine coolant to the system.
CAUTION:  Always fill the cooling system

The fan blade draws air through the radiator to helpwith the same coolant that is present in the
cool the engine coolant.system. Do not mix coolant types.
The fan clutch is a thermostatically controlled clutchNOTE: The addition of Motorcraft Cooling System
that controls the fan blade.Stop Leak Pellets, VC-6, darkens Motorcraft
The vistronic fan clutch is controlled by thePremium Gold Engine Coolant from yellow to
powertrain control module (PCM). The PCMgolden tan.
monitors engine oil temperature (EOT) and engineWalter C. Avrea, the owner of patents 3,601,181
coolant temperature (ECT) and sends a duty cycleand RE 27,965, has granted Ford Motor Company
command to the fan clutch to achieve adequaterights with respect to cooling systems covered by
cooling. When  a circuit fault is detected, the PCMthese patents.
will set a DTC.

The cooling system components are as follows:
The engine coolant flows:

• block heater 
• from the lower radiator hose to the coolant pump.

• cylinder head temperature (CHT) sensor — 4.6L,
• from the coolant pump to the engine block and5.4L and 6.8L

the cylinder heads.
• engine coolant temperature (ECT) sensor — 6.0L

A closed thermostat returns the engine coolant toDiesel
the coolant pump. An open thermostat allows the

• fan blade engine coolant to flow to the radiator.
• fan clutch CAUTION: Engine coolant provides freeze
• fan shroud protection, boil protection, cooling efficiency and

corrosion protection to the engine and cooling• cooling fan stator — 6.0L Diesel
components. In order to obtain these protections,• vistronic fan clutch — 6.0L Diesel
the engine coolant must be maintained at the

• radiator correct  concentration and fluid level in the
degas bottle.• pressure relief cap

When adding engine coolant, use a 50/50 mixture• degas bottle
of engine coolant and distilled water.• radiator draincock
To maintain the integrity of the coolant and the• coolant pump
cooling system:

• thermostat
•  Add Motorcraft Premium Gold CoolantThe radiator allows excess engine heat to be

VC-7-A (in Oregon VC-7-B, in Canadatransferred to the air.
VC-7-C) or equivalent meeting Ford

The radiator cannot be serviced. Install a new Specification WSS-M97B51-A1 (yellow color).
radiator. Do not mix coolant types.
The coolant pump circulates the coolant. • The addition of Motorcraft Cooling System

Stop Leak Pellets, VC-6, darkens MotorcraftThe thermostat:
Premium Gold Engine Coolant from yellow to

• controls the engine coolant temperature. golden tan.
• allows quicker engine warm-up.
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DESCRIPTION AND OPERATION (Continued)

• Do not add/mix orange colored Motorcraft The optional block heater:
Specialty Orange Engine Coolant VC-2 or

• contains an electrical heating element that isequivalent meeting Ford specification
installed in the core plug opening.WSS-M97B44-D. Mixing coolants may degrade
— uses a standard 110-volt electrical supplythe coolant’s corrosion protection.

• keeps the engine coolant warm during cold• Do not add alcohol, methanol, brine or any
weather.engine coolants mixed with alcohol or methanol

anti-freeze. These can cause engine damage
from overheating or freezing.

• Do not mix with recycled coolant unless it
meets the requirements of Ford specification
WSS-M97B51-A1. Not all coolant recycling
processes meet these Ford specifications. Use of
such coolants may harm the engine and cooling
system components.
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DIAGNOSIS AND TESTING

1. Verify the customer’s concern by operating theEngine Cooling
engine to duplicate the condition.

Special Tool(s) 2. Inspect to determine if any of the following
Radiator Pressure Tester mechanical or electrical concerns apply.
014-R1072 or equivalent

Visual Inspection Chart

Mechanical Electrical

• Leaks • Damaged engine coolant
• Damaged hoses temperature sensor
• Loose/damaged hose • Damaged wiring

clamps73 Digital Multimeter
• Damaged head gaskets105-R0051 or equivalent
• Damaged intake

manifold gasket
• Damaged coolant pump
• Damaged radiator
• Damaged degas bottle
• Damaged heater core
• Damaged fan/fan clutch

Worldwide Diagnostic System
(WDS)
418-F224, 3. If the inspection reveals an obvious concern
New Generation STAR (NGS) that can be readily identified, repair as
Tester necessary.
418-F052 or equivalent scan
tool 4. Inspect the coolant condition.

1 Inspect the coolant color:
Battery/Antifreeze Tester

X If Motorcraft Premium Gold Engine014-R1060 or equivalent
Coolant VC-7-A (yellow color) or
equivalent meeting Ford specification
WSS-M97B51-A1 has a clear or pale
yellow color, this indicates higher water
content than required.

X Dark brown could indicate unauthorized
Inspection and Verification Stopleak may have been used. Use

Cooling System Stop Leak Pellets VC-6WARNING: To avoid personal injury, do
or equivalent meeting Ford specificationnot unscrew the coolant pressure relief cap while
WSS-M99B37-B6.the engine is operating or hot. The cooling

system is under pressure; steam and hot liquid X A light or reddish brown color indicates
can come out forcefully when the cap is loosened that rust may be present in the cooling
slightly. system. Flush the system and refill with

the correct mixture of distilled water andCAUTION:  Always fill the cooling system
Motorcraft Premium Gold Enginewith the same coolant that is present in the
Coolant.system. Do not mix coolant types.

X An iridescent sheen on top of the coolant
CAUTION: If there is engine coolant in the could indicate a trace of oil is entering

engine oil, the cause must be corrected and the the system. For additional information on
oil changed or engine damage may occur. engine diagnosis, refer to Section 303-00.

CAUTION: If there is coolant in the
transmission fluid, the cause must be corrected
and the transmission fluid changed or
transmission damage may occur.
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DIAGNOSIS AND TESTING (Continued)

X A milky brown color may indicate that 2 If the engine coolant appearance is
either engine oil or transmission fluid is acceptable, test the engine coolant freezing
entering the cooling system. If point range with the special tool. The
transmission fluid is suspected, the cause freezing point should be in the range of
may be a leaky radiator. Pressure test the -50°F to -10°F. If the vehicle is driven in
cooling system. For additional cold climates (lower than  -34°F), it may be
information,  refer to component tests in necessary to increase the coolant
this section. If engine oil is suspected, the concentration to get adequate freeze
cause of the leak may be internal to the protection.
engine. For additional information on

X Maximum coolant concentration is 60/40.
engine diagnosis, refer to  Section

X Minimum coolant concentration is 40/60.303-00.
3 Adjust coolant range and level if necessary:

X If transmission fluid is contaminated with
X If coolant is low, add specified coolantengine coolant, the cause may be a leaky

mixture only.radiator. Pressure test the system. For
additional information, refer to the X If the engine coolant tests too weak, add
component tests in this section. straight engine coolant until the readings

are within acceptable levels.

X If the engine coolant tests strong, remove
some of the engine coolant and add
distilled water until the readings are
within acceptable levels.

5. If the concern remains after the inspection,
determine the symptom(s). GO to Symptom
Chart.

Symptom Chart

Symptom Chart

Condition Possible Sources Action
• Loss of coolant • Radiator. • GO to Pinpoint Test A.

• Coolant pump seal.
• Radiator hoses.
• Heater hoses.
• Heater core.
• Engine gaskets.
• Degas bottle.
• Fuel pressure regulator

coolant bowl.
• The engine overheats • Thermostat. • GO to Pinpoint Test B.

• Coolant pump.
• Internal engine coolant leak.
• Radiator.
• Cooling fan or fan clutch.
• Pressure relief cap.

• The engine does not reach • Thermostat. • GO to Pinpoint Test C.
normal operating temperature
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DIAGNOSIS AND TESTING (Continued)

Symptom Chart (Continued)

Condition Possible Sources Action
• The block heater does not • Block heater power cable. • CHECK continuity in all

operate correctly • Block heater. three power cable circuits. If
any circuit measures greater
than 5 ohms, INSTALL a
new power cable.

• INSTALL a new block
heater.

Pinpoint Tests

PINPOINT TEST A: LOSS OF COOLANT

Test Step Result / Action to Take
A1 CHECK THE ENGINE COOLANT LEVEL

WARNING: To avoid personal injury, do not unscrew the
coolant pressure relief cap while the engine is operating or
hot. The cooling system is under pressure; steam and hot
liquid can come out forcefully when the cap is loosened
slightly.

YesNOTE: Allow the engine to cool before checking the engine coolant
GO to A2.level.

• Key in OFF position. No
• Visually check the engine coolant level at the degas bottle. REFILL the engine coolant as necessary.
• Is the engine coolant level within specification? GO to A2.

A2 CHECK THE PRESSURE RELIEF CAP

WARNING: To avoid personal injury, do not unscrew the
coolant pressure relief cap while the engine is operating or
hot. The cooling system is under pressure; steam and hot
liquid can come out forcefully when the cap is loosened
slightly.

YesNOTE: Allow the engine to cool before checking the engine coolant
GO to A3.level.

• Carry out the pressure relief cap test. Refer to Pressure Test in No
this section. INSTALL a new pressure relief cap. TEST

• Is pressure relief cap OK? the system for normal operation.
A3 CHECK THE ENGINE COOLANT FOR INTERNAL LEAK

WARNING: To avoid personal injury, do not unscrew the
coolant pressure relief cap while the engine is operating or
hot. The cooling system is under pressure; steam and hot

Yesliquid can come out forcefully when the cap is loosened
If engine oil is evident, GO to Sectionslightly.
303-00. If transmission fluid is evident,• Key in OFF position. INSTALL a new radiator.• Inspect the engine coolant in degas bottle for signs of

transmission fluid or engine oil. No
• Is oil or transmission fluid evident in coolant? GO to A4.

A4 CHECK THE ENGINE AND THE TRANSMISSION FOR COOLANT
• Remove the oil level dipsticks from the engine and the Yes

transmission. If coolant is in engine, GO to Section
• Is coolant evident in oil or transmission fluid? 303-00. If coolant is in transmission,

INSTALL a new radiator.
No
GO to A5.

A5 PRESSURE TEST THE ENGINE COOLING SYSTEM
• Pressure test the engine cooling system. Refer to the Yes

Component Tests in this section. REPAIR or INSTALL new components.
• Does the engine cooling system leak? TEST the system for normal operation.

No
The cooling system is operational. GO to
Symptom Chart.
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST B: THE ENGINE OVERHEATS

Test Step Result / Action to Take
B1 CHECK THE ENGINE COOLANT LEVEL

WARNING: Never remove the pressure relief cap while
the engine is operating or when the cooling system is hot.
Failure to follow these instructions can result in damage to the
cooling system or engine or personal injury. To avoid having
scalding hot  coolant or steam blow out of the degas bottle
when removing the pressure relief cap. Wait until the engine
has cooled, then wrap a thick cloth around the pressure relief
cap and turn it slowly. Step back while the pressure is released
from the  cooling system. When you are sure all the pressure
has been released, turn and remove the pressure relief cap
(still with a cloth).
NOTE: If the engine is hot, allow the engine to cool before
proceeding.
• Key in OFF position.
• Make sure the engine is cool.
• Wrap a thick cloth around the coolant pressure relief cap on the

degas bottle. Slowly turn the cap counterclockwise (left) until the
pressure begins to release. Yes• Step back while the pressure releases. GO to B2.• When you are sure all the pressure has been released, use the
cloth to turn and remove the cap. No

• Check the engine coolant level at the degas bottle. REFILL the engine coolant at the degas
• Is the engine coolant OK? bottle. GO to Pinpoint Test A.

B2 CHECK THE COOLANT CONDITION
• Check the coolant for rust, dirt or contamination. Yes
• Is the coolant condition OK? GO to B3.

No
FLUSH the engine cooling system;
REFER to Cooling System Flushing in this
section. TEST the system for normal
operation.

B3 CHECK FOR AN AIRFLOW OBSTRUCTION
• Inspect the A/C condenser core and radiator for obstructions Yes

such as leaves or dirt. REMOVE the obstruction. CLEAN the A/C
• Is there an obstruction? condenser core and radiator. TEST the

system for normal operation.
No
GO to B4.

B4 CHECK THE THERMOSTAT OPERATION
• Start the engine and allow the engine to run for ten minutes. Yes
• Feel the inlet and outlet heater hoses and the underside of the INSTALL a new thermostat. TEST the

upper radiator hose. system for normal operation.
• Are the upper radiator hose and the heater water hoses Nocold? GO to B5.

B5 CHECK THE COOLING FAN OPERATION
• Key in OFF position. Yes
• Carry out the cooling fan component tests. Refer to Fan Clutch GO to Section 303-00 or Diagnosis and

Test in this section. For 6.0L diesel, refer to the Powertrain Testing of the engine.
Control/Emissions Diagnosis (PC/ED) manual. No• Is the cooling fan operation OK? INSTALL a new fan component

determined to be faulty. TEST the system
for normal operation.
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST C: THE ENGINE DOES NOT REACH NORMAL OPERATING TEMPERATURE

Test Step Result / Action to Take
C1 CHECK THE ENGINE TEMPERATURE

• Start the engine and allow the engine to idle for ten minutes. Yes
• Key in OFF position. INSTALL a new thermostat. TEST the
• Feel the inlet and heater hoses and the underside of the upper system for normal operation.

radiator hose. No• Are the upper radiator hose and the heater hoses cold? GO to Section 413-01A (Conventional) or
Section 413-01B (Natural Gas Vehicle) for
diagnosis and testing of the  engine
coolant temperature gauge.

Component Tests

Pressure Test

1. Turn the engine OFF.

2. WARNING: Never remove the
pressure relief cap while the engine is
operating or when the cooling system is hot.
Failure to follow these instructions can result
in damage to the cooling system or engine or
personal injury. To avoid having scalding hot
coolant or steam blow out of the degas bottle
when removing the pressure relief cap, wait
until the engine has cooled, then wrap a
thick cloth around the pressure relief cap
and turn it slowly. Step back while the
pressure is released from the  cooling system.
When you are sure all the pressure has been
released, turn and remove the pressure relief
cap (still with a cloth).

Check the engine coolant level. Refer to
Cooling System Draining, Filling and Bleeding
in this section.

3. Connect Radiator Heater Core Pressure Tester
to the degas bottle nipple and overflow hose.
Install a pressure test pump to the
quick-connect fitting of the test adapter.

4. NOTE: If the plunger of the pump is depressed
too fast, an erroneous pressure reading will
result.

Slowly depress the plunger of the pressure test
pump until the pressure gauge reading stops
increasing and note the highest pressure reading
obtained.

5. If the pressure relief cap does not hold pressure,
remove and wash the pressure relief cap in
clean water to dislodge all foreign particles
from the gaskets. Check the sealing surface in
the filler neck.
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DIAGNOSIS AND TESTING (Continued)

6. If 89 kPa (13 psi) cannot be reached, install a 4. Start the engine and allow the engine to idle
new pressure relief cap. If more than 124 kPa throughout this test. Allow the engine to run for
(18 psi) shows on gauge, install a new pressure two minutes, then record the CHT voltage.
relief cap. Record the CHT voltage every 60 seconds.

When the CHT voltage trend changes direction
7. CAUTION: If the pressure drops, or only changes  slightly (0.03 volt or less)

check for leaks at the engine to heater core from the previous reading, record this as the
hoses, engine-to-radiator hoses, radiator and thermostat opening voltage. Use the voltage and
heater core or other system components and corresponding coolant temperature chart listed
connections. Any leaks that are found must below.
be corrected and the system rechecked.

Coolant TemperaturePressurize the engine cooling system as
°C (°F) CHT (Volts)described in Step 4 (using a pressure relief cap

that operates within the specified upper and 22 (71) 3.00
lower pressure limits). Observe the gauge 43 (109) 2.01
reading for approximately two minutes; refer to

71 (159) 1.01
General  Specifications. Pressure should not

82 (180) 0.75drop during this time.
92 (197) 0.588. Release the system pressure by loosening the
97 (206) 0.50pressure relief cap. Check the engine coolant

level and replenish, if necessary, with the 105 (221) 0.40
correct engine coolant mixture; refer to
Cooling System Draining, Filling and Bleeding

5. If the coolant thermostat opening voltage isin this section.
greater than 0.58 volt and less than 92°C
(197°F), install a new coolant thermostat.Thermostat

6. If the coolant thermostat opening voltage is lessA new thermostat should be installed only after the
than 0.58 volt and greater than 92°C (197°F),following electrical and mechanical tests have been
the coolant thermostat is good and a newcarried out.
coolant thermostat should not be installed. GO

Thermostat, Electrical Test— 4.6L, 5.4L and to  GO to Symptom Chart for further
6.8L instructions.
NOTE: The electrical thermostat test is most

Thermostat — Mechanical Testaccurate if carried out indoors at less than 37.8°C
1. Remove the thermostat.(100°F) ambient air. This test may be carried out

with the hood open or closed and with the engine 2. Check the thermostat for seating. Hold the
warm or cold. thermostat up to a lighted background. Leakage

of light around the thermostat valve at room1. Check the engine coolant level. Fill as needed.
temperature indicates that a new thermostat2. With the ignition OFF, voltage values (0-5 V)
should be installed. Some thermostats have amay now be monitored while the cylinder head
small leakage notch  at one location on thetemperature (CHT) sensor retains its connection
perimeter of the thermostat valve, which isto the wiring harness. A scan tool is used to
considered normal.monitor the CHT voltage.

3. Immerse the thermostat in a boiling antifreeze3. Place the automatic transmission in PARK (P)
and water mixture.or the manual transmission in NEUTRAL (N)

4. See the General Specifications chart forand engage the parking brake.
thermostat opening temperatures.
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DIAGNOSIS AND TESTING (Continued)

Radiator Leak Test, Removed From the 7. Operate the strobe light at 3,000 rpm and aim it
Vehicle at the coolant pump pulley. Adjust the engine

speed until the light flash and the coolant pumpCAUTION: Never leak test an aluminum
pulley mark are synchronized.radiator in the same water that copper/brass

8. Aim the strobe light at the fan blade bolts.radiators are tested in. Flux and caustic cleaners
Adjust the strobe light until the light flash ismay be present in the cleaning tank and they will
synchronized with the marked fan blade boltdamage aluminum radiators.
(the fan blade appears to stand still).NOTE: Always install plugs in the oil cooler

9. The fan blade speed must not be greater thanfittings before leak-testing or cleaning any radiator.
1,500 rpm at 3,000 coolant pump rpm.NOTE: Clean the radiator before leak-testing to

10. Turn the engine off.avoid contamination of tank.

11. If the fan blade speed was greater than 1,5001. Leak-test the radiator in clean water with 138
rpm, install a new fan clutch.kPa (20 psi) air pressure.

2. If a stream of air bubbles is observed coming Fan Clutch Test — Maximum Speed
from the radiator, note the location and install a Requirement
new radiator.

1. Carry out Steps 1 through 5 of the Fan Clutch
Test — Minimum Speed Requirement.Fan Clutch Test

2. NOTE: The temperature should be above 96°CNOTE: The following test does not apply to the
(205°F) for maximum fan speed.6.0L diesel. For the 6.0L diesel, refer to the

Powertrain Control/Emissions Diagnosis (PC/ED) Block off areas on each side of the radiator in
manual. the engine compartment and the front of the

radiator grille. This will raise the temperature of1. Spin the fan blade by hand. A light resistance
the air striking the fan clutch and should causeshould be felt. If there is no resistance or very
the fan blade to operate at maximum speed.high resistance, the minimum and maximum fan

speeds must be checked as follows: 3. Place the climate control function selector
switch in the MAX A/C position and the

Fan Clutch Test — Minimum Speed blower motor switch in the HI position.Requirement
4. Adjust the strobe to 3,000 rpm.1. Use a suitable marker to mark the water pump

pulley, one of the fan blade retaining bolts and 5. WARNING: To avoid the possibility of
the crankshaft pulley. personal injury or damage to the vehicle, do

not operate the engine until the fan blade has2. Connect a tachometer to the engine.
been first examined for possible cracks and

3. Install a throttle adjusting tool. separation.
4. Connect the Digital Photoelectric Tachometer. Start the engine and adjust the engine speed

until the strobe light flash and the water pump5. WARNING: To avoid the possibility of
pulley mark are synchronized.personal injury or damage to the vehicle, do

not operate the engine until the fan blade has 6. Aim the strobe light at the fan blade retaining
been first examined for possible cracks and bolts. Adjust the strobe light until the light flash
separation. is synchronized with the marked fan blade bolt

(the fan blade appears to stand still).Start the engine and run it at approximately
1,500 rpm until the normal operating 7. If the fan blade speed is less than 2,300 rpm,
temperature has been achieved. install a new fan clutch.

6. Adjust the engine speed to 2,300 rpm.
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GENERAL PROCEDURES

1. Release the pressure in the cooling system.Cooling System Draining, Filling and
Bleeding 1 Make sure the engine is cool.

2 Wrap a thick cloth around the coolant
Special Tool(s) pressure relief cap on the degas bottle.

Slowly turn the cap counterclockwise (left)RADKITPLUS
until the pressure begins to release.078-00497

3 Step back while the pressure releases.

4 When you are sure all the pressure has been
released, use the cloth to turn and remove
the cap.

2. Place a suitable container below the radiatorDraining
draincock.

WARNING: Never remove the pressure 3. Open the radiator draincock and drain the
relief cap while the engine is operating or when coolant into a suitable container.
the cooling system is hot. Failure to follow these
instructions can result in damage to the cooling 4. Close the radiator draincock when finished.
system or engine or personal injury. To avoid

Filling and Bleeding with RADKITPLUShaving scalding hot  coolant or steam blow out of
the degas bottle when removing the pressure
relief cap, wait until the engine has cooled, then 1. Using the special tool, install the
wrap a thick cloth around the pressure relief cap RADKITPLUS and follow the RADKITPLUS
and turn it slowly. Step back while the pressure manufacturer’s instructions to fill and bleed the
is released from the  cooling system. When you cooling system.
are sure all the pressure has been released, turn

Filling without RADKITPLUSand remove the pressure relief cap (still with a
cloth).

1. CAUTION: Always fill the cooling
CAUTION: Always fill the cooling system system with the same coolant that is present

with the same coolant that is present in the in the system. Do not mix coolant types.
system. Do not mix coolant types.

Add the correct engine coolant mixture to the
degas bottle.CAUTION: The coolant must be recovered

in a suitable, clean container for reuse. If the 2. Move the temperature blend selector to the full
coolant is contaminated it must be recycled or warm position.
disposed of correctly.

3. Run the engine until it reaches operatingNOTE: Less than 80% of coolant capacity can be
temperature.recovered with the engine in the vehicle. Dirty,

rusty or contaminated coolant requires replacement.
4. Add the correct engine coolant mixture to the

degas bottle until the coolant level is between
the ‘‘COOLANT FILL LEVEL’’ marks.

5. Turn off the engine and allow the cooling
system to cool.

6. Repeat Steps 1 through 5 until the degas bottle
level is OK.
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GENERAL PROCEDURES (Continued)

Bleeding without RADKITPLUS 3. CAUTION: If air discharge remains
cool and engine coolant temperature gauge

1. Select the maximum heater temperature and does not move, engine coolant level is low in
medium low blower motor speed settings. engine and must be filled. Stop engine, allow
Position the control to discharge air at the panel to cool and fill cooling system.
vents in the instrument panel. Start engine and allow to idle until normal

operating temperature is reached. Hot air should
2. Start the engine and allow to idle. While the discharge from the panel vents. The engine

engine is idling, feel for hot air at the panel coolant temperature gauge should maintain a
vents. stabilized reading in the middle of the

NORMAL range and the  upper radiator hose
should feel hot to the touch.

4. Shut the engine off and allow to cool.

5. Check the engine for coolant leaks.

6. Check the engine coolant level in degas bottle
and fill as necessary.
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GENERAL PROCEDURES

2. Remove the thermostat.Cooling System Flushing

3. Install the coolant hose connection without theSpecial Tool(s)
thermostat.

Flush Kit Hardware Package
164-R3658 or equivalent 4. NOTE: Refer to the cooling system Flush-All

Operating Instructions for specific vehicle
hook-up.

Use cooling system Flush-All, Flush Kit
Hardware Package and Drain Kit to flush the
engine and radiator.

Drain Kit
Use Premium Cooling System Flush VC-1 or164-R3662 or equivalent
equivalent meeting Ford specification
ESR-M14P7A.

5. Install the thermostat.

6. Backflush the heater core. For additional
Proflush and Fill Coolant Flush information, refer to Heater Core Backflushing
and Fill

in this section.023-00154 or equivalent

7. Fill the cooling system. For additional
information, refer to Cooling System Draining,
Filling and Bleeding in this section.

1. WARNING: Never remove the
pressure relief cap while the engine is
operating or when the cooling system is hot.
Failure to follow these instructions can result
in damage to the cooling system or engine or
personal injury. To avoid having scalding hot
coolant or steam blow out of the degas bottle
when removing the pressure relief cap, wait
until the engine has cooled, then wrap a
thick cloth around the pressure relief cap
and turn it slowly. Step back while the
pressure is released from the  cooling system.
When you are sure all the pressure has been
released, turn and remove the pressure relief
cap (still with a cloth).

Once pressure is released, remove the pressure
relief cap.

Drain the cooling system. For additional
information, refer to Cooling System Draining,
Filling and Bleeding in this section.
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GENERAL PROCEDURES

Heater Core Backflushing 1. WARNING: Never remove the
pressure relief cap while the engine is
operating or when the cooling system is hot.Special Tool(s)
Failure to follow these instructions can result

Flush Kit Hardware Package in damage to the cooling system or engine or164-R3658 or equivalent
personal injury. To avoid having scalding hot
coolant or steam blow out of the degas bottle
when removing the pressure relief cap, wait
until the engine has cooled, then wrap a
thick cloth around the pressure relief cap
and turn it slowly. Step back while the

Drain Kit pressure is released from the  cooling system.
164-R3662 or equivalent

When you are sure all the pressure has been
released, (still with a cloth) turn and remove
the pressure relief cap.

Once pressure is released, remove the pressure
relief cap.

2. Partially drain the cooling system. For
additional information, refer to Cooling System
Draining, Filling and Bleeding in this section.

3. NOTE: Refer to the cooling system flusher
operating instructions for particular vehicle
hook-up.

Use an appropriate cooling system flusher to
backflush the heater core. Use Premium
Cooling System Flush VC-1 or equivalent
meeting Ford specification ESR-M14P7-A.

4. Fill the cooling system. For additional
information, refer to Cooling System Draining,
Filling and Bleeding in this section.
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REMOVAL AND INSTALLATION

Block Heater — 6.0L Diesel

Removal and Installation

1. With the vehicle in NEUTRAL, position it on a
hoist. For additional information, refer to
Section 100-02.

2. Drain the cooling system. For additional
information, refer to Cooling System Draining,
Filling and Bleeding in this section.

3. Remove the engine cover. For additional
6. To install, reverse the removal procedure.information, refer to Section 501-02.

• Install a new O-ring seal.
4. Disconnect the block heater electrical connector.

5. Remove the block heater.

• Remove and discard the O-ring seal.
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REMOVAL AND INSTALLATION

Degas Bottle

Removal and Installation

1. WARNING: To avoid personal injury,
do not unscrew the coolant pressure relief
cap while the engine is operating or hot. The
cooling system is under pressure; steam and
hot liquid can come out forcefully when the
cap is loosened slightly. Failure to  follow
these instructions may result in personal
injury.

6. Disconnect the coolant return hose and removeRelease the pressure in the cooling system by
the degas bottle.slowly turning the pressure relief cap one half

turn counterclockwise. When the pressure is
released, remove the pressure relief cap.

2. Using hose clamp pliers, clamp the coolant
return hose.

3. Using a suitable suction device, siphon the
coolant from the degas bottle.

4. NOTE: Gas engines will only have one coolant
hose.

Disconnect the coolant hoses at the degas
bottle.

7. To install, reverse the removal procedure.

8. Fill the degas bottle. Refer to Cooling System
Draining, Filling and Bleeding in this section
for the recommended coolant mixture and fill
level.

5. Remove the bolts and position out the degas
bottle.
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REMOVAL AND INSTALLATION

5. Remove the coolant pump from the cylinderCoolant Pump — 4.6L, 5.4L and 6.8L
block.

Material

Item Specification

Motorcraft Premium Gold WSS-M97B51-A1
Engine Coolant
VC-7-A (in Oregon
VC-7-B, in Canada
VC-7-C) or equivalent

Removal

1. Remove the fan and fan clutch. For additional
information, refer to Cooling Fan — 4.6L, 5.4L
and 6.8L in this section.

Installation
2. Remove the accessory drive belt. For additional

information, refer to Section 303-05.
1. CAUTION: Always fill the cooling

3. Remove the coolant pump pulley. system with the same coolant that is present
in the system. Do not mix coolant types.1 Remove the bolts.
Install a new O-ring on the coolant pump. Coat2 Remove the coolant pump pulley.
the new O-ring with engine coolant.

2. CAUTION: Do not rotate the coolant
pump housing once the coolant pump has
been positioned in the cylinder block.
Damage to the O-ring seal will occur.

Install the coolant pump.

1 Lubricate the new O-ring seal using engine
coolant and install the O-ring seal onto the
coolant pump.

2 Position the coolant pump into the engine
block.

3 Install the bolts.
4. Remove the bolts.
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REMOVAL AND INSTALLATION (Continued)

3. Position the pulley onto the coolant pump and 4. Install the accessory drive belt. For additional
install the bolts. information, refer to Section 303-05.

5. Install the fan and fan clutch. For additional
information, refer to Radiator — 4.6L, 5.4L and
6.8L in this section.
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REMOVAL AND INSTALLATION

Coolant Pump — 6.0L Diesel

Removal and Installation

1. Remove the cooling fan stator. For additional
information, refer to Cooling Fan Stator —
6.0L Diesel in this section.

2. Remove the accessory drive belt.

4. Remove the bolts and the coolant pump.

• Remove and discard the O-ring seal.

3. Remove the bolts and the coolant pump pulley.

5. To install, reverse the removal procedure.

• Clean and inspect the coolant pump
mounting.
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REMOVAL AND INSTALLATION

Radiator — 4.6L, 5.4L and 6.8L

Removal and Installation

1. With the vehicle in NEUTRAL, position it on a
hoist. For additional information, refer to
Section 100-02.

2. Remove the cooling fan. For additional
information, refer to Cooling Fan — 4.6L, 5.4L
and 6.8L in this section.

3. If equipped, remove the underbody splash
7. Remove the radiator from the vehicle.shield.

4. NOTE: Typical shown, others similar.

Disconnect the transmission oil cooler hoses.

• Plug or cap the lines as needed.

5. Disconnect the lower radiator hose.

6. Remove the four bolts and the radiator support
brackets.
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REMOVAL AND INSTALLATION (Continued)

8. To install, reverse the removal procedure.

• If necessary, install new appropriately sized
worm drive-type clamps.
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REMOVAL AND INSTALLATION

Radiator — 6.0L Diesel

Removal and Installation

1. With the vehicle in NEUTRAL, position it on a
hoist. For additional information, refer to
Section 100-02.

2. Drain the cooling system. For additional
information, refer to Cooling System Draining,
Filling and Bleeding in this section.

3. Remove the pushpin retainers and upper air
6. Disconnect the coolant hoses from the airdeflector.

cleaner outlet tube.

4. Remove the bolts for the power steering
7. NOTE: Air cleaner side shown, other sidereservoir bracket.

similar.

Loosen the clamps and remove the air cleaner
outlet tube.

5. Remove the bolts and power steering fluid
indicator. Remove the power steering reservoir
mounting bracket. Install the power steering
fluid indicator and position aside.
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REMOVAL AND INSTALLATION (Continued)

8. Loosen the clamps and remove the charge air 11. Disconnect and remove the upper radiator hose.
cooler pipe.

12. NOTE: Left side shown, right side similar.
9. NOTE: If there is any oil residue, clean both Remove the pushpin retainers and lower air

connecting ports and the inside surface of the deflector.
charge air cooler hose to prevent the hose from
blowing off.

Loosen the clamps and remove the charge air
cooler hose.

13. Disconnect the transmission cooler hoses.

• Plug or cap the lines as needed.

10. Disconnect the radiator vent hose.
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REMOVAL AND INSTALLATION (Continued)

14. Disconnect the lower radiator hose.

18. NOTE: Do not just tilt the top of the A/C
condenser forward. It is necessary to position

15. NOTE: Left side shown, right side similar. the entire A/C condenser forward. This allows
the bottom of the condenser to clear theRemove the two bolts and the lower shroud.
transmission cooler fittings on the radiator.

Remove the two bolts and position the A/C
condenser forward.

16. Disconnect the transmission cooler hoses and
remove the lower shroud.

19. Disconnect the oil level indicator and tube.

17. Remove the bolts and the radiator mounting
brackets.
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REMOVAL AND INSTALLATION (Continued)

20. NOTE: The cooling module (radiator, charge 21. To install, reverse the removal procedure.
air cooler and fan shroud) is removed as an
assembly. If it is necessary to separate the
radiator from the cooling module, refer to
Disassembly and Assembly in this section.

Remove the cooling module from the vehicle.
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REMOVAL AND INSTALLATION

4. Disconnect the radiator upper hose from theCooling Fan — 4.6L, 5.4L and 6.8L
radiator. Position the radiator hose aside.

Special Tool(s)
5. Disconnect the overflow hose from the radiator.

Holding Wrench, Fan Clutch
Pulley (4.6L, 5.4L)
303-239 (T84T-6312-C)

Wrench, Fan Clutch Hub Nut
(4.6L, 5.4L)
303-240 (T84T-6312-D)

Holding Wrench, Fan Clutch 6. CAUTION: The coolant hose must be
Pulley (6.8L) mounted in the lower hole and power
303-478 (94T-6312-AH) steering hose in the upper hole or damage to

the hoses can occur.

Disconnect the coolant degas bottle and power
steering hose from the shroud.

Wrench, Fan Clutch Hub Nut
(6.8L)
303-214 (T83T-6312-B)

Removal and Installation

All vehicles

NOTE: The fan, fan clutch and shroud must be
removed and installed together due to insufficient
clearance to remove them separately.

1. With the vehicle in NEUTRAL, position it on a
hoist. For additional information, refer to
Section 100-02.

2. Drain the engine cooling system. For additional
information, refer to Cooling System Draining,
Filling and Bleeding in this section.

3. Remove the air cleaner assembly. For additional
information, refer to Section 303-12.
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REMOVAL AND INSTALLATION (Continued)

Vehicles with 4.6L, 5.4L engine

7. CAUTION: The clutch assembly nut
has a right-hand thread and must be rotated
counterclockwise to remove it.

Using the special tools, loosen the fan clutch.

11. If equipped, disconnect the underbody splash
shield from the shroud.

Vehicles with 6.8L engine

8. CAUTION: The clutch assembly nut
has a right-hand thread and must be rotated
counterclockwise to remove it.

Using the special tools, loosen the fan clutch.

12. CAUTION: Use extreme care when
removing or installing the fan, fan clutch and
shroud. Failure to do so will cause damage to
the radiator.

Remove the mounting bolts and the fan, fan
clutch and shroud.

All vehicles

9. Carefully rotate the fan and fan clutch assembly
counterclockwise until the assembly is free
from the coolant pump. Place the fan and fan
clutch into the shroud opening.

10. Disconnect the lower radiator hose retaining
13. To install, reverse the removal procedure.clamp from the shroud.

• If necessary, install new appropriately sized
worm drive-type clamps.
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REMOVAL AND INSTALLATION (Continued)

14. Fill and bleed the engine cooling system. For
additional information, refer to Cooling System
Draining, Filling and Bleeding in this section.
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303-03-1 303-03-1Engine Cooling

REMOVAL AND INSTALLATION

3. NOTE: Use a hole in the fan hub to preventCooling Fan Stator — 6.0L Diesel
the fan from turning.

Special Tool(s) Using the special tool, loosen the fan clutch by
turning the wrench counterclockwise. RemoveWrench, Fan Clutch Nut

303-591 the cooling fan and clutch.

Removal and Installation

1. Remove the radiator. For additional
information, refer to Radiator — 6.0L Diesel in
this section.

2. Disconnect the electrical connector. Release the
wiring from the stator.

4. Remove the bolts and cooling fan stator
assembly.

5. To install, reverse the removal procedure.
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303-03-1 303-03-1Engine Cooling

REMOVAL AND INSTALLATION

Thermostat — 6.0L Diesel

Removal and Installation

1. Drain the cooling system. For additional
information, refer to Cooling System Draining,
Filling and Bleeding in this section.

2. Remove the push pin retainers and upper air
deflector.

5. Disconnect the coolant hoses from the air
cleaner outlet tube.

3. Remove the bolts for the power steering
reservoir bracket.

6. NOTE: Air cleaner side shown, other side
similar.

Loosen the clamps and remove the air cleaner
outlet tube.

4. Remove the bolts and power steering fluid
indicator. Remove the power steering reservoir
mounting bracket. Install the power steering
fluid indicator and position aside.
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303-03-2 303-03-2Engine Cooling

REMOVAL AND INSTALLATION (Continued)

7. NOTE: If there is any oil residue, clean both 9. Remove the retaining nut and position the fuel
connecting ports and the inside surface of the line retainer aside.
charge air cooler pipe to prevent the pipe from
blowing off.

Loosen the clamps and remove the charge air
pipe.

10. Remove the stud bolts and thermostat assembly.

• Remove and discard the O-ring seal.

8. Disconnect and position the upper radiator hose
aside.

11. To install, reverse the removal procedure.

• Install a new O-ring seal on the thermostat
assembly.
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DISASSEMBLY AND ASSEMBLY

4. Remove the bolts and separate the charge airRadiator — 6.0L Diesel
cooler from the radiator.

Disassembly and Assembly

1. Remove the radiator. For additional
information, refer to Radiator — 6.0L Diesel in
this section.

2. Remove the push pin and radiator air deflector.

5. NOTE: Right side shown, left side similar.

Remove the bolts and brackets from the
radiator.

3. Remove the bolts and fan shroud.

6. To assemble, reverse the disassembly procedure.

• Install the LH bolts first, for alignment of
the charge air cooler to the radiator.
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303-05-1 303-05-1Accessory Drive

Torque Specifications
SPECIFICATIONS

Description Nm lb-ft
General Specifications

Belt idler pulley bolt — 4.6L, 25 18
Item Specification 5.4L and 6.8L

4.6L, 5.4L and 6.8L Tension is within Belt tensioner bolts — 4.6L, 25 18
gasoline and natural gas 6 specification if the 5.4L and 6.8L
rib Poly-V belt tensioner is within the

Belt idler pulley bolt (6.0L 47 35indicator markings
diesel)

6.0L 8 rib Poly-V belt Tension is within
Belt tensioner bolts (6.0L 25 18specification if the
diesel)tensioner is within the

indicator markings Crankshaft pulley bolts (6.0L 47 35
diesel, dual generator)

Generator mounting bracket 47 35NOTE: All belts new and used must meet the same
bolts (6.0L diesel, dualspecifications for the specific application.
generator)
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303-05-1 303-05-1Accessory Drive

DESCRIPTION AND OPERATION
Drive Belt Routing — 4.6L, 5.4L, 6.8L Without A/CAccessory Drive

Ford vehicles are equipped with a Poly-V drive belt.
To make sure of maximum belt life, newly installed
drive belts must be of the same type and
specification as originally installed.

The drive belt is tensioned by a spring-loaded
tensioner that maintains correct belt tension at all
times.

A loose drive belt will result in slippage, which can
cause a noise complaint or incorrect accessory
operation. An overly tight drive belt will place
severe loads on accessory bearings and result in
premature drive belt or accessory failure.  Refer to

Item Part Number Descriptionthe following illustrations for the belt routing.
1 8678 Belt idler pulley

Drive Belt Routing — 4.6L, 5.4L, 6.8L With A/C 2 10344 Generator pulley

3 8509 Water pump pulley

4 3A733 Power steering pump pulley

5 6312 Crankshaft pulley

6 6B209 Drive belt tensioner

7 8620 Drive belt

Item Part Number Description

1 8678 Belt idler pulley

2 10344 Generator pulley

3 8509 Water pump pulley

4 3A733 Power steering pump pulley

5 6312 Crankshaft pulley

6 6B209 Drive belt tensioner

7 19D784 Air conditioner pulley

8 8620 Drive belt
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303-05-2 303-05-2Accessory Drive

DESCRIPTION AND OPERATION (Continued)

Drive Belt Routing — 6.0L Diesel with Single Drive Belt Routing — 6.0L Diesel with Dual
Generator Generator

Item Part Number Description Item Part Number Description

1 19D784 A/C clutch pulley 1 19D784 A/C clutch pulley

2 19A216 Belt idler pulley 2 19A216 Belt idler pulley

3 10344 Generator pulley 3 10344 Generator pulley

4 2L487 Vacuum pump pulley 4 2L487 Vacuum pump pulley

5 3A733 Power steering pump pulley 5 3D673 Power steering pump pulley

6 8A528 Water pump pulley 6 8A528 Water pump pulley

7 6312 Crankshaft pulley 7 6312 Crankshaft pulley

8 6B209 Drive belt tensioner 8 6B209 Drive belt tensioner

Drive Belt Tensioner — Automatic

The drive belt tensioner will maintain correct belt
tension if the correct length drive belt is on the
engine. To verify that the drive belt tensioner is
working correctly, check to see that the belt length
indicator mark on the drive belt  tensioner is
between the minimum and maximum marks.
Remove the drive belt and rotate the tensioner to
verify that the tensioner does not stick, grab or bind.
If the tensioner exhibits any of these conditions,
install a new tensioner.
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DESCRIPTION AND OPERATION (Continued)

Drive Belt Tensioner — 4.6L, 5.4L, 6.8L (non-A/C Item Part Number Descriptionshown, A/C similar)
3 — Indicator (part of 6B209)

4 — Maximum tension mark (part
of 6B209)

Item Part Number Description

1 6B209 Drive belt tensioner

2 — Minimum tension mark (part
of 6B209)

(Continued)
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DIAGNOSIS AND TESTING

5. NOTE: Up to 15 cracks in a rib over aAccessory Drive
distance of 100 mm (4.0 in) can be considered

Inspection and Verification acceptable. If damage exceeds the acceptable
limit or any chunks are found to be missingCAUTION: Under no circumstances should
from the ribs, a new belt must be installed.the accessory drive belt, tensioner or pulleys be
Check the belt for cracks. Up to 15 cracks in alubricated as potential damage to the belt
rib over a distance of 100 mm (4.0 in) can bematerial and tensioner damping mechanism will
considered acceptable. If cracks exceed thisoccur. Do not apply any fluids or belt dressing to
standard, install a new belt.the accessory drive belt  or pulleys.

6. The condition of the V-ribbed drive belt should1. Verify the customer concern by operating the
be compared against the illustration andsystem.
appropriate action taken.2. Visually inspect for obvious signs of
1 Small scattered deposits of rubber material.mechanical damage.

This is not a concern, therefore, installation
Visual Inspection Chart of a new belt is not required.

Mechanical 2 Longer deposit areas building up to 50% of
the rib height. This is not considered a• Drive belt cracking/chunking/wear

• Belt/pulley contamination concern but it can result in excessive noise.
• Incorrectly routed belt If noise is apparent, install a new belt.
• Pulley misalignment or excessive pulley runout

3 Heavy deposits building up along the• Loose or mislocated hardware
grooves resulting in a possible noise and• Incorrectly routed power steering tubes (rubbing)
belt stability concern. If heavy deposits are
apparent, install a new belt.

3. Eliminate all other non-belt related noises that
could cause belt misdiagnosis, such as A/C
compressor engagement chirp, power steering
cavitations at low temperatures, variable
camshaft timing (VCT) tick or generator whine.

4. If a concern is found, correct the condition
before proceeding to the next step.

V-Ribbed Serpentine Drive Belt With Cracks Across
Ribs
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DIAGNOSIS AND TESTING (Continued)

V-Ribbed Serpentine Belt With Piling 7. There should be no chunks missing from the
belt ribs. If the belt shows any evidence of this,NOTE: Piling is an excessive buildup in the
install a new accessory drive belt.V-grooves of the belt.

V-Ribbed Serpentine Belt With Chunks of Rib
Missing

8. If the concern is not visually evident, verify the
symptom and GO to Symptom Chart.

Symptom Chart

Symptom Chart

Condition Possible Sources Action
• Accessory drive belt cracking • Accessory drive belt • INSPECT the accessory drive

(over 15 cracks in a rib over belt. REFER to Inspection
a distance of 100 mm [4.0 and Verification in this
in]) section. INSTALL a new

accessory drive belt as
necessary.

• Accessory drive belt chunking • Accessory drive belt • INSPECT the accessory drive
belt. REFER to Inspection
and Verification in this
section. INSTALL a new
accessory drive belt as
necessary.
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DIAGNOSIS AND TESTING (Continued)

Symptom Chart (Continued)

Condition Possible Sources Action
• Accessory drive belt noise, • Defective/worn or incorrect • REFER to Component Tests,

squeal, chirping or flutter accessory drive belt Drive Belt, Noise/Flutter in
• Misaligned pulley(s) this section. REPAIR or
• Pulley runout INSTALL new parts as
• Damaged or worn accessories necessary.
• Fluid contamination of

accessory drive belt or
pulleys

• Damaged or worn accessory • REFER to Component Tests,
drive belt tensioner Belt Tensioner — Mechanical

and Belt Tensioner —
Dynamics in this section.
INSTALL a new accessory
drive belt tensioner as
necessary.

• Premature accessory drive • Defective accessory drive belt • REFER to Component Tests,
belt wear • Misaligned pulley(s) Drive Belt Noise/Flutter and

• Pulley runout Incorrect Drive Belt
• Damaged accessories Installation in this section.
• Incorrectly installed drive belt REPAIR or INSTALL new
• Fluid contamination parts as necessary.

• Accessory drive belt does not • Accessory drive belt has • INSPECT the drive belt.
hold proper tension excessive cracking or damage REFER to Inspection and

Verification in this section.
INSTALL a new drive belt as
necessary.

• Drive belt tensioner worn or • CHECK the drive belt
damaged tensioner for damage and

correct operation. REFER to
the Component Tests, Belt
Tensioner — Mechanical and
Belt Tensioner — Dynamics
in this section. INSTALL a
new drive belt tensioner as
necessary.

• Accessory drive component • CHECK the accessory drive
failure components. INSTALL new

components as necessary.
• Accessory drive belt idler • INSPECT the accessory drive

pulley bearing failure belt idler pulley for freedom
of rotation and damage.
INSTALL a new accessory
drive belt idler pulley as
necessary.

Component Tests CAUTION: Do not apply any fluids or belt
dressing to the accessory drive belt or pulleys.Drive Belt — Noise/Flutter
Drive belt squeal may be an intermittent or constantDrive belt chirp occurs due to pulley misalignment
noise that occurs when the drive belt slips on anor excessive pulley runout. It can be the result of a
accessory pulley under certain conditions.damaged or an incorrectly aligned grooved pulley.
A short intermittent squeal may occur during engineTo correct, determine the area where the noise
start-up and shut down or during very rapid enginecomes from. Check each of the pulleys in that area
acceleration and decelerations, such as:with a straightedge to the crankshaft pulley. Look

for accessory pulleys out of position in the fore/aft • wide open throttle 1-2 and 2-3 shifts or 2-3 and
direction or at an angle to the  straightedge. 3-4 back out shifts on automatic transmissions.
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DIAGNOSIS AND TESTING (Continued)

Drive Belt — Incorrect Installation• wide open throttle 1-2 and 2-3 shifts and any
combination of rapid downshifting on manual CAUTION: Incorrect accessory drive belt
transmissions. installation will cause excessive drive belt wear

These special short-term transient events are and can cause the drive belt to come off the
expected, and are due to the higher system inertias pulleys.
required to meet the electrical and cooling demands Non-standard accessory drive belts can track
on today’s vehicle systems. Constant or reoccurring differently or incorrectly. If an accessory drive belt
drive belt squeal can occur: tracks incorrectly, install a new accessory drive belt

to avoid performance failure or loss of the drive• if the A/C discharge pressure goes above
belt.specifications:

— the A/C system is overcharged. Incorrect Installation
— the A/C condenser core airflow is blocked.

• if the A/C OFF equalized pressure (the common
discharged and suction pressure that occurs after
several minutes) exceeds specifications.

• if any of the accessories are damaged or have a
worn or damaged bearing. All accessories should
be rotatable by hand in the unloaded condition. If
not, inspect the accessory.

• if there is evidence of fluid contamination on the
accessory drive belt. When the drive belt has been
exposed to fluid contamination during vehicle
operation, such as leaks from the power steering
system, A/C system or cooling system, clean all Correct Installation
pulleys with soap and water, rinse with clean
water and install a new accessory drive belt. If the
drive belt has been exposed to fluids in a
localized area during routine vehicle service, such
as replacement of hoses or fluids, the drive belt
and  pulleys should be washed with soap and
water immediately (prior to starting the engine),
and rinsed with clean water.

• if the accessory drive belt is too long. A drive
belt that is too long will allow the accessory drive
belt tensioner arm to go all the way to the arm
travel stop under certain load conditions, which
will release tension to the drive belt. If  the
accessory drive belt tensioner indicator is outside
the normal installation wear range window, install
a new accessory drive belt.

• NOTE: The accessory drive belt tensioner arm
should rotate freely without binding.

Install a new accessory drive belt tensioner if the
drive belt tensioner is worn or damaged.
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DIAGNOSIS AND TESTING (Continued)

With the engine running, check accessory drive belt 3. Using a suitable, commercially available
tracking on all pulleys. If the edge of the accessory serpentine belt tensioner release tool, move the
drive belt rides beyond the edge of the pulleys, tensioner from its relaxed position, through its
noise and premature wear will occur. Make sure the full stroke and back to the relaxed position to
accessory drive belt rides correctly  on the pulley. If make sure there is no stick, grab or bind, and to
an accessory drive belt tracking condition exists, make  sure that there is tension on the tensioner
proceed with the following: spring.

4. Rotate the tensioner pulley by hand and check• Visually check the accessory drive belt tensioner
for a binding, contaminated or seized condition.for damage, especially the mounting pad surface.
Install a new accessory drive belt tensioner ifIf the accessory drive belt tensioner is not
necessary.installed correctly, the mounting surface pad will

be out of position. This will result in chirp and 5. Inspect the area surrounding the accessory drive
squeal noises. belt tensioner for oil leaks or contamination and

repair any leaks. Install a new accessory drive• With the engine running, visually observe the
belt tensioner as necessary.grooves in the pulleys (not the pulley flanges or

the pulley forward faces) for excessive wobble. 6. If the accessory drive belt tensioner meets the
Install new components as necessary. above criteria, proceed to testing the tensioner

dynamically. If the accessory drive belt• Check all accessories, mounting brackets and the
tensioner does not meet the above criteria,accessory drive belt tensioner for any interference
install a new tensioner.that would prevent the component from mounting

correctly. Correct any interference condition and Belt Tensioner — Dynamics
recheck the accessory drive belt tracking.

The accessory drive belt tensioner can be checked
• Tighten all accessories, mounting brackets and dynamically as follows:

accessory drive belt tensioner retaining hardware
1. With the engine running, observe the accessoryto specification. Recheck the accessory drive belt

drive belt tensioner movement. The accessorytracking.
drive tensioner should move (respond) when the

Belt Tensioner — Mechanical air conditioning clutch cycles (if equipped), or
when the engine is accelerated rapidly. If theThe only mechanical check that needs to be made is
accessory  drive belt tensioner movement isa check for tensioner stick, grab or bind.
excessive without air conditioning clutch

1. With the engine OFF, check routing of the cycling or engine acceleration, check belt
accessory drive belt. Refer to the illustrations rideout. Excessive belt rideout (uneven depth of
under Description and Operation in this section. grooves in the belt) can cause excessive

2. NOTE: The accessory drive belt tensioner accessory drive belt tensioner movement.
spring is very strong and requires substantial Check rideout condition by installing a new
force to release. belt. If excessive accessory drive belt tensioner

movement still exists, install a new accessoryUsing a suitable, commercially available
drive belt tensioner.serpentine belt tensioner release tool, release the

tension on the belt and detach the accessory
drive belt in the area of the tensioner.
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REMOVAL AND INSTALLATION

Accessory Drive Belt — 4.6L, 5.4L
and 6.8L With A/C

Removal and Installation

1. Remove the air cleaner assembly. For additional
information, refer to Section 303-12.

2. Rotate the tensioner clockwise and remove the
drive belt.

3. To install, reverse the removal procedure. For
additional information, refer to Accessory Drive
(Drive Belt Routing — 4.6L, 5.4L, 6.8L With
A/C illustration) in this section.
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REMOVAL AND INSTALLATION

2. Rotate the tensioner counterclockwise andAccessory Drive Belt — 4.6L, 5.4L
remove the drive belt.and 6.8L Without A/C

3. To install, reverse the removal procedure. ForRemoval and Installation additional information, refer to Accessory Drive
(Drive Belt Routing — 4.6L, 5.4L, 6.8L

1. Remove the air cleaner assembly. For additional Without A/C illustration) in this section.
information, refer to Section 303-12.
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REMOVAL AND INSTALLATION

Accessory Drive Belt — 6.0L Diesel

Removal and Installation

1. Remove the cooling fan stator. For additional
information, refer to Section 303-03.

2. NOTE: Single belt shown, Dual belt similar.

Rotate the tensioner clockwise and remove the
accessory drive belt.

3. To install, reverse the removal procedure.
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REMOVAL AND INSTALLATION

Accessory Drive Belt Tensioner —
4.6L, 5.4L and 6.8L

Removal and Installation

1. Remove the drive belt. For additional
information, refer to Accessory Drive Belt —
4.6L, 5.4L and 6.8L With A/C or  Accessory
Drive Belt — 4.6L, 5.4L and 6.8L Without A/C
in this section.

2. NOTE: The drive belt tensioner with air
conditioning is shown. The drive belt tensioner 3. To install, reverse the removal procedure.
for vehicles without air conditioning is similar.

Remove the bolts and the drive belt tensioner.
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REMOVAL AND INSTALLATION

Accessory Drive Belt Tensioner —
6.0L Diesel

Removal and Installation

1. Remove the accessory drive belt. For additional
information, refer to Accessory Drive Belt —
6.0L Diesel in this section.

2. Remove the bolts and the accessory drive belt
tensioner.

3. To install, reverse the removal procedure.
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REMOVAL AND INSTALLATION

Accessory Drive Belt Idler Pulley —
4.6L, 5.4L and 6.8L

Removal

1. Remove the drive belt. For additional
information, refer to Accessory Drive Belt —
4.6L, 5.4L and 6.8L With A/C or  Accessory
Drive Belt — 4.6L, 5.4L and 6.8L Without A/C
in this section.

2. Remove the belt idler pulley.
Installation1 Remove the bolt.

2 Remove the pulley.
1. To install, reverse the removal procedure.
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REMOVAL AND INSTALLATION

Accessory Drive Belt Idler Pulley —
6.0L Diesel

Removal and Installation

1. Remove the accessory drive belt. For additional
information, refer to Accessory Drive Belt —
6.0L Diesel in this section.

2. Remove the bolt and the accessory drive belt
idler pulley.

3. To install, reverse the removal procedure.

Copyright  2003, Ford Motor Company
Last updated: 10/24/2003 2004 E-Series, 12/2003 



303-06-1 303-06-1Starting System — Gasoline Engines

Torque Specifications
SPECIFICATIONS

Description Nm lb-ft lb-in
General Specifications

Starter Motor Solenoid 7-9 — 61-79
Item Specification Relay Switch Mounting

BoltsNormal engine cranking 140-220 rpm
speed Battery Cables 5-11 — 44-97

Starter motor no load 60-80 amps Starter Motor Bolts 22-28 16-20 —
current draw

Starter Motor Ground 17-23 13-17 —
Starter motor normal load 130-220 amps Cable Nut
current draw

Starter Solenoid 10-14 7-10 —
Starter motor maximum 800 amps B-Terminal Nut
load

Starter Solenoid 6 — 53
Starter motor minimum 14.7Nm S-Terminal Nut
stall torque (at 5 volts)

Starting circuit maximum 0.5 volts
voltage drop (engine
temperature normal)

Lubricant

SAE 5W-20 Premium WSS-M2C153-H
Synthetic Blend Motor Oil
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303-06-1 303-06-1Starting System — Gasoline Engines

• transmission range (TR) sensor
DESCRIPTION AND OPERATION

Starting System • starter motor solenoid relay switch (11450)

The starting system consists of the: • starter solenoid (11390)

• starter drive (11350)• starter motor (11002)

• starter switch, part of the ignition switch (11572)

Component Locations

Item Part Number Description Item Part Number Description

3 10655 Battery1 — Battery Positive Terminal

4 14088 Auxiliary Battery Relay2 — Battery Negative Terminal
(Continued)(Continued)
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303-06-2 303-06-2Starting System — Gasoline Engines

DESCRIPTION AND OPERATION (Continued)

Item Part Number Description

5 — Auxiliary Battery Relay B+
Terminal

6 — Auxiliary Battery Relay
Trigger Terminal

7 — Auxiliary Battery Relay
Switched Terminal

8 11450 Starter Motor Solenoid Relay
Switch

9 — Starter Motor Relay Trigger
Terminal

10 — Starter Motor Relay Enable
Terminal The starter motor solenoid relay switch:

11 — Starter Motor Relay B+
• controls current to the starter solenoid.Terminal
• is engaged by the ignition switch.12 11390 Starter Solenoid

13 — M-Terminal to Starter Motor • connects the battery (10655) to the starter motor.
Wire The TR sensor on automatic transmission-equipped

14 — Starter Motor/Solenoid Enable vehicles prevents starter motor engagement unless
15 — Starter Motor/Solenoid B+ the transmission is in the NEUTRAL or PARK

Terminal position. For additional information, refer to Section
16 10655 Battery 307-01A  or Section 307-01B.

The starter motor:

• is a permanent magnet, gear reduction, 12 V dc
motor

• has an integral starter solenoid.

• has an overrunning clutch in the starter drive.
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DESCRIPTION AND OPERATION (Continued)

The starter drive: The starter solenoid:

• is operated by the starter solenoid. • is an electromagnet.

• engages the flywheel to turn the engine. • engages the starter drive to the flywheel (6375).

• has an internal overrunning clutch to disengage • when energized, contacts close, connecting the
the starter motor when the engine starts. battery to the starter motor and causing the starter

motor to turn the starter drive.

• is kept in the energized condition by a hold-in
winding until the starter switch is released.

When the ignition switch is turned to the START
position, the starter motor is energized, connecting
the battery to the starter solenoid. The starter
solenoid moves the drive lever and drive lever and
pin (11067) to engage the starter drive with the
flywheel ring gear and connects the battery to the
starter motor.
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Inspection and Verification
DIAGNOSIS AND TESTING

Starting System 1. Verify the customer concern by operating the
Refer to Wiring Diagrams Cell 20 for schematic and starting system.
connector information. 2. Visually inspect for obvious signs of

mechanical and electrical damage. Refer to theSpecial Tool(s)
following chart.

73 Digital Multimeter
105-R0051 or equivalent Visual Inspection Chart

Mechanical Electrical

• Starter motor • Battery
• Starter motor solenoid • Open fuse
• Brackets • Damaged wiring harness

• Loose or corroded
connectionsStarter, Alternator, Battery,

Regulator, and Electrical Tester
(SABRE)

3. If the concern is not visually evident, determine010-00730 or equivalent
the symptom. GO to  Symptom Chart.

Symptom Chart

SYMPTOM CHART

Condition Possible Sources Action
• The Engine Does Not Crank • Battery. • GO to Pinpoint Test A.

or The Relay Clicks • Fuse.
• Starter motor/solenoid.
• Ignition switch.
• Circuit.

• The Engine Cranks Slowly • Battery. • GO to Pinpoint Test B.
• Starter motor/solenoid.
• Circuit.

• Unusual Starter Noise • Starter mounting. • GO to Pinpoint Test C.
• Starter motor.
• Improper starter drive

engagement.
• Flywheel.

• The Starter Spins But The • Drive pinion/overrunning • GO to Pinpoint Test D.
Engine Does Not Crank clutch.

• Starter solenoid.

Pinpoint Tests

PINPOINT TEST A: THE ENGINE DOES NOT CRANK OR THE RELAY CLICKS

Test Step Result / Action to Take
A1 CHECK THE VOLTAGE TO THE STARTER RELAY COIL

• Key in OFF position.

(Continued)
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303-06-2 303-06-2Starting System — Gasoline Engines

DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST A: THE ENGINE DOES NOT CRANK OR THE RELAY CLICKS (Continued)

Test Step Result / Action to Take
A1 CHECK THE VOLTAGE TO THE STARTER RELAY COIL

(Continued)

• Measure the voltage between the starter relay Terminal 86,
Circuit 1093 (T/R) and chassis ground while momentarily turning
the ignition to START.

Yes
GO to A2.
No
REFER to Section 307-01A  or Section
307-01B  for diagnosis and testing of the

• Is the voltage reading greater than 10 volts? starter interrupt inhibitor system.
A2 CHECK THE VOLTAGE TO THE STARTER RELAY

• Measure the voltage between the starter relay Terminal 30 and
ground.

Yes
GO to A3.
No
REPAIR the battery to starter relay cable.

• Is the voltage reading greater than 10 volts? TEST the system for normal operation.
A3 CHECK THE VOLTAGE TO THE STARTER MOTOR SOLENOID

• Measure the voltage between the starter motor solenoid positive
terminal and ground.

Yes
GO to A4.
No
REPAIR the circuit between the battery
ground cable (14301) and the starter
solenoid (11390) . CLEAN and TIGHTEN
the connections at the battery terminals.

• Is the voltage reading greater than 10 volts? TEST the system for normal operation.

(Continued)
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303-06-3 303-06-3Starting System — Gasoline Engines

DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST A: THE ENGINE DOES NOT CRANK OR THE RELAY CLICKS (Continued)

Test Step Result / Action to Take
A4 MANUALLY JUMP THE STARTER MOTOR

• Connect one end of a jumper wire to the positive terminal of the
battery ground cable and the other end to the starter solenoid
S-terminal.

Yes
GO to A5.
No
REPLACE the starter motor (11002).

• Does the starter solenoid engage? TEST the system for normal operation.
A5 CHECK THE STARTER MOTOR

• Connect one end of a jumper wire to the positive terminal of the
battery and the other end to the starter motor terminal.

Yes
GO to A6.
No
REPLACE the starter motor. TEST the

• Does the starter motor spin? system for normal operation.
A6 CHECK THE CONTINUITY OF THE CIRCUIT

• Key in OFF position.
• Measure the resistance between the starter relay and starter

solenoid positive cable.

Yes
REPLACE the starter relay. TEST the
system for normal operation.
No
REPAIR the circuit. TEST the system for

• Is the resistance reading less than 5 ohms? normal operation.
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST B: THE ENGINE CRANKS SLOWLY

Test Step Result / Action to Take
B1 CHECK THE VOLTAGE TO THE STARTER

• Key in OFF position.
• Measure the voltage between the starter motor solenoid positive

terminal and ground.

Yes
GO to B2.
No
REPAIR the circuit between the battery
and the starter solenoid. CLEAN and
TIGHTEN the connections at the battery
terminals. TEST the system for proper

• Is the voltage reading 12.5 volts or greater? operation.
B2 CHECK MOTOR GROUND CIRCUIT

• Carry out the Motor Ground Circuit test; refer to Component Yes
Tests in this section. REPLACE the starter motor. Test the

• Is the ground OK? system for normal operation.
No
REPAIR the ground circuit as necessary.
TEST the system for normal operation.

PINPOINT TEST C: UNUSUAL STARTER NOISE

Test Step Result / Action to Take
C1 CHECK THE STARTER MOTOR MOUNTING

• Inspect the starter motor mounting bolts and brackets for Yes
looseness. GO to C2.

• Is the starter motor mounted properly? No
INSTALL the starter motor properly;
REFER to Starter Motor in this section.
TEST the system for normal operation.

C2 CHECK FOR ENGINE NOISE
• Key in OFF position.
• Connect a remote starter switch between the starter solenoid B

and S terminals.

Yes
GO to C3.
No

• Engage the starter motor and verify the noise due to the starter REFER to Section 303-01A  (4.6L and
operation. 5.4L) or Section 303-01B  (6.8L) to

• Is the noise due to the starter motor engagement? continue the diagnosis.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST C: UNUSUAL STARTER NOISE (Continued)

Test Step Result / Action to Take
C3 CHECK FOR UNUSUAL WEAR

• Remove the starter motor; refer to Starter Motor in this section. Yes
• Inspect the ring gear for damaged or worn teeth. REPLACE the flywheel ring gear.
• Is the noise due to flywheel ring gear tooth damage? EXAMINE the starter pinion teeth. If

damaged, REPLACE the starter motor.
TEST the system for normal operation.
No
REPLACE the starter motor. TEST the
system for normal operation.

PINPOINT TEST D: THE STARTER SPINS BUT THE ENGINE DOES NOT CRANK

Test Step Result / Action to Take
D1 CHECK THE STARTER MOTOR

• Connect one end of a jumper wire to the positive terminal of the
battery ground cable and the other end to the starter motor
terminal.

Yes
RETURN the starter motor to service.
TEST the system for normal operation.
No
 REPLACE the starter motor. TEST the

• Does the starter motor spin? system for normal operation.

Component Tests 2. Connect the ARBST to the vehicle, using the
amperage lead clipped around the positive

Starter Motor — Starter Load Test battery cable.
WARNING: When repairing the starter 3. Measure the amperage draw of the starter motor

motor or carrying out other underhood work in while activating the starting system. A properly
the vicinity of the starter motor, be aware that operating starter motor will draw from 130 to
the heavy gauge battery input lead at the starter 190 amps of current (for gasoline engines only).
solenoid is electrically hot at all times. The

Starter Motor — Voltage Drop Test — Motorprotective cap or boot  provided over this
Feed Circuitterminal must be replaced after the maintenance

is complete. Make sure to disconnect the battery The following test procedure is performed with the
ground cable before working on the starter starter motor on the vehicle.
motor. NOTE: Make all multimeter connections at the
NOTE: Before carrying out this test, check the component terminal rather than the cable or wiring
battery to determine its state of charge. Carry out a terminal.
load test of the battery, using the Alternator, 1. Disconnect the ignition coil connector from the
Regulator, Battery and Starter Tester (ARBST). ignition coil.
Refer to  Section 414-01  for the test procedure.

2. Connect a remote starter switch between the
1. Disconnect the ignition coil connector from the starter solenoid S-terminal and the battery

ignition coil (12029). positive (+) post.
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303-06-6 303-06-6Starting System — Gasoline Engines

DIAGNOSIS AND TESTING (Continued)

3. Connect the positive (+) lead of the 73 Digital 5. If the voltage drop is greater than 0.2 volt,
Multimeter to the battery positive (+) post. clean the negative (-) battery cable connections
Connect the negative (-) lead of the multimeter at the battery and chassis. Also, clean the
to the starter solenoid M-terminal. engine ground cable connection at the cable

mounting bracket. If the voltage drop is still4. Engage the remote starter switch. The
excessive,  repair or replace the battery groundmultimeter reading should be 0.5 volt or less.
cable.

5. If the voltage at the M-terminal is greater than
0.5 volt, move the multimeter negative (-) lead Starter Motor — Starter Drive Test
to the starter solenoid B-terminal and repeat the 1. Remove the starter motor.
test.

2. Secure the starter motor in a vise.
6. If the voltage reading at the B-terminal is less

3. Connect the battery ground cable of a fullythan 0.5 volt, the problem is either in the
charged battery to the case of the starter motor.connections at the starter solenoid, or the starter

solenoid. 4. CAUTION: Do not leave the positive
lead of the battery connected to the starter7. Remove the wires at the starter solenoid B- and
motor S-terminal for more than 10 seconds.S-terminals. Clean the connections and install

the cables. Repeat Steps 1 through 5 above. If Touch the positive lead from the battery to the
the reading is still higher than 0.5 volt at the S-terminal and verify that the starter drive
M-terminal and 0.5 volt or lower at the (11350) ejects.
B-terminal,  the problem is in the starter

5. Remove the positive lead from the startersolenoid. Remove the starter motor for repair.
motor. The ejected starter drive should return to

8. If the voltage taken at the starter solenoid its original position.
B-terminal is greater than 0.5 volt, the problem

6. If the starter drive does not eject and return tois either the positive (+) battery cable
position, replace the starter motor.connection or the positive (+) battery cable.

7. Check the starter drive. It should turn freely in
Starter Motor — Voltage Drop Test — Motor one direction, and positively engage to the
Ground Circuit armature when turned in the opposite direction.

If not as specified, replace the starter motor.The following test procedure is carried out with the
starter motor on the vehicle.

Starter Motor — Starter No Load Test
NOTE: Make all multimeter connections at the

The starter no load test will identify open or shortedcomponent terminal rather than the cable or wiring
windings and a possible rubbing starter motorterminal.
armature (11005)or bent starter motor armature

A slow cranking condition can be caused by shaft.
resistance in the ground or return portion of the

1. WARNING: Make sure the startercranking circuit. Check the voltage drop in the
motor is securely mounted on a benchground circuit as follows:
because the starter motor may move or jump1. Disconnect the ignition coil connector from the
when it is energized.ignition coil.
Connect a fully charged battery, the Alternator,2. Connect a remote starter switch between the
Regulator, Battery and Starter Tester (ARBST),starter solenoid terminal and the battery positive
and a remote starter switch to the starter motor(+) terminal.
in the following manner.

3. Connect the positive (+) lead of the 73 Digital
• Connect the remote starter switch betweenMultimeter to the starter motor housing. The

the battery positive (B+) post and the starterconnection must be clean and free of rust or
motor S-terminal.grease. Connect the negative (-) lead to the

• Connect the starter motor B-terminal to thenegative (-) battery terminal.
battery positive (B+) post.4. Engage the remote starter switch and read the

voltage. The reading should be 0.2 volt or less.

2004 E-Series, 11/2003 



303-06-7 303-06-7Starting System — Gasoline Engines

DIAGNOSIS AND TESTING (Continued)

• Connect the ARBST positive (B+) terminal 2. Check for continuity between the S-terminal
and negative (-) terminal to the and the starter solenoid body, using the digital
corresponding battery posts multimeter. Replace the starter motor if there is

no continuity.• Make sure the battery and starter motor are
grounded. Starter Solenoid — Solenoid M-Terminal

2. Engage the remote starter switch. 1. Make sure the starter solenoid is isolated from
3. The starter motor should eject the starter drive the starter motor. Using the 73 Digital

and run smoothly. If the starter motor does not Multimeter, check for continuity between the S-
run smoothly, replace it. and M-terminals. Also check for continuity

between the S-terminal and starter motor body.4. While the starter motor is running, check the
If either check  shows no continuity, replace thevoltmeter and ammeter.
starter motor.

5. The voltage should be greater than 11.0 volts
2. Check for continuity between the M-terminaland the amperage should be no more than 70

and the B-terminal. If there is continuity,amps.
replace the starter motor.

6. If the voltage is lower than the 11.0 volts, or
the amperage is higher than 70 amps, replace
the starter motor (11001).

Starter Solenoid

1. Check the starter solenoid for continuity
between the S- and M-terminals, using the 73
Digital Multimeter. Replace the starter motor if
there is no continuity.
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303-06-1 303-06-1Starting System — Gasoline Engines

2. If the (A) starter drive gear and the flywheel
GENERAL PROCEDURES

ring gear are not fully meshing or the gears areStarter Drive and Flywheel Ring Gear
(B) milled or damaged, replace the starterInspection
motor and flywheel (6375). For additional
information, refer to Starter Motor in this

1. Check the wear patterns on the (A) starter drive section.
and the (B) flywheel ring gear. If the wear
pattern is normal, install the starter motor.
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303-06-1 303-06-1Starting System — Gasoline Engines

4. Remove the starter motor solenoid relay switch
REMOVAL AND INSTALLATION

(11450).Switch — Relay
1 Remove the bolts.

Removal 2 Remove the starter motor solenoid relay
switch.

WARNING: When repairing the starter
motor (11002) or carrying out other underhood
work in the vicinity of the starter motor , be
aware that the heavy gauge battery input lead at
the starter solenoid is electrically hot at all times.
The protective cap or  boot provided over this
terminal must be replaced after maintenance is
complete. Make sure to disconnect the battery
ground cable (14301) before working on the
starter motor .

1. Disconnect and remove the battery. For
additional information, refer to Section 414-01.

Installation2. Remove the relay cover.

3. Disconnect the starter motor solenoid relay WARNING: When carring out
switch wires and cables. maintenance on the starting system, be aware

that heavy gauge leads are connected directly to1 Remove the insulator.
the battery. Make sure the protective caps are in

2 Disconnect the starter motor relay trigger place when the maintenance is complete.
terminal connector.

3 Remove the starter motor solenoid relay 1. Follow the removal procedure in reverse order.
switch terminal nuts.

4 Remove the engine control sensor wire and
the generator wire.

5 Remove the battery cable.
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REMOVAL AND INSTALLATION (Continued)
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303-06-1 303-06-1Starting System — Gasoline Engines

REMOVAL AND INSTALLATION

Starter Motor

Removal

WARNING: When carrying out
maintenance on the starting system, be aware
that heavy gauge leads are connected directly to
the battery. Make sure protective caps are in
place when maintenance is complete.

1. Disconnect the battery ground cable (14301).
For additional information, refer to Section 5. Remove the nut and the starter motor ground
414-01. cable.

2. Raise and support the vehicle. For additional
information, refer to Section 100-02.

3. Remove the starter motor solenoid terminal
cover (11N087).

6. Remove the starter motor (11002).

1 NOTE: Most applications use two bolts;
however, some use three bolts.

Remove the bolts.

2 Remove the starter motor.
4. Disconnect the starter motor electrical

connections.

1 Remove the nuts (B+ and S).

2 Remove the battery cable.

3 Remove the starter solenoid wire.
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303-06-2 303-06-2Starting System — Gasoline Engines

REMOVAL AND INSTALLATION (Continued)

Installation 3. Connect the starter motor electrical connections.

1 Position the battery cable.
WARNING: When carrying out 2 Position the starter solenoid wire.

maintenance on the starting system, be aware
3 Install the nuts.that heavy gauge leads are connected directly to

the battery (10653). Make sure the protective
caps are in place when the maintenance is
complete.

1. Install the starter motor.

1 Position the starter motor.

2 NOTE: Most applications use two bolts;
however, some use three bolts.

Install the bolts.

4. Install the starter motor solenoid terminal cover.

2. Connect the starter motor ground cable and
install the nut.

5. Lower the vehicle.

6. Reconnect the battery ground cable.
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303-08-1 303-08-1Engine Emission Control

Torque Specifications (Continued)
SPECIFICATIONS

Description Nm lb-ft lb-in
General Specifications

EGR valve bolts — — — —
Item Specification 4.6L, 5.4La

SAE 15W-40 Super Duty WSS-M2C171-B EGR valve tube nuts 40 30 —
Motor Oil — 4.6L
XO-15W40-QSD or

EGR valve tube nuts 50 37 —equivalent
— 5.4L

EGR valve bolts— 13 10 —
Torque Specifications 6.0L diesel

EGR cooler — 6.0L 31 23 —Description Nm lb-ft lb-in
diesel, M8 x 16 flange

Differential pressure 6 — 53
EGR cooler— 6.0L 13 10 —feedback EGR bolts
diesel, M8 x 55 x 20(nuts if applicable)
stud

Exhaust gas 6 — 53
recirculation (EGR) a Refer to the procedure in this section
vacuum regulator
solenoid
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303-08-1 303-08-1Engine Emission Control

DESCRIPTION AND OPERATION

The PCM controls the EGR vacuum regulatorEngine Emission Control — 4.6L, 5.4L
solenoid. The EGR vacuum regulator solenoidand 6.8L
controls the vacuum to the EGR valve. When the

CAUTION: Do not remove any part of the EGR valve opens, exhaust gas flows to the intake
engine emission control system. Operating the manifold. The differential pressure feedback EGR
engine without the engine emission control sensor  measures the flow through the EGR valve to
system will reduce fuel economy and engine exhaust manifold tube and sends a signal to the
ventilation. This will weaken engine performance PCM. A metering orifice in the EGR valve to
and shorten engine life. exhaust manifold tube restricts the flow rate when

the EGR valve is open.All engines are equipped with an exhaust gas
recirculation (EGR) system. The function of the For further description and operation, refer to the
EGR system is to reduce the emission of nitrogen Powertrain Control/Emissions Diagnosis (PC/ED)
oxide (NOx). manual.
The engine emission control system consists of the All engines are equipped with a positive crankcase
following components: ventilation (PCV) system. The function of the PCV

system is to circulate blow-by gases from the engine• positive crankcase ventilation (PCV) system
crankcase to the engine intake.

• exhaust gas recirculation (EGR) system
The PCV system consists of:

The PCV system uses intake manifold vacuum to
• PCV valveventilate the crankcase and return the fumes to the

intake manifold for combustion. • PCV tube
The EGR system returns a portion of the exhaust For further description and operation, refer to the
gas to the intake manifold to reduce the combustion Powertrain Control/Emissions Diagnosis (PC/ED)
temperature. This reduces the oxides of nitrogen manual.
(NOx) in the exhaust emissions.
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303-08-1 303-08-1Engine Emission Control

DESCRIPTION AND OPERATION

The exhaust gas recirculation (EGR) system reducesEngine Emission Control — 6.0L
the peak combustion temperatures and oxides ofDiesel
nitrogen (NOx). The EGR valve is an

The exhaust gas recirculation (EGR) system electromechanical device that uses a linear actuator
includes: to control the relative position of the valve’s pintle.

This device also has a built-in pintle position sensor• EGR valve actuator/Pintle position sensor
that functions to provide the powertrain control• EGR cooler assembly
module (PCM) with a feedback signal. This output
signal provides the information on the valve
position relative to its seat. The advantage of  this
‘‘closed loop’’ feedback is the ability to
continuously vary exhaust gas flow to match
operating conditions. The EGR cooler, cools a
portion of the engine exhaust gases and then
recirculates them back into the inlet air stream. This
increases the  engine’s tolerance for EGR and
reduces the amount of smoke formed by exhaust gas
dilution of the mixture.

EGR Valve and Cooler — 6.0L Diesel

Item Part Number Description Item Part Number Description

4 6K854 Exhaust tube assembly (right1 6K889 Intake manifold assembly
side)2 9F464 EGR cooler

5 6K854 Exhaust tube assembly (left3 9F452 EGR valve assembly
side)(includes the EGRP)

(Continued)

Copyright  2003, Ford Motor Company
Last updated: 10/24/2003 2004 E-Series, 12/2003 



303-08-1 303-08-1Engine Emission Control

DIAGNOSIS AND TESTING

Engine Emission Control
Refer to the Powertrain Control/Emissions Diagnosis
(PC/ED) manual.
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303-08-1 303-08-1Engine Emission Control

REMOVAL AND INSTALLATION

2. Install the EGR valve.Exhaust Gas Recirculation (EGR)
Valve — 4.6L • Tighten the bolts in two stages.

X Stage 1: Tighten the bolts to 20 Nm (15
Removal lb-ft).

X Stage 2: Tighten the bolts an additional
1. Remove the engine cover. For additional 90 degrees.

information, refer to Section 501-05.

2. Remove the exhaust gas recirculation (EGR)
valve.

1 Disconnect the vacuum line.

2 Disconnect the EGR valve tube fitting.

3 Remove the bolts.

X Discard the gasket.

3. Connect the EGR valve.

• Connect the EGR valve tube fitting.

• Connect the vacuum line.

Installation

1. NOTE: The EGR valve sealing surfaces are
soft metals.

Carefully clean both sealing surfaces.

• Install a new EGR gasket.

4. Install the engine cover. For additional
information, refer to Section 501-05.
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REMOVAL AND INSTALLATION

2. Install the EGR valve.Exhaust Gas Recirculation (EGR)
Valve — 5.4L (2V) • Tighten the bolts in two stages.

X Stage 1: Tighten the bolts to 20 Nm (15
Removal lb-ft).

X Stage 2: Tighten the bolts an additional
1. Remove the engine cover. For additional 90 degrees.

information, refer to Section 501-05.

2. Disconnect the exhaust gas recirculation (EGR)
valve tube upper fitting and EGR vacuum hose.

3. Connect the EGR valve tube upper fitting and
EGR vacuum hose.

3. Remove the bolts and the EGR valve.

• Discard the gasket.

4. Install the engine cover. For additional
information, refer Section 501-05.

Installation

1. NOTE: The EGR valve sealing surfaces are
soft metals.

Carefully clean both sealing surfaces.

• Install a new EGR gasket and the EGR
valve.
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303-08-1 303-08-1Engine Emission Control

REMOVAL AND INSTALLATION

Exhaust Gas Recirculation (EGR)
Valve — 6.0L Diesel

Special Tool(s)

Remover, EGR Valve
303-760

Injector Sleeve Brush Set
303-DS110 (D94T-9000-D) or 4. Remove the bolts and power steering fluid
equivalent indicator. Remove the power steering reservoir

mounting bracket. Install the power steering
fluid indicator and position it aside.

Material

Item Specification

SAE 15W-40 Super Duty WSS-M2C171-D
Motor Oil
XO-15W40-QSD or
equivalent

Removal

1. Disconnect the battery ground cable. For
additional information, refer to Section 414-01.

5. Disconnect the coolant hoses from the air
2. Remove the push pin retainers and upper air cleaner outlet tube.

deflector.

3. Remove the bolts for the power steering
bracket.
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303-08-2 303-08-2Engine Emission Control

REMOVAL AND INSTALLATION (Continued)

6. NOTE: Air cleaner side shown, other side 9. Remove the bolts and disconnect the push pin
similar. retainer. Position the cowl wiring harness aside.

Loosen the clamps and remove the air cleaner
outlet tube.

10. Loosen the clamp for the CAC duct.

7. Loosen the clamps and remove the charge air
cooler (CAC) duct.

11. Remove the bolts for the CAC duct and oil fill
tube.

8. Remove the bolts and position the manifold
absolute pressure (MAP) sensor and the ground
wire aside.

12. Remove the engine cover. For additional
information, refer to Section 501-05.
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303-08-3 303-08-3Engine Emission Control

REMOVAL AND INSTALLATION (Continued)

13. Loosen the clamp at the turbocharger outlet
hose.

17. Disconnect the TP sensor electrical connector.

14. Disconnect the oil fill tube at the valve cover.

18. Disconnect the throttle position (TP) control
module electrical connector.

15. Remove the retaining nuts, CAC duct, oil fill
tube and bracket.

16. NOTE: Intake manifold removed for clarity.

Remove the bolts and intake adapter.

2004 E-Series, 12/2003 



303-08-4 303-08-4Engine Emission Control

REMOVAL AND INSTALLATION (Continued)

19. Remove the bolts and throttle plate adapter.

• Cover the opening after the throttle plate
adapter is removed.

23. NOTE: The exhaust gas recirculation (EGR)
valve assembly has an internal exhaust gas
recirculation position (EGRP) sensor.

Disconnect the EGR valve assembly electrical
20. Remove the secondary fuel filter and drain the connector.

housing. Install the fuel filter and cover.

24. CAUTION: Do not pull the EGR valve
21. Disconnect the fuel tubes at the secondary fuel out or damage to the EGR valve will occur.

filter and position them aside.
Remove the bolts and rotate the EGR valve
counterclockwise.

22. Remove the bolts and position the secondary
fuel filter assembly aside.
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REMOVAL AND INSTALLATION (Continued)

25. Install the special tool and remove the EGR 2. Position the fuel tubes and connect at the
valve. secondary fuel filter.

26. Remove and discard the O-ring seals and the 3. Install a new EGR gasket. Install new O-ring
EGR gaskets. seals and lubricate with clean engine oil.

27. Using an appropriate brush, clean the EGR port. 4. CAUTION: Failure to completely seat
Vacuum the ash and foreign material from the EGR valve into the intake manifold
inside the intake manifold. before inserting the mounting bolts may

result in engine damage.Installation
Install the EGR valve and bolts.

1. Position the secondary fuel filter and install the
bolts.
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REMOVAL AND INSTALLATION (Continued)

5. Connect the EGR valve assembly electrical
connector.

9. Install the intake adapter and bolts.

6. Install the throttle plate adapter and bolts.

10. CAUTION: Use care not to damage
the turbocharger outlet hose when installing
the CAC tube.

7. Connect the TP sensor electrical connector.
NOTE: If there is any oil residue, clean both
connecting ports and the inside surface of the
charge air cooler tube to prevent the tube from
blowing off.

Install the CAC duct, oil fill tube, bracket and
retaining nuts.

8. Connect the TP control module electrical
connector.
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REMOVAL AND INSTALLATION (Continued)

11. Connect the oil fill tube at the valve cover. 15. Tighten the clamp for the CAC duct.

12. Install the bolts for the CAC duct and oil fill 16. Position the cowl wiring harness. Install the
tube. bolts and connect the push pin retainer.

13. Tighten the clamp for the turbocharger outlet 17. Position the MAP sensor and install the bolt.
pipe. Position the ground wire and install the bolt.

14. Install the engine cover. For additional
information, refer to Section 501-05.
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REMOVAL AND INSTALLATION (Continued)

18. Install the CAC duct and tighten the clamps. 21. Remove the power steering fluid indicator.
Install the power steering reservoir mounting
bracket and bolts, then install the power
steering fluid indicator.

19. NOTE: Air cleaner side shown, other side
similar.

Install the air cleaner outlet tube and tighten the
22. Install the bolts for the power steering reservoirclamps.

bracket.

20. Connect the coolant hoses to the air cleaner
23. Install the upper air deflector and push pinoutlet tube.

retainers.
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REMOVAL AND INSTALLATION (Continued)

24. Connect the battery ground cable. For additional
information, refer to Section 414-01.
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REMOVAL AND INSTALLATION

Exhaust Manifold to Exhaust Gas
Recirculation (EGR) Valve Tube —
4.6L

Removal and Installation

1. Remove the engine cover. For additional
information, refer to Section 501-05.

2. Disconnect the differential pressure feedback
exhaust gas recirculation (EGR) sensor hoses.

3. Remove the EGR valve tube.
4. To install, reverse the removal procedure.

• Disconnect the upper and lower fittings.

• Remove the tube.
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REMOVAL AND INSTALLATION

Exhaust Manifold to Exhaust Gas
Recirculation (EGR) Valve Tube —
5.4L (2V)

Removal and Installation

1. Remove the engine cover. For additional
information, refer to Section 501-05.

2. Disconnect the differential pressure feedback
exhaust gas recirculation (EGR) sensor hoses.

3. Remove the EGR valve tube.
4. To install, reverse the removal procedure.

• Disconnect the upper and lower fittings.

• Remove the tube.
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REMOVAL AND INSTALLATION

Exhaust Gas Recirculation (EGR)
Cooler — 6.0L Diesel

Material

Item Specification

SAE 15W-40 Super Duty WSS-M2C171-B
Motor Oil
XO-15W40-QSD or
equivalent

Removal

1. Remove the intake manifold. For additional Installation
information, refer to Section 303-01C.

1. Install the O-ring seal and gasket.
2. Remove the exhaust gas recirculation (EGR)

cooler stud bolts.

2. NOTE: Apply clean engine oil to the O-ring
seal.

3. NOTE: Use care when removing the EGR
NOTE: Position the grommets and spacer priorcooler not to lose the grommets or spacer.
to installing the EGR cooler.

Remove the bolt and the EGR cooler.
Install the EGR cooler and stud bolts
hand-tight.

4. Remove and discard the gasket and O-ring seal.

Copyright  2003, Ford Motor Company
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303-08-2 303-08-2Engine Emission Control

REMOVAL AND INSTALLATION (Continued)

3. Install the EGR cooler bolt. 4. Tighten the EGR cooler stud bolts.

• EGR cooler with a M6 bolt, tighten to 13
Nm (10 lb-ft).

• EGR cooler with a M8 bolt, tighten to 31
Nm (23 lb-ft)

5. Install the intake manifold. For additional
information, refer to Section 303-01C.

2004 E-Series, 12/2003 



303-08-1 303-08-1Engine Emission Control

REMOVAL AND INSTALLATION

Differential Pressure Feedback
Exhaust Gas Recirculation (EGR)
System

Removal and Installation

1. Disconnect the battery ground cable. For
additional information, refer to Section 414-01.

2. Remove the engine cover. For additional
information, refer to Section 501-05.

3. Remove the differential pressure feedback 4. To install, reverse the removal procedure.
exhaust gas recirculation (EGR) system.

1 Disconnect the electrical connector.

2 Disconnect the hoses.

3 Remove the bolts (nuts if applicable).

Copyright  2003, Ford Motor Company
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303-08-1 303-08-1Engine Emission Control

REMOVAL AND INSTALLATION

Exhaust Gas Recirculation (EGR)
Vacuum Regulator Solenoid

Removal and Installation

1. Disconnect the battery ground cable. For
additional information, refer to Section 414-01.

2. Remove the engine cover. For additional
information, refer to Section 501-05.

3. Remove the exhaust gas recirculation (EGR)
vacuum regulator solenoid. 4. To install, reverse the removal procedure.
1 Disconnect the electrical connector.

2 Disconnect the vacuum lines.

3 Remove the bolts (nuts if applicable).

Copyright  2003, Ford Motor Company
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307-01A-1 307-01A-1Automatic Transmission — 4R100

General Specifications (Continued)
SPECIFICATIONS

Item Specification
General Specifications

The fluid capacities are approximate dry fill capacity
Item Specification and include fluid coolers and fluid cooler tubes. Fluid

level indicator should be used to determine actual fluidFluid
requirement and fluid specifications. Check level at

Using a transmission fluid that indicates a dual usage operating temperature.  DO NOT OVERFILL. The
MERCON  and MERCON V in a transmission transmission fluid and the in-line filter should be
application requiring MERCON, may cause internal changed every 30,000 miles (48,000 km) regardless of
transmission damage. The use of any fluid other than normal or special operating conditions.
the recommended fluid  may cause transmission

20 Plate OTA Coolant 16.1L (17.1 quarts)damage. Refer to the transmission fluid level indicator
and the Owner’s Guide for the type of transmission 26 Plate OTA Coolant 16.7L (17.7 quarts)
fluid required. Some fluid labels may indicate dual

Fluid Filterusage such as MERCON and MERCON V. These
dual-usage fluids are not to be used in transmissions Inline Transmission Fluid —
that use only the MERCON type fluid. These Filter Kit
dual-usage fluids may be used in transmissions that XC3Z-7B155-AA
require MERCON V use. Inline Transmission Fluid —
Motorcraft MERCON MERCON Filter XC3Z-7B155-BA
Multi-Purpose (ATF) Lubricants
Transmission Fluid

Silicone Brake Caliper ESE-M1C171-A XT-2-QDX
Grease and Dielectric

Fluid Capacities Compound
 XG-3

Multi-Purpose Grease ESR-M1C159-A
 XG-4

Threadlock and Sealer WSK-M2G351-A5
 E0AZ-19554-AA

Band and Clutch Application Chart A

Friction Elements

Intermed- Intermed-
iate Band Coast Overdrive iate Direct Forward ReverseGear

(D)  1st — a b — — — apply —

(D)  2nd — ab — apply — apply —

(D)  3rd — ab — apply apply apply —

(D)  4th — — apply apply apply apply —

1 — apply — — — apply apply

2 apply apply — apply — apply —

REVERSE — apply — — apply — apply

a In (D)  range the transmission control switch pressed, the coast clutch is applied and the overdrive one-way clutch
is bypassed.

b On certain applications in (D)  range, the coast clutch solenoid and clutch is controlled by the PCM.

Copyright  2003, Ford Motor Company
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307-01A-2 307-01A-2Automatic Transmission — 4R100

SPECIFICATIONS (Continued)

Band and Clutch Application Chart B

One-Way Clutches

Overdrive Intermediate Low

Drive Coast Drive Coast Drive CoastGear

(D)  1st HOLD a b — — HOLD O/R

(D)  2nd HOLD ab HOLD O/R O/R O/R

(D)  3rd HOLD ab O/R O/R O/R O/R

(D)  4th O/R O/R O/R O/R O/R O/R

1 HOLD CC — — HOLD —

2 HOLD CC HOLD BA O/R O/R

REVERSE HOLD CC O/R O/R — —

a In (D)  range the transmission control switch pressed, the coast clutch is applied and the overdrive one-way clutch
is bypassed.

b On certain applications in (D)  range, the coast clutch solenoid and clutch is controlled by the PCM.

O/R — Overrunning

CC — Coast Friction Clutch Applied

BA — Band Applied

Line Pressure Chart

Line Pressure — Idle Line Pressure — Stall

kPa psi kPa psiGear

P, N 345-448 50-65 — —

R 483-690 70-100 1,689-2,000 245-290

(D) , 2 345-448 50-65 1,138-1,276 165-185

1 483-690 70-100 1,207-1,448 175-210

Stall Speed

Series Engine Min. Max.

E-250 NGV 5.4L 2,238 2,613

E-350, E-450 5.4L 2,243 2,617

E-350, E-450 6.8L 1,894 2,252

Shift Speeds — E-Super Duty, E-350, E-450 with 5.4L (Over 8500 GVW Rating)

Vehicle Speed Km/h (MPH) a

Axle RatioThrottle
3.55 3.73 4.10 4.56Position Range Shift

Closed (D) , D 4-3 63-66 (39-41) 58-63 (37-39) 53-58 (33-36) 48-51 (30-32)

(D) , D 3-2 29-31 (18-19) 26-29 (16-18) 24-26 (15-16) 23 (14)

(D) , D 2-1 11-13 (7-8) 11-13 (7-8) 10-11 (6-7) 10 (6)

Light Throttle (D) , D 1-2 16-18 (10-11) 14-16 (9-10) 13-15 (8-9) 13 (8)

TP Voltage (D) , D 2-3 31-32 (19-20) 27-31 (17-19) 26-27 (16-17) 24 (15)

1.25 Volts (D) , D 3-4 64-68 (40-42) 60-64 (37-40) 55-60 (34-37) 50-53 (31-33)
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307-01A-3 307-01A-3Automatic Transmission — 4R100

SPECIFICATIONS (Continued)

Shift Speeds — E-Super Duty, E-350, E-450 with 5.4L (Over 8500 GVW Rating) (Continued)

Vehicle Speed Km/h (MPH) a

Axle RatioThrottle
3.55 3.73 4.10 4.56Position Range Shift

Wide Open (D) , D 1-2 68-71 (42-44) 63-68 (39-42) 58-61 (36-38) 53 (33)

(D) , D 2-3 117-124 109-117 101-108 92-97 (57-60)
(73-77) (68-73) (63-67)

(D) , D 3-4 159-167 148-159 138-145 124-129
(99-104) (92-99) (86-90) (77-80)

(D) , D 4-3 151-158 140-150 130-137 117-122
(94-98) (87-93) (81-85) (73-76)

(D) , D 3-2 109-116 103-109 95-100 85-90 (53-56)
(68-72) (64-68) (59-62)

(D) , D 2-1 56-60 (35-37) 53-58 (33-36) 50-53 (31-33) 45-47 (28-29)

a Nominal shift speed at sea level is shown. Actual shift speed will depend on tire brand, size, and axle ratio. All
shift speeds are Approximate.

Shift Speeds — E-Series, Super Duty, E-350, E-450 with 6.8L. This vehicle speed is limited to 121km/h
(75 mph)

Vehicle Speed Km/h (MPH) a

Axle RatioThrottle
3.73 4.10 4.56 4.88 b 5.38 bPosition Range Shift

Closed (D) , D 4-3 60-63 55-56 48-51 50 (31) 45 (28)
(37-39) (34-35) (30-32)

(D) , D 3-2 29-31 26-27 24 (15) 24 (15) 23 (14)
(18-19) (16-17)

(D) , D 2-1 13-14 (8-9) 13 (8) 11 (7) 11 (7) 11 (7)

Light (D) , D 1-2 18 (11) 16 (10) 14 (9) 14 (9) 14 (8)
Throttle

TP Voltage (D) , D 2-3 31-32 27-29 26 (16) 26 (16) 23 (14)
(19-20) (17-18)

1.25 Volts (D) , D 3-4 61-64 56-58 50-53 51 (32) 47 (29)
(38-40) (35-36) (31-33)

Wide Open (D) , D 1-2 61-64 56-58 50-53 51 (32) 47 (29)
(38-40) (35-36) (31-33)

(D) , D 2-3 106-111 97-100 87-90 89 (55) 80 (50)
(66-69) (60-62) (54-56)

(D) , D 3-4 163-169 148-154 134-138 135 (84) 122 (76)
(101-105) (92-96) (83-86)

(D) , D 4-3 154-160 140-146 126-130 129 (80) 117 (72)
(96-100) (87-91) (78-81)
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307-01A-4 307-01A-4Automatic Transmission — 4R100

SPECIFICATIONS (Continued)

Shift Speeds — E-Series, Super Duty, E-350, E-450 with 6.8L. This vehicle speed is limited to 121km/h
(75 mph) (Continued)

Vehicle Speed Km/h (MPH) a

Axle RatioThrottle
3.73 4.10 4.56 4.88 b 5.38 bPosition Range Shift

(D) , D 3-2 97-100 87-91 79-82 80 (50) 72 (45)
(60-62) (54-56) (49-51)

(D) , D 2-1 51-53 47-48 42-43 43 (27) 39 (24)
(32-33) (29-30) (26-27)

a Nominal shift speed at sea level is shown. Actual shift speed will depend on tire brand, size, and axle ratio. All
shift speeds are Approximate.

b The torque converter remains locked in third gear between 58-64 km/h (36-40 mph). The torque converter remains
locked in fourth gear between 64-72 km/h (40-45 mph).

b The torque converter remains locked in third gear between 58-64 km/h (36-40 mph). The torque converter remains
locked in fourth gear between 64-72 km/h (40-45 mph).

Forward Clutch Pack

Selective Snap RingsClearance mm
Part Number ThicknessClutch Steel Friction (inch)

All 4 a 4 1.40-0.76 377437-S 1.42-1.52
(0.055-0.030) (0.056-0.060)

377127-S 1.87-1.98
(0.074-0.078)

377444-S 2.33-2.43
(0.092-0.096)

386841-S 2.79-2.89
(0.110-0.114)

386842-S 3.25-3.35
(0.128-0.132)

a Plus a steel wave cushion spring installed between the front pressure plate and a steel separator plate.

Direct Clutch Pack

Selective Snap RingsClearance mm
Part Number ThicknessClutch Steel Friction (inch)

All 4 4 2.06-1.14 377128-S 2.20-2.10
(0.081-0.045) (0.087-0.083)

377127-S 1.18-1.87
(0.078-0.074)

377126-S 1.75-1.65
(0.069-0.065)

377437 1.524-1.42
(0.06-0.056)
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307-01A-5 307-01A-5Automatic Transmission — 4R100

SPECIFICATIONS (Continued)

Intermediate Clutch Pack

Selective Snap RingsClearance mm
Part Number ThicknessClutch Steel Friction (inch)

All 2 a 3 — E9TP-7B421-BA 1.80-1.90
b (0.071-0.075)

a Plus one apply plate.
b A non-selective snap ring.

Coast Clutch Pack

Selective Snap RingsClearance mm
Part Number ThicknessClutch Steel Friction (inch)

All applications 2 2 F81P-7N169-BA 1.90-1.80
(0.075-0.071)

F81P-7N169-CA 1.65-1.54
(0.065-0.061)

3 3 1.09-0.76 F81P-7N169-BA 1.37-1.27
(0.043-0.030) (0.054-0.050)

Low/Reverse Clutch Pack

Selective Snap RingsClearance mm
Part Number ThicknessClutch Steel Friction (inch)

5.4L, 6.8L 5 a 5 2.90-0.30 N805207 b 1.87-1.98
(0.114-0.012) (0.074-0.078)b

a Plus a steel wave cushion spring installed between the reverse clutch piston and a steel separator plate.
b A non-selective snap ring

Overdrive Clutch Pack

Selective Snap RingsClearance mm
Part Number ThicknessClutch Steel Friction (inch)

5.4L 2V 2 2 1.19-0.56 E9TP-7B421-EA 3.60-3.50
(0.47-0.22) (0.142-0.138)

E9TP-7B421-DA 3.09-2.99
(0.122-0.118)

E9TP-7B421-CA 2.59-2.48
(0.102-0.098)

5.4L 4V, 5.4L 3 3 1.50-.84 E9TP-7B421-BA 2.057-1.95
SC (0.059-0.033) (0.081-0.077)

E9TP-7B421-AA 1.54-1.44
(0.061-0.057)
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307-01A-6 307-01A-6Automatic Transmission — 4R100

SPECIFICATIONS (Continued)

Torque Specifications Torque Specifications (Continued)

Description Nm lb-ft lb-in Description Nm lb-ft lb-in

Center support feed 16 12 — Line pressure-to-case 12 9 —
bolts (two rear) plug

Center support feed 16 12 — Main and lower control 10 — 89
bolts (front) body-to-case

Cooler bypass valve 27 20 — Main accumulator 10 — 89
fitting-to-case solenoid body-to-case

Cooler line tube nut to 27 20 — Digital transmission TR 10 — 89
cooler bypass valve sensor
fitting Intermediate/overdrive 16 12 —
Connector — radiator 27 20 — cylinder fluid feed
nipple bolts

Auxiliary cooler tube 13 10 — Transmission pan 15 11 —

Auxiliary cooler tube 26 19 — Transmission pan drain 26 19 —
plugControl 28 21 —

assembly-to-pump body Pump body-to-case 28 21 —
bolts Parking rod guide plate 25 18 —
Torque converter drain 26 19 — bolts
plug Parking pawl abutment 25 18 —
Flexplate inspection 20 15 — Reinforcing 10 — 89
cover bolts plate-to-case bolts
Extension 47 35 — Stator support-to-pump 27 20 —
housing-to-case bolts body bolts
Transmission insulator 95 70 — Transmission-to-engine 61 45 —
and retainer-to-case bolts
bolts

Transmission support 95 70 —
Transmission insulator 90 66 — crossmember-to-frame
and

Transmission support 90 66 —retainer-to-crossmember
crossmember-to-framenuts

Output shaft speed 9 — 80Torque 35 26 —
(OSS) sensor boltconverter-to-flexplate

Turbine shaft speed 9 — 80Transmission heat 10 — 89
(TSS) sensor boltshield

Transmission filler tube 61 45 —Manual valve detent 47 35 —
bracket-to-case (6.8L)lever inner nut

Transmission filler tube 12 9 —Manual valve detent 10 — 89
bracket-to-cylinderlever spring
head (5.4L)

Low/reverse OWC 28 21 —
inner race-to-case
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307-01A-1 307-01A-1Automatic Transmission — 4R100

DESCRIPTION AND OPERATION

Transmission Description
This transmission features include:

• four speeds.

• fully automatic.

• electronically controlled.

The main operating components include:

• Torque converter clutch.

• Six multiple-disc friction clutches.

• One band.

• One sprag one-way clutch.

• Two roller one-way clutches that provide for the
desired function of three planetary gearsets.

Copyright  2003, Ford Motor Company
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307-01A-1 307-01A-1Automatic Transmission — 4R100

Item Description
DESCRIPTION AND OPERATION

1 Assembly Part Number Prefix andIdentification Tags
Suffix

An identification tag is located on the left side of
2 Transmission Modelthe transmission , rearward of the transmission
3 Serialrange digital (TR) sensor.
4 Build Date (Year, Month and Day).

Copyright  2003, Ford Motor Company
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307-01A-1 307-01A-1Automatic Transmission — 4R100

Overdrive
DESCRIPTION AND OPERATION

Range Selection Overdrive is the normal position for most forward
driving.The transmission has six range positions: P, R, N,

(D) , 2 and 1. The OVERDRIVE position provides:

• automatic shifts.

• apply and release of the torque converter clutch.

• maximum fuel economy during normal operation.

Second Position — 2nd Gear

This position provides:

• second gear start and hold.

• the torque converter clutch to apply and release.

• improved traction and engine braking on slippery
roads.

First Position
Park

 If this position is selected at normal road speeds,
In the PARK position: the transmission will shift into second gear, then

into first when the vehicle reaches a speed within• there is no powerflow through the transmission.
1st gear range.• the parking pawl locks the output shaft to the
This position provides:case.

• the engine may be started. • first gear operation only.

• the ignition key may be removed. • engine braking for descending steep grades.

Reverse

In the REVERSE position:

• the vehicle may be operated in a rearward
direction, at a reduced gear ratio.

Neutral

In the NEUTRAL position:

• there is no powerflow through the transmission.

• the output shaft is not held and is free to turn.

• the engine may be started.
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307-01A-1 307-01A-1Automatic Transmission — 4R100

Coastdown
DESCRIPTION AND OPERATION

Shift Patterns The coastdown downshift occurs when the vehicle
is coasting down to a stop.

Upshifts
Torque DemandNOTE: This vehicle has adaptive shift strategies.

Whenever the battery has been disconnected and The torque demand downshift occurs (automatically)
reconnected, some abnormal drive symptoms will during part throttle acceleration when the demand
occur while the vehicle relearns its adaptive for torque is greater than the engine can provide at
strategy. The customer needs to be notified that they that gear ratio.
may  experience slightly different upshifts (either

Kickdownsoft or firm) and that this is a temporary condition
that will eventually return to normal operating For maximum acceleration, the driver can force a
condition. downshift by pressing the accelerator pedal to the

floor. A forced downshift into a lower gear isTransmission upshifting is controlled by the PCM.
possible below calibrated speeds. Specifications forThe PCM receives inputs from various engine or
downshift speeds are subject to variations  due tovehicle sensors and driver demands to control shift
tire size, engine, axle ratio and transmissionscheduling, shift feel and torque converter clutch
calibration requirements.(TCC) operation.

Downshifts

Under certain conditions the transmission will
downshift automatically to a lower gear range
(without moving the transmission range selector
lever). There are three categories of automatic
downshifts; Coastdown, Torque Demand and Forced
or  Kickdown shifts.
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DESCRIPTION AND OPERATION

Disassembled Views
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307-01A-2 307-01A-2Automatic Transmission — 4R100

DESCRIPTION AND OPERATION (Continued)

Transmission, Disassembled View
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307-01A-3 307-01A-3Automatic Transmission — 4R100

DESCRIPTION AND OPERATION (Continued)

Transmission, Disassembled View
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DESCRIPTION AND OPERATION (Continued)

Transmission, Disassembled View
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307-01A-5 307-01A-5Automatic Transmission — 4R100

DESCRIPTION AND OPERATION (Continued)

Item Part Number Description Item Part Number Description

27 7F240 Bearing assembly — thrust1 7902 Converter assembly
No. 4(vehicle-dependent)

28 7A153 Gear — overdrive ring2 7017 Shaft — input

29 7A658 Shaft — overdrive center3 7L323 Seal — front pump support

30 7D483 Ring — overdrive retaining4 7A248 Seal — front pump
(selective fit)5 7A248 Seal — front pump square

31 7G375 Ring — wavy retainingcut O/D
(center shaft to overdrive ring6 N805260-S Screw and washer assembly
gear)— front pump to case

32 7G178 Bearing assembly — center7 7G379 Washer — replacement (9
shaft No. 5req’d)

33 7B066 Plate — overdrive clutch8 7A103 Pump assembly — front
pressure(vehicle-dependent)

34 7B164 Plate — overdrive clutch9 7D014 Washer — front pump
internal spline frictionsupport thrust No. 1
(vehicle-dependent)

10 7A136 Gasket —front pump
35 7B442 Plate — overdrive clutch

11 7G402 Seal — coast clutch ring — external spline steel
Teflon (2 req’d)

36 7A527 Ring — overdrive clutch disc
12 7E486 Bearing assembly — spring retaining

overdrive sun gear No. 2
37 7B070 Spring — overdrive clutch

13 7G387 Cylinder assembly — coast piston disc
clutch (vehicle-dependent)

38 7A262 Piston and seal assembly —
14 7A262 Piston and seal assembly — overdrive clutch (bonded)

coast clutch
39 7D483 Ring — intermediate cylinder(vehicle-dependent)

retaining
15 7B070 Spring — coast clutch piston

40 7F225 Seal — intermediate clutchdisc (vehicle-dependent)
piston (inner)

16 7A527 Ring — coast clutch spring
41 7G384 Cylinder — intermediate andretainer (vehicle-dependent)

overdrive clutch
17 7B164 Plate — coast clutch internal

42 7Z059 Bolt — M10-1.5 x 24 mmspline friction
(0.96 in) overdrive cylinder

18 7B442 Plate — coast clutch external fluid feed
spline steel

43 7E005 Piston — intermediate clutch
19 7B437 Plate — coast clutch pressure

44 7F224 Seal — intermediate clutch
20 7D483 Ring — coast clutch press piston outer

plate retaining (select fit)
45 7B070 Spring — intermediate clutch(vehicle-dependent)

piston disc
21 7D063 Gear assembly — overdrive

46 7Z059 Bolt — M12-1.75 x 31 mmsun
(1.24 in) center support fluid

22 7A089 Clutch assembly — overdrive feed (2 req’d)
one-way

47 7A130 Support assembly — center
23 7G375 Ring — retaining flat (outer

48 7L326 Washer — center supportrace to overdrive ring gear)
thrust No. 6

24 7G389 Race — overdrive one-way
49 7D025 Seal — direct clutch cast ironclutch outer

(2 req’d)
25 7L339 Washer — overdrive —

50 7B066 Plate — intermediate clutchone-way clutch No. 3
apply

26 7B446 Planet assembly — overdrive
51 7B164 Plate — intermediate clutch

(Continued) internal spline
(Continued)
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307-01A-6 307-01A-6Automatic Transmission — 4R100

DESCRIPTION AND OPERATION (Continued)

Item Part Number Description Item Part Number Description

52 7B442 Plate — intermediate clutch 77 7B066 Plate — forward clutch
external spline pressure

53 7B066 Plate — intermediate clutch 78 7E085 Spring — forward clutch
pressure wave

54 7D021 Servo assembly — 79 7B164 Plate — forward clutch
intermediate brake band internal spline — friction

55 7D034 Band assembly — 80 7B442 Plate — forward clutch
intermediate external spline — steel

56 7A089 Clutch assembly — 81 7B066 Plate — forward clutch
intermediate one-way pressure rear

57 7G401 Washer — intermediate 82 377127-S, Ring — forward clutch
one-way clutch thrust No. 7 377437-S, pressure plate retaining

377444-S, (selective fit)58 7D044 Drum assembly —
386841-S,intermediate brake
386842-S

59 7A548 Seal — direct clutch — inner
83 7D090 Washer — forward clutch

60 7A548 Seal — direct clutch — outer hub thrust No. 8C
61 7A262 Piston assembly — direct 84 377132-S Ring — forward hub

clutch retaining (forward ring gear
hub to forward ring gear)62 7F235 Retainer and spring assembly

— direct clutch 85 7B067 Hub — forward ring gear
63 7C122 Ring — direct clutch support 86 7D392 Gear — forward ring

spring retaining
87 7D234 Bearing assembly — forward

64 7B164 Plate — direct clutch internal clutch thrust (between
spline friction forward ring gear and forward

planet assembly) No. 9A65 7B442 Plate — direct clutch external
spline steel 88 7A166 Bearing assembly — forward

planet carrier thrust No. 10A66 7B066 Plate — direct clutch pressure

89 7A398 Planet assembly — forward67 377126-S, Ring —direct clutch pressure
377127-S, plate retaining (selective fit) 90 7D234 Bearing assembly — forward
377128-S, clutch thrust (between
377437-S forward planet assembly and

forward sun gear assembly)68 7D019 Seal — forward clutch
No. 9Bcylinder

91 7D063 Gear assembly —69 7F374 Bearing assembly — forward
forward/reverse sunclutch cylinder thrust No. 8B

92 7D064 Shell — input70 7A360 Cylinder assembly — forward
clutch 93 7D066 Washer — input shell thrust

No. 1471 7A548 Seal — forward clutch piston
inner 94 377300-S Ring — retaining (attaches

forward/reverse sun gear72 7A548 Seal — forward clutch piston
assembly to input shell)outer

95 7D483 Ring — reverse clutch73 7A262 Piston assembly — forward
pressure plate retainingclutch

96 7B066 Plate — reverse clutch74 7D256 Ring — piston apply
pressure75 7B070 Spring — piston return

97 7B164 Plate — reverse clutch76 377127-S Ring — retaining forward
internal spline frictionclutch spring (retains forward

98 7B442 Plate — reverse clutchclutch piston spring to
external spline steelforward clutch cylinder

assembly) (Continued)

(Continued)
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307-01A-7 307-01A-7Automatic Transmission — 4R100

DESCRIPTION AND OPERATION (Continued)

Item Part Number Description Item Part Number Description

99 7E085 Spring — transmission 122 7H322 Valve assembly —
reverse clutch cushion transmission cooler bypass

(Vehicle-dependent)100 377155-S Ring — reverse planet
retaining 123 391932-S100 Sealing washers — case

outlet (part of 7H322 CBV101 7A166 Washer — planet carrier
assembly) (vehicle-dependent)thrust (between reverse planet
(2 req’d)assembly and input shell) No.

10B 124 7E380 Plug — case fluid filler

102 7D006 Planet assembly — reverse 125 7025 Bushing — case rear (1 lube
groove)103 7A166 Washer — planet carrier —

thrust (between reverse planet 126 7D167 Bolt, 5/16 x 1.9 (one-way
assembly and output shaft clutch to case) (5 req’d)
hub) No. 11 127 7B368 Washer — parking gear thrust

104 387031-S Ring — retaining (retaining rear No. 13
output shaft hub to output 128 7060 Output shaft assembly
shaft assembly)

129 7A233 Gear — output shaft parking
105 7A153 Gear — output shaft ring

130 7H150 Wheel — tone
106 7D164 Hub — output shaft

131 7086 Gasket — extension housing
107 377132-S Ring — retaining (retaining

132 7A039 Extension housing (4x2)output shaft hub to output
shaft ring gear) 133 7H183 Plug assembly — case

(vehicle-dependent)108 7B067 Hub assembly — reverse
clutch 134 N605769-S101 Bolt — M6 — 1 x10 hex

flange109 7A089 Clutch assembly — reverse
one-way 135 7M101 Sensor — output shaft speed

(OSS) (model dependent) or110 7G178 Low/reverse one-way clutch
turbine shaft speed (TSS)inner race thrust bearing

assembly No. 12 136 N811757-S100 O-ring — sensor

111 7D171 Race — low reverse one-way 137 N605803-S427 Bolt — extension assembly to
inner case (top) (7 req’d)

112 7D406 Retainer and spring assembly 138 N605802-S427 Bolt — extension housing to
— reverse clutch case (bottom) (2 req’d)

113 7D404 Seal — reverse clutch piston 139 7A034 Bushing — extension housing
inner 140 7052 Seal — extension housing

114 7D403 Seal — reverse clutch piston 141 7A020 Indicator assembly — fluid
outer level

115 7D402 Piston — reverse clutch 142 7A228 Tube assembly — fluid filler
116 7025 Bushing — case front (3 lube 143 391308-S O-ring — filler tube

grooves)
144 7A160 Tube fluid inlet — short

117 7005 Case assembly
145 N805232-S Screw and washer assembly

118 7034 Vent assembly — case M8-1.25 x 23.8 (attaches
119 391933-S100 Sealing washers — case 7D419 to 7005)

outlet (part of 7H322 CBV 146 7D419 Plate — parking rod guide
assembly)

147 7D070 Spring — parking pawl return
120 7Z152 Cooler line — case fitting

148 7A441 Pawl — parking(part of 7H322 CBV
assembly) (vehicle-dependent) 149 387640-S Shaft — park pawl

121 7G118 Cooler line — case fitting 150 N805261-S191 Bolt — M8-1.25 x 25.9 mm
(part of 7H322 CBV (1.03 in) (attaches park pawl
assembly) (vehicle-dependent) actuating abutment to case)

(Continued) (Continued)
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307-01A-8 307-01A-8Automatic Transmission — 4R100

DESCRIPTION AND OPERATION (Continued)

Item Part Number Description Item Part Number Description

151 7G101 Abutment — parking pawl 174 7G308 Screen assembly — solenoid
actuating 175 7F282 Plate — valve body

152 372552-S2 Nut — 3/8 spring (attaches reinforcing (not available
service ID tag to case) separately)

153 7B148 Tag — transmission service 176 N805503-S Bolt — valve body
ID (not available separately) reinforcing plate to case (3

req’d)154 N811382-S100 Bolt assembly —
transmission range sensor to 177 7G391 Solenoid valve body —
case (2 req’d) transmission control

155 7F293 Sensor assembly — digital 178 N805329-S Bolt — solenoid valve body
transmission range (TR) to case (9 req’d)

156 7A256 Lever assembly — manual 179 N805326-S Bolt — valve body assembly
control to case and accumulator body

assembly to case (18 req’d)157 7B498 Seal — manual control lever
180 N705409 O-ring — seal solenoid body158 7B210 Pin — manual lever retaining
181 N805327-S Bolt — valve body assembly159 7A232 Rod assembly — parking

to casepawl actuating
182 7A100 Valve body assembly160 7A115 Lever — manual control

valve detent — inner 183 7E195 Ball — rubber check (green,
2 req’d)161 N800287-S36 Nut M14-1.5 hex inner detent

lever (7A115 to 7A256) 184 N805328-S Nut — valve body assembly
to case — solenoid valve162 N805503-S Bolt — manual valve detent
body to case — accumulatorspring assembly to case
body assembly to case

163 7E332 Spring assembly — manual
185 7G422 Control assembly —valve detent

accumulator body
164 390685-S Plug — test port 1/8-27

186 7A098 Screen and seal assembly —hex-head (not available
transmissionseparately)

187 7A191 Reusable gasket —165 N805330-S Stud — valve body assembly
transmission panto case — solenoid valve

body to case — accumulator 188 7A264 Pan assembly — transmission
body assembly to case 189 7L027 Magnet — transmission pan

166 7N171 Plug — converter access 190 N811266-S427 Bolt — pan assembly to case
167 7E195 Ball — rubber check (8 (20 req’d)

req’d) A — Reverse clutch and planetary
168 N805331-S Stud — main control assembly

assembly to case B — Forward planetary assembly
169 7D017 Spring — EPC blow-off C — Forward clutch assembly
170 353078-S Ball — EPC blow-off D — Intermediate clutch assembly
171 7C155 Gasket — valve body E — Direct clutch assembly

separator plate
F — Coast clutch assembly

172 7A008 Plate — valve body separator (vehicle-dependent)
173 7D100 Gasket — valve body G — Overdrive clutch assembly

separator plate to case
(Continued)
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307-01A-1 307-01A-1Automatic Transmission — 4R100

DESCRIPTION AND OPERATION

Bushings, Bearing and Thrust Washer
Locator

Bushings, Bearing and Thrust Washer Locator

Item Part Number Description Item Part Number Description

10 7H334 Planet carrier needle bearing1 7B258 Front pump bushing
No. 10A2 7A620 Coast clutch bushing (part of

11 7D423 Planet carrier thrust washer7G387) (model dependent)
No. 10B, No. 113 7E486 Overdrive sun gear

12 7025 Front case bushing(front/rear) thrust bearing No.
2A and 2B 13 7B368 Parking gear thrust washer

No. 134 7F240 Overdrive carrier to center
shaft thrust bearing No. 4 14 7025 Rear case bushing

5 7G178 Center shaft to center support 15 7A034 Extension housing bushing
thrust bearing No. 5

16 7D066 Input shell thrust washer No.
6 — Intermediate brake drum front 14

bushing (part of 7D044)
17 7G178 Output shaft hub rear thrust

7 — Intermediate brake drum rear bearing No. 12
bushing (part of 7D044)

18 — Forward/reverse (front/rear)
8 7F374 Forward clutch hub to center sun gear bushing (part of

support hub thrust bearing 7D063)
No. 8B

19 7F078 Forward carrier (rear) thrust
9 7F078 Forward carrier (front) thrust bearing

bearing No. 9A
(Continued)

(Continued)
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307-01A-2 307-01A-2Automatic Transmission — 4R100

DESCRIPTION AND OPERATION (Continued)

Item Part Number Description Item Part Number Description

20 7D090 Forward clutch hub thrust 25 7L339 One way clutch to overdrive
washer No. 8C carrier thrust washer No. 3

(model dependent)21 — Ball bearing — center shaft
(part of 7A130) 26 7D018 Front pump bushing

22 7G401 Thrust washer — one-way 27 7D014 Front pump support thrust
clutch intermediate brake washer No. 1 (model
drum No. 7 dependent)

23 7L326 Center support thrust washer 28 7B261 Front pump support front
No. 6 bushing (part of 7A103)

24 7B261 Overdrive sun gear bushing
(Continued)
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307-01A-1 307-01A-1Automatic Transmission — 4R100

DESCRIPTION AND OPERATION

Seals, Rings and Gasket Locator

Seals, Rings and Gasket Locator

Item Part Number Description Item Part Number Description

12 7086 Extension housing gasket1 7A248 Front pump square cut
outside diameter seal 13 7D404 Reverse clutch piston inner

lip seal2 7A136 Pump gasket

14 N811757-S100 Output shaft speed (OSS)3 N811757-S100 TSS O-ring (model
O-ring (model dependent)dependent)

15 7052 Extension housing seal4 7A262 Overdrive clutch piston and
seal assembly 16 87036-S94 Vehicle speed sensor (VSS)

seal (7.3L diesel only)5 7F224 Intermediate clutch piston
outer seal 17 7A191 Reusable transmission pan

gasket6 7A548 Direct clutch outer seal

18 7C155 Case to separator plate gasket7 7A548 Direct clutch inner seal

19 7D100 Separator plate to control8 7A548 Forward clutch piston outer
body gasketseal

20 7B498 Manual control lever seal9 7C122 Direct clutch support spring
retaining ring 21 7D019 Forward clutch cylinder seal

(2 req’d)10 7A548 Forward clutch piston inner
seal 22 N705409 Solenoid body O-ring

11 7D403 Reverse clutch piston outer 23 7D025 Forward clutch seal cast iron
lip seal (2 req’d)

(Continued) (Continued)
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307-01A-2 307-01A-2Automatic Transmission — 4R100

DESCRIPTION AND OPERATION (Continued)

Item Part Number Description Item Part Number Description

24 7A262 Coast clutch seal bonded on 29 7A248 Front pump seal assembly
piston (model dependent) 30 391933-S100 Front CBV sealing washer (2

25 7F225 Intermediate clutch piston req’d)
seal 31 391932-S100 Rear CBV sealing washer (2

26 7Z302 Pump inlet seal req’d)

27 7G402 Coast clutch ring seal, 32 7L323 Front pump stator support
Teflon (2 req’d) seal

28 391308-S Fluid filler tube O-ring
(Continued)
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307-01A-1 307-01A-1Automatic Transmission — 4R100

DESCRIPTION AND OPERATION

Main Components and Functions

Automatic Transmission — Sectional View

Torque ConverterItem Part Number Description
The torque converter transmits and multiplies1 7902 Torque converter
torque. The torque converter is a four-element2 7A103 Pump assembly
device:

3 — Overdrive clutch assembly

• Impeller assembly4 — Coast clutch assembly

5 7B446 Overdrive planet assembly • Turbine assembly
6 — Intermediate clutch assembly • Reactor assembly
7 7A398 Forward planet assembly • Clutch and damper assembly
8 7D006 Reverse planet assembly

The standard torque converter components operate
9 7060 Output shaft assembly as follows:

10 — Reverse clutch assembly
• Rotation of the converter housing and impeller set11 — Forward clutch assembly

the fluid in motion.
12 — Direct clutch assembly

• The turbine reacts to the fluid motion from the13 7A658 Center shaft
impeller, transferring rotation to the geartrain

14 7017 Input shaft through the input shaft.

• The reactor redirects fluid going back into the
impeller, providing for torque multiplication.

Copyright  2003, Ford Motor Company
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307-01A-2 307-01A-2Automatic Transmission — 4R100

DESCRIPTION AND OPERATION (Continued)

Geartrain• The clutch and damper assembly dampens
powertrain torsional vibration and provides a Power is transmitted from the torque converter to
direct mechanical connection for improved the geartrain components through the input shaft
efficiency. and forward clutch cylinder.

• Power is transmitted from the torque converter to • By holding or driving certain members of the
the planetary gearsets and other components gearset, four forward ratios and one reverse ratio
through the input shaft. are obtained and transmitted to the output shaft.

The ratios are as follows:

Gear Ratio

Gear Ratio

1ST 2.71 to 1

2ND 1.54 to 1

3RD 1.00 to 1

4TH 0.71 to 1

REVERSE 2.18 to 1

Input Shaft

The input shaft is supported by two bushings in the
stator support. End positioning of the input shaft is
controlled by the splines in the converter turbine
and the overdrive planet assembly.

Output Shaft

The output shaft is supported by two bushings in
the case and by the slip-yoke and bushing in the
extension housing. End positioning is controlled by
the parking pawl gear and snap ring or shoulder and
by the reverse ring gear hub and snap  ring.

Overdrive System

Item Part Number Description The overdrive planetary system consists of the
overdrive planet assembly, overdrive sun gear,1 — Converter clutch and damper
overdrive ring gear, coast clutch cylinder, overdrive(part of 7902)
one-way clutch assembly and the center shaft, as2 — Reactor (part of 7902)
shown in the following illustration. The  overdrive3 — Turbine (part of 7902)
planet assembly is splined to the input shaft. The

4 — Impeller (part of 7902) overdrive sun gear is centered by a bushing on the
5 — Fluid motion input shaft and held in place laterally by needle
6 — Transmission input rotation bearings on the reactor support and the overdrive
7 — Input shaft planet assembly. The overdrive sun  gear is splined

to the coast clutch cylinder, which in turn is splined8 — Engine rotation
to the overdrive one-way clutch inner race.
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307-01A-3 307-01A-3Automatic Transmission — 4R100

DESCRIPTION AND OPERATION (Continued)

The outer race of the one-way clutch is splined to The overdrive clutch steel plates are splined to the
the overdrive ring gear, which is splined to the case, the friction plates are splined to the coast
center shaft. The center shaft is centered by the clutch cylinder. The overdrive clutch holds the coast
forward planetary assembly and is laterally held by clutch cylinder and, in turn, the overdrive sun gear,
needle bearings on the center support and  the to permit the planet assembly to  overdrive the ring
overdrive planet assembly. The center shaft is gear.
splined into the forward clutch cylinder.

The coast clutch is splined between the coast clutch
cylinder and the overdrive ring gear. The coast
clutch is activated to carry out engine braking in
MANUAL 1, MANUAL 2 and third gear with the
transmission control switch engaged.

Item Part Number Description Item Part Number Description

6 7A089 Clutch assembly — overdrive1 7G387 Coast clutch cylinder (vehicle
one-way (vehicle dependent)dependent)

7 7G375 Ring — retaining (attaches2 7A262 Piston and seal assembly —
clutch assembly — O/Dcoast clutch (vehicle
one-way to O/D ring gear)dependent)
(vehicle dependent)3 7B070 Spring — coast clutch piston

8 7G389 Race — overdrive one-waydisc (vehicle dependent)
clutch outer (vehicle4 7A527 Ring — coast clutch spring
dependent)retainer (vehicle dependent)

(Continued)
5 7D063 Gear assembly — overdrive

sun (vehicle dependent)
(Continued)
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307-01A-4 307-01A-4Automatic Transmission — 4R100

DESCRIPTION AND OPERATION (Continued)

Item Part Number Description

9 7L339 Washer — overdrive —
overrun clutch thrust No. 3
(vehicle dependent)

10 7B446 Planet assembly— overdrive
(vehicle dependent)

11 7F240 Bearing assembly —
overdrive planet — thrust No.
4 (vehicle dependent)

12 7A153 Gear — overdrive ring
(vehicle dependent)

13 7A658 Shaft — overdrive center
(vehicle dependent)

14 7G375 Ring — wavy retaining
(retaining center O/D shaft
assembly to O/D ring gear)
(vehicle dependent)

15 7G178 Bearing assembly —
overdrive center shaft —
thrust No. 5 (vehicle
dependent)

16 7D483 Ring — overdrive CL
pressure plate retainer
(selective fit) (vehicle
dependent)

17 7B066 Plate — overdrive clutch
pressure

Item Part Number Description18 7B164 Plate — overdrive clutch
internal spline friction 1 7D483 Ring — overdrive CI pressure

19 7B442 Plate — overdrive clutch plate retainer (selective fit)
external spline steel 2 7B066 Plate — overdrive clutch

pressure
Center Support and Intermediate/Overdrive 3 7B164 Plate — overdrive clutch
Clutch Cylinder internal spline friction

The center support provides a pilot for the forward 4 7B442 Plate — overdrive clutch
external spline steelclutch and direct clutch cylinders. It also provides

fluid for clutch application and lube flow. The 5 7A527 Ring — overdrive clutch disc
spring retainingcenter support is held radially and laterally by the

case. Fluid supply enters through feed  bolts into 6 7B070 Spring — overdrive clutch
pistonthe center support and supplies the forward clutch

and the intermediate lube circuits. The direct clutch 7 7A262 Piston and (bonded) seal
assembly — overdrive clutchis fed by the center support.

8 7D483 Ring — intermediate cylinderThe intermediate/overdrive clutch cylinder is
retainingradially supported by the case. Laterally, the

9 7B070 Spring — intermediate clutchcylinder is held in the case by a snap ring. The
pistonoverdrive circuit is fed through a feed bolt into the

10 7D025 Seal — direct clutch (2 req’d)cylinder. The intermediate clutch circuit is fed
11 7B164 Plate — intermediate clutchthrough nearby orifices.

internal spline friction

12 7B066 Plate — intermediate clutch
pressure rear

(Continued)
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307-01A-5 307-01A-5Automatic Transmission — 4R100

DESCRIPTION AND OPERATION (Continued)

The intermediate brake drum is radially supportedItem Part Number Description
by bushings on the center support and is laterally13 7Z059 Bolt — M10-1.5 x 24 mm
controlled by a thrust washer on the forward clutch(0.96 in) overdrive cylinder

fluid feed cylinder and center support. The intermediate brake
drum has the inner race of the  intermediate14 7G384 Cylinder — overdrive and

intermediate clutch one-way clutch press-fitted on it’s pilot. The
intermediate one-way clutch’s outer race is splined15 7F225 Seal — intermediate clutch

piston inner to the intermediate friction clutch, which is splined
to the case. The intermediate brake drum has lugs16 7E005 Piston — intermediate clutch
that are slotted into the input  shell to form a17 7F224 Seal — intermediate clutch
mechanical connection. The input shell is splinedpiston outer
into the forward/reverse sun gear. The18 7Z059 Bolt — M12-1.75 x 31 mm
forward/reverse sun gear is common to two(1.24 in) center support fluid

feed (2 req’d) planetary gearsets. The forward planet is splined to
the output shaft and is laterally positioned by19 7A130 Support assembly — center
needle bearings on the sun gear and on the forward20 7L326 Washer — center support
clutch cylinder, as shown in the followingthrust No. 6
illustration.21 7B066 Plate — intermediate clutch

pressure apply Two friction clutch assemblies, the direct clutch and
22 7B066 Plate — intermediate clutch the forward clutch, are shown with the forward

external spline steel planetary assembly. The direct clutch assembly
splines the forward clutch cylinder to the

Forward Drive System intermediate brake drum. The forward clutch
assembly  splines the forward clutch cylinder to theThe forward drive system consists of the forward
forward ring gear. The forward clutch is activatedclutch cylinder, intermediate brake drum,
during all forward gears. While in third or fourthintermediate one-way clutch, input shell, forward
gear, both the direct and forward clutches arering gear, forward ring gear hub, forward/reverse
applied to hold the forward planetary assembly andsun gear and the forward planetary carrier and
enable  it to act as a solid shaft.forward planetary gears.
In second gear, the intermediate clutch assemblyThe forward clutch cylinder is splined on the center
holds the forward/reverse sun gears. It is applied,shaft. The forward ring gear is piloted on the
along with the intermediate one-way clutch, to holdforward ring gear hub. Thrust bearings on the
the intermediate brake drum, input shell andforward planet assembly and forward clutch cylinder
forward/reverse sun gear. In higher gears, thehold the forward ring gear hub in place.
one-way clutch overruns.
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DESCRIPTION AND OPERATION (Continued)

Forward Drive System Components

Item Part Number Description Item Part Number Description

12 377126-S, Ring — direct clutch pressure1 7A089 Clutch assembly —
377127-S, plate retaining (selective fit)intermediate one-way
377128-S,2 7G401 Washer — intermediate
377437-Sone-way clutch thrust No. 7

13 7D019 Seal — forward clutch3 7D044 Drum assembly —
cylinder (2 req’d)intermediate brake

14 7F374 Bearing assembly — forward4 7A548 Seal — direct clutch piston
clutch cylinder thrust No. 8B— inner

15 7A360 Cylinder assembly — forward5 7A548 Seal — direct clutch piston
clutch— outer

16 7A548 Seal — forward clutch piston6 7A262 Piston assembly— direct
innerclutch

17 7A548 Seal — forward clutch piston7 7F235 Retainer and spring
outerassembly— direct clutch

18 7A262 Piston assembly— forward8 7C122 Ring — direct clutch support
clutchspring retaining

19 7D256 Ring — piston apply9 7B164 Plate — direct clutch internal
20 7B070 Spring — piston returnspline — friction

21 377127-S Ring — forward clutch spring10 7B442 Plate — direct clutch external
(forward clutch piston springspline — steel
to forward clutch cylinder11 7B066 Plate — direct clutch pressure
assembly)

(Continued)
(Continued)
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307-01A-7 307-01A-7Automatic Transmission — 4R100

DESCRIPTION AND OPERATION (Continued)

The reverse ring gear hub is splined to the outputItem Part Number Description
shaft and to the reverse ring gear. The reverse ring22 7B066 Plate — forward clutch
gear hub is laterally held by a needle bearing on thepressure
inner race of the low-reverse one-way clutch and a23 7E085 Spring — forward clutch
snap ring on the output shaft. The  reverse planetpressure
assembly is splined to the low-reverse clutch hub.24 7B164 Plate — forward clutch
The low-reverse clutch hub is connected by theinternal spline friction
reverse clutch to the case. The inner race of the25 7B442 Plate — forward clutch
one-way clutch is bolted to the case.external spline steel

26 7B066 Plate — forward clutch The reverse clutch assembly is activated in
pressure rear REVERSE gear and in MANUAL 1. The reverse

27 377127-S, Ring — forward clutch clutch bypasses the reverse one-way clutch during
377437-S, pressure plate retaining coast and MANUAL 1. The reverse clutch holds the
377444-S, (selective fit) reverse planet assembly in REVERSE gear to
386841-S, enable the sun  gear to drive the reverse ring gear386842-S

in the opposite direction.
28 7D090 Washer — forward clutch

hub thrust No. 8C

29 377132-S Ring — forward hub
retaining (forward ring gear
hub to forward ring gear)

30 7B067 Hub — forward ring gear

31 7D392 Gear — forward ring

32 7D234 Bearing assembly — forward
clutch thrust (between
forward ring gear and forward
planet assembly) No. 9A

33 7A166 Bearing assembly — forward
planet carrier — thrust No.
10A

34 7A398 Planet assembly — forward Item Part Number Description
35 7D234 Bearing assembly— forward 1 377155-S Ring — reverse planet

clutch thrust (between retaining (vehicle dependent)
forward planet assembly and

2 7A166 Washer — planet carrierforward sun gear assembly)
thrust (between reverse planetNo. 9B
assembly and input shell) No.

36 7D063 Gear assembly — 10B (vehicle dependent)
forward/reverse sun

3 7D006 Planet assembly— reverse
37 7D064 Shell — input (vehicle dependent)
38 7D066 Washer — input shell thrust 4 7A166 Washer — planet carrier —

No. 14 thrust (between reverse planet
39 377300-S Ring — retaining (attaches assembly and output shaft

forward/reverse sun gear hub) No. 11 (vehicle
assembly to input shell) dependent)

5 387031-S Ring — retaining (retaining
Low and Reverse Drive System output shaft hub to output

shaft assembly) (vehicleThe reverse planetary assembly consists of the
dependent)

reverse planetary carrier, reverse planet gears, the
6 7A153 Gear — output shaft ringreverse ring gear, the reverse ring gear hub, the

(vehicle dependent)
reverse clutch hub and the low-reverse one-way

7 7D164 Hub — output shaft (vehicleclutch assembly.
dependent)

(Continued)
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DESCRIPTION AND OPERATION (Continued)

One-Way Clutch—Overdrive (Roller Design)Item Part Number Description

8 377132-S Ring — retaining (retaining
output shaft hub to output
shaft ring gear) (vehicle
dependent)

9 7B067 Hub assembly— reverse
clutch (vehicle dependent)

10 7A089 Clutch assembly— reverse
one-way (vehicle dependent)

11 7G178 Thrust bearing assembly No.
12 (vehicle dependent)

12 7G178 Low/reverse one-way clutch
inner race (vehicle dependent)

Item Part Number DescriptionApply Components
1 — Overdrive one-way clutchThe following information describes the operation of

inner racethe three one-way clutches.
2 — Overdrive one-way outer race

One-Way Clutch—Overdrive 3 — Overdrive one-way clutch

The overdrive one-way clutch, shown in the
One-Way Clutch Intermediatefollowing illustration, transmits engine torque from

the overdrive sun gear to the overdrive ring gear in The intermediate one-way clutch, shown in the
first, second and third gear range. The overdrive following illustration, holds the forward/reverse sun
one-way clutch transmits power when the  sprags gear stationary relative to the case in second gear.
are engaged between the inner and outer races. The The outer race of the intermediate one-way clutch is
inner race is splined to the coast clutch cylinder, splined to the intermediate clutch,  which in turn is
which in turn is splined to the overdrive sun gear. splined to the case. The inner race is part of the
The outer race is splined to the overdrive ring gear. intermediate brake drum, which is connected to the

sun shell. The sun shell is splined to theThe overdrive one-way clutch engages whenever the
forward/reverse sun gear.overdrive planetary system attempts to drive the

overdrive sun gear clockwise when the overdrive In second gear, the intermediate clutch holds the
ring gear has a counterclockwise torque from the outer race of the intermediate one-way clutch.
vehicle. When tightened counterclockwise, the Torque from the vehicle acts counterclockwise on
overdrive one-way clutch engages and acts as a the output shaft, and in turn on the forward
wedge to lock the sun gear and the ring gear planetary carrier and the reverse ring gear. Torque
together. During coast, the overdrive one-way clutch from the center shaft is counterclockwise.
enables the ring gear to overrun or spin at a faster

This combination applies a counterclockwise torquerate than the sun gear.
on the sun gear and likewise the intermediate

The overdrive one-way clutch overruns when in one-way clutch. The intermediate one-way clutch
overdrive (fourth gear). In overdrive, the coast engages, causing the forward ring gear to turn the
clutch cylinder is held by the overdrive one-way forward planetary carrier clockwise at reduced
clutch, which in turn holds the overdrive sun gear. speed. During coast, the intermediate one-way
This causes the overdrive planet assembly to  walk clutch allows the sun gear to spin clockwise as the
around the sun gear and overdrive the overdrive engine rpm coasts down.
ring gear. The inner race of the overdrive one-way

The intermediate one-way clutch overruns in third,clutch is thus held stationary while the outer race is
fourth and REVERSE gears. The direct clutch isallowed to overrun clockwise.
engaged, causing the intermediate brake drum to
rotate clockwise with the center shaft. With the
intermediate drum rotating clockwise, the inner
race also rotates clockwise, causing the intermediate
one-way clutch to overrun.
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DESCRIPTION AND OPERATION (Continued)

In first gear, the outer race of the intermediate As the sun gear is turned counterclockwise and the
one-way clutch is not held, and the intermediate reverse ring gear is turned counterclockwise by the
one-way clutch is overrunning. resistance of the vehicle, the reverse planetary

carrier is also turned counterclockwise. Because the
One-Way Clutch, Intermediate (Sprag Design) reverse planetary carrier is prevented  from turning

counterclockwise by the low-reverse one-way
clutch, the torque is transferred from the sun gear to
the reverse ring gear and the output shaft. During
coast, the planetary carrier is allowed to overrun
and spin clockwise.

The low-reverse one-way clutch overruns in second,
third and fourth gears. In these cases the
forward/reverse sun gear is stationary while the
reverse ring gear turns clockwise with the output
shaft. This turns the reverse planetary carrier
clockwise, causing the low-reverse one-way clutch
to run clockwise and overrun.

Item Part Number Description One-Way Clutch Low-Reverse
1 — Sprags (part of 7A089)

2 — Outer race (part of 7A089)

3 — Overrunning

4 — Engaged

One-Way Clutch Low-Reverse

The low-reverse one-way clutch, shown in the
following illustration, holds the reverse planetary
carrier stationary to the case in first gear. The inner
race of the low-reverse one-way clutch is bolted
directly to the case. The outer race is  splined to the
reverse clutch hub, which is splined to the reverse
planetary carrier. Item Part Number Description
In first gear, the center shaft drives the forward ring 1 — Unitized plastic cage (part of
gear clockwise by way of the forward clutch. With 7A089)
the forward planetary carrier providing a 2 — Roller (part of 7A089)
counterclockwise resisting torque, the
forward/reverse sun gear is driven counterclockwise.
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Intake Air Temperature (IAT) Sensor
DESCRIPTION AND OPERATION

Transmission Electronic Control The IAT sensor is installed in the air cleaner outlet
tube. The IAT sensor is used in determiningSystem
electronic pressure control (EPC) pressures.

Electronic System Description
Powertrain Control Module (PCM)The powertrain control module (PCM) and its
The operation of the transmission is controlled byinput/output network control the following
the powertrain control module (PCM). Many inputtransmission operations:
sensors provide information to the PCM. The PCM

• shift timing then controls actuators which determine transmission
• line pressure (shift feel) operation.

• torque converter clutch operation Transmission Control Switch (TCS),
The transmission control is separate from the engine Transmission Control Indicator Lamp (TCIL)
control strategy in the powertrain control module The transmission control switch (TCS) is a
(PCM), although some of the input signals are momentary control switch. When the switch is
shared. When determining the best operating pressed, a signal is sent to the powertrain control
strategy for transmission operation, the PCM uses module to allow automatic shifts from first through
input information from certain engine-related and fourth gears or first through third gears only. The
driver-demand related sensors and switches. powertrain control module (PCM) energizes the
Using all of these inputs signals, the PCM can transmission control indicator lamp (TCIL) when
determine when the time and conditions are right the switch is off. The TCIL indicates overdrive
for a shift, or when to apply or release the torque cancel mode activated (lamp on) and electronic
converter clutch. It will also determine the best line pressure control (EPC) circuit shorted (lamp
pressure needed to optimize shift feel.  To flashing) or  monitored sensor failure.
accomplish this the PCM uses output solenoids to

Transmission Solenoid Body Assemblycontrol transmission operation.
The powertrain control module (PCM) controls theThe following provides a brief description of each
transmission operation through three on/off shiftof the sensors and actuators used by the PCM for
solenoids, one Pulse Width Modulated (PWM) shifttransmission operation.
solenoid, and one variable force shift solenoid.

Mass Air Flow (MAF) Sensor These solenoids and transmission fluid  temperature
sensor are housed in the transmission solenoid bodyThe mass air flow sensor (MAF) measures the mass
assembly. All are part of the transmission solenoidof air flowing into the engine. The MAF sensor
body and are not replaced individually.output signal is used by the powertrain control

module (PCM) to calculate injector pulse width. For Turbine Shaft Speed (TSS) Sensor
transmission strategies the MAF sensor is used  to

The turbine shaft speed (TSS) sensor is a magneticregulate electronic pressure control (EPC), shift and
pickup that sends the powertrain control moduletorque converter clutch scheduling.
(PCM) information on the rotation speed of the

Throttle Position (TP) Sensor coast clutch cylinder assembly. The turbine shaft
speed (TSS) sensor is mounted externally on theThe throttle position (TP) sensor is a potentiometer
top of the transmission case. The PCM uses turbinemounted on the throttle body. The TP sensor detects
shaft speed TSS sensor signals to help determinethe position of the throttle plate and sends this
electronic pressure control (EPC) pressure, shiftinformation to the powertrain control module. The
scheduling the torque converter clutch (TCC)TP sensor is used for shift scheduling,  electronic
operation.pressure control and torque converter clutch (TCC)

control. For diesel applications the PCM sends the TCC
solenoid pulse-width modulated signals to smoothly
engage the torque converter clutch.
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DESCRIPTION AND OPERATION (Continued)

Output Shaft Speed (OSS) Sensor — For modulated torque converter operations the
Gasoline Engines powertrain control module (PCM) sends the TCC

solenoid controlled pulse width modulated (PWM)The output shaft speed (OSS) sensor is a magnetic
signals to apply or release the torque converterpickup that provides transmission output shaft
clutch.rotation speed information to the powertrain control

module.
Electronic Pressure Control (EPC) Solenoid

The OSS sensor is mounted externally on the top of
CAUTION: The electronic pressure controlthe transmission extension housing. The powertrain

(EPC) pressure output from the variable forcecontrol module (PCM) uses the OSS sensor signal
solenoid is NOT adjustable. Any modification toto help determine electronic pressure control (EPC)
the EPC solenoid will affect the transmissionpressure, shift scheduling and torque  converter
warranty.clutch (TCC) operation.
The EPC solenoid is a variable force solenoid. The

Transmission Fluid Temperature (TFT) variable-force type solenoid is an electrohydraulic
Sensor actuator combining a solenoid and a regulating
The transmission fluid temperature (TFT) sensor is valve. It supplies electronic pressure control that
located on the solenoid body assembly in the regulates transmission line pressure and  line
transmission sump. It is a temperature-sensitive modulator pressure. This is done by producing
device called a thermistor. The resistance value of resisting forces to the main regulator and the line
the TFT sensor will vary with temperature  change. modulator circuits. These two pressures control
The powertrain control module (PCM) monitors clutch application pressures.
voltage across the TFT sensor to determine the

Shift Solenoids SSA and SSBtemperature of the transmission fluid. The PCM
uses this signal to determine whether a cold start Shift solenoids SSA and SSB provide gear selection
shift schedule is necessary. The cold start shift of first through fourth gears by controlling the
schedule lowers shift speeds to allow for better cold pressure to the three shift valves.
engine operation. The PCM also uses the TFT

Digital Transmission Range (TR) Sensorsensor input to adjust electronic pressure control
(EPC) pressure for temperature effects and to inhibit The digital transmission range (TR) sensor is
torque converter clutch operation during the located on the outside of the transmission at the
warm-up period. manual lever. The sensor completes the start circuit

in PARK and NEUTRAL and the back-up lamp
Coast Clutch Solenoid (CCS) circuit in REVERSE. The sensor also opens/closes a
The coast clutch solenoid (CCS) provides coast set  of four switches that are monitored by the
clutch control by shifting the coast clutch shift powertrain control module to determine the position
valve. The solenoid is activated by pressing the of the manual lever (P, R, N, (D) , 2, 1).
transmission control switch. Some applications have

Brake Pedal Position (BPP) Switchthe CCS commanded ON in OVERDRIVE, first,
second and third ranges. In MANUAL first and The brake pedal position (BPP) switch tells the
second, the coast clutch is controlled by the powertrain control module when the brakes are
solenoid and also hydraulically as a fail-safe to applied. The torque converter clutch disengages
ensure engine braking. In REVERSE, the coast when the brakes are applied. The BPP switch closes
clutch is controlled hydraulically and the solenoid is when the brakes are applied and opens when they
not on. are  released.

Torque Converter Clutch (TCC) Solenoid

The torque converter clutch solenoid (TCC)
provides torque converter clutch control by shifting
the converter clutch control valve to apply or
release the torque converter clutch.
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DESCRIPTION AND OPERATION (Continued)

Electronic Ignition (EI) System Manifold Absolute Pressure (MAP) Sensor

The electronic ignition (EI) consists of a crankshaft On gasoline engines, the manifold absolute pressure
position sensor, two four tower ignition coils and sensor senses atmospheric pressure to produce an
the powertrain control module (PCM). The ignition electrical signal. The frequency of this signal varies
control module operates by sending crankshaft with intake manifold pressure. The powertrain
position information from the crankshaft  position control module (PCM) monitors this signal  to
sensor to the ignition control module. The ignition determine altitude. The PCM then adjusts the
control module generates a profile ignition pickup transmission shift schedule and EPC pressure for
(PIP) signal (engine rpm) and sends it to the PCM. altitude. On diesel engines, the manifold absolute
The PIP signal is one of the inputs that the PCM pressure (MAP) sensor measures boost pressure.
uses to determine transmission  strategy, wide-open The PCM monitors this signal and adjusts EPC
throttle (WOT) shift control, torque converter clutch pressure.
control and EPC pressure.

Distributor Ignition (DI) System

The profile ignition pickup sensor sends a signal to
the powertrain control module indicating the engine
rpm and the crankshaft position.

Air Conditioning (A/C) Clutch

An electromagnetic clutch is energized when the
clutch cycling pressure switch closes. The switch is
located on the suction accumulator/drier. The
closing of the switch completes the circuit to the
clutch and draws it into engagement with the
compressor driveshaft. When the A/C clutch is
engaged, electronic pressure control (EPC) pressure
is adjusted by the powertrain control module (PCM)
to compensate for additional load on the engine.
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• Verify the concern by operating the vehicle.
DIAGNOSIS AND TESTING

Diagnostic Strategy • Check for non-factory add-on items.

NOTE: Do not take short cuts or assume that • Check shift linkages for correct adjustment.
critical checks or adjustments have already been • Check TSBs and OASIS messages for the
made. concern.
Troubleshooting an electronically-controlled

Diagnosticsautomatic transmission is simplified by using the
proven method of diagnosis. One of the most • Carry out on-board diagnostic procedures key
important things to remember is that there is a on/engine off (KOEO) and key on/engine running
definite procedure to follow. (KOER).
Follow the procedures as written to avoid missing • Record all diagnostic trouble codes (DTCs).
critical components or steps.

• Repair all non-transmission codes first.
To diagnose a concern correctly, the technician

• Repair all transmission codes second.should have the following publications available:
• Erase all continuous codes and attempt to repeat

• Transmission Reference Manual. them.
• Powertrain Control/Emissions Diagnosis (PC/ED) • Repair all continuous codes which reappear.

manual.
• If only pass codes are obtained, proceed to

• OASIS messages. Diagnosis By Symptom in this section for further
• Technical Service Bulletins (TSBs). information and diagnosis.

• Wiring Diagram. Follow the diagnostic sequence to diagnose and
repair the concern the first time.These publications provide the information required

when diagnosing transmission concerns.

Using the Diagnostic Flowchart as a guide, follow
the steps as indicated.

Preliminary Inspection

• Know and understand the customer’s concern.

• Check the fluid level and condition.
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DIAGNOSIS AND TESTING

Diagnostic Flow Chart

Diagnostic Flow Chart

• Know and understand the customer concerns Yes • Repair all hard Diagnostic Trouble Codes.
• Check the fluid level and condition Follow the pinpoint tests. Refer to the
• Verify the concern by operating the vehicle Powertrain Control/Emissions Diagnosis
• Check for non-factory-installed items and (PC/ED) manual first, then this workshop

verify correct installation manual.
• Check the shift linkage adjustments
• Check TSBs and OASIS messages for vehicle

concerns
• Carry out Quick Test both KOER and KOEO
• Record all codes
1) Did you record any Diagnostic Trouble
Codes?

No • Refer to Diagnosis By Symptom in this
section, then GO to Step 5.

2) Are any continuous test memory codes Yes • Clear codes and carry out Drive Cycle Test.
present?

No • GO to Step 4.

3) Did the continuous test memory codes Yes • Repair all continuous test memory codes.
reappear? Follow the pinpoint tests. Refer to the

Powertrain Control/Emissions Diagnosis
(PC/ED) manual then the transmission
reference manual, then this workshop manual,
then GO to Step 4.

No • GO to Step 4.

4) Is the concern repaired? Yes • Carry out the final Quick Test to verify that
no Diagnostic Trouble Codes are present.
Clear memory codes.

No • Refer to Diagnosis By Symptom in this
section.

5) Are there any electrical concerns? Yes • Install the scan tool and carry out Output State
Control Test, then GO to Step 6.

No • Refer to the hydraulic and mechanical routine
to diagnose and repair the concern, then GO
to Step 7.

6) Was the transmission concern corrected Yes •  Refer to the Powertrain Control/Emissions
when the scan tool was installed? Diagnosis (PC/ED) manual, intermittent fault

diagnosis section and use the scan tool or
WDS to diagnose cause of concern in the
processor, vehicle harness or external inputs
(sensors or switches).
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DIAGNOSIS AND TESTING (Continued)

Diagnostic Flow Chart (Continued)

No • Refer to the hydraulic and mechanical routine
to diagnose the concern, then GO to Step 7.

7) Is the concern repaired? Yes • Carry out the final Quick Test to verify that
no diagnostic trouble codes are present. Clear
memory codes. 

No • Get assistance from Technical Hotline.
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• Noise/vibration — check for dependencies, either
DIAGNOSIS AND TESTING

rpm dependent, vehicle speed dependent, shiftPreliminary Inspection
dependent, gear dependent, range dependent, or

The following items must be checked prior to temperature dependent.
beginning the diagnostic procedure:

Check Fluid Level and Condition
Know/Understand the Concern

CAUTION: The vehicle should not beIn order to diagnose a concern correctly, the
driven if the fluid level indicator shows the fluidcustomer complaint or condition must first be
below the DO NOT DRIVE mark or internalunderstood. Customer contact may be required in
failure could result.order for the technician to begin to verify the

concern. It is also necessary to understand the NOTE: If the vehicle has been operated for an
conditions in which the concern occurs, such as the extended period of time at highway speeds, in city
following: traffic, in hot weather, or while pulling a trailer, the

fluid needs to cool down to obtain an accurate
• Hot or cold vehicle temperature. reading.
• Hot or cold ambient temperature. NOTE: The fluid level reading on the indicator will
• Vehicle driving conditions. differ depending on operating and ambient

temperatures. The correct reading should be withinAfter understanding when and how the concern
the normal operating temperature range.occurs, proceed to verify the condition.
Under normal circumstances, the fluid level should

Verification of Condition be checked during regular maintenance. If the
This section provides information that must be used transmission starts to slip, shift slowly, or show
in both determining the actual cause of customer signs of leaking, the fluid level should be checked.
concerns and carrying out the appropriate

Fluid Level Checkprocedures.
1. With the transmission in (P) PARK, the engineThe following procedures must be used when

at idle, foot pressed on the brake, move theverifying customer concerns for the transmission:
range selector lever through each gear and

Determine Customer Concern allow engagement of each gear. Place the range
selector lever in the (P) PARK position.NOTE: Some transmission conditions can cause

engine concerns. An electronic pressure control 2. Wipe the fluid level indicator cap and remove
short circuit can cause engine misfiring. The torque the indicator.
converter clutch not disengaging will stall the 3. Wipe the indicator with a clean cloth.
engine.

4. Install the indicator back in the filler tube until
Determine customer concerns relative to vehicle use it is fully seated, then remove the indicator. The
and dependent driving conditions, paying attention fluid level should be within the normal
to the following items: operating temperature range.
• Hot or cold vehicle operating temperature.

• Hot or cold ambient temperatures.

• Type of terrain.

• Vehicle loaded/unloaded.

• City/highway driving.

• Upshift.

• Downshift.

• Coasting.

• Engagement.
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DIAGNOSIS AND TESTING (Continued)

Item Description 4. If evidence of solid material is found, the
transmission fluid pan should be removed for1 Normal Operating Temperature Range
further inspection.2 DO NOT DRIVE LEVEL (Overfill).

Remove excess fluid. Recheck fluid 5. If the stain is a foamy pink color this may
level at normal operating temperature indicate coolant or water in the transmission.
and adjust as required. The engine cooling system should also be

3 Cold Temperature Range inspected at this time.
4 DO NOT DRIVE IF BELOW THIS 6. If fluid contamination or transmission failure is

LEVEL AND OUTSIDE confirmed by the sediment in the bottom of theTEMPERATURE IS ABOVE 10°C
fluid pan, the transmission must be(50°F) (Underfill). Recheck fluid level
disassembled and completely cleaned. Thisat normal operating temperature and

adjust as required. includes the torque converter, coolers, cooler
lines and cooler  bypass valve.

7. Carry out diagnostic checks and adjustments;High Fluid Level
refer to Diagnosis By Symptom in this section.

A fluid level that is too high may cause the fluid to
Road Testing Vehiclebecome aerated due to the churning action of the

rotating internal parts. This will cause erratic control The following Shift Point Road Test and Torque
pressure, foaming, loss of fluid from the vent tube Converter Clutch Operation Test provide diagnostic
and possible transmission  malfunction and or information on transmission shift controls and
damage. If an overfill reading is indicated refer to torque converter operation.
Transmission Fluid Drain and Refill in this section.

Shift Point Road Test
Low Fluid Level

NOTE: Always drive the vehicle in a safe manner
A fluid level that is too low may cause the fluid to according to driving conditions and obey all traffic
become aerated due to the churing action of the laws.
rotating internal parts.

This test verifies that the shift control system is
A low fluid level could also result in poor operating correctly.
transmission engagement, slipping, malfunction 1. Bring engine and transmission up to normal
and/or damage. This could indicate a leak in one of operating temperature.
the transmission seals or gaskets.

2. Operate the vehicle with the transmission range
Adding Fluid selector lever in (D)  range.

3. Apply minimum throttle and observe the speedsCAUTION: The use of any other type of
at which the upshift occurs and the torquetransmission fluid than specified could result in
converter engages. Refer to the Automatictransmission malfunction and/or damage.
Transmission Special Specification Bulletin

If fluid needs to be added, add fluid in 0.25L (1/2
Issue available from Ford Customer Service

pint) increments through the filler tube. Do not
Division.

overfill the fluid. For fluid type, refer to the Fluid
4. With the vehicle in OVERDRIVE (fourth gear),Type specification chart.

depress the transmission control switch. The
Fluid Condition Check transmission should downshift to third gear.

Remove foot from accelerator pedal; engine1. Check the fluid level.
braking should occur.

2. Observe the color and the odor. The color
5. Press accelerator pedal to floor (wide-openunder normal circumstances should be dark

throttle). Transmission should shift from third toreddish, not brown, pink or black, or have a
second gear or third to first, depending onburnt odor.
vehicle speed. Torque converter clutch should

3. Hold the fluid level indicator over a white disengage and then reapply.
facial tissue and allow the fluid to drop onto
the facial tissue and examine the stain.
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DIAGNOSIS AND TESTING (Continued)

6. With vehicle (D)  range above 80 km/h (50 7. If transmission fails to upshift/downshift or
mph) and less than half throttle, move the torque converter clutch does not apply and
transmission range selector lever from (D) release, refer to Diagnosis By Symptom in this
range to MANUAL 2 range and remove foot section for concern diagnosis.
from accelerator pedal. The transmission should
immediately  downshift into second gear. With
the vehicle remaining in MANUAL 2 range,
move transmission range selector lever into
MANUAL 1 range. Transmission should
downshift into first gear at speeds BELOW
48-56 km/h (30-35 mph).

Shift Speeds — Km/h (MPH) (E-Super Duty, E-350, E-450 with 5.4L) (Over 8500 GVW Rating)

Vehicle Speed a

Axle RatioThrottle
3.55 3.73 4.10 4.56Position Range Shift

Closed (D) , D 4-3 63-66 (39-41) 58-63 (37-39) 53-58 (33-36) 48-51 (30-32)

(D) , D 3-2 29-31 (18-19) 26-29 (16-18) 24-26 (15-16) 23 (14)

(D) , D 2-1 11-13 (7-8) 11-13 (7-8) 10-11 (6-7) 10 (6)

Light Throttle (D) , D 1-2 16-18 (10-11) 14-16 (9-10) 13-15 (8-9) 13 (8)

TP Voltage (D) , D 2-3 31-32 (19-20) 27-31 (17-19) 26-27 (16-17) 24 (15)

1.25 Volts (D) , D 3-4 64-68 (40-42) 60-64 (37-40) 55-60 (34-37) 50-53 (31-33)

Wide Open (D) , D 1-2 68-71 (42-44) 63-68 (39-42) 58-61 (36-38) 53 (33)

(D) , D 2-3 117-124 109-117 101-108 92-97 (57-60)
(73-77) (68-73) (63-67)

(D) , D 3-4 159-167 148-159 138-145 124-129
(99-104) (92-99) (86-90) (77-80)

(D) , D 4-3 151-158 140-150 130-137 117-122
(94-98) (87-93) (81-85) (73-76)

(D) , D 3-2 109-116 103-109 95-100 85-90 (53-56)
(68-72) (64-68) (59-62)

(D) , D 2-1 56-60 (35-37) 53-58 (33-36) 50-53 (31-33) 45-47 (28-29)

a Nominal shift speed at sea level is shown. Actual shift speed will depend on tire brand, size, and axle ratio. All
shift speeds are Approximate.

Shift Speeds — Km/h (MPH) (E-Series Super Duty, E-350, E-450, with 6.8L. This vehicle speed is limited
to 121km/h (75 mph)

Vehicle Speed a

Axle RatioThrottle
3.73 4.10 4.56 4.88 b 5.38 bPosition Range Shift

Closed (D) , D 4-3 60-63 55-56 48-51 50 (31) 45 (28)
(37-39) (34-35) (30-32)

(D) , D 3-2 29-31 26-27 24 (15) 24 (15) 23 (14)
(18-19) (16-17)

(D) , D 2-1 13-14 (8-9) 13 (8) 11 (7) 11 (7) 11 (7)
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DIAGNOSIS AND TESTING (Continued)

Shift Speeds — Km/h (MPH) (E-Series Super Duty, E-350, E-450, with 6.8L. This vehicle speed is limited
to 121km/h (75 mph) (Continued)

Vehicle Speed a

Axle RatioThrottle
3.73 4.10 4.56 4.88 b 5.38 bPosition Range Shift

Light (D) , D 1-2 18 (11) 16 (10) 14 (9) 14 (9) 14 (8)
Throttle

TP Voltage (D) , D 2-3 31-32 27-29 26 (16) 26 (16) 23 (14)
(19-20) (17-18)

1.25 Volts (D) , D 3-4 61-64 56-58 50-53 51 (32) 47 (29)
(38-40) (35-36) (31-33)

Wide Open (D) , D 1-2 61-64 56-58 50-53 51 (32) 47 (29)
(38-40) (35-36) (31-33)

(D) , D 2-3 106-111 97-100 87-90 89 (55) 80 (50)
(66-69) (60-62) (54-56)

(D) , D 3-4 163-169 148-154 134-138 135 (84) 122 (76)
(101-105) (92-96) (83-86)

(D) , D 4-3 154-160 140-146 126-130 129 (80) 117 (72)
(96-100) (87-91) (78-81)

(D) , D 3-2 97-100 87-91 79-82 80 (50) 72 (45)
(60-62) (54-56) (49-51)

(D) , D 2-1 51-53 47-48 42-43 43 (27) 39 (24)
(32-33) (29-30) (26-27)

a Nominal shift speed at sea level is shown. Actual shift speed will depend on tire brand, size, and axle ratio. All
shift speeds are Approximate.

b The torque converter remains locked in third gear between 58-64 km/h (36-40 mph). The torque converter remains
locked in fourth gear between 64-72 km/h (40-45 mph).

b The torque converter remains locked in third gear between 58-64 km/h (36-40 mph). The torque converter remains
locked in fourth gear between 64-72 km/h (40-45 mph).

Torque Converter Diagnosis X Repair all transmission DTCs.

Prior to installing a new or remanufactured torque X Rerun on-board diagnostics to verify
converter, all diagnostic procedures must be repair.
followed. This is to prevent the unnecessary • Carry out Line Pressure Test in this section.
installation new or remanufactured torque

• Carry out Stall Speed Test in this section.converters. Only after a complete diagnostic
evaluation can  the decision be made to install a • Carry out Diagnostic Routines in this
new or remanufactured torque converter. section.

Begin with the normal diagnostic procedures as X Use the Diagnosis by Symptom Index to
follows: locate the appropriate routine that best

describes the symptom(s). The routine1. Preliminary Inspection.
will list all possible components that may

2. Know and Understand the Customer’s Concern. cause or contribute to the symptom.
3. Verify the Concern—Carry out the Torque Check each component listed; diagnose

Converter Clutch Operation Test in this section. and repair  as required, before repairing
the torque converter.4. Carry out Diagnostic Procedures.

• Run on-board diagnostics; refer to On-Board Torque Converter Clutch Operation Test
Diagnostics with Scan Tool in this section. This test verifies that the torque converter clutch
X Repair all non-transmission-related DTCs control system and the torque converter are

first. operating correctly.
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DIAGNOSIS AND TESTING (Continued)

1. Carry out Quick Test; refer to On-Board Inspect vehicle for non-Ford approved add-on
Diagnostics with Scan Tool in this section. devices such as:
Check for DTCs; Refer to the Diagnostic

• Electronic add-on itemsTrouble Code Chart.
— air conditioning2. Connect a tachometer to the engine.
— generators (alternators)3. Bring the engine to normal operating
— engine turbostemperature by driving the vehicle at highway

speeds for approximately 15 minutes in (D) — cellular telephones
position. — turbo engine brake

4. NOTE: Some applications (based on — cruise controls
calibrations) may or may not disengage the

— CB radiostorque converter clutch at road speeds, above
72 km/h (45 mph) when tapping on the brake. — linear amplifiers
Some applications may or may not disengage — backup alarm signals
the torque converter clutch at road  speeds,

— electronic brakes for trailer towingabove 72 km/h (45 mph) with closed throttle.
— computersAfter normal operating temperature is reached,

maintain a constant vehicle speed of about 80 • Vehicle modifications.
km/h (50 mph) and tap brake pedal with the These items, if not installed correctly, will affect
left foot. powertrain control module or transmission function.

5. The correct operation of the TCC can be Pay particular attention to add-on wiring splices in
verified by using a scan tool and monitoring the the powertrain control module harness or
TCC during the 4-3 coast down shift. Engine transmission wiring harness, abnormal tire  size or
rpm should increase when brake pedal is tapped axle ratio changes.
and decrease about five seconds after pedal is Leaks; refer to Leakage Inspection in this section.
released. If this  does not occur, refer to
Diagnosis By Symptom — Torque Converter Shift Linkage Check
Clutch Operation Concerns in this section. Check for a misadjustment in shift linkage by

6. If the vehicle stalls in (D)  or MANUAL 2 at matching the detents in the transmission range
idle with vehicle at a stop, move the selector lever with those in the transmission. If they
transmission range selector lever to MANUAL match, the misadjustment is in the indicator. Do not
1 position. If the vehicle stalls, refer to adjust the shift linkage.
Diagnosis By Symptom —  Torque Converter Hydraulic leakage at the manual control valve can
Clutch Operation Concerns in this section. cause delay in engagements and or slipping while
Repair as required. If the vehicle does not stall operating if the linkage is not correctly adjusted,
in (D) , refer to Diagnosis By Symptom in this refer to Section 307-05 for  shift linkage
section. adjustment.

Visual Inspection Check TSBs and OASIS
This inspection will identify modifications or Refer to all Technical Service Bulletins and OASIS
additions to the vehicle operating system that may messages that pertain to the transmission concerns,
affect diagnosis and transmission operation. and follow the procedure outlined.

Carry out On-Board Diagnostics

After a road test, with the vehicle warm and before
disconnecting any connectors, carry out the Quick
Test using the scan tool. Refer to the Powertrain
Control/Emissions Diagnosis (PC/ED) manual for
diagnosis and testing of the powertrain control
system.
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Special Tool(s)
DIAGNOSIS AND TESTING

Transmission TesterDiagnostics
307-F016 (007-00130) or
equivalentSpecial Tool(s)

UV Leak Detector Kit
164-R0756 or equivalent

Alignment Gauge, TR Sensor
307-351 (T97L-70010-A)

Transmission Fluid Pressure
Gauge
307-004 (T57L-77820-A)

MLP-TR Cable
418-F107 (007-00111)

73 III Digital Multimeter
105-R0057 or equivalent

Diagnosing an electronically controlled automatic
transmission is simplified by using the following
procedures. One of the most important things to
remember is that there is a definite procedure toE4OD (95) Cable and Overlay

418-F037 (007-00107) or follow. DO NOT TAKE SHORT CUTS OR
equivalent ASSUME THAT  CRITICAL CHECKS OR

ADJUSTMENTS HAVE ALREADY BEEN
MADE. Follow the procedures as written to avoid
missing critical components or steps. By following
the diagnostic sequence, the technician will be able
to diagnose and repair the concern the first  time.Breakout Box, EEC-V Control

System
On-Board Diagnostics with Diagnostic Tool418-049 (T94L-50-EEC-V) or

equivalent NOTE: For detailed instruction and other diagnostic
methods using the scan tool, refer to the scan tool
manual and the Powertrain Control/Emissions
Diagnosis (PC/ED) manual. 

Worldwide Diagnostic System These Quick Tests should be used to diagnose the
(WDS) powertrain control module (PCM) and should be
418-F224, carried out in order.
New Generation STAR (NGS)
Tester • Quick Test 1.0-Visual Inspection
418-F052, or equivalent scan • Quick Test 2.0-Set Uptool

• Quick Test 3.0-Key On, Engine Off
(Continued) • Quick Test 4.0-Continuous Memory

• Quick Test 5.0-Key On, Engine Running

Copyright  2003, Ford Motor Company
Last updated: 08/27/2003 2004 E-Series, 12/2003 
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DIAGNOSIS AND TESTING (Continued)

• Special Test Mode 5. With transmission in OVERDRIVE, press
transmission control switch (TCS) (transmission— Wiggle Test
control illuminator lamp [TCIL] should

— Output Test Mode illuminate) and moderately accelerate from stop
• PCM Reset Mode to 64 km/h (40 mph). This allows the

transmission to shift into  third gear. Hold• Clearing DTCs
speed and throttle open steady for a minimum

• OBD II Drive Cycle of 15 seconds (30 seconds above 4000 ft
• Other NGS Features altitude).
• For further information on other diagnostic testing 6. Press TCS (TCIL should turn off) and

features using the scan tool, refer to the accelerate from 64 km/h (40 mph) to 80 km/h
Powertrain Control/Emissions Diagnosis (PC/ED) (50 mph). This allows transmission to shift into
manual. Other diagnostic methods include the fourth gear. Hold speed and throttle position
following. steady for a minimum of 15 seconds.
— Parameter Identification (PID) Access Mode 7. With transmission in fourth gear and

maintaining steady speed and throttle opening,— Freeze Frame Data Access Mode
lightly apply and release brake to operate— Oxygen Sensor Monitor Mode
stoplamps. Then hold speed and throttle steady
for an additional 5 seconds (minimum).Transmission Drive Cycle Test

8. Brake to a stop and remain stopped for aNOTE: Always drive the vehicle in a safe manner
minimum of 20 seconds.according to driving conditions and obey all traffic

laws. 9. Repeat Steps 4 through 8 at least five times.
NOTE: The Transmission Cycle Test must be 10. Carry out Quick Test and record continuous
followed exactly. Malfunctions must occur four codes.
times consecutively for the shift error DTC code to

After On-Board Diagnosticsbe set and five times consecutively for the
continuous torque converter clutch code to set. NOTE: The vehicle wiring harness, powertrain

control module and non-transmission sensors canNOTE: When carrying out the Transmission Drive
affect transmission operations. Repair these concernsCycle Test refer to the Solenoid Operation Chart for
first.correct solenoid operation.
After the On-Board Diagnostics procedures areAfter carrying out the Quick Test, use the
completed, repair all DTCs.Transmission Drive Cycle Test for checking

continuous codes. Always repair all non-transmission-related DTCs
first, then repair any transmission-related DTCs.1. Record and then erase the Quick Test codes.
Refer to the following Diagnostic Trouble Code2. Warm the engine to normal operating
Chart for information on condition and symptoms.temperature.
This chart will be helpful in referring to the  correct

3. Make sure the transmission fluid level is manual(s) and to aid in diagnosing internal
correct. transmission concerns and external non-transmission

inputs. The pinpoint tests are used in diagnosing4. With the transmission in OVERDRIVE,
electrical concerns of the transmission. Make suremoderately accelerate from stop to 80 km/h (50
the vehicle wiring harness and the  powertrainmph). This allows the transmission to shift into
control module are diagnosed as well. Thefourth gear. Hold speed and throttle open steady
Powertrain Control/Emissions Diagnosis (PC/ED)for a minimum of 15 seconds.
manual will aid in diagnosing
non-transmission-related electronic components.
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DIAGNOSIS AND TESTING (Continued)

Before Pinpoint Tests

NOTE: Prior to entering pinpoint tests, check the
powertrain control module (PCM) wiring harness for
correct connections, bent or broken pins, corrosion,
loose wires, correct routing, correct seals and their
condition. Check the PCM, sensors and  actuators
for damage. Refer to the Powertrain
Control/Emissions Diagnosis (PC/ED) manual.

NOTE: If a concern still exists after electrical
diagnosis has been carried out , refer to Diagnosis
By Symptom in this section.

If DTCs appear while carrying out the on-board
diagnostics, refer to the Diagnostic Trouble Code
Chart for the appropriate procedure. Prior to
entering pinpoint tests, refer to any TSBs and
OASIS messages for transmission concerns.

Diagnostic Trouble Code Chart

Diagnostic Trouble Code Chart

Diagnostic
Trouble

Code Component Description Condition Symptom Action

P1111 System Pass No concern Concern not Refer to the
detected. detected by PCM. Powertrain

Control/Emissions
Diagnosis (PC/ED)
manual.

P0340, DI DI system Engine rpm circuit CKP sensor Refer to the
P0341, concern. failure. failure/engine will Powertrain
P0344 stall or not run. Control/Emissions

May flash TCIL. a Diagnosis (PC/ED)
manual.

P0237 Manifold MAP sensor out MAP sensor signal — Rerun On-Board
Absolute of On-Board higher or lower Diagnostics.
Pressure Diagnostics than expected or no
(MAP) range. response during
Sensor Dynamic Response

(Goose) Test.

P0236 Manifold MAP sensor MAP sensor signal Firm shift feel, late Refer to the
Absolute vacuum circuit higher or lower shifts at altitude. Powertrain
Pressure failure. than expected or no Control/Emissions
(MAP) response due to Diagnosis (PC/ED)
Sensor vacuum hose, manual.

circuit damaged,
disconnected or
restricted.

P0235 Manifold MAP sensor MAP sensor or Firm shift feel, late Refer to the
Absolute inactive. circuit open, shorted shift at altitude. Powertrain
Pressure to ground or 5V. Control/Emissions
(MAP) Diagnosis (PC/ED)
Sensor manual.

2004 E-Series, 12/2003 



307-01A-4 307-01A-4Automatic Transmission — 4R100

DIAGNOSIS AND TESTING (Continued)

Diagnostic Trouble Code Chart (Continued)

Diagnostic
Trouble

Code Component Description Condition Symptom Action

P1124 Throttle TP sensor out of TP sensor (gasoline — Rerun at appropriate
Position On-Board engines) not at idle TP sensor position

(TP) Sensor Diagnostics position during per the engine
range. KOEO. application.

P0500, VSS/ABS Insufficient or PCM detected a Harsh engagements, Refer to the
P1502 intermittent loss of vehicle firm shift feel, Powertrain

vehicle speed speed signal during abnormal shift Control/Emissions
input. operation. schedule, Diagnosis (PC/ED)

unexpected manual.
downshifts may
occur at closed
throttle, abnormal
TCC operation or
engages only at
WOT. May flash
TCIL.

P0500, VSS/ABS Insufficient or PCM detected a Harsh engagements, Refer to the
P1502 intermittent loss of vehicle firm shift feel, Powertrain

vehicle speed speed signal during abnormal shift Control/Emissions
input. operation. schedule, Diagnosis (PC/ED)

unexpected manual.
downshifts may
occur at closed
throttle, abnormal
TCC operation or
engages only at
WOT. May flash
MIL.

P0503 VSS/ABS Vehicle speed PCM detected a Possible fluctuation Refer to the
sensor loss, or an in the speedometer. Powertrain
intermittent. unrealistic change May flash TCIL. Control/Emissions

of vehicle speed Diagnosis (PC/ED)
signal during manual.
operation.

P0781, SSA, SSB or 1-2 shift error. Engine rpm drop Improper gear GO to Pinpoint Test
P0731 b Internal not detected when selection depending A.

Transmission 1-2 shift was on failure mode and
Components commanded by transmission range

PCM. selector lever
position. Refer to
Shift Solenoid
Operation Chart.
Shift errors may
also be due to other
internal
transmission
concerns such as
stuck valves or
damaged  friction
material. May flash
TCIL.
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DIAGNOSIS AND TESTING (Continued)

Diagnostic Trouble Code Chart (Continued)

Diagnostic
Trouble

Code Component Description Condition Symptom Action

P0782, SSA, SSB or 2-3 shift error. Engine rpm drop Improper gear GO to Pinpoint Test
P0732, Internal not detected when selection depending A.
P0733b Transmission 2-3 shift was on failure mode and

Components commanded by transmission range
PCM. selector lever

position. Refer to
Shift Solenoid
Operation Chart.
Shift errors may
also be due to other
internal
transmission
concerns such as
stuck valves or
damaged  friction
material. May flash
TCIL.

P0783b SSA, SSB or 3-4 shift error. Engine rpm drop Improper gear GO to Pinpoint Test
Internal not detected when selection depending A.

Transmission 3-4 shift was on failure mode and
Components commanded by transmission range

PCM. selector lever
position. Refer to
Shift Solenoid
Operation Chart.
Shift errors may
also be due to other
internal
transmission
concerns such as
stuck valves or
damaged  friction
material. May flash
TCIL.

P0122 TP or AP TP or AP sensor Voltage above or Harsh engagements, Refer to the
Sensor circuit below below specification firm shift feel, Powertrain

minimum voltage, for On-Board abnormal shift Control/Emissions
(open/shorted to Diagnostics or schedule, abnormal Diagnosis (PC/ED)
ground). during normal TCC operation or manual.

vehicle operation. does not engage.
May flash MIL.

P0123 TP or AP TP or AP sensor Voltage above or Harsh engagements, Refer to the
Sensor circuit above below specification firm shift feel, Powertrain

maximum voltage for On-Board abnormal shift Control/Emissions
(short to vehicle Diagnostics or schedule, abnormal Diagnosis (PC/ED)
power). during normal TCC operation or manual.

vehicle operation. does not engage.
May flash MIL.
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DIAGNOSIS AND TESTING (Continued)

Diagnostic Trouble Code Chart (Continued)

Diagnostic
Trouble

Code Component Description Condition Symptom Action

P1120 Throttle TP sensor voltage Voltage below Harsh engagements, Refer to the
Position lower than specification. firm shift feel, Powertrain

(TP) Sensor expected. abnormal shift Control/Emissions
schedule, abnormal Diagnosis (PC/ED)
TCC operation or manual.
does not engage.

P1780 TCS TCS not changing TCS not cycled No OVERDRIVE Rerun diagnostics
state. during On-Board cancel when switch and cycle switch.

Diagnostics/circuit is cycled. Refer to the
open or shorted. Powertrain

Control/Emissions
Diagnosis (PC/ED)
manual.

P0712 TFT Sensor 157°C (315°F) Voltage drop across TCC and stabilized GO to Pinpoint Test
indicated, TFT TFT sensor exceeds shift schedule may B.
sensor circuit scale set for be enabled sooner
grounded. temperature of after cold start.

157°C (315°F). May flash TCIL.

P0713 TFT Sensor -40°C (-40°F) Voltage drop across TCC and stabilized GO to Pinpoint Test
indicated, TFT TFT sensor exceeds shift schedule may B.
sensor circuit scale set for be enabled sooner
open. temperature -40°C after cold start.

(-40°F). May flash TCIL.

P1711 TFT Sensor TFT sensor out of Transmission not at — Warm vehicle to
On-Board operating normal operating
Diagnostics temperature during temperature and
range. On-Board rerun On-Board

Diagnostics. Diagnostics.

P1713 TFT No change in PCM has detected May flash TCIL. GO to Pinpoint Test
TFT - Low range. no TFT change at B.

low range during
operation.

P1718 TFT No change in PCM has detected May flash TCIL. GO to Pinpoint Test
TFT - High no TFT change at B.
range. high range during

operation.

P1783 TFT Sensor Transmission Transmission fluid Slight increase in GO to Pinpoint Test
overtemp temperature electronic pressure B.
condition. exceeded 132°C control pressure

(270°F). when RPMs are
greater than 2,500.
May flash TCIL.

P1460 A/C A/C switch error. DTC can result Failed on — Refer to the
 P1463 from A/C being ON electronic pressure Powertrain
 P1464 during On-Board control pressure Control/Emissions

Diagnostics. slightly low with Diagnosis (PC/ED)
A/C off. Failed off manual.
— electronic
pressure control
pressure slightly
low with A/C on.
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DIAGNOSIS AND TESTING (Continued)

Diagnostic Trouble Code Chart (Continued)

Diagnostic
Trouble

Code Component Description Condition Symptom Action

P0705 Digital TR Digital TR circuit Digital TR circuits, Increase in EPC GO to Pinpoint Test
Sensor failure. indicating an pressure (harsh D.

invalid pattern in shifts). Defaults to
TR D. Condition (D)  or D for all
caused by a short to gear positions. In
ground or an open (D)  position
in TR4, TR3A, transmission stuck
TR2, and/or TR1 in D or manual 2.
circuits. May flash MIL.

P0708 Digital TR Digital TR sensor Digital TR sensor Increase in EPC GO to Pinpoint Test
circuit TR3A circuit TR3A pressure. Defaults D.
open. reading 2.6v - 5.0v to (D) or D for all

(open circuit). gear ranges. May
flash MIL.

P1702 Digital TR Intermittent DTC Refer to DTC codes Refer to DTC codes GO to Pinpoint Test
codes P0705 or P0705 or P0708 P0705 or P0708 D.
P0708. condition. symptom. May

flash TCIL.

P1704 Digital TR Digital TR circuit Digital TR sensor Wrong commanded GO to Pinpoint Test
reading in or shift cable EPC pressure. D.
between gear incorrectly adjusted, Digital TR reading
position during or digital TR circuit the wrong gear
KOEO. failure. position.

P1705 Digital TR Digital TR sensor KOEO/KOER not Rerun on-board GO to Pinpoint Test
Sensor circuits not run in PARK or diagnostic in D.

reading PARK or NEUTRAL; or PARK.
NEUTRAL Digital TR circuit KOEO/KOER.
during failure.
KOEO/KOER.

P0102, MAF Sensor MAF sensor MAF sensor system High electronic Refer to the
P0103, DTC. fails to operate in a pressure control Powertrain
P1100, normal manner, pressure. Firm shifts Control/Emissions
P1101 which may cause a and engagements. Diagnosis (PC/ED)

transmission May flash TCIL. manual.
concern.

P0107 BARO BARO circuit BARO signal lower Firm shift feel, late Refer to the
failure. than expected. shifts at altitude. Powertrain

Control/Emissions
Diagnosis (PC/ED)
manual.

P0108 BARO BARO circuit BARO signal Firm shifts, late Refer to the
failure. higher or lower shifts at altitude. Powertrain

than expected. Control/Emissions
Diagnosis (PC/ED)
manual.
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DIAGNOSIS AND TESTING (Continued)

Diagnostic Trouble Code Chart (Continued)

Diagnostic
Trouble

Code Component Description Condition Symptom Action

P1703 BPP Switch Brake not Brake not cycled Failed on or not Rerun On-Board
actuated during during KOER. connected — TCC Diagnostic and
On-Board will not engage at activate BPP switch.
Diagnostics. less than one-third Refer to the

throttle. Powertrain
Control/Emissions
Diagnosis (PC/ED)
manual.

P0730, BPP BPP switch BPP circuit failure. Failed off — TCC Refer to the
P0751 circuit failed. will not disengage Powertrain

when brake is Control/Emissions
applied. Diagnosis (PC/ED)

manual.

P0750 c SSA Shift solenoid SSA circuit failed Improper gear GO to Pinpoint Test
circuit failure. to provide voltage selection depending A.

drop across on failure mode and
solenoid. Circuit transmission range
open or shorted or selector lever
PCM driver failure position. Refer to
during KOEO. Shift Solenoid

Operation Chart.
May flash MIL.

P0753 SSA Shift solenoid SSA circuit failed Improper gear GO to Pinpoint Test
circuit failure. to provide voltage selection depending A.

drop across on failure mode and
solenoid. Circuit transmission range
open or shorted or selector lever
PCM driver failure position. Refer to
during KOEO. Shift Solenoid

Operation Chart.
May flash TCIL.

P0755c SSB SSB circuit SSB circuit fails to Improper gear GO to Pinpoint Test
failure. provide voltage selection depending A.

drop across on failure mode and
solenoid. Circuit transmission range
open or shorted or selector lever
PCM driver failure position. Refer to
during KOEO. the Shift Solenoid

Operation Chart.
May flash MIL.

P0758 SSB SSB circuit SSB circuit fails to Improper gear GO to Pinpoint Test
failure. provide voltage selection depending A.

drop across on failure mode and
solenoid. Circuit transmission range
open or shorted or selector lever
PCM driver failure position. Refer to
during KOEO. the Shift Solenoid

Operation Chart.
May flash TCIL.
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DIAGNOSIS AND TESTING (Continued)

Diagnostic Trouble Code Chart (Continued)

Diagnostic
Trouble

Code Component Description Condition Symptom Action

P1714 SSA SSA malfunction. Mechanical failure Improper gear GO to Pinpoint Test
of the solenoid selection depending H.
detected. on condition, mode

and manual lever
position. Refer to
Solenoid Operation
Chart. May flash
TCIL. May flash
MIL.

P1715 SSB SSB malfunction. Mechanical failure Improper gear GO to Pinpoint Test
of the solenoid selection depending H.
detected. on condition, mode

and manual lever
position. Refer to
Solenoid Operation
Chart. May flash
MIL.

P1636 SSA, SSB Inductive PCM has detected Improper gear GO to Pinpoint Test
signature chip an internal error. selection depending H.
communication on condition, mode
error. and manual lever

position. Refer to
Solenoid Operation
Chart. May flash
MIL.

P1740 TCC TCC malfunction. Mechanical failure Harsh shift, may GO to Pinpoint Test
of the solenoid flash TCIL. H.
detected.

P1754c CCS CCS circuit CCS failed to Failed off — no GO to Pinpoint Test
failure. provide voltage third gear engine G.

drop across braking in
solenoid. Circuit OVERDRIVE
open or shorted or cancel. Failed on —
PCM driver failure third gear engine
during KOEO. braking in

OVERDRIVE
range. Coast clutch
may be damaged
causing eventual
failure. May flash
TCIL.

P0743c TCC TCC solenoid TCC solenoid Short circuit — GO to Pinpoint Test
Solenoid circuit failure. circuit fails to engine stalls in C.

provide voltage DRIVE or
drop across MANUAL 2 at idle
solenoid. Circuit with brake applied.
open or shorted or Open circuit —
PCM driver failure TCC never
during KOEO. engaged. May flash

MIL.
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DIAGNOSIS AND TESTING (Continued)

Diagnostic Trouble Code Chart (Continued)

Diagnostic
Trouble

Code Component Description Condition Symptom Action

P0740c TCC TCC solenoid TCC solenoid Short circuit — GO to Pinpoint Test
Solenoid circuit failure. circuit fails to engine stalls in C.

provide voltage DRIVE or
drop across MANUAL 2 at idle
solenoid. Circuit with brake applied.
open or shorted or Open circuit —
PCM driver failure TCC never
during KOEO. engaged. May flash

TCIL.

P1746c EPC PCM failure — Current through Open circuit — GO to Pinpoint Test
electronic EPC circuit is causes maximum E.
pressure control checked and electronic pressure
driver. compared after a control, harsh

time delay. An engagements and
error will be noted shifts. May flash
if tolerance is TCIL.
exceeded during
KOEO and
continuous
On-Board
Diagnostics.

P1747c EPC EPC circuit Current through Short circuit — GO to Pinpoint Test
failure, shorted EPC circuit is causes minimum E.
circuit or PCM. checked and electronic pressure

compared after a control pressure
time delay. An (minimum
error will be noted capacity). Limits
if tolerance is engine torque
exceeded during (partial fuel
KOEO and shut-off, heavy
continuous misfire). May flash
On-Board MIL.
Diagnostics.

P1760 EPC EPC Signal PCM has detected Short circuit causes GO to Pinpoint Test
Intermittent Short. an intermittent minimum EPC E.

short. pressure (minimum
capacity). May flash
TCIL.

P0741b TCC TCC slippage The PCM picked up TCC slippage Refer to Diagnosis
detected. an excessive erratic or no torque By Symptom in this

amount of TCC converter clutch section.
slippage during operation. May
normal vehicle flash TCIL.
operation.

P1744b TCC TCC slippage The PCM picked up TCC slippage Refer to Diagnosis
detected. an excessive erratic or no torque By Symptom in this

amount of TCC converter clutch section.
slippage during operation. May
normal vehicle flash MIL.
operation.
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DIAGNOSIS AND TESTING (Continued)

Diagnostic Trouble Code Chart (Continued)

Diagnostic
Trouble

Code Component Description Condition Symptom Action

P1280 ICP Sensor ICP sensor circuit Open/grounded May result in firm Refer to the
failure. Out of circuit, biased shifts. Powertrain
range low. sensor or PCM. Control/Emissions

Diagnosis (PC/ED)
manual.

P1281 ICP Sensor ICP sensor circuit Short circuit to 5 May result in firm Refer to the
failure. Out of volt reference, shifts. Powertrain
range high. biased sensor or Control/Emissions

PCM. Diagnosis (PC/ED)
manual.

P0715 TSS Insufficient Input PCM Has detected Harsh shifts. Set GO to Pinpoint Test
from TSS sensor. a loss of TSS signal DTC, May flash F.

during operation. TCIL, May flash
MIL Schedule
Operation.

P0717 TSS TSS Signal PCM has detected Harsh shifts, or GO to Pinpoint Test
Intermittent an intermittent TSS erratic shifts. Set F.

signal DTC, May flash
TCIL.

P0718 TSS TSS Signal PCM has detected a Harsh shifts, or GO to Pinpoint Test
Noisy. noisy TSS sensor erratic shifts. Set F.

signal. DTC. May flash
TCIL.

P0720 OSS Insufficient Input PCM has detected a Set DTC, Flash GO to Pinpoint Test
from OSS Sensor. loss of OSS signal TCIL, May flash F.

during operation. MIL.

P0721 OSS OSS Signal PCM has detected a Set DTC. May flash GO to Pinpoint Test
Noisy. noisy OSS sensor TCIL. F.

signal.

P0722 OSS Insufficient Input PCM has detected a Set DTC, Flash GO to Pinpoint Test
from OSS Sensor. loss of OSS signal TCIL, May flash F.

during operation. TCIL.

a Distributor ignition (DI) system.
b May also be generated by other non-electronic-related transmission hardware condition.
c Output circuit check, generated only by electrical conditions.

Rotunda Transmission Tester • Solenoid Voltage Test

The Transmission Tester is used to diagnose the • Dynamic Testing—Engine On
electronically controlled transmission and is used in • EPC Solenoid
conjunction with the pinpoint tests. The tests should

• Transmission Engagementsbe carried out in order. Installing the Transmission
Tester allows separation of the  vehicle electronics • Upshifts/Downshifts
from transmission electronics, refer to the • Torque Converter Clutch (TCC) Engagement
Transmission Tester manual for these tests and

• Coast Clutchinstructions.
• Digital Transmission Range (TR) Sensor Testing

• Bench Testing—Engine Off
• Resistance/Continuity Test

• Resistance/Continuity Test
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DIAGNOSIS AND TESTING (Continued)

12-Pin PCM• Sensor Tests
Connector Connector Description

• Switch Test—PARK/NEUTRAL, Backup Lamp
11 81 Electronicand Optional Circuits

Pressure Control

Transmission Connector Layouts 12 71, 97 Electronic
Pressure ControlFor connector number and pin location, refer to the Power

Wiring Diagram Manual.
13 — Solenoid Body

ConnectorTransmission Vehicle Harness Connector
14 — Harness

Connector

Digital Transmission Range (TR) Sensor Connector

12-Pin PCM
Connector Connector Description

1 71, 97 Vehicle Power
(VPWR)

2 11 Shift Solenoid B Pin
Number EEC-V Pin Circuit Function3 6 Shift Solenoid A

1 — Not Used4 54 Torque
Converter 2 91 SIG RTN
Clutch

3 64 TR3A
5 20 Coast Clutch

4 17 TR1Solenoid
5 49 TR26 — —
6 50 TR47 37 Transmission

Fluid 7 — Not Used
Temperature

8 — Not UsedSensor
9 — FSD PWR FD8 91 Signal Return

(SIG RTN) 10 — STR Control

9 — — 11 — Back Up

10 — — 12 — STR to INT
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DIAGNOSIS AND TESTING (Continued)

Turbine Shaft Speed Sensor (TSS) Harness Connector Pin
Number Circuit Circuit Function

2 91 Signal Return

Vehicle Speed Sensor (VSS) Harness Connector

Pin
Number Circuit Circuit Function

1 59 Turbine Shaft Speed Sensor
(TSS)

2 91 Signal Return
Pin

Number Circuit Circuit Function

Output Shaft Speed (OSS) Sensor Harness Connector 1 33 Signal Return (VSS Ground)

2 58 Vehicle Speed Sensor (VSS)

Pin
Number Circuit Circuit Function

1 84 Output Shaft Speed Sensor
(OSS)

Digital Transmission Range (TR) Sensor Diagnosis Chart

PID: TR V
PID: TR D (Volts)

TR3A (PCM
Pin 64 toSelector

TR4 TR3A TR2 TR1 SIG RTN)Position PID: TR

PARK P/N 0 0 0 0 0.0 volts

In Between REV 0 1 0 0 1.3 - 1.8 Volts

REVERSE REV 1 1 0 0 1.3 - 1.8 Volts
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DIAGNOSIS AND TESTING (Continued)

Digital Transmission Range (TR) Sensor Diagnosis Chart (Continued)

PID: TR V
PID: TR D (Volts)

TR3A (PCM
Pin 64 toSelector

TR4 TR3A TR2 TR1 SIG RTN)Position PID: TR

In Between REV 0 1 0 0 1.3 - 1.8 Volts

NEUTRAL NTRL 0 1 1 0 1.3 - 1.8 Volts

In Between O/D a 1 1 1 0 1.3 - 1.8 Volts

OVERDRIVE O/Da 1 1 1 1 1.3 - 1.8 Volts

In Between MAN 2 1 0 1 1 0.0 Volts

MANUAL 2 MAN 2 1 0 0 1 0.0 Volts

In Between MAN 2 1 0 1 1 0.0 Volts

MANUAL 1 MAN 1 0 0 1 1 0.0 Volts

a Will read DRIVE if O/D is canceled

A. TR V is the voltage at the PCM pin 64 (TR3A Pinpoint Tests
Circuit) to signal return.

Any time an electrical connector or solenoid body is
B. ‘‘In Between’’ reading could be caused by a disconnected, inspect the connector for terminal

shift cable or digital TR sensor misaligned or a
condition, corrosion and contamination. Also inspectdigital TR sensor circuit failure of TR1, TR2,
the connector seal for damage. Clean, repair orTR3A, or TR4.
replace as required.C. TR D: 1= Open digital TR switch, 0= Closed

digital TR switch.
Shift Solenoids Pre-Diagnosis

D. EEC-V Control System Breakout Box Readings:
Use the following shift solenoid operationTaken from PCM signal pins for TR1, TR2,

TR3A, TR4 to signal return. information when carrying out Pinpoint Test A.
•Voltages for TR1, TR2, TR4:

•0 = 0.0 volts.

•1 = 9.0 - 14.0 volts.

•Voltage for TR3A:

•0 = 0.0 volts.

•1 = 1.3 - 1.8 volts.

•1.8 - 5.0 volts = Invalid Reading (open in wires
or bad resistor in digital TR sensor).

Wiggle Test information for Open/Shorts

A. TR4, TR3A, TR2, and TR1 are all closed in PARK.
PARK is a good position to check for intermittent
open circuits (with scan tool monitoring TR D).

B. TR4, TR3A, TR2, and TR1 are all open in
OVERDRIVE, so OVERDRIVE is a good position
to check for shorts to ground. To determine the
shorted components while observing TR D, unplug
the TR and see if the short goes away. If the short
is  still present unplug the transaxle harness and see
if the short goes away. If the short is still present,
then the short is in the PCM or vehicle harness.
Remove the suspect circuit(s) wire terminal from the
PCM connector. If the short is still  present, then the
PCM has an internal failure, otherwise the failure is
in the vehicle harness.
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DIAGNOSIS AND TESTING (Continued)

Solenoid Operation Chart

Transmission
Range PCM

Selector Lever Commanded
Position Gear SSA SSB TCC CCS

P/R/N 1 ON OFF OFF OFF

(D) 1 ON OFF a a

(D) 2 ON ON a a

(D) 3 OFF ON a a

(D) 4 OFF OFF a OFF

(D) First Through Third Gear Only, SSA, SSB, TCC, Same as OVERDRIVE, CCS Always On.
 Cancel

MANUAL 2 2 ON ON a OFF

MANUAL 1 2 ON ON a OFF

MANUAL 1 1 ON OFF a OFF

a Powertrain control module-controlled.

Gear Lever PositionShift Solenoid Failure Mode Chart ‘‘Always SSA ALWAYS
Off’’ (D) 2 1ON:
Failed off due to PCM or vehicle wiring concerns, PCM Gear Actual Gear Obtained
electrically or hydraulically stuck off. Commanded

1 1 2 1
Gear Lever PositionSSA ALWAYS 2 2 2 2

(D) 2 1OFF:
3 2 2 2

PCM Gear Actual Gear Obtained
4 1 2 1Commanded

1 4 2 2

2 3 2 2 Gear Lever PositionSSB ALWAYS
3 3 2 2 (D) 2 1ON:

4 4 2 2 PCM Gear Actual Gear Obtained
Commanded

1 2 2 2
Gear Lever PositionSSB ALWAYS 2 2 2 2

(D) 2 1OFF:
3 3 2 2

PCM Gear Actual Gear Obtained
4 3 2 2Commanded

1 1 2 1

2 1 2 1

3 4 2 2

4 4 2 2

Shift Solenoid Failure Mode Chart ‘‘Always
On’’

Failed on due to PCM or vehicle wiring concerns,
electrically or hydraulically stuck off.
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST A: SHIFT SOLENOIDS

NOTE: Refer to the Transmission Vehicle Harness Connector illustration preceding these
pinpoint tests.

Test Step Result / Action to Take
A1 ELECTRONIC DIAGNOSTICS

• Check to make sure the transmission harness connector is fully
seated, terminals are engaged in the connector and in good
condition before proceeding. Yes• Connect the diagnostic tool. REMAIN in OTM. GO to A2.• Carry out the KOEO Test until continuous DTCs have been
displayed. No

• Enter the Output Test Mode (OTM). PRESS START. If the vehicle does not
• Select the ALL ON Mode. Push START to turn outputs on. Push enter OTM, REFER to the Powertrain

STOP to turn outputs off. Control/Emissions Diagnosis (PC/ED)
• Does the vehicle enter OTM? manual.

A2 CHECK THE ELECTRICAL SIGNAL OPERATION
• Disconnect: Transmission Connector.

CAUTION: Remove the heat shield, if so equipped,
from the transmission before removing the connector.
Remove the solenoid body connector by pushing on the
center tab and pulling on the harness connector. Do not
attempt to pry the tab with a screwdriver.  Always reinstall
the heat shield when the procedure is completed.

• Use a mirror to inspect both ends of the connector for damage
or pushed-out pins, corrosion, loose wires and missing or
damaged seals.

• Connect a VOM positive lead to the VPWR pin 1 and the
negative test lead to the appropriate solenoid signal circuit pins
2 and 3 at the transmission vehicle harness connector.

• Place VOM on the 20-volt scale. Yes• While observing the VOM, press START and STOP to cycle the GO to A5.solenoid output on and off.
• Is the solenoid output voltage changed to approximately No

battery voltage? GO to A3.
A3 CHECK THE CONTINUITY OF THE SOLENOID SIGNAL AND

VPWR CIRCUITS
• Key in OFF position.
• Disconnect: Powertrain Control Module (PCM).

Inspect for damaged or pushed-out pins, corrosion or loose
wires.

• Install the EEC-V Control System Breakout Box.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST A: SHIFT SOLENOIDS (Continued)

Test Step Result / Action to Take
A3 CHECK THE CONTINUITY OF THE SOLENOID SIGNAL AND

VPWR CIRCUITS (Continued)

• Measure the resistance between PCM signal test pins 11 and 6
at the EEC-V Control System Breakout Box and the signal pins
2 and 3 at the transmission harness connector.

• Measure the resistance between the VPWR test pins 71 or 97 at
the EEC-V Control System Breakout Box and the VPWR pin 1
at the transmission harness connector.

Yes
GO to A4.
No
REPAIR the open circuit(s). REMOVE the
EEC-V Control System Breakout Box.
RECONNECT all of the components.

• Is each resistance less than 5 ohms? REPEAT the Quick Tests.
A4 CHECK THE SHIFT SOLENOID CIRCUITS FOR SHORTS TO

POWER AND GROUND
• Measure the resistance between PCM signal test pins 11 and 6

and the VPWR test pins 71 and 97 at the EEC-V Control
System Breakout Box.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST A: SHIFT SOLENOIDS (Continued)

Test Step Result / Action to Take
A4 CHECK THE SHIFT SOLENOID CIRCUITS FOR SHORTS TO

POWER AND GROUND (Continued)

• Measure the resistance between PCM signal test pins 11 and 6
and test pins 51, 76, 77, 103 and 91 at the EEC-V Control
System Breakout Box and chassis ground.

Yes
GO to A5.
No
REPAIR the short circuit(s). REMOVE the
EEC-V Control System Breakout Box.
RECONNECT all of the components.

• Is each resistance greater than 10,000 ohms? REPEAT the Quick Tests.
A5 SOLENOID FUNCTIONAL TEST

• Install the Transmission Tester to the transmission connector.
• NOTE: The LED will turn GREEN when the solenoid activates

and turn OFF when deactivated. The LED will turn RED if an
ACTIVATED solenoid is shorted to battery positive. The LED will

Yesremain OFF if an ACTIVATED solenoid is shorted to ground or
GO to A6.no  continuity (open circuit).

Carry out the Solenoid Voltage Test. No
• Does the solenoid (LED GREEN) activate? GO to A7.

A6 TRANSMISSION DRIVE TEST
• Connect: Powertrain Control Module (PCM). Yes
• Carry out the Dynamic Testing — Engine On. INSTALL a new PCM. ERASE all codes
• Does the vehicle upshift when commanded by the tester? and CARRY OUT the Transmission Drive

Cycle Test. RERUN the Quick Tests. If
DTCs are still present, REFER to
Diagnosis By Symptom in this section.
No
GO to A7.

A7 CHECK THE RESISTANCE OF THE SOLENOIDS
NOTE: Refer to the Transmission Tester for terminal locations.
• Place the bench/drive switch to the BENCH mode.
• Rotate the gear select switch to the OHMS CHECK position.
• Connect the ohmmeter negative lead to the SSA/SS1 jack and

the positive lead to the VPWR jack on the tester. This is to test
SSA/SS1.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST A: SHIFT SOLENOIDS (Continued)

Test Step Result / Action to Take
A7 CHECK THE RESISTANCE OF THE SOLENOIDS (Continued)

• Record the resistance. (The resistance should be between 20
and 30 ohms.)

• Connect the ohmmeter negative lead to the SSB/SS2 jack and
the positive lead to the VPWR jack on the tester. This to test
SSB/SS2.

Yes
GO to A8.

• Record the resistance. (The resistance should be between 20 No
and 30 ohms.) INSTALL a new solenoid body assembly.

• Is the resistance for each solenoid between 20 and 30 RECORD and ERASE the codes.
ohms? REPEAT the Quick Tests.

A8 CHECK THE SOLENOIDS FOR SHORT TO GROUND
• Check for continuity between the BAT(-) jack (engine ground)

and the appropriate jack with a digital ohmmeter or other low
current tester (less than 200 milliamps). Connection should show
infinite resistance (no continuity).

Solenoid Tester Jack

SSA/SS1 SSA/SS1/VPWR

SSB/SS2 SSB/SS2/VPWR

Yes
INSTALL a new solenoid body assembly.
RECORD and ERASE the codes.
REPEAT the Quick Tests.
No
REFER to Diagnosis By Symptom in this

• Does the connection show continuity? section.
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST B: TRANSMISSION FLUID TEMPERATURE (TFT) SENSOR

NOTE: Refer to the Transmission Vehicle Harness Connector illustration preceding these
pinpoint tests.

Test Step Result / Action to Take
B1 ELECTRONIC DIAGNOSTICS

• Check to make sure the transmission harness connector is fully Yes
seated, terminals are fully engaged in the connector and in good GO to B2.
condition before proceeding. No• Have the above items been checked? CARRY OUT checks. ERASE the codes.

REPEAT the Quick Tests.
B2 CHECK THE ELECTRICAL SIGNAL OPERATION

• Key in OFF position.
• Disconnect: Transmission Connector.

CAUTION: Remove the heat shield, if so equipped,
from transmission before removing the connector. Remove
the solenoid body connector by pushing on the center tab
and pulling on the harness connector. Do not attempt to pry
the tab with a screwdriver.  Always reinstall the heat shield
when the procedure is completed.

• Use a mirror to inspect both ends of the connector for damage
or pushed-out pins, corrosion, loose wires and missing or
damaged seals.

• Connect a VOM positive lead to the TFT signal circuit pin 7 and
the negative test lead to the SIG RTN circuit pin 8 of the
transmission harness connector.

Yes
GO to B6.• Place the VOM on the 20-volt scale.

• Key in ON position. No
• Is the voltage between 4.75 and 5.25 volts? GO to B3.

B3 CHECK THE CONTINUITY OF THE TFT SIGNAL AND SIG RTN
CIRCUITS
• Key in OFF position.
• Disconnect: Powertrain Control Module (PCM).

Inspect for damaged or pushed-out pins, corrosion or loose
wires.

• Install the EEC-V Control System Breakout Box.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST B: TRANSMISSION FLUID TEMPERATURE (TFT) SENSOR (Continued)

Test Step Result / Action to Take
B3 CHECK THE CONTINUITY OF THE TFT SIGNAL AND SIG RTN

CIRCUITS (Continued)

• Measure the resistance between the PCM signal test pin 37 at
the EEC-V Control System Breakout Box and the signal pin 7 at
the transmission harness connector.

• Measure the resistance between the PCM SIG RTN test pin 91
at the EEC-V Control System Breakout Box and the SIG RTN
pin 8 at the transmission harness connector.

Yes
GO to B4.
No
REPAIR the open circuits. REMOVE the
EEC-V Control System Breakout Box.
RECONNECT all of the components.

• Is each resistance less than 5 ohms? REPEAT the Quick Tests.
B4 CHECK THE TFT SIGNAL CIRCUIT FOR SHORT TO VPWR AND

GROUND
• Measure the resistance between the PCM signal test pin 37 and

VPWR test pins 71 and 97 at the EEC-V Control System
Breakout Box.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST B: TRANSMISSION FLUID TEMPERATURE (TFT) SENSOR (Continued)

Test Step Result / Action to Take
B4 CHECK THE TFT SIGNAL CIRCUIT FOR SHORT TO VPWR AND

GROUND (Continued)

• Measure the resistance between the PCM signal test pin 37 and
test pins 51, 76, 77, 103, 91 at the EEC-V Control System
Breakout Box and chassis ground.

Yes
GO to B5.
No
REPAIR the short circuit(s). REMOVE the
EEC-V Control System Breakout Box.
RECONNECT all of the components.

• Is each resistance greater than 10,000 ohms? REPEAT the Quick Tests.
B5 CHECK THE RESISTANCE OF THE TFT SENSOR

• Install the Transmission Tester to the transmission connector.
• Set the bench/drive switch to the BENCH mode.
• Rotate the gear select switch to the OHMS CHECK position.
• NOTE: While carrying out Tests 1 and 2 below, observe

resistance. DTC P0713 is set if the resistance value exceeds
1,062 ohms (open circuit). DTC P0712 is set if the resistance
value falls below 597 ohms (short circuit).
Connect the ohmmeter negative lead to the -TFT jack and the
positive lead to the +TFT jack on the tester.

• TEST 1
• Record the resistance. Resistance should be approximately in

the following ranges:

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST B: TRANSMISSION FLUID TEMPERATURE (TFT) SENSOR (Continued)

Test Step Result / Action to Take
B5 CHECK THE RESISTANCE OF THE TFT SENSOR (Continued)

Transmission Fluid Temperature

°C °F Resistance (Ohms)

-40 to -20 -40 to -4 1062 k-284 k

-19 to -1 -3-31 284 k-100 k

0-20 32-68 100 k-37 k

21-40 69-104 37 k-16 k

41-70 105-158 16 k-5 k

71-90 159-194 5 k-2.7 k

91-110 195-230 2.7 k-1.5 k

111-130 231-266 1.5 k-0.8 k

131-150 267-302 0.8 k-0.54 k

• TEST 2
• Check for an intermittent short or open.
• If the resistance was between 0.8 kohms and 100 kohms, carry

out the following test. If the transmission is cold, start and run
the engine until transmission reaches its normal operating
temperature. If the transmission is warm, allow the  transmission Yesto cool. Check the TFT sensor resistance again. Compare the GO to B6.resistance with the initial resistance. The resistance should
decrease if the transmission was warmed and should increase if No
the transmission was allowed to cool. If the  correct change in INSTALL a new solenoid assembly.
resistance occurs, repeat the Quick Test. RECORD and ERASE the codes.

• Is the resistance in the specified range? REPEAT the Quick Tests.
B6 CHECK THE TFT SENSOR FOR SHORT TO GROUND

• Check for continuity between the BAT(-) jack (engine ground)
and the appropriate jack (-TFT or +TFT) with a digital ohmmeter
or other low current tester (less than 200 milliamps). Connection
should show infinite resistance (no continuity).

Yes
INSTALL a new solenoid assembly.
REPEAT the Quick Tests.
No
INSTALL a new PCM. REPEAT the Quick
Tests. If the DTC is still present and
overtemp condition exists, CHECK the
fluid condition. CHECK the overheat
condition. REFER to Diagnosis By
Symptom in this section.  REPAIR as

• Does the connection show continuity? required. REPEAT the Quick Tests.
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST C: TORQUE CONVERTER CLUTCH (TCC) SOLENOID

NOTE: Refer to the Transmission Vehicle Harness Connector illustration preceding these
pinpoint tests.

Test Step Result / Action to Take
C1 ELECTRONIC DIAGNOSTICS

• Check to make sure the transmission harness connector is fully
seated, terminals are engaged in the connector and in good
condition before proceeding. Yes• Connect the diagnostic tool. REMAIN in OTM. GO to C2.• Carry out KOEO Test until continuous DTCs have been
displayed. No

• Enter Output Test Mode (OTM). PRESS START. If vehicle does not enter
• Select the ALL ON Mode. Push START to turn the outputs on. OTM, REFER to the Powertrain

Push STOP to turn the outputs off. Control/Emissions Diagnosis (PC/ED)
• Does the vehicle enter OTM? manual.

C2 CHECK THE ELECTRICAL SIGNAL OPERATION
• Disconnect: Transmission Connector.

CAUTION: Remove the heat shield, if so equipped,
from the transmission before removing the connector.
Remove the solenoid body connector by pushing on the
center tab and pulling on the harness connector. Do not
attempt to pry the tab with a screwdriver.  Always reinstall
the heat shield when the procedure is completed.

• Use a mirror to inspect both ends of the connector for damaged
or pushed-out pins, corrosion, loose wires and missing or
damaged seals.

• Connect a VOM positive lead to the VPWR circuit pin 1 and the
negative test lead to the TCC signal circuit pin 4 of the
transmission harness connector.

• Place the VOM on the 20-volt scale. Yes• While observing the VOM, press start and stop to cycle the GO to C6.solenoid output on and off.
• Did the solenoid output voltage changed to approximately No

battery voltage? GO to C3.
C3 CHECK THE CONTINUITY OF THE TCC SIGNAL AND VPWR

CIRCUITS
• Key in OFF position.
• Disconnect: Powertrain Control Module (PCM).

Inspect for damaged or pushed-out pins, corrosion or loose
wires.

• Install the EEC-V Control System Breakout Box.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST C: TORQUE CONVERTER CLUTCH (TCC) SOLENOID (Continued)

Test Step Result / Action to Take
C3 CHECK THE CONTINUITY OF THE TCC SIGNAL AND VPWR

CIRCUITS (Continued)

• Measure the resistance between the PCM signal test pin 54 at
the EEC-V Control System Breakout Box and the signal pin 4 at
the transmission harness connector.

• Measure the resistance between the VPWR test pin 71 or 97 at
the EEC-V Control System Breakout Box and the VPWR pin 1
at the transmission harness connector.

Yes
GO to C4.
No
REPAIR the open circuits. REMOVE the
EEC-V Control System Breakout Box.
RECONNECT all of the components.

• Is each resistance less than 5 ohms? REPEAT the Quick Tests.
C4 CHECK THE TCC CIRCUIT FOR SHORT TO POWER

• Measure the resistance between the PCM signal test pin 54 and
VPWR test pins 71 and 97 at the EEC-V Control System
Breakout Box.

Yes
GO to C5.
No
REPAIR the open circuits. REMOVE the
EEC-V Control System Breakout Box.
RECONNECT all of the components.

• Is each resistance greater than 10,000 ohms? REPEAT the Quick Tests.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST C: TORQUE CONVERTER CLUTCH (TCC) SOLENOID (Continued)

Test Step Result / Action to Take
C5 CHECK THE TCC CIRCUIT FOR SHORT TO GROUND

• Measure the resistance between the PCM signal test pin 54 and
test pins 51, 76, 77, 103 and 91 at the EEC-V Control System
Breakout Box and chassis ground.

Yes
GO to C6.
No
REPAIR the short circuit(s). REMOVE the
EEC-V Control System Breakout Box.
RECONNECT all of the components.

• Is each resistance greater than 10,000 ohms? REPEAT the Quick Tests.
C6 SOLENOID FUNCTIONAL TEST

• Install the Transmission Tester to the transmission connector.
• NOTE: The LED will turn GREEN when the TCC solenoid

activates and turn off when deactivated. The LED will turn RED
if an ACTIVATED solenoid is shorted to battery positive. The
LED will remain off if an ACTIVATED solenoid is shorted to

Yesground or no  continuity (open circuit).
GO to C7.Carry out the Solenoid Voltage Test.

• Does the solenoid (LED GREEN) activate when tester switch No
is pressed? GO to C8.

C7 TRANSMISSION DRIVE TEST
• Connect: Powertrain Control Module (PCM). Yes
• Carry out the Dynamic Testing — Engine On. INSTALL a new PCM. ERASE all DTCs.
• Does the torque converter clutch solenoid activate (LED CARRY OUT the Transmission Drive

GREEN) and does the engine rpm drop? Cycle Test. REPEAT the Quick Tests. If
the symptoms are still present, REFER to
Diagnosis By Symptom — Torque
Converter Clutch  Operation Concerns in
this section.
No
GO to C8.

C8 CHECK THE RESISTANCE OF THE SOLENOID
NOTE: Refer to the Transmission Tester for terminal locations.
• Place the bench/drive switch to the BENCH mode.
• Rotate the gear select switch to the OHMS CHECK position.
• Connect the ohmmeter negative lead to the TCC jack and the

positive lead to the VPWR jack on the tester.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST C: TORQUE CONVERTER CLUTCH (TCC) SOLENOID (Continued)

Test Step Result / Action to Take
C8 CHECK THE RESISTANCE OF THE SOLENOID (Continued)

• Record the resistance. For gas applications the resistance Yesshould be between 20 and 30 ohms and for diesel application GO to C9.the resistance should be between 10 and 20 ohms.
• Is the resistance between 20 and 30 ohms for gas No

application and 10 and 20 ohms for diesel application? INSTALL a new solenoid body assembly.
C9 CHECK THE SOLENOID FOR SHORT TO GROUND

• Check for continuity between the BAT(-) jack (engine ground)
and the appropriate jack with a digital ohmmeter or other low
current tester (less than 200 milliamps). Connection should show
infinite resistance (no continuity).

Yes
INSTALL a new solenoid body assembly.
No
REFER to Diagnosis By Symptom —
Torque Converter Clutch Operation

• Does the connection show continuity? Concerns in this section.

PINPOINT TEST D: DIGITAL TRANSMISSION RANGE (TR) SENSOR

NOTE: Refer to the Digital Transmission Range (TR) Sensor Connector illustration preceding
these pinpoint tests.

NOTE: Refer to the Digital Transmission Range (TR) Sensor Diagnosis Chart preceding these
pinpoint tests.

Test Step Result / Action to Take
D1 VERIFY DIAGNOSTIC TROUBLE CODES

• Key in OFF position. Yes• Select PARK. GO to D4.• Carry out On-Board Diagnostic Test. DTC codes P0705 and
P0708 cannot be set by a incorrectly adjusted digital TR sensor. No

• Are only DTC codes P0705, P0708 present? GO to D2.
D2 VERIFY DIGITAL TRANSMISSION RANGE SENSOR ALIGNMENT

• Key in OFF position.
• Select PARK.
• Check to make sure the digital TR sensor harness connector is

fully seated, terminals are fully engaged in connector and in Yesgood condition before proceeding. GO to D3.• Apply the parking brake.
• Select NEUTRAL. No
• Disconnect the shift cable/linkage from the manual lever. ADJUST the digital TR sensor. PLACE
• Verify that the TR Sensor Alignment Gauge fits in the transmission range selector lever into

appropriate slots. PARK and CLEAR DTCs. RERUN OBD
• Is the digital TR sensor correctly adjusted? Tests.GO to D3.

D3 VERIFY SHIFT CABLE/LINKAGE ADJUSTMENT
• Place the manual lever in the overdrive position. Yes• Select DRIVE. GO to D4.• Reconnect the shift cable/linkage.
• Verify that the shift cable/linkage is correctly adjusted. Refer to No

Section 307-05. ADJUST the shift cable/linkage. REFER to
• Is the shift cable/linkage correctly adjusted? Section 307-05. GO to D4.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST D: DIGITAL TRANSMISSION RANGE (TR) SENSOR (Continued)

Test Step Result / Action to Take
D4 CHECK ELECTRICAL SIGNAL OPERATION

• Select PARK.
• Disconnect: Digital TR Sensor.

YesCAUTION: Do not pry on connector. This will damage REPAIR as required. CLEAR DTCs andthe connector and result in a transmission concern. RERUN OBD Tests.
Press the button and pull out on the digital TR harness

Noconnector.
If diagnosing a DTC, GO to D5.• Inspect both ends of the connector for damage or pushed-out

pins, corrosion, loose wires and missing or damaged seals. If diagnosing a starting concern or a
• Is there damage to the connector, pins or harness? backup lamp concern,GO to D10.

D5 CHECK ELECTRICAL SYSTEM OPERATION (DIGITAL TR AND
PCM)
• Key in OFF position.
• Connect the diagnostic tool.
• Connect: Digital TR Sensor.
• Key in ON position.
• Enter the following diagnostic mode on the diagnostic tool: TR

PIDS TR, TR D, TR V.
• Move transmission range selector lever into each gear and stop.
• Observe any of the following PIDs, TR and TR D, TR V

(vehicle dependent) while wiggling harness, tapping on sensor, Yes
and/or driving the vehicle. Use PIDs TR, and TR D for DTCs The problem is not in the digital TR sensor
P0705, P1704, and P1705. Use PIDs TR, and  TR V for DTC system. REFER to Diagnosis By Symptom
P0708. in this section for further diagnosis.

• Compare the PIDs to the Digital Transmission Range (TR)
NoSensor Diagnosis Chart.
If TR D changes when wiggling harness,• Do the PIDs TR, TR D and TR V match the Digital
tapping on the sensor, or driving theTransmission Range (TR) Sensor Diagnosis Chart, and does
vehicle, the problem may be intermittent.the TR D PID remain steady when the harness is wiggled,

the sensor is tapped, or the vehicle driven? GO to D6.
D6 CHECK THE DIGITAL TRANSMISSION RANGE SENSOR

OPERATION
• Disconnect: Digital TR Sensor.

CAUTION: Do not pry on the connector. This will
damage the connector and result in a transmission concern.
Press the button and pull out on the harness connector.

• Connect the tester cable E to the Transmission Tester. Connect Yesthe tester cable E black connector marked DIGITAL to the digital The concern is not in the digital TRTR sensor. sensor. GO to D7.• Place the Digital TR Overlay onto the Transmission Tester.
• Carry out the sensor test as instructed on the Digital TR No

Overlay. INSTALL a new digital TR sensor and
• Do the status lamps on the tester TR-E cable match the ADJUST. CLEAR the DTCs. REPEAT the

selected gear positions? Quick Tests.
D7 CHECK THE PCM HARNESS CIRCUITS FOR OPENS

• Key in OFF position.
• Disconnect: Powertrain Control Module (PCM).

Inspect for damaged or pushed-out pins, corrosion or loose
wires.

• Disconnect: Digital TR Sensor.

CAUTION: Do not pry on the connector. This will
damage the connector and result in a transmission concern.
Press the button and pull out on the digital TR sensor
harness connector.
Disconnect digital TR sensor connector.

• Install the EEC-V Control System Breakout Box.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST D: DIGITAL TRANSMISSION RANGE (TR) SENSOR (Continued)

Test Step Result / Action to Take
D7 CHECK THE PCM HARNESS CIRCUITS FOR OPENS

(Continued)

• Measure the resistance between PCM test pin 91 at the EEC-V
Control System Breakout Box and the signal return circuit pin 2
at the vehicle harness connector.

• Measure the resistance between PCM test pin 17 at the EEC-V
Control System Breakout Box, and TR1 circuit pin 4 at the
vehicle harness connector.

• Measure the resistance between PCM test pin 49 at the EEC-V
Control System Breakout Box and TR2 circuit pin 5 at the
vehicle harness connector.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST D: DIGITAL TRANSMISSION RANGE (TR) SENSOR (Continued)

Test Step Result / Action to Take
D7 CHECK THE PCM HARNESS CIRCUITS FOR OPENS

(Continued)

• Measure the resistance between PCM test pin 50 at the EEC-V
Control System Breakout Box and TR4 circuit pin 6 at the
vehicle harness connector.

• Measure the resistance between PCM test pin 64 at the EEC-V
Control System Breakout Box and TR3A circuit pin 3 at the
vehicle harness connector.

Yes
GO to D8.
No
REPAIR the open circuit(s). RECONNECT
all of the components. CLEAR the DTCs.

• Is each resistance less than 5 ohms? REPEAT the Quick Tests.
D8 CHECK THE PCM HARNESS CIRCUITS FOR A SHORT TO

GROUND OR TO POWER
• Measure the resistance between PCM test pins 91, 17, 49, 50

and 64, and VPWR test pins 71 and 97 at the EEC-V Control
System Breakout Box.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST D: DIGITAL TRANSMISSION RANGE (TR) SENSOR (Continued)

Test Step Result / Action to Take
D8 CHECK THE PCM HARNESS CIRCUITS FOR A SHORT TO

GROUND OR TO POWER (Continued)

• Measure the resistance between PCM test pins 17, 49, 50 and
64, and test pins 51, 76, 77, 103 and 91 at the EEC-V Control
System Breakout Box.

Yes
GO to D9.
No
REPAIR the short circuit(s). RECONNECT
all of the components. CLEAR the DTCs.

• Is each resistance greater than 10,000 ohms? REPEAT the Quick Tests.
D9 CHECK FOR A SHORT BETWEEN THE TR/PCM INPUT SIGNAL

CIRCUITS
• Measure the resistance between test pin 17 and test pins 49, 50

and 64 at the EEC-V Control System Breakout Box.

• Measure the resistance between test pin 49 and test pins 17, 50
and 64 at the EEC-V Control System Breakout Box.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST D: DIGITAL TRANSMISSION RANGE (TR) SENSOR (Continued)

Test Step Result / Action to Take
D9 CHECK FOR A SHORT BETWEEN THE TR/PCM INPUT SIGNAL

CIRCUITS (Continued)

• Measure the resistance between test pin 50 and test pins 17, 49
and 64 at the EEC-V Control System Breakout Box.

• Measure the resistance between test pin 64 and test pins 17, 49
and 50 at the EEC-V Control System Breakout Box.

Yes
INSTALL a new PCM. RECONNECT all of
the components. CLEAR the DTCs.
RERUN the Quick Tests.
No
REPAIR shorts on the circuits having less
than 10,000 ohms resistance between
other TR/PCM input signal circuits.
RECONNECT all of the components.
CLEAR the DTCs. REPEAT the Quick

• Is each resistance greater than 10,000 ohms? Tests.
D10 CHECK THE NON-PCM INTERNAL CIRCUITS OF SENSOR

• Connect the tester cable E to the Transmission Tester. Yes
• Connect the cable E connector marked DIGITAL to the digital The concern is not in the digital TR

TR sensor. sensor. For start system concerns, REFER
• Place the Digital TR Overlay onto the Transmission Tester. to Section 303-06A. For backup lamp
• Carry out the switch test as instructed on the Digital TR Overlay. concerns, REFER to  Section 417-01.
• Does the status lamp on the tester indicate RED for the Nocorrect gear position? INSTALL a new TR sensor and ADJUST

the digital TR sensor. CLEAR the DTCs.
REPEAT the Quick Tests.
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST E: ELECTRONIC PRESSURE CONTROL (EPC) SOLENOID

NOTE: Refer to the Transmission Vehicle Harness Connector illustration preceding these
pinpoint tests.

Test Step Result / Action to Take
E1 ELECTRONIC DIAGNOSTICS

• Check to make sure the transmission harness connector is fully
seated, terminals are engaged in the connector and in good
condition before proceeding. Yes• Connect the diagnostic tool. REMAIN in OTM. GO to E2.• Carry out KOEO Test until continuous DTCs have been
displayed. No

• ENTER Output Test Mode (OTM). PRESS START. If the vehicle does not
• Select the ALL ON Mode. Push START to turn the outputs on. enter OTM, REFER to the Powertrain

Push STOP to turn the outputs off. Control/Emissions Diagnosis (PC/ED)
• Does the vehicle enter OTM? manual.

E2 CHECK THE ELECTRICAL SIGNAL OPERATION
• Disconnect: Transmission Connector.

CAUTION: Remove the heat shield, if so equipped,
from the transmission before removing the connector.
Remove the solenoid body connector by pushing on the
center tab and pulling on the harness connector. Do not
attempt to pry the tab with a screwdriver.  Always reinstall
the heat shield when the procedure is completed.

• Use a mirror to inspect both ends of the connector for damage
or pushed-out pins, corrosion, loose wires and missing or
damaged seals.

• Connect a VOM positive lead to the EPC PWR pin 12 and the
negative test lead to the EPC signal circuit pin 11 of the
transmission harness connector.

• Place the VOM on the 20-volt scale. Yes• While observing the VOM, press START and STOP to cycle the GO to E5.solenoid output on and off.
• Did the solenoid output voltage changed to approximately No

battery voltage? GO to E3.
E3 CHECK THE CONTINUITY OF THE SOLENOID SIGNAL AND

VPWR CIRCUITS
• Key in OFF position.
• Disconnect: Powertrain Control Module (PCM).

Inspect for damaged or pushed-out pins, corrosion or loose
wires.

• Install the EEC-V Control System Breakout Box.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST E: ELECTRONIC PRESSURE CONTROL (EPC) SOLENOID (Continued)

Test Step Result / Action to Take
E3 CHECK THE CONTINUITY OF THE SOLENOID SIGNAL AND

VPWR CIRCUITS (Continued)

• Measure the resistance between the VPWR test pins 71 and 97
at the EEC-V Control System Breakout Box and the EPC PWR
circuit pin 12 at the transmission harness connector.

• Measure the resistance between the PCM signal test pin 81 at
the EEC-V Control System Breakout Box and the EPC signal pin
11 at the transmission harness connector.

Yes
GO to E4.
No
REPAIR the open circuit(s). REMOVE the
EEC-V Control System Breakout Box.
RECONNECT all of the components.
ERASE the codes. REPEAT the Quick

• Is each resistance less than 5 ohms? Tests.
E4 CHECK THE HARNESS FOR SHORTS TO POWER AND

GROUND
• Measure the resistance between the PCM signal test pin 81 and

VPWR test pins 71 and 97 at the EEC-V Control System
Breakout Box.

(Continued)

2004 E-Series, 12/2003 



307-01A-35 307-01A-35Automatic Transmission — 4R100

DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST E: ELECTRONIC PRESSURE CONTROL (EPC) SOLENOID (Continued)

Test Step Result / Action to Take
E4 CHECK THE HARNESS FOR SHORTS TO POWER AND

GROUND (Continued)

• Measure the resistance between the PCM signal test pin 81 and
test pins 51, 76, 77, 103 and 91 at the EEC-V Control System
Breakout Box.

Yes
GO to E5.
No
REPAIR the short circuit(s). REMOVE the
EEC-V Control System Breakout Box.
RECONNECT all of the components.
ERASE the codes. REPEAT the Quick

• Is each resistance greater than 10,000 ohms? Tests.
E5 TRANSMISSION FUNCTIONAL TEST

• Connect: Powertrain Control Module (PCM).
• Install a Line Pressure Gauge at the line tap on the case.
• Install the Transmission Tester to transmission connector.
• Set the bench/drive switch to the DRIVE mode.
• Rotate the gear select switch to the first gear position.
• NOTE: The LED will turn GREEN when the EPC solenoid

activates and turn OFF when deactivated. The LED will turn
RED if an ACTIVATED solenoid is shorted to battery positive.
The LED will remain OFF if an ACTIVATED solenoid is shorted
to ground or no  continuity (open circuit).

YesCarry out the EPC Solenoid Functional Test. INSTALL a new PCM. REPEAT the Quick• Observe line pressure on the gauge while pressing the EPC Tests.switch (engine must be running).
• Does the EPC (GREEN LED) activate and line pressure drop No

when the EPC switch is pressed? GO to E6.
E6 CHECK THE RESISTANCE OF THE SOLENOID

NOTE: Refer to the Transmission Tester for terminal locations.
• Set the bench/drive switch to the BENCH mode.
• Rotate the gear select switch to the OHMS CHECK position.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST E: ELECTRONIC PRESSURE CONTROL (EPC) SOLENOID (Continued)

Test Step Result / Action to Take
E6 CHECK THE RESISTANCE OF THE SOLENOID (Continued)

• CAUTION: Make sure the tester power is off or
damage to the ohmmeter can result.
Connect the ohmmeter negative lead to the VPWR jack and the
positive lead to the EPC jack on the tester.

Yes
GO to E7.
No

• Record the resistance. (The resistance should be between 3.0 INSTALL a new solenoid body assembly.
and 5.0 ohms.) RECORD and ERASE all codes. REPEAT

• Is the resistance between 3.0 and 5.0 ohms? the Quick Tests.
E7 CHECK THE SOLENOID FOR SHORT TO GROUND

• Check for continuity between the BAT(-) jack (engine ground)
and the appropriate jack with a digital ohmmeter or other low
current tester (less than 200 milliamps). The connection should
show infinite resistance (no continuity).

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST E: ELECTRONIC PRESSURE CONTROL (EPC) SOLENOID (Continued)

Test Step Result / Action to Take
E7 CHECK THE SOLENOID FOR SHORT TO GROUND (Continued)

Solenoid Tester Jack

EPC VPWR
 EPC PWR

Yes
INSTALL a new solenoid body assembly.
RECORD and ERASE codes. REPEAT
the Quick Tests.
No
REFER to Diagnosis By Symptom in this

• Does the connection show continuity? section.

PINPOINT TEST F: TURBINE SHAFT SPEED (TSS) AND OUTPUT SHAFT SPEED (OSS) SENSORS

NOTE: Refer to the Output Shaft Speed (OSS) Sensor Connector illustration preceding these
pinpoint tests.

Test Step Result / Action to Take
F1 ELECTRONIC DIAGNOSTICS

• Check to make sure the transmission harness connector is fully
seated, terminals are fully engaged in connector and in good
condition before proceeding.

• Connect the diagnostic tool. Yes• Key in ON position. REMAIN in PID/Data. GO to F2.• Enter the following diagnostic mode on the diagnostic tool:
Diagnostic Data Link. No

• Enter the following diagnostic mode on the diagnostic tool: PCM. REPEAT procedure to ENTER PID. If
• Select PID/Data Monitor and Record. vehicle did not enter PID, REFER to
• Select the following PIDs: TSS, OSS. Powertrain Control/Emissions Diagnosis
• Does vehicle enter PID/Data Monitor and Record? (PC/ED) manual for diagnosis of PCM.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST F: TURBINE SHAFT SPEED (TSS) AND OUTPUT SHAFT SPEED (OSS) SENSORS

(Continued)

Test Step Result / Action to Take
F2 DRIVE CYCLE TEST

• While monitoring the appropriate sensor PID, drive the vehicle Yes
so that the transmission upshifts and downshifts through all If the TSS or OSS Speed PID increase
gears. and decrease with engine and vehicle

• Does the TSS, or OSS Speed PID increase and decrease speed, CLEAR all DTCs. ROAD TEST to
with engine and vehicle speed or is the sensor signal verify if concern is still present. If concern
erratic (drop to zero or near zero and return to normal is still present, REFER to Diagnosis By
operation)? Symptom in this section for diagnosis.

If the sensor signal is erratic, INSPECT for
intermittent concern in the internal/external
harness, sensor, or connector.
No
If the TSS, or OSS Speed PID does not
increase and decrease with engine and
vehicle speed, INSPECT for open or short
in vehicle harness, sensor, a PCM
concern, or internal hardware concern.
If the sensor signal is steady, GO to F3.

F3 CHECK RESISTANCE OF TSS OR OSS SENSOR
• Disconnect the appropriate vehicle harness connector from the

TSS and/or OSS sensor.
• For TSS or OSS: Connect ohmmeter negative lead to one pin of

the sensor and the positive lead to the other pin on the sensor.

• Record the resistance. Resistance should be as follows:

Sensor Resistance (ohms)
YesTSS 781-1,979 REFER to Diagnosis By Symptom in this
section for concern diagnosis.OSS 781-1,979
No

• Is the resistance within specification for the appropriate For TSS and OSS, INSTALL a new
sensor? sensor.
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST G: COAST CLUTCH SOLENOID (CCS)

NOTE: Refer to the Transmission Vehicle Harness Connector illustration preceding these
pinpoint tests.

Test Step Result / Action to Take
G1 ELECTRONIC DIAGNOSTICS

• NOTE: PTO must be turned off.
Check to make sure the transmission harness connector is fully
seated, terminals are engaged in the connector and in good
condition before proceeding. Yes• Connect the diagnostic tool. REMAIN in OTM. GO to G2.• Carry out the KOEO Test until continuous DTCs have been
displayed. No

• Enter the Output Test Mode (OTM). PRESS START. If the vehicle does not
• Select the ALL ON Mode. Push START to turn the outputs on. enter OTM, REFER to the Powertrain

Push STOP to turn the outputs off. Control/Emissions Diagnosis (PC/ED)
• Does the vehicle enter OTM? manual.

G2 CHECK THE ELECTRICAL SIGNAL OPERATION
• Disconnect: Transmission Connector.

CAUTION: Remove the heat shield, if so equipped,
from the transmission before removing the connector.
Remove the solenoid body connector by pushing on the
center tab and pulling on the harness connector. Do not
attempt to pry the tab with a screwdriver.  Always reinstall
the heat shield when the procedure is completed.

• Use a mirror to inspect both ends of the connector for damage
or pushed-out pins, corrosion, loose wires and missing or
damaged seals.

• Connect a VOM positive lead to the VPWR circuit pin 1 and the
negative test lead to the CCS signal circuit pin 5 of the
transmission harness connector.

• Place the VOM on the 20-volt scale. Yes• While observing the VOM, press start and stop to cycle the GO to G5.solenoid output on and off.
• Did the solenoid output voltage changed to approximately No

battery voltage? GO to G3.
G3 CHECK THE CONTINUITY OF THE CCS SIGNAL AND VPWR

CIRCUITS
• Key in OFF position.
• Disconnect: Powertrain Control Module (PCM).

Inspect for damaged or pushed-out pins, corrosion or loose
wires.

• Install the EEC-V Control System Breakout Box.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST G: COAST CLUTCH SOLENOID (CCS) (Continued)

Test Step Result / Action to Take
G3 CHECK THE CONTINUITY OF THE CCS SIGNAL AND VPWR

CIRCUITS (Continued)

• Measure the resistance between the PCM signal test pin 20 at
the EEC-V Control System Breakout Box and the signal pin 5 at
the transmission harness connector.

• Measure the resistance between the VPWR test pin 71 or 97 at
the EEC-V Control System Breakout Box and the VPWR pin 1
at the transmission harness connector.

Yes
GO to G4.
No
REPAIR the open circuits. REMOVE the
EEC-V Control System Breakout Box.
RECONNECT all of the components.

• Is each resistance less than 5 ohms? REPEAT the Quick Tests.
G4 CHECK THE CCS CIRCUIT FOR SHORTS TO POWER AND

GROUND
• Measure the resistance between the PCM signal test pin 20 and

VPWR test pins 71 and 97 at the EEC-V Control System
Breakout Box.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST G: COAST CLUTCH SOLENOID (CCS) (Continued)

Test Step Result / Action to Take
G4 CHECK THE CCS CIRCUIT FOR SHORTS TO POWER AND

GROUND (Continued)

• Measure the resistance between the PCM signal test pin 20 and
test pins 51, 76, 77, 103 and 91 at the EEC-V Control System
Breakout Box and chassis ground.

Yes
GO to G5.
No
REPAIR the short circuit(s). REMOVE the
EEC-V Control System Breakout Box.
RECONNECT all of the components.

• Is each resistance greater than 10,000 ohms? REPEAT the Quick Tests.
G5 SOLENOID FUNCTIONAL TEST

• Connect: Powertrain Control Module (PCM).
• Install the Transmission Tester to the transmission connector.
• NOTE: The LED will turn GREEN when the CCS activates and

turn off when deactivated. The LED will turn RED if an
ACTIVATED solenoid is shorted to battery positive. The LED will
remain off if an ACTIVATED solenoid is shorted to ground or no

Yescontinuity  (open circuit).
GO to G6.Carry out the Solenoid Voltage Test.

• Does the solenoid (LED GREEN) activate when the tester No
switch is pressed? GO to G7.

G6 TRANSMISSION DRIVE TEST
• Carry out the Dynamic Testing. Yes
• Does the CCS activate (LED GREEN) and engine braking INSTALL a new PCM. ERASE all DTCs.

occur? CARRY OUT the Transmission Drive
Cycle Test. REPEAT the Quick Tests. If
symptoms are still present, REFER to
Diagnosis By Symptom in this section.
No
GO to G7.

G7 CHECK THE RESISTANCE OF THE SOLENOID
NOTE: Refer to the Transmission Tester for terminal locations.
• Place the bench/drive switch to the BENCH mode.
• Rotate the Gear Select switch to the OHMS CHECK position.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST G: COAST CLUTCH SOLENOID (CCS) (Continued)

Test Step Result / Action to Take
G7 CHECK THE RESISTANCE OF THE SOLENOID (Continued)

• Connect the ohmmeter negative lead to the CCS jack and the
positive lead to the VPWR jack on the tester.

Yes
GO to G8.• Record the resistance. (The resistance should be between 20

and 30 ohms.) No
• Is the resistance between 20 and 30 ohms? INSTALL a new solenoid body assembly.

G8 CHECK THE SOLENOID FOR SHORT TO GROUND
• Check for continuity between the BAT(-) jack (engine ground)

and the appropriate jack with a digital ohmmeter or other low
current tester (less than 200 milliamps). Connection should show
infinite resistance (no continuity).

Yes
INSTALL a new solenoid body assembly.
No
REFER to Diagnosis By Symptom in this

• Does the connection show continuity? section.

PINPOINT TEST H: SOLENOID MECHANICAL FAILURE

NOTE: Repair all other DTCs before repairing the following DTCs: P1714, P1715, P1740
Test Step Result / Action to Take

H1 ELECTRONIC DIAGNOSIS
• Connect the diagnostic tool. Yes
• Carry out the KOEO Test until continuous DTCs have been REPAIR the DTCs for TFT or shift

displayed. solenoids first. CLEAR DTCs and CARRY
• If any of the following DTCs are present, continue with this test: OUT Transmission Drive Cycle Test.

P1714, P1715, P1740. RERUN Quick Test.
• Are other DTCs present for TFT or shift solenoids? No

INSTALL a new solenoid and/or body.
REFER to the Diagnostic Trouble Code
Chart for code description. GO to H2.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST H: SOLENOID MECHANICAL FAILURE (Continued)

Test Step Result / Action to Take
H2 TRANSMISSION DRIVE CYCLE TEST

• Carry out Transmission Drive Cycle Test. Yes
• Carry out the On-Board Diagnostic Test. GO to H3.
• Does the vehicle upshift and downshift OK? No

REFER to Diagnosis By Symptom in this
section to diagnose shift concerns.

H3 RETRIEVE DTCS
• Connect the diagnostic tool. Yes
• Carry out KOEO Test until continuous DTCs have been INSTALL a new PCM. ROAD TEST and

displayed. RERUN Quick Test.
• Are DTCs P1714, P1715, P1740 still present? No

Testing completed. If a concern still exists,
REFER to Diagnosis By Symptom in this
section for concern diagnosis.

Special Testing Procedures CAUTION: Carry out the Line Pressure
The special tests are designed to aid the technician Test prior to carrying out the Stall Speed Test. If
in diagnosing the hydraulic and mechanical portions line pressure is low at stall, do not carry out the
of the transmission. Stall Speed Test or further transmission damage

will occur. Do not maintain wide-open throttle in
Engine Idle Speed Check any  transmission range for more than 5 seconds
Refer to the Powertrain Control/Emissions Diagnosis or transmission damage may occur.
(PC/ED) manual for diagnosis and testing of the NOTE: Carry out shift linkage check prior to
engine idle speed. carrying out this test; refer to Section 307-05.

This test verifies the line pressure is withinLine Pressure Test
specifications.

1. Connect the Transmission Fluid Pressure Gauge
to the line pressure tap.

2. Start the engine and check the line pressures.
Refer to the Line Pressure Chart to determine if
the line pressure is within specification.

3. If the line pressure is not within specifications,
carry out On-Board Diagnostics and GO to
Pinpoint Test E, air pressure check, and clean,
inspect and install a new main control system
or pump as required.

Item Part Number Description

1 — Line pressure tap

Line Pressure Chart

Line Pressure — Idle Line Pressure — Stall

kPa PSI kPa PSIGear

P, N 345-448 50-65 — —

R 483-690 70-100 1,689-2,000 245-290

(D) , 2 345-448 50-65 1,138-1,276 165-185

1 483-690 70-100 1,270-1,448 175-210
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DIAGNOSIS AND TESTING (Continued)

Line Pressure Diagnosis Chart

Low at Idle in All Ranges High at Idle in All Ranges

Check for low fluid level, restricted inlet filter, loose Check the main regulator valve, solenoid body and wiring
main body, solenoid body or accumulator body-to-case harness. Run the Quick Test referred to in the Diagnostics
bolts, excessive leakage in pump, case, control bodies, portion of this section.
sticking main regulator valve, damaged filter assembly
and seal, damaged  gaskets or valve body separating
plate.

Low Only in

P R N (D) 2 1

Check valve Check separator Check valve Check forward Check forward Check forward
bodies 7A100 reinforcing plate, bodies 7A100 clutch. Valve clutch, coast clutch,

coast clutch, bodies 7A100, clutch or low/reverse
low/reverse 7G422 intermediate clutch or coast
clutch or direct clutch, band, clutch. Valve
clutch. Valve servo assembly. bodies 7A100,
bodies 7A100, Valve bodies 7G422
7G422 7A100, 7G422

Stall Speed Test 1. Connect a tachometer to the engine.

2. After testing each of the following ranges, (D) ,WARNING: Apply the service and parking
2, 1 and R, move the transmission rangebrakes firmly while carrying out each stall test.
selector lever to N (NEUTRAL) and run the

CAUTION: Carry out the Line Pressure engine for about 15 seconds to allow the torque
Test prior to carrying out the Stall Speed Test. If converter to cool before testing the next range.
line pressure is low at stall, do not carry out the

3. CAUTION: If the engine rpm recordedStall Speed Test or further transmission damage
by the tachometer exceeds the maximumwill occur.
specified rpm, release the accelerator pedalNOTE: The stall test should only be carried out
immediately. Clutch or band slippage iswith the engine and transmission at normal
indicated.operating temperatures.

CAUTION: Do not maintain wide-openThe stall test checks the operation of the following
throttle (WOT) in any gear range for moreitems:
than 5 seconds or transmission damage may

• Torque converter one-way clutch. occur.
• Forward clutch. Press the accelerator pedal to floor (WOT) in

each range. Record the rpm reached in each• Low one-way clutch.
range. Stall speeds should be in the appropriate• Reverse clutch.
range.

• Overdrive one-way clutch.

• Direct clutch.

• Engine driveability

Stall Speed Chart

Series Engine Min. Max.

E-250 NGV 5.4L 2,238 2,613

E-350, E-450 5.4L 2,243 2,617

E-350, E-450, E550 6.8L 1,894 2,252
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DIAGNOSIS AND TESTING (Continued)

Stall Speed Diagnosis Chart (Continued)If the stall speeds were too high, refer to the
following Stall Speed Diagnosis Chart. If the stall Range Possible Source
speeds were too low, check engine tune-up. If the

2 • Forward Clutch
engine is OK, remove the torque converter and • Overdrive One-Way Clutch and
check the torque converter reactor one-way  clutch Coast Clutch
for slippage. 1 • Forward Clutch

• Reverse Clutch and Low One-Way
Stall Speed Diagnosis Chart Clutch

• Coast Clutch and OverdriveRange Possible Source
One-Way Clutch

(D) • Forward Clutch
• Overdrive One-Way Clutch
• Low One-Way Clutch

R • Direct Clutch
• Overdrive One-Way Clutch and

Coast Clutch
• Reverse Clutch

Air Pressure Tests
Air Pressure Test Port Locations

A no-drive condition can exist, even with correctItem Part Number Description
transmission fluid pressure, because of inoperative1 — Reverse clutch feed
clutches or bands. Refer to the Band/Clutch

2 — Intermediate clutch feed Application Chart to determine the appropriate
3 — Overdrive clutch feed elements. A clutch concern can be located through a
4 — Forward clutch feed series of checks by substituting air pressure for fluid
5 — Coast clutch feed pressure to determine the location of the concern.
6 — Direct clutch feed Example: When the transmission range selector

lever is in a forward gear range ((D) , 2, 1), a
no-drive condition may be caused by an inoperative
forward clutch.
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DIAGNOSIS AND TESTING (Continued)

1. Drain the transmission fluid. Remove the
transmission fluid pan.

2. Remove the filter and seal assembly, the
solenoid body, the control assemblies and
separator plate, upper/lower gaskets.

3. The inoperative clutches can be located by
applying air pressure into the appropriate clutch
port. See the Air Pressure Test Port Locations
illustration for clutch port locations.

4. Apply air pressure to the appropriate clutch port
(see the Air Pressure Test Port Locations
illustration). A dull thud may be heard or

4. Allow the vehicle to sit for a minimum of 24movement felt when a clutch piston is applied.
hours. Check and note the fluid level.If the clutch seals or check ball are leaking, a

hissing may  be heard. 5. If the fluid has risen 25.4 mm (1 in) or more
above the level in the first check, excessive5. If the clutches fail to operate during the air
converter drainback has occurred.check:

6. If excessive drainback has occurred:• inspect the fluid passages in the case.
• stuck open check ball in rear cooler line• the piston seals are not seated, damaged, not

case fitting.installed.
• no check ball in rear cooler line case fitting.• plugged feed holes for clutch apply in the

case and/or clutch cylinder. • incorrect case cooler line case fitting
(without check ball) installed.• damaged piston and/or clutch cylinder.

7. Repair as required and recheck.6. Repair as required and re-check.

Leakage InspectionTorque Converter Drainback Test
This transmission has the following parts to prevent1. Drive the vehicle for 30-60 minutes to attain
external fluid leakage:normal operating temperature.

• gaskets2. Check the transmission fluid level. Add fluid
only if required. • lip-type seals

3. Drive the vehicle through 8 to 10 cycles of 1/2 • O-ring seals
throttle, 1-2 upshifts to elevate the transmission

• seal ringstemperature. Then proceed as follows:
• seal grommets• Park the vehicle on level ground.
• thread sealant• Allow the vehicle to sit for 30-60 minutes.
• cooler bypass valve (CBV) sealing washers• Check and note the fluid level on the fluid

level indicator with the engine off, in
PARK. The following example shows the
fluid level after 45 minutes.
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DIAGNOSIS AND TESTING (Continued)

External Sealing

Item Part Number Description Item Part Number Description

15 7Z152 Cooler line — case fitting1 7902 Torque converter assembly
(part of 7H332, 7H322 CBV2 7A248 Front pump seal
assembly)

3 7A248 Front pump seal square-cut
16 7G118 Cooler line — case fittingO/D seal

(part of 7H332, 7H322 CBV
4 N805260-S Bolt and washer assembly assembly)
5 7G379 Washer 17 7H322 Transmission cooler bypass

valve assembly6 7A136 Pump gasket
18 391933-S100 Sealing washers (kit)7 7A020 Fluid level indicator
19 7086 Extension housing gasket8 7A228 Fluid filler tube assembly
20 7A039 Extension housing9 391308 Filler tube O-ring
21 7052 Extension housing seal10 7A160 Short fluid inlet tube

assembly 22 7B498 Manual control lever seal
11 7005 Case 23 390685-S Plug — test port — 1/8-27

hex head12 7034 Case vent assembly
24 N705409 Solenoid body seal O-ring13 7M101 Turbine shaft speed (TSS)

sensor and output shaft speed 25 7G391 Solenoid valve body assembly
(OSS) sensor (gas application

26 7A191 Transmission fluid pan gasketonly)
27 7A194 Transmission fluid pan14 391933-S100 Sealing washers (kit)
28 7D479 Fluid pan drain plug assembly(Continued)

(model dependent)
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DIAGNOSIS AND TESTING (Continued)

Leakage at the transmission pan-to-case gasket can Check for fluid leaking from the end of the
often be stopped by tightening the retaining bolts to extension housing. Leakage can result from a
specification. Refer to Torque Specifications in this damaged seal, missing garter spring or worn
section. If necessary, install a new pan-to-case extension bushing, or damaged speed sensor plug.
gasket (only if gasket is damaged). Install a new seal assembly, bushing, or both, as

necessary.If leakage is found by the solenoid body connector,
refer to Main Control Valve Body — Accumulator Inspect the line pressure plug for leakage. Make
Body, Solenoid Body in this section. sure it is tightened to specification. Refer to Torque

Specifications in this section. If tightening the plugCheck the transmission sealing washers on the
does not stop the leak, the case threads and/or plugcooler bypass valve (CBV), fluid filler tube
could be damaged. Remove the  plug and inspectconnection at the transmission case. If leakage is
the plug and case thread for damage. Repair asfound, install a new short fluid inlet tube.
necessary.

Check the transmission sealing washers on the
Check for leakage on or around the cooler bypasscooler bypass valve (CBV), fluid lines and fittings
valve (CBV). Repair as required.between the transmission and the fluid inlet short

tube in the radiator tank for looseness, wear or Fluid Leakage in Torque Converter Area
damage. If leakage cannot be stopped by  tightening

In diagnosing and correcting fluid leaks in the fronta fluid line tube nut, install new parts. When fluid
pump assembly and torque converter area, use theis found to be leaking between the case and the
following procedures to locate the exact cause ofcooler line fitting, tighten the fitting to maximum
the leakage. Leakage at the front of transmission, asspecification. Refer to  Section 307-02.
evidenced by fluid around the torque  converter

CAUTION: Do not try to stop the fluid housing, may have several sources. By careful
leak by increasing the torque beyond observation it is possible, in many instances, to
specification. This can cause damage to the case pinpoint the source of leak before removing the
threads and/or case fittings. transmission from the vehicle. The paths which the

fluid takes to reach the bottom of the  torqueIf the leak continues, install a new cooler line fitting
converter housing are shown in the illustration. Theand/or sealing washers on cooler bypass valve and
five steps following correspond with the numbers intighten to specification. The same procedure should
the illustration.be followed for fluid leaks between the radiator

cooler and cooler line fittings.

Check the engine coolant in the radiator. If
transmission fluid is present in the coolant, the
transmission fluid cooler in the radiator is leaking.

The transmission fluid cooler can be further checked
for leaks by disconnecting the lines from the cooler
fittings and applying no more than 345 kPa (50 psi)
air pressure to the fittings. Remove the radiator cap
to relieve the pressure buildup  at the exterior of the
fluid cooler tank. If the transmission fluid cooler is
leaking, will not hold pressure, or both, install a
new transmission fluid cooler in the radiator.

If leakage is found at the manual control lever shaft, 1. Fluid leaking by the front pump seal lip will
install a new seal. tend to move along the impeller hub and onto

the back of the impeller housing. Except in theWhen a converter drain plug leaks, remove the
case of a total seal failure, fluid leakage by thedrain plug. Install a new drain plug and tighten to
lip of the seal will be deposited on the inside ofspecification. Refer to Torque Specifications in this
the  torque converter housing only, near thesection.
outside diameter of the housing.
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DIAGNOSIS AND TESTING (Continued)

2. Fluid leakage by the outside diameter of the 2. Remove the torque converter housing cover.
front pump seal and front pump body will Clean off any fluid from the top and bottom of
follow the same path that leaks by the inside the torque converter housing, front of the case,
diameter of the front pump seal follow. and rear face of the engine and oil pan. Clean

the torque converter area by washing with a3. Fluid leakage from the converter seal weld or
suitable  non-flammable solvent, and blow dryconverter to flexplate stud weld will appear at
with compressed air.the outside diameter of the torque converter, on

the back face of the flexplate, and in the 3. Wash out the torque converter housing, the
converter housing only near the flexplate. Fluid front of the flexplate and the converter drain
leaks  from the torque converter will leave a plug. The torque converter housing may be
ring of fluid around the inside of the torque washed out using clean solvent and a
converter housing. squirt-type oil can. Blow-dry all washed areas

with compressed air.4. Fluid that leaks by a front pump to case bolt or
pump gasket will be deposited on the inside of 4. Start and run the engine until the transmission
the torque converter housing only. Fluid will reaches its normal operating temperature.
not be deposited on the back of the torque Observe the back of the cylinder block and top
converter. of the torque converter housing for evidence of

fluid leakage. Raise the vehicle on a hoist and5. NOTE: White facial tissue may aid in
run the  engine at fast idle, then at engine idle,determining the color (red is transmission fluid)
occasionally shifting to the Overdrive andand source of the leaking fluid.
Reverse ranges to increase pressure within the

Engine oil leaks are sometimes incorrectly transmission. Observe the front of the flexplate,
diagnosed as transmission pump gasket leaks. back of the cylinder block (in as far as
The following areas of possible leakage should possible), and inside the  torque converter
also be checked to determine if engine oil housing and front of the case. Run the engine
leakage is causing the concern. until fluid leakage is evident and the probable
• Leakage at the valve cover gasket may source of leakage can be determined.

allow oil to flow over the torque converter
Leak Check Test with Black Lighthousing, or seep down between the torque

converter housing and cylinder block, Oil soluble anline or fluorescent dyes, premixed at
causing oil to be present in or at the bottom the rate of 2.5 ml (1/2 teaspoon) of dye powder to
of the torque converter housing. 0.24 L (0.5 pint) of automatic transmission fluid,

have proven helpful in locating the source of fluid• Oil galley plug leaks will allow oil to flow
leakage. Such dyes can be used to  determinedown the rear face of the cylinder block to
whether an engine fluid or transmission fluid leak isthe bottom of the torque converter housing.
present, or if the fluid in the transmission fluid

• Leakage at the crankshaft rear oil seal will cooler hose leaks into the engine coolant system.
work back to the flexplate, and then into the An ultraviolet light must be used to detect the
torque converter housing. fluorescent dye solution.

• Leakage at oil pressure sensor.

Leak Check Test

Determine the cause of the leakage before repair.

1. Remove the fluid level indicator and note the
color of the fluid. Original factory fill fluid is
dyed red to aid in determining if leakage is
from the engine or transmission. The red color
should assist in pinpointing the leak.
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DIAGNOSIS AND TESTING (Continued)

Transmission Fluid Cooler 4. Disconnect the cooler return tube (rear fitting)
from the transmission cooler bypass valveCAUTION: Prior to this test, the in-line
(CBV). Refer to Section 307-02.service filter (if equipped) will need to be

5. Connect one end of a hose to the cooler returnremoved. Failure to remove the in-line filter may
tube and route the other end of the hose up to aresult in an incorrect reading/diagnosis during
point where it can be inserted into the funnel atthis test.
the fluid filler tube.

CAUTION: Whenever a transmission has
6. Remove the supports and lower the vehicle.been disassembled to replace worn or damaged
7. Insert the end of a hose into the funnel.parts, the cooler bypass valve (CBV), all

transmission fluid coolers (in tank and auxiliary), 8. Start the engine and run at idle with the
and transmission fluid cooler lines must be transmission in the NEUTRAL range.
cleaned and backflushed.

9. Once a steady flow of fluid (without air
NOTE: Cleaning and backflushing the transmission bubbles) is observed, remove the hose from the
fluid cooling system, along with following all the funnel and place the hose in a measuring
normal cleaning and inspection procedures during container for 15 seconds. After 15 seconds
disassembly and reassembly, will keep place the hose back into the funnel and turn the
contamination from entering the transmission and engine off. Measure the  amount of fluid in the
causing a  repeat repair. container. If adequate flow was observed,

approximately 946.24 ml (32 oz) will be in theWhen internal wear or damage has occurred in the
measuring container; the test is now complete.transmission, metal particles, clutch plate material,

or band material may have been carried into the 10. If adequate flow is not observed, turn off the
torque converter and transmission fluid cooler. engine. Disconnect the hose from the cooler
These contaminants are a major cause of  recurring return line (transmission inlet).
transmission troubles and must be removed from the

11. Disconnect the fluid cooler line from the frontsystem before the transmission is put back into use.
case fitting and connect the hose to the case
fitting (converter out) and repeat Steps 6, 7 andTransmission Fluid Cooler Flow Test
8.NOTE: The transmission linkage/cable adjustment,

12. If adequate flow is observed from thefluid level and line pressure must be within
transmission, look for a plugged cooler linespecification before carrying out this test. Refer to
and/or fluid cooler. Refer to Section 307-02 forFluid Level Check under Verification of Condition
diagnosis of the transmission fluid cooler.in this section. Refer to Line Pressure Test under

Special Testing Procedures in this section. Refer to 13. If adequate flow is still not observed, repair
Section 307-05 for shift linkage/cable adjustment and/or installation of a new pump and/or torque
procedures. converter may be required.
1. Remove the fluid level indicator from the fluid For transmission fluid cooler tube replacement, refer

filler tube. to Section 307-02.
2. Place a funnel in the fluid filler tube.

3. Raise and support the vehicle.
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307-01A-1 307-01A-1Automatic Transmission — 4R100

Special Tool(s)
DIAGNOSIS AND TESTING

Transmission TesterDiagnosis By Symptom
307-F016 (007-00130) or
equivalentSpecial Tool(s)

73 III Digital Multimeter
105-R0057 or equivalent

Transmission Fluid Pressure
Gauge
307-004 (T57L-77820-A)

E4OD (95) Cable and Overlay
418-F037 (007-00107) or
equivalent

UV Leak Detector Kit
164-R0756 or equivalent

Breakout Box, EEC-V Control
System
418-049 (T94L-50-EEC-V) or
equivalent

The Diagnosis by Symptom Charts give the
technician diagnostic information and direction and
list possible components, using a SYMPTOM as a
starting point.MLP-TR Cable

418-F107 (007-00111) or The Diagnosis by Symptom Charts are divided into
equivalent

two categories: electrical routines, indicated by 200
Trans Tester TR/MLP Overlay series numbers, and hydraulic/mechanical routines,— Manual

indicated by 300 series numbers. The electrical007-00131 or equivalent
routines list the possible electrical  components that
could have caused or contributed to the symptom
described. The hydraulic/mechanical routines list theWorldwide Diagnostic System

(WDS) possible hydraulic or mechanical components that
418-F224, could cause or contribute to the symptom described.
New Generation STAR (NGS)
Tester Diagnosis by Symptom Chart Directions
418-F052, or equivalent scan 1. Using the Diagnosis by Symptom Index, selecttool

the concern/symptom that best describes the
condition.Alignment Gauge, TR Sensor

307-351 (T97L-70010-A) 2. Refer to the routine indicated in the diagnosis
by symptom index.

3. Always begin diagnosis of a symptom with:

• Preliminary inspections.

• Verification of condition.
(Continued) • Check the fluid level.

• Carry out other test procedures as directed.

Copyright  2003, Ford Motor Company
Last updated: 08/27/2003 2004 E-Series, 12/2003 



307-01A-2 307-01A-2Automatic Transmission — 4R100

DIAGNOSIS AND TESTING (Continued)

4. NOTE: Not all concerns and conditions with 5. The hydraulic/mechanical routines list possible
electrical components will set a diagnostic hydraulic or mechanical components that could
trouble code (DTC). Be aware that the cause the concern. These components are listed
components listed may still be the cause. Verify in the removal sequence and by most likely
correct function of those components prior to cause. You must inspect all components listed
proceeding to the  hydraulic/mechanical routine to make a  correct repair.
listed.

Begin with the electrical routine if indicated.
Follow the reference or action required
statements. Always carry out the On-Board
Diagnostic Tests as required. NEVER SKIP
STEPS. Repair as required. If the concern is
still present after  electrical diagnosis, proceed
to the hydraulic/mechanical routine listed.

Diagnosis by Symptom Index

Diagnosis by Symptom Index

Routines

Electrical a Hydraulic/Mechanical4R100

Engagement Concerns

• No forward only 201 301
• No REVERSE only  202  302
• Harsh REVERSE only  203  303
• Harsh forward only  204  304
• Delayed/soft REVERSE only  205  305
• Delayed/soft forward only  206  306
• No forward and no REVERSE only  207  307
• Harsh forward and REVERSE  208  308
• Delayed/soft forward and REVERSE  209  309

Shift Concerns

• Some or all shifts missing 210 310
• Timing concerns  —  —

— early/late (some/all)  211  311
— erratic/hunting (some/all)  212  312

• Feel concerns  —  —
— soft/slipping (some/all)  213  313
— harsh (some/all)  214  314

• No 1st gear in DRIVE, engages in higher gear  215  315
• No MANUAL 1st gear  216  316
• No MANUAL 2nd gear  217  317

Torque Converter Clutch Operation Concerns

• No apply 240 340
• Always applied/stalls vehicle  241  341
• Cycling/shudder/chatter  242  342
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DIAGNOSIS AND TESTING (Continued)

Diagnosis by Symptom Index (Continued)

Routines

Electrical a Hydraulic/Mechanical4R100

Other Concerns

• Shift lever efforts high 251 351
• External leaks  252  352
• Driveability concerns  253  353
• Noise/vibration — forward or REVERSE  254  354
• Engine will not crank  255  355
• No PARK range  256  356
• Overheating  257  357
• No engine braking in MANUAL 2 position only  258  358
• No engine braking in MANUAL 1 position only  259  359
• No engine braking with OVERDRIVE cancelled  260  360
• No engine braking in MANUAL 1, 2 and 3  261  361
• Fluid venting or foaming  262  362

a Carry out electrical routines first.

Diagnostic Routines

Engagement Concern: No Forward Only

Reference/Action

201 — ELECTRICAL ROUTINE

• No electrical concerns

301 — HYDRAULIC/MECHANICAL ROUTINE

Fluid

• Incorrect Level • Adjust fluid to correct level.

• Condition • Carry out the check fluid level and condition
procedure. Refer to Preliminary Inspection in this
section.

Shift Linkage (Internal/External) or Cable

• Damaged, incorrectly adjusted, or disconnected • Inspect and repair as required. Verify linkage
adjustment. After linkage repair/adjustment, verify
that the digital TR sensor is correctly adjusted. Refer
to Transmission Range (TR) Sensor Adjustment in
this section.

Incorrect Pressures

• Line Pressure — low • Check pressure at line tap. Carry out Line Pressure
and Stall Speed Tests. Refer to Diagnostics in this
section. If pressures are low, check the following
possible components: Pump inlet filter and seal
assembly, main controls, pump assembly, forward
clutch assembly.

Filter Assembly and Seal

• Plugged, damaged, Filter Seal — damaged, cut • Inspect filter assembly and seal for damage. Install
new as required.

Main Controls
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DIAGNOSIS AND TESTING (Continued)

Engagement Concern: No Forward Only (Continued)

Reference/Action

• Manual Valve — stuck damaged • Inspect for damage and repair or install new as
required.

• Control Body Housing — leaking

• Bolts not tightened to specification • Tighten bolts to specification.

• Gaskets — damaged • Inspect gasket for damage and install a new gasket as
required.

Forward Clutch Assembly

• Assembly • Air Check Clutch Assembly. Carry out the air
pressure test. Refer to Diagnostics in this section.

• Piston, Seal, Check Ball — damaged, missing, not • Inspect seals for damage, check ball seating, location.
seating Install a new piston assembly as required.

• Feed Bolt — loose, missing • Install new feed bolts and tighten to specification.

• Center Support — damaged, holes blocked/missing • Inspect for damage. Repair or install new as required.

• Forward Clutch Sealing Rings — damaged • Inspect for damage. Install new as required.

• Forward Clutch Ring Gear — damaged • Inspect for damage. Install new as required.

• Friction Elements — damaged, worn. Spline Teeth — • Check for abnormal wear, damage. Install new as
damaged, missing required.

Forward/Reverse Sun Gear

• Damaged • Inspect for damage. Install new as required.

Front Planet Assembly

• Damaged • Inspect for damage. Install new planet assembly as
required.

Output Shaft

• Splines — damaged • Inspect for damage. Install new splines as required.

Low One-Way Clutch Assembly (Planetary)

• Worn, damaged or misassembled • Inspect for damage. Install a new one-way clutch
assembly as required.

Engagement Concern: No Reverse Only

Reference/Action

202 — ELECTRICAL ROUTINE

• No electrical concerns

302 — HYDRAULIC/MECHANICAL ROUTINE

Fluid

• Incorrect Level • Adjust fluid to correct level.

• Condition • Carry out the check fluid level and condition
procedure. Refer to Preliminary Inspection in this
section.

Shift Linkage (Internal/External) or Cable
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DIAGNOSIS AND TESTING (Continued)

Engagement Concern: No Reverse Only (Continued)

Reference/Action

• Damaged or incorrectly adjusted • Inspect and repair as required. Verify linkage
adjustment. After linkage repair/adjustment, verify
that the digital TR sensor is incorrectly adjusted.
Refer to Transmission Range (TR) Sensor Adjustment
in this section.

Incorrect Pressures

• Line Pressure — low • Check pressure at line pressure tap. Carry out Line
Pressure and Stall Speed Tests. Refer to Diagnostics
in this section. If pressures are low, check the
following possible components: pump inlet filter  and
seal assembly, main control, pump assembly, reverse
clutch assembly, coast clutch assembly, direct clutch
assembly.

Filter Assembly and Seal

• Plugged, damaged or seal missing • Inspect filter assembly and seal for damage. Install
new as required.

Main Controls

• Bolts not tightened to specification • Tighten bolts to specification.

• Gaskets — damaged • Inspect for damage and install a new gasket.

• Valve Springs, Main Control Valve Body, Direct • Inspect for damage. Repair or install new as required.
Clutch Accumulator Valve — damaged, stuck,
missing, or misassembled

• Reinforcing Plate — incorrectly installed. Bolts — • Inspect for correct installation. Tighten bolts to
not tightened to specification specification.

Direct Clutch Assembly

NOTE: Only if third gear also is inoperative

• Assembly • Air Check Clutch Assembly. Carry out the air
pressure test. Refer to Diagnostics in this section.

• Seals or Piston — damaged • Inspect for damage. Install new as required.

• Clutch Plates — burnt, missing • Inspect for damage. Install new as required.

• Check Ball — damaged, missing • Inspect for damage. Install new as required.

• Center Support — damaged or holes blocked • Inspect for damage. Repair or install new as required.

• Center Support Hub — damaged • Inspect for damage. Install new as required.

Reverse Clutch Assembly

• Assembly • Air Check Clutch Assembly. Carry out the air
pressure test. Refer to Diagnostics in this section.

• Seals or Piston — damaged • Inspect for damage. Install new as required.

• Piston Bore — damaged • Inspect for damage. Install new as required.

• Friction Elements — damaged, worn; missing plates • Inspect for damage. Install new as required.

• Feed Hole — damaged, plugged, missing • Inspect for damage. Repair or install new as required.
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DIAGNOSIS AND TESTING (Continued)

Engagement Concern: Harsh Reverse Only

Reference/Action

203 — ELECTRICAL ROUTINE

Powertrain Control System

• Electrical Inputs/Outputs, Vehicle Wiring Harnesses, • Run On-Board Diagnostics. Refer to the Powertrain
Powertrain Control Module, Throttle Position Sensor, Control/Emissions Diagnosis (PC/ED) manual for
VSS, Electronic Pressure Control diagnosis. Carry out Engagement Test, Electronic

Pressure Control Test. GO to Pinpoint Test E. Repair
or install new as required. Clear codes, road test,
rerun On-Board Diagnostics.

303 — HYDRAULIC/MECHANICAL ROUTINE

Incorrect Pressures

• Line Pressure — high • Check pressure at line pressure tap. Carry out Line
Pressure and Stall Speed Tests. Refer to Diagnostics
in this section. If high, check the main controls.

Main Controls

• Bolts not tightened to specification • Tighten bolts to specification.

• Gasket — damaged • Inspect for damage and install a new gasket.

• EPC Solenoid — stuck or damaged • Carry out Electronic Pressure Control Tests described
in routine No. 203. Install new as required.

• Low Reverse Modular Valve — stuck • Inspect for damage. Repair or install new as required.

Pump Assembly

• Bolts not tightened to specification • Tighten bolts to specification.

• Gaskets — damaged • Inspect for damage and install a new gasket.

• Main Regulator/Booster Valve — stuck, damaged, • Inspect for damage. Repair or install new as required.
misassembled

Engagement Concern: Harsh Forward Only

NOTE: This vehicle has adaptive shift strategies. Whenever the battery has been disconnected
and reconnected, some abnormal drive symptoms will occur while the vehicle relearns its
adaptive strategy. The customer needs to be notified that they may  experience slightly different
upshifts (either soft or firm) and that this is a temporary condition that will eventually return to
normal operating condition.

Reference/Action

204 — ELECTRICAL ROUTINE

Powertrain Control System

• Electrical Inputs/Outputs, Vehicle Wiring Harnesses, • Run On-Board Diagnostics. Refer to the Powertrain
Powertrain Control Module, Throttle Position Sensor, Control/Emissions Diagnosis (PC/ED) manual for
VSS, Electronic Pressure Control diagnosis. Carry out Engagement Test, Electronic

Pressure Control Test. GO to Pinpoint Test E using
Transmission Tester and Cable and Overlay as
outlined in this section. Repair or install new  as
required. Clear codes, road test, rerun On-Board
Diagnostics.

304 HYDRAULIC/MECHANICAL ROUTINE

Incorrect Pressures
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DIAGNOSIS AND TESTING (Continued)

Engagement Concern: Harsh Forward Only (Continued)

Reference/Action

• Line Pressure — high • Check pressure at line pressure tap. Carry out Line
Pressure and Stall Speed Tests. Refer to Diagnostics
in this section. If pressures are high, check main
controls.

Main Controls

• Bolts not tightened to specification • Tighten bolts to specification.

• Gaskets — damaged • Inspect for damage and install a new gasket.

• Electronic Pressure Control Solenoid — stuck or • Carry out Electronic Pressure Control Tests described
damaged in routine No. 204. Install new as required.

• Engagement Control Valve, Springs — damaged, • Inspect for damage. Repair or install new as required.
stuck, misassembled, contaminated

Pump Assembly

• Bolts not tightened to specification • Tighten bolts to specification.

• Gaskets — damaged • Inspect for damage and install a new gasket.

• Main Regulator/Booster Valve — stuck, damaged, • Inspect for damage. Repair or install new as required.
misassembled

Forward Clutch Assembly

• Assembly • Air Check Clutch Assembly. Carry out the air
pressure test. Refer to Diagnostics in this section.

• Plates — burnt, missing. Check Ball — missing, • Inspect for damage. Install new as required.
damaged. Hub — damaged

Engagement Concern: Delayed/Soft Reverse Only

Reference/Action

205 — ELECTRICAL ROUTINE

• No electrical concerns

305 — HYDRAULIC/MECHANICAL ROUTINE

Shift Linkage or Cable

• Damaged or incorrectly adjusted • Inspect and repair as required. Verify linkage
adjustment. After linkage repair/adjustment, verify
that the digital TR sensor is correctly adjusted. Refer
to Transmission Range (TR) Sensor Adjustment in
this section.

Main Controls

• Bolts not tightened to specification • Tighten bolts to specification.

• Gaskets — damaged • Inspect for damage and install a new gasket.

• Direct Clutch Accumulator Regulator Valve, Low • Inspect for damage. Repair or install new as required.
Reverse Modulator Valve, Springs — stuck, damaged,
missing, misassembled

• Check Ball (BS1, BS3) — missing, damaged • Inspect for damage. Install new as required.

• Reinforcing Plate — incorrectly installed, bolts not • Inspect for correct installation. Tighten bolts to
tightened to specification specification.

Coast Clutch Assembly
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DIAGNOSIS AND TESTING (Continued)

Engagement Concern: Delayed/Soft Reverse Only (Continued)

Reference/Action

• Air Check Clutch Assembly. Carry out the air
pressure test. Refer to Diagnostics in this section.

• Assembly • Inspect for damage. Install new as required.
• Piston Seals — damaged, missing • Inspect for damage. Install new as required.
• Stator Support Seals — damaged • Inspect for damage. Install new as required.

Reverse Clutch Assembly

• Assembly • Air Check Clutch Assembly. Carry out the air
pressure test. Refer to Diagnostics in this section.

• Seals, Piston — damaged • Inspect for damage. Install new as required.

• Friction Elements — damaged, worn • Inspect for damage. Install new as required.

• Assembly Leakage • Inspect for damage. Repair or install new as required.

Engagement Concern: Delayed/Soft Forward Only

NOTE: This vehicle has adaptive shift strategies. Whenever the battery has been disconnected
and reconnected, some abnormal drive symptoms will occur while the vehicle relearns its
adaptive strategy. The customer needs to be notified that they may  experience slightly different
upshifts (either soft or firm) and that this is a temporary condition that will eventually return to
normal operating condition.

Reference/Action

206 — ELECTRICAL ROUTINE

• No electrical concerns

306 — HYDRAULIC/MECHANICAL ROUTINE

Fluid

• Incorrect Level • Adjust fluid to correct level.

• Condition • Carry out the check fluid level and condition
procedure. Refer to Preliminary Inspection in this
section.

Shift Linkage or Cable

• Damaged or incorrectly adjusted • Inspect and repair as required. Verify linkage
adjustment. After linkage repair/adjustment, verify
that the digital TR sensor is correctly adjusted. Refer
to Transmission Range (TR) Sensor Adjustment in
this section.

Incorrect Pressures

• Line Pressure — low • Check pressure at line tap. Carry out Line Pressure
and Stall Speed Tests. Refer to Diagnostics in this
section. If pressures are low, check the following
possible components: pump inlet filter and seal
assembly, main controls, pump assembly.

Filter Assembly and Seal

• Plugged, damaged • Inspect filter assembly and seal for damage. Install
• Filter Seal — damaged new as required.

Main Controls

• Bolt not tightened to specification • Tighten bolts to specification.

• Gaskets — damaged • Inspect for damage and install a new gasket.
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DIAGNOSIS AND TESTING (Continued)

Engagement Concern: Delayed/Soft Forward Only (Continued)

Reference/Action

Center Support Assembly

• Feed Bolts — missing, incorrectly tightened • Install new feedbolts and tighten to specification.

• Hub — damaged, holes blocked or missing • Inspect for damage. Repair or install new as required.

Forward Clutch Assembly

• Assembly • Air Check Clutch Assembly. Carry out the air
pressure test. Refer to Diagnostics in this section.

• Seals or Piston — damaged • Inspect seals for damage. Install new as required.

• Check Balls — damaged, missing • Inspect for mislocation, poor seating, damage. Install
a new cylinder as required.

• Clutch Hub — damaged • Inspect for damage. Install new as required.

• Friction Elements — damaged, missing • Inspect for damage. Install new as required.

• Forward Clutch Cylinder Seals — damaged • Inspect for damage. Install new as required.

Engagement Concern: No Forward and No Reverse Only

Reference/Action

207 — ELECTRICAL ROUTINE

• Electrical Connectors — not seated • Check the electrical connectors for correct seating.

307 — HYDRAULIC/MECHANICAL ROUTINE

Fluid

• Incorrect Level • Carry out the check fluid level and condition
• Condition procedure. Refer to Preliminary Inspection in this

section.

• Converter Drainback Valve • Inspect converter drainback valve. Carry out Torque
Converter Drainback Test. Install new as required.

• Flow — restricted (case lube holes restricted, leaking, • Inspect, clean, or install new as required.
plugged, or missing cooler lines)

Shift Linkage (Internal/External) or Cable

• Damaged or incorrectly adjusted or disconnected • Inspect for damage. Repair as required. Verify linkage
adjustment. After linkage repair/adjustment, verify
that the digital TR sensor is correctly adjusted. Refer
to  Transmission Range (TR) Sensor Adjustment in
this section.

Incorrect Pressures

• Line Pressure — low • Check pressure at line tap. Carry out Line Pressure
Test. Refer to Diagnostics in this section. If pressures
are low, check the following possible components:
pump inlet filter and seal assembly, main  controls,
pump assembly, forward clutch assembly.

Filter Assembly and Seal

• Filter — not correctly installed, loose, or seal missing • Inspect filter assembly and seal for damage, or correct
• Plugged, damaged installation. Install new as required.
• Filter Seal — damaged or cut

Main Controls
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DIAGNOSIS AND TESTING (Continued)

Engagement Concern: No Forward and No Reverse Only (Continued)

Reference/Action

• Solenoids — stuck or damaged from contamination • Inspect, GO to Pinpoint Test A, install new solenoids
as required.

• Manual Valve — stuck, damaged • Inspect for damage. Repair or install new as required.
• Control Body Housing — leakage

• Bolts not tightened to specification • Tighten bolts to specification.
• Gaskets — damaged • Inspect for damage and install a new gasket.

Pump Assembly

• Damaged from contamination • Clean and inspect, install new pump as required.

• Valves — stuck from contamination • Clean and inspect, install new valves as required.

• Bolts not tightened to specification • Tighten bolts to specification.

• Gaskets — damaged • Inspect for damage and install a new gasket.

• Main Regulator/Booster Valve — damaged, missing, • Inspect for damage. Repair or install new as required.
misassembled

• Pump Gear End Clearance — excessive • Carry out pump gear end clearance check.

Center Support Assembly

• Damaged, holes blocked • Inspect for damage. Repair or install new as required.

• Feed Bolts — missing or incorrectly tightened • Install new bolts and tighten to specification.

Forward/Reverse Sun Gear

• Damaged • Inspect for damage. Install new as required.

Forward Planet Assembly

• Damaged • Inspect for damage. Install new as required.

Input Shaft /Center Shaft/ Output Shaft

• Splines — damaged • Inspect for damage. Install new as required.

Overdrive Carrier

• Damaged • Inspect for damage. Install new as required.

Overdrive OWC

• Misassembled, damaged • Inspect for damage. Repair or install new as required.

• Sprags or Races — damaged • Inspect for damage. Install new as required.

Converter

• Damaged (not seated correctly in the engine • Inspect for damage. Install a new or remanufactured
crankshaft pilot) converter as required.

Engagement Concern: Harsh Forward and Reverse

Reference/Action

208 — ELECTRICAL ROUTINE

Powertrain Control System

• Electrical Inputs/Outputs, Vehicle Wiring Harnesses, • Run On-Board Diagnostics. Refer to the Powertrain
Powertrain Control Module, Electronic Pressure Control/Emissions Diagnosis (PC/ED) manual for
Control, Throttle Position Sensor diagnosis. Carry out Engagement Test, Electronic

Pressure Control Test. GO to Pinpoint Test E. Repair
or install new as required. Clear codes, road test and
rerun On-Board Diagnostics.
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307-01A-11 307-01A-11Automatic Transmission — 4R100

DIAGNOSIS AND TESTING (Continued)

Engagement Concern: Harsh Forward and Reverse (Continued)

Reference/Action

308 — HYDRAULIC/MECHANICAL ROUTINE

Incorrect Pressures

• Line Pressure — high • Check pressure at line pressure tap. Carry out Line
Pressure Test. Refer to Diagnostics in this section. If
high, check main controls.

Main Controls

• Bolts not tightened to specification • Tighten bolts to specification.
• Gasket — damaged • Inspect for damage and install a new gasket.
• EPC Solenoid — stuck or damaged • Carry out Electronic Pressure Control Tests described
• Engagement Control Valve — stuck, damaged, in routine No. 208. Install new as required.

contaminated, misassembled • Inspect for damage, contamination. Repair or install
new as required.

Pump Assembly

• Bolts not tightened to specification • Tighten bolts to specification.
• Gaskets — damaged • Inspect for damage and install a new gasket.
• Main Regulator/Booster Valve — stuck, damaged, • Inspect for damage. Repair or install new as required.

misassembled

Engagement Concern: Delayed/Soft Forward and Reverse

Reference/Action

209 — ELECTRICAL ROUTINE

• No electrical concerns

309 — HYDRAULIC/MECHANICAL ROUTINE

Shift Linkage or Cable

• Damaged or incorrectly adjusted • Inspect and repair as required. Verify linkage
adjustment. After linkage repair/adjustment, verify
that the digital TR sensor is correctly adjusted. Refer
to Transmission Range (TR) Sensor Adjustment in
this section.

Fluid

• Incorrect Level • Adjust to correct level.

Incorrect Pressures

• Line Pressure — low • Check pressure at line tap. Refer to Diagnostics in
this section. If low check the following components:
pump inlet filter/seal assembly, main control, pump
assembly.

Filter Assembly and Seal

• Plugged, damaged • Inspect filter assembly and seal for damage. Install
• Seal — damaged, cut new as required.

Main Controls

• Bolts not tightened to specification • Tighten bolts to specification.

• Gaskets — damaged • Inspect for damage and install a new gasket.

• Springs — stuck, damaged, missing, misassembled • Inspect for damage. Repair or install new as required.

Torque Converter Drainback (Initial Engagement Only)

• Carry out the Torque Converter Drainback Test. Refer
to Diagnostics in this section.
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307-01A-12 307-01A-12Automatic Transmission — 4R100

DIAGNOSIS AND TESTING (Continued)

Shift Concerns: Some or All Shifts Missing

Reference/Action

210 — ELECTRICAL ROUTINE

Powertrain Control System

• Electrical Inputs/Outputs, Vehicle Wiring Harness, • Carry out Shift Point Road Test.
Powertrain Control Module, Throttle Position Sensor, • Run On-Board Diagnostics. Refer to the Powertrain
Digital TR Sensor, VSS, SSA, SSB Control/Emissions Diagnosis (PC/ED) manual for

diagnosis. GO to Pinpoint Test A and GO to Pinpoint
Test D. Repair or install new as required. Clear code,
road test, rerun On-Board Diagnostics.

310 — HYDRAULIC/MECHANICAL ROUTINE

Fluid

• Incorrect Level • Carry out the check fluid level and condition
• Condition procedure. Refer to Preliminary Inspection in this

section.

Shift Linkage (Internal/External) or Cable

• Damaged, incorrectly adjusted, or disconnected • Inspect and repair as required. Verify linkage
adjustment. After linkage repair/adjustment, verify
that the digital TR sensor is correctly adjusted. Refer
to Transmission Range (TR) Sensor Adjustment in
this section.

Filter Assembly and Seal

• Plugged, damaged • Inspect filter assembly and seal for damage. Install
• Filter Seal — damaged new as required.

Main Controls

• Accumulator Valves — stuck, damaged, • Inspect for damage. Repair or install new as required.
misassembled

For diagnosis related to a specific shift, see • To diagnose specific No Shift condition, refer to the
Reference/Action appropriate shift routine.

— No Shift 1-2, Routine 220/320
— No Shift 2-3, Routine 221/321
— No Shift 3-4, Routine 222/322
— No Shift 4-3, Routine 223/323
— No Shift 3-2, Routine 224/324
— No Shift 2-1, Routine 225/325

Shift Concerns: Shift Timing — Early/Late (Some/All)

Reference/Action

211 — ELECTRICAL ROUTINE

Powertrain Control System

• Electrical Inputs/Outputs, Vehicle Wiring Harnesses, • Carry out Shift Point Road Test.
Powertrain Control Module, Throttle Position Sensor, • Run On-Board Diagnostics. Refer to the Powertrain
TFT Sensor, VSS, SSA, SSB Control/Emissions Diagnosis (PC/ED) manual for

diagnosis. GO to Pinpoint Test A and GO to Pinpoint
Test B. Repair or install new as required. Clear codes,
road test and rerun On-Board Diagnostics.

Other Electrical Concerns

• No power to powertrain control module, keep-alive • Restore memory by carrying out Transmission Drive
memory erased from powertrain control module. Cycle Test.

2004 E-Series, 12/2003 



307-01A-13 307-01A-13Automatic Transmission — 4R100

DIAGNOSIS AND TESTING (Continued)

Shift Concerns: Shift Timing — Early/Late (Some/All) (Continued)

Reference/Action

311 — HYDRAULIC/MECHANICAL ROUTINE

Other

• Tire size change • Refer to the specification decal on door panel and
verify that vehicle has original equipment. Changes in
tire size or axle ratio may affect shift timing.

• Speedometer Gear Change (model dependent)

• Axle Ratio Change

Engine Driveability Concerns — Engine Runs Poor

• Refer to Routine No. 253/353.

Main Controls

•  Valves, Accumulators — stuck or damaged • Inspect for damage, contamination. Repair or install
new as required.

• Gaskets — damaged • Inspect for damage and install a new gasket.

• Bolts not tightened to specification • Tighten bolts to specification.

For diagnosis related to a specific shift or if all above • To diagnose specific shift/timing concern, refer to
are OK, see Reference/Action. Soft/Slipping routines:

— Soft/Slipping Shift 1-2, Routine 226/326
— Soft/Slipping Shift 2-3, Routine 227/327
— Soft/Slipping Shift 3-4, Routine 228/328
— Downshifts, 229/329

Shift Concerns: Timing — Erratic/Hunting (Some/All)

Possible Component Reference/Action

212 — ELECTRICAL ROUTINE

Powertrain Control System

• Vehicle Wiring Harnesses, PCM, TP Sensor, TFT • Carry out Shift Point Road Test and Torque
Sensor, SSA, SSB, Digital TR Sensor, TCC Solenoid Converter Clutch Operation Tests.

• Run On-Board Diagnostics. Refer to the Powertrain
Control/Emissions Diagnosis (PC/ED) manual for
diagnosis. GO to Pinpoint Test A, GO to Pinpoint
Test B, GO to Pinpoint Test C and GO to Pinpoint
Test D. Repair or install new as required. Clear
codes, road test and rerun On-Board Diagnostics.

With Speed Control On

• Torque Converter Cycling • Re-evaluate with speed control off or depress TCS
(overdrive cancelled). If condition still exists, proceed
with diagnosis.

• Shift Cycling (3-4 / 4-3 shifts) • Re-evaluate with speed control off or depress TCS
(overdrive cancelled). If condition still exists, proceed
with diagnosis.

312 — HYDRAULIC/MECHANICAL ROUTINE

Fluid

• Incorrect Level • Adjust fluid to correct level.

Filter Assembly and Seal
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307-01A-14 307-01A-14Automatic Transmission — 4R100

DIAGNOSIS AND TESTING (Continued)

Shift Concerns: Timing — Erratic/Hunting (Some/All) (Continued)

Possible Component Reference/Action

• Plugged, damaged • Inspect filter assembly and seal for damage. Install a
new filter assembly and seal as required.

• Filter Seal — damaged • Inspect filter assembly and seal for damage. Install a
new filter assembly and seal as required.

Main Control

• Valves, Accumulators — damaged, stuck • Inspect for damage. Repair or install new as required.

• Bolts not tightened to specification • Tighten bolts to specification.

• Gaskets — damaged • Inspect for damage and install a new gasket.

• Wrong parts used in rebuild • Verify that correct parts were used.

• Torque Converter Clutch • Refer to Torque Converter Clutch Operation Concern:
Cycling/Shudder/Chatter (No. 342).

• For further diagnosis of timing issues, refer to • Refer to the following shift routine(s) for further
Reference/Action. diagnosis:

• No 1-2 shift see Routine 220/330
• No 2-3 shift see Routine 221/331
• No 3-4 shift see Routine 222/332
• No 4-3 shift see Routine 233/323
• No 3-2 shift see Routine 224/324
• No 2-1 shift see Routine 225/325
• Soft/Slip 1-2 shift see Routine 226/326
• Soft/Slip 2-3 shift see Routine 227/327
• Soft/Slip 3-4 shift see Routine 228/328
• Soft/Slip 4-3 shift see Routine 229/329
• Soft/Slip 3-2 shift see Routine 229/329
• Soft/Slip 2-1 shift see Routine 229/329
• Harsh 1-2 shift see Routine 232/332
• Harsh 2-3 shift see Routine 233/333
• Harsh 3-4 shift see Routine 224/334
• Harsh 4-3 shift see Routine 235/335
• Harsh 3-2 shift see Routine 236/336
• Harsh 2-1 shift see Routine 237/337

Shift Concerns: Feel — Soft/Slipping (Some/All)

NOTE: This vehicle has adaptive shift strategies. Whenever the battery has been disconnected
and reconnected, some abnormal drive symptoms will occur while the vehicle relearns its
adaptive strategy. The customer needs to be notified that they may  experience slightly different
upshifts (either soft or firm) and that this is a temporary condition that will eventually return to
normal operating condition.

Reference/Action

213 — ELECTRICAL ROUTINE

Powertrain Control System

• Electrical Inputs/Outputs, Vehicle Wiring Harnesses, • Carry out Shift Point Road Test.
Powertrain Control Module, Throttle Position Sensor, • Run On-Board Diagnostics. Refer to the Powertrain
Electronic Pressure Control, TFT Sensor Control/Emissions Diagnosis (PC/ED) manual for

diagnosis. GO to Pinpoint Test B and GO to Pinpoint
Test E. Repair or install new as required. Clear codes,
road test, rerun On-Board Diagnostics.

313 — HYDRAULIC/MECHANICAL ROUTINE

Fluid
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307-01A-15 307-01A-15Automatic Transmission — 4R100

DIAGNOSIS AND TESTING (Continued)

Shift Concerns: Feel — Soft/Slipping (Some/All) (Continued)

Reference/Action

• Incorrect Level • Adjust fluid to correct level.

• Condition • Carry out the check fluid level and condition
procedure. Refer to Preliminary Inspection in this
section.

Incorrect Pressures

• Line Pressure — low • Check pressures at line pressure tap. Carry out Line
Pressure Tests. Refer to Diagnostics in this section. If
pressures are low or all shifts are soft/slipping, go to
main controls.

Main Controls

• Bolts not tightened to specification • Tighten bolts to specification.

• Gaskets — damaged • Inspect for damage and install a new gasket.

• Line Modulator Valve Springs — damaged, stuck, • Inspect for damage, contamination. Repair or install
misassembled new as required.

• EPC Solenoid — failure to operate in a normal • Refer to Electrical Routine No. 213.
manner

• Accumulator Assembly — damaged or wrong • Inspect for damage. Install new as required. Verify
assembly correct assembly is used.

Pump Assembly

• Bolts not tightened to specification • Tighten bolts to specification.

• Gaskets — damaged • Inspect for damage and install a new gasket.

• Main Regulator/Booster Valve — damaged, • Inspect for damage. Repair or install new as required.
misassembled

• Electronic Pressure Control Air Bleed Check Valve • Inspect for damage. Install new as required.
— damaged or missing

For diagnostics related to specific shifts, see • Refer to the following Shift Routine(s) for further
Reference/Action. diagnosis:

— Soft/Slipping Shift 1-2, Routine 226/326
— Soft/Slipping Shift 2-3, Routine 227/327
— Soft/Slipping Shift 3-4, Routine 228/328
— Downshifts, 229/329

Shift Concerns: Feel — Harsh (Some/All)

NOTE: This vehicle has adaptive shift strategies. Whenever the battery has been disconnected
and reconnected, some abnormal drive symptoms will occur while the vehicle relearns its
adaptive strategy. The customer needs to be notified that they may  experience slightly different
upshifts (either soft or firm) and that this is a temporary condition that will eventually return to
normal operating condition.

Reference/Action

214 — ELECTRICAL ROUTINE

Powertrain Control System

• Electrical Inputs/Outputs, Vehicle Wiring Harnesses, • Run On-Board Diagnostics. Refer to the Powertrain
Powertrain Control Module, Electronic Pressure Control/Emissions Diagnosis (PC/ED) manual for
Control, TFT Sensor, Throttle Position Sensor, Digital diagnosis. GO to Pinpoint Test B, GO to Pinpoint
TR Sensor Test D and GO to Pinpoint Test E. Repair or install

new as required. Clear codes, road test and rerun
On-Board Diagnostics.

2004 E-Series, 12/2003 



307-01A-16 307-01A-16Automatic Transmission — 4R100

DIAGNOSIS AND TESTING (Continued)

Shift Concerns: Feel — Harsh (Some/All) (Continued)

Reference/Action

Engine Driveability Concerns • Refer to the Powertrain Control/Emissions Diagnosis
(PC/ED) manual for diagnosis.

314 — HYDRAULIC/MECHANICAL ROUTINE

Fluid

• Incorrect Level • Adjust fluid to correct level.

• Condition • Carry out the check fluid level and condition
procedure. Refer to Preliminary Inspection in this
section.

Incorrect Pressures

• Line Pressure — high • Check pressures at line pressure tap. Carry out Line
Pressure and Stall Speed Tests. Refer to Diagnostics
in this section. If pressures are high or all shifts are
harsh, go to main controls.

Main Controls

• Bolts not tightened to specification • Tighten bolts to specification.

• Gaskets — damaged • Inspect for damage and install a new gasket.

• Line Modulator Valve/Spring — misassembled, stuck, • Inspect for damage, contamination.
damaged

• EPC Solenoid — failure to operate in a normal • Install new as required.
manner

• Accumulator Assembly — damaged or wrong • Refer to Electrical Routine No. 214.
assembly • Inspect for damage. Install new as required. Verify

correct assembly is used.

Pump Assembly

• Bolts not tightened to specification • Tighten bolts to specification.

• Gaskets — damaged • Inspect for damage and install a new gasket.

• Main Regulator/Booster Valve — damaged, • Inspect for damage. Repair or install new as required.
misassembled

For diagnostics related to a specific shift, see • Refer to the following Shift Routine(s) for further
Reference/Action. diagnosis:

— Harsh Shift 1-2, Routine 232/332
— Harsh Shift 2-3, Routine 233/333
— Harsh Shift 3-4, Routine 234/334
— Harsh Shift 4-3, Routine 235/335
— Harsh Shift 3-2, Routine 236/336
— Harsh Shift 2-1, Routine 237/337

Shift Concerns: No 1st Gear in Drive, Engages in Higher Gear

Reference/Action

215 — ELECTRICAL ROUTINE

Powertrain Control System

• Electrical Inputs/Outputs, Vehicle Wiring Harnesses, • Run On-Board Diagnostics. Refer to the Powertrain
Powertrain Control Module, SSA, SSB, Digital TR Control/Emissions Diagnosis (PC/ED) manual for
Sensor diagnosis. GO to Pinpoint Test A and GO to Pinpoint

Test D. Repair or install new as required. Clear
codes, road test and rerun On-Board Diagnostics.
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307-01A-17 307-01A-17Automatic Transmission — 4R100

DIAGNOSIS AND TESTING (Continued)

Shift Concerns: No 1st Gear in Drive, Engages in Higher Gear (Continued)

Reference/Action

315 — HYDRAULIC/MECHANICAL ROUTINE

Shift Linkage (Internal/External) or Cables, Digital
Transmission Range (TR) Sensor

• Damaged, not connected, incorrectly adjusted • Inspect and repair as required. Verify linkage
adjustment. After linkage repair/adjustment, verify
that the digital TR sensor is correctly adjusted. Refer
to Transmission Range (TR) Sensor Adjustment in
this section.

Main Controls

• Bolts not tightened to specification • Tighten bolts to specification.

• Gaskets — damaged, misaligned • Inspect for damage and install a new gasket.

• SSA, SSB — stuck or damaged • Refer to Electrical Routine No. 215.

• Solenoid Regulator Valve, 2-3 Shift Valve, 3-4 Shift • Inspect for damage. Repair or install new as required.
Valve, D2 Valve — stuck, missing, misassembled,
damaged

• Air Bleeds for S1-S2 Circuits — missing • Inspect for damage. Install new as required.

• Wrong components used in rebuild • Verify that correct components were used. Install new
as required.

Mechanical

• Band Servo, Clutches — damaged • Refer to correct disassembly procedures in this
section.

For diagnosis related to a specific gear, use Refer to the following routine(s) for further diagnosis:
Transmission Tester to determine gear. — No Shift 1-2, Routine 220/320

— No Shift 2-3, Routine 221/321
— No Shift 3-4, Routine 222/322

Reverse Ring Gear

• Gear Lugs to Reverse Carrier — damaged • Inspect for damage. Install new as required.

Low One-Way Clutch

• Damaged, misassembled • Inspect for damage, correct assembly. Repair or
install new as required.

Shift Concerns: No Manual 1st Gear

Reference/Action

216 — ELECTRICAL ROUTINE

Powertrain Control System

• Electrical Inputs/Outputs, Vehicle Wiring Harnesses, • Run On-Board Diagnostics. Refer to the Powertrain
Powertrain Control Module, SSA, SSB, Digital TR Control/Emissions Diagnosis (PC/ED) manual for
Sensor diagnosis. GO to Pinpoint Test A and GO to Pinpoint

Test D. Repair or install new as required. Clear
codes, road test and rerun On-Board Diagnostics.

316 — HYDRAULIC/MECHANICAL ROUTINE

Shift Linkage (Internal/External) or Cable

2004 E-Series, 12/2003 



307-01A-18 307-01A-18Automatic Transmission — 4R100

DIAGNOSIS AND TESTING (Continued)

Shift Concerns: No Manual 1st Gear (Continued)

Reference/Action

• Damaged or incorrectly adjusted, not connected • Inspect for damage. Repair as required. Verify linkage
adjustment. After linkage repair/adjustment, verify
that the digital TR sensor is correctly adjusted. Refer
to  Transmission Range (TR) Sensor Adjustment in
this section.

Main Controls

• Bolts not tightened to specification • Tighten bolts to specification.

• Gaskets — damaged • Inspect for damage and install a new gasket.

• Manual Control Lever Outer and Shaft Assembly, • Inspect for damage. Repair or install new as required.
Manual Valve, Low Reverse Modulator Valve, 1-2
Shift Valve, 2-3 Shift Valve, BS1 Check Ball, 4-3-2
Timing Valve — stuck, damaged

• SSA — failure to operate in a normal manner • Refer to Electrical Routine No. 216.

• Air Bleed for SSA Circuit — damaged or missing • Inspect for damage. Install a new case.

• Wrong parts used in rebuild • Verify that correct parts were used.

Low One-Way Clutch Assembly

• Damaged, misassembled • Inspect for damage. Repair or install new as required.

Shift Concerns: No Manual 2nd Gear

Reference/Action

217 — ELECTRICAL ROUTINE

Powertrain Control System

• Electrical Inputs/Outputs, Vehicle Wiring Harnesses, • Run On-Board Diagnostics. Refer to the Powertrain
Powertrain Control Module, SSA, SSB, Digital TR Control/Emissions Diagnosis (PC/ED) manual for
Sensor diagnosis. GO to Pinpoint Test A and GO to Pinpoint

Test D. Repair or install new as required. Clear
codes, road test and rerun On-Board Diagnostics.

317 — HYDRAULIC/MECHANICAL ROUTINE

Shift Linkage (Internal/External) or Cable

• Damaged, incorrectly adjusted • Inspect for damage. Repair as required. Verify
linkage/cable adjustment. After linkage/cable
repair/adjustment, verify that the digital TR sensor is
correctly adjusted; refer to  Transmission Range (TR)
Sensor Adjustment in this section.

Main Controls

• Bolts not tightened to specification • Tighten bolts to specification.

• Gaskets — damaged • Inspect for damage and install a new gasket.

• 2-3 Shift Valve, 3-4 Shift Valve, 1-2 Shift Valve, 1-2 • Inspect for damage. Repair or install new as required.
Manual Transition Valve, Spring BS1, BS3 — stuck,
damaged, missing, misassembled

• BS2 — missing, leaks or seats damaged • Inspect for damage. Install new as required.

• Incorrect parts used in rebuild • Verify that correct parts were used.

Intermediate Clutch Assembly

• Assembly • Air Check Clutch Assembly. Carry out the air
pressure test. Refer to Diagnostics in this section.
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307-01A-19 307-01A-19Automatic Transmission — 4R100

DIAGNOSIS AND TESTING (Continued)

Shift Concerns: No Manual 2nd Gear (Continued)

Reference/Action

• Seals or Piston — damaged • Inspect for damage. Install new as required.

• Friction Elements — worn, missing, damaged, • Inspect for damage. Repair or install new as required.
misassembled

• Ball Check — stuck/missing • Inspect for damage. Repair or install new as required.

• Feed Bolt — torque incorrect, leaks, missing • Inspect and tighten bolts as required.

• Cylinder Assembly Outer Diameter/Case Bore — • Inspect for damage. Repair or install new as required.
damaged, leaking

Intermediate One-Way Clutch Assembly

• Housing — damaged • Inspect for damage. Install new as required (a clicking
sound heard when rotated by hand is normal).

Shift Concerns: No 1-2 Shift (Automatic)

Reference/Action

220 — ELECTRICAL ROUTINE

Powertrain Control System

• Electrical Inputs/Outputs, Vehicle Wiring Harnesses, • Run On-Board Diagnostics. Refer to the Powertrain
Powertrain Control Module, Throttle Position Sensor, Control/Emissions Diagnosis (PC/ED) manual for
VSS, SSA, SSB diagnosis. GO to Pinpoint Test A. Repair or install

new as required. Clear codes, road test and rerun
On-Board Diagnostics.

320 — HYDRAULIC/MECHANICAL ROUTINE

Shift Linkage (Internal/External) or Cable

• Damage or incorrectly adjusted • Inspect for damage. Repair as required. Verify linkage
• Digital TR Sensor — damaged, incorrectly adjusted adjustment. After linkage repair/adjustment, verify

that the digital TR sensor is correctly adjusted. Refer
to  Transmission Range (TR) Sensor Adjustment in
this section.

Main Controls

• Bolts not tightened to specification • Tighten bolts to specification.

• Gaskets — damaged, misaligned • Inspect for damage and install a new gasket.

• SSB — failure to operate in a normal manner • Refer to Electrical Routine No. 220.

• D2 Valve, 1-2 Shift Valve, 1-2 Manual Transition • Inspect for damage. Repair or install new as required.
Valve, Intermediate Clutch Accumulator Regulator
Valves, Springs BS2 — stuck, damaged, missing or
misassembled

• Air Bleed for SSB Circuit — damaged or missing • Inspect for damage. Install a new case.

• Wrong parts used in rebuild • Verify that correct parts were used.

Intermediate Clutch Assembly

• Assembly • Air Check Clutch Assembly. Carry out the air
pressure test. Refer to Diagnostics in this section.

• Seals or Piston — damaged • Inspect for damage. Install new as required.

• Friction Elements — worn, missing, damaged, • Inspect for damage. Repair or install new as required.
misassembled

• Ball Check — stuck/missing • Inspect for damage. Repair or install new as required.
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307-01A-20 307-01A-20Automatic Transmission — 4R100

DIAGNOSIS AND TESTING (Continued)

Shift Concerns: No 1-2 Shift (Automatic) (Continued)

Reference/Action

• Feed Bolt — torque incorrect, leaks, missing • Inspect and tighten bolts as required.

• Cylinder Assembly Outer Diameter/Case Bore — • Inspect for damage. Install new as required.
damaged, leaking

Intermediate One-Way Clutch Assembly

• Housing — damaged • Inspect for damage. Install new as required.

Shift Concerns: No 2-3 Shift (Automatic)

Reference/Action

221 — ELECTRICAL ROUTINE

Powertrain Control System

• Electrical Inputs/Outputs, Vehicle Wiring Harness, • Run On-Board Diagnostics. Refer to the Powertrain
Powertrain Control Module, Throttle Position Sensor, Control/Emissions Diagnosis (PC/ED) manual for
VSS, SSA, SSB diagnosis. GO to Pinpoint Test A. Repair or install

new as required. Clear codes, road test and rerun
On-Board Diagnostics.

321 — HYDRAULIC/MECHANICAL ROUTINE

Main Controls

• Bolts not tightened to specification • Tighten bolts to specification.

• Gaskets — damaged • Inspect for damage and install a new gasket.

• SSA — failure to operate in a normal manner • Refer to Electrical Routine No. 221.

• Direct Clutch Accumulator Regulator Valve, 2-3 Shift • Inspect for damage. Repair or install new as required.
Valve, Springs — stuck, missing, damaged,
misassembled

• Air Bleed for SSB Circuit — damaged or missing • Inspect for damage. Install a new case.

• Incorrect components used in rebuild • Verify that correct components are used.

Center Support Assembly

• Feed Bolts — missing, not tightened to specification • Inspect, install new feedbolts and tighten to
specification.

• Seal Rings — damaged • Inspect for damage. Install new as required.

• Assembly damaged • Inspect for damage. Install new as required.

• Outside Diameter or Case Bore — damaged or • Inspect for damage. Install new as required.
leaking

Direct Clutch Assembly

• Assembly • Air Check Clutch Assembly. Carry out the air
pressure test. Refer to Diagnostics in this section.

• Center Support Hub Seals — damaged • Inspect for damage. Install new as required.

• Seals, Piston, Cylinder — damaged • Inspect for damage. Install new as required.

• Friction Elements — missing or damaged • Inspect for damage. Install new as required.

• Ball Check — missing, damaged • Inspect for damage. Install new as required.
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307-01A-21 307-01A-21Automatic Transmission — 4R100

DIAGNOSIS AND TESTING (Continued)

Shift Concerns: No 3-4 Shift (Automatic)

Reference/Action

222 — ELECTRICAL ROUTINE

Powertrain Control System

• Electrical Inputs/Outputs, Vehicle Wiring Harnesses, • Run On-Board Diagnostics. Refer to the Powertrain
Powertrain Control Module, Throttle Position Sensor, Control/Emissions Diagnosis (PC/ED) manual for
VSS, SSA, SSB diagnosis. GO to Pinpoint Test A. Repair or install

new as required. Clear codes, road test and rerun
On-Board Diagnostics.

322 — HYDRAULIC/MECHANICAL ROUTINE

Main Controls

• Bolts not tightened to specification • Tighten bolts to specification.

• Gaskets — damaged or misaligned • Inspect for damage and install a new gasket.

• SSA, SSB — failure to operate in a normal manner • Refer to Electrical Routine No. 222.

• Overdrive Accumulator Regulator Valve and Spring, • Inspect for damage. Repair or install new as required.
3-4 Shift Valve and Spring — damaged, stuck,
misassembled, missing

• Incorrect components used in rebuild • Verify that correct components were used in the
rebuild.

Overdrive Clutch Assembly

• Assembly • Air Check Clutch Assembly. Carry out the air
pressure test. Refer to Diagnostics in this section.

• Clutch Plates — burnt, missing • Inspect for damage. Install new as required.

• Cylinder — damaged • Inspect for damage. Install new as required.

• Feed Bolts — loose, missing, leaking. Seals — • Install new feed bolts and tighten to specifications.
damaged

• Cylinder Check Ball — missing • Inspect for damage. Install new as required.

Overdrive One-Way Clutch Assembly

• Damaged • Inspect for damage. Install new as required.

Overdrive Planet Assembly

• Damaged • Inspect for damage. Install new as required.

Shift Concerns: No 4-3 Shift (Automatic)

Reference/Action

223 — ELECTRICAL ROUTINE

Powertrain Control System

• Electrical Inputs/Outputs, Vehicle Wiring Harnesses, • Run On-Board Diagnostics. Refer to the Powertrain
Powertrain Control Module, Throttle Position Sensor, Control/Emissions Diagnosis (PC/ED) manual for
VSS, SSB diagnosis. GO to Pinpoint Test A. Repair or install

new as required. Clear codes, road test and rerun
On-Board Diagnostics.

323 — HYDRAULIC/MECHANICAL ROUTINE

Main Controls

• Bolts not tightened to specification • Tighten bolts to specification.

• Gaskets — damaged, misaligned • Inspect for damage and install a new gasket.
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307-01A-22 307-01A-22Automatic Transmission — 4R100

DIAGNOSIS AND TESTING (Continued)

Shift Concerns: No 4-3 Shift (Automatic) (Continued)

Reference/Action

• SSB — failure to operate in a normal manner • Refer to Electrical Routine No. 223.

• BS2, 3-4 Shift Valve — damaged, missing, • Inspect for damage. Repair or install new as required.
misassembled, stuck

Shift Concerns: No 3-2 Shift (Automatic)

Reference/Action

224 — ELECTRICAL ROUTINE

Powertrain Control System

• Electrical Inputs/Outputs, Vehicle Wiring Harnesses, • Run On-Board Diagnostics. Refer to the Powertrain
Powertrain Control Module, Throttle Position Sensor, Control/Emissions Diagnosis (PC/ED) manual for
VSS, SSA diagnosis. GO to Pinpoint Test A and GO to Pinpoint

Test D. Repair or install new as required. Clear
codes, road test and rerun On-Board Diagnostics.

324 — HYDRAULIC/MECHANICAL ROUTINE

Main Controls

• Bolts not tightened to specification • Tighten bolts to specification.

• Gaskets — damaged, misaligned • Inspect for damage and install a new gasket.

• SSA — failure to operate in a normal manner • Refer to Electrical Routine No. 224.

• 2-3 Shift Valve — stuck, damaged • Inspect for damage. Repair or install new as required.

Shift Concerns: No 2-1 Shift (Automatic)

Reference/Action

225 — ELECTRICAL ROUTINE

Powertrain Control System

• Electrical Inputs/Outputs, Vehicle Wiring Harnesses, • Run On-Board Diagnostics. Refer to the Powertrain
Powertrain Control Module, Throttle Position Sensor, Control/Emissions Diagnosis (PC/ED) manual for
VSS, SSB diagnosis. GO to Pinpoint Test A. Repair or install

new as required. Clear codes, road test and rerun
On-Board Diagnostics.

325 — HYDRAULIC/MECHANICAL ROUTINE

Main Controls

• Bolts not tightened to specification • Tighten bolts to specification.

• Gaskets Separator Plate — damaged, misaligned • Inspect for damage and install a new gasket.

• SSB — failure to operate in a normal manner • Refer to Electrical Routine No. 225.

• D2 Shift Valve —damaged, stuck • Inspect for damage. Repair or install new as required.

Shift Concerns: Soft/Slipping 1-2 Only (Automatic)

Reference/Action

226 — ELECTRICAL ROUTINE

Powertrain Control System
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307-01A-23 307-01A-23Automatic Transmission — 4R100

DIAGNOSIS AND TESTING (Continued)

Shift Concerns: Soft/Slipping 1-2 Only (Automatic) (Continued)

Reference/Action

• Electrical Inputs/Outputs, Vehicle Wiring Harnesses, • Run On-Board Diagnostics. Refer to the Powertrain
Powertrain Control Module Control/Emissions Diagnosis (PC/ED) manual for

diagnosis. Repair or install new as required.

326 — HYDRAULIC/MECHANICAL ROUTINE

Main Controls

• Bolts not tightened to specification • Tighten bolts to specification.

• Gaskets — damaged, misaligned • Inspect for damage and install a new gasket.

• Intermediate Clutch Accumulator Regulator Valve or • Inspect for damage. Repair or install new as required.
Plunger, Springs — stuck, damaged, missing or
misassembled

• Wrong parts used in rebuild • Verify that correct parts were used.

Intermediate Clutch Assembly

• Assembly • Air Check Clutch Assembly. Carry out the air
pressure test. Refer to Diagnostics in this section.

• Seals or Piston — damaged • Inspect for damage. Install new as required.

• Friction Elements — worn, missing, misassembled or • Inspect for damage. Repair or install new as required.
damaged

• Feed Bolt — torque incorrect, missing • Inspect and install new feed bolts and tighten to
specification.

• Ball Check — missing, not seating • Inspect for damage. Repair or install new as required.

• Cylinder Assembly Outer Diameter/Case Bore — • Inspect for damage. Install new as required.
damaged

Shift Concerns: Soft/Slipping 2-3 Only (Automatic)

Reference/Action

227 — ELECTRICAL ROUTINE

Powertrain Control System

• Electrical Inputs/Outputs, Vehicle Wiring Harnesses, • Run On-Board Diagnostics. Refer to the Powertrain
Powertrain Control Module Control/Emissions Diagnosis (PC/ED) manual for

diagnosis. Repair or install new as required.

327 — HYDRAULIC/MECHANICAL ROUTINE

Main Controls

• Bolts not tightened to specification • Tighten bolts to specification.

• Gaskets — damaged • Inspect for damage and install a new gasket.

• Direct Clutch Accumulator Regulator Valve, Plungers, • Inspect for damage. Repair or install new as required.
Springs — stuck, missing, damaged, misassembled

• Incorrect parts used in rebuild • Verify that correct parts were used.

Center Support Assembly

• Feed Bolts — missing, not tightened to specification • Inspect, install new feed bolts and tighten to
specification.

• Seal Rings — damaged • Inspect for damage. Install new as required.

• Assembly — damaged • Inspect for damage. Install new as required.
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307-01A-24 307-01A-24Automatic Transmission — 4R100

DIAGNOSIS AND TESTING (Continued)

Shift Concerns: Soft/Slipping 2-3 Only (Automatic) (Continued)

Reference/Action

• Outside Diameter or Case Bore — damaged or • Inspect for damage. Install new as required.
leaking

Direct Clutch Assembly

• Assembly • Air Check Clutch Assembly. Carry out the air
pressure test. Refer to Diagnostics in this section.

• Center Support Hub Seals — damaged • Inspect for damage. Install new as required.

• Seals, Piston, Cylinder — damaged • Inspect for damage. Install new as required.

• Friction Elements — burnt, missing • Inspect for damage. Repair or install new as required.

• Plates — incorrect quantity installed • Inspect for correct quantity. Repair or install new as
required.

• Ball Check — missing, not seating • Inspect for damage. Repair or install new as required.

• Intermediate Brake Drum Inner Diameter — damaged • Inspect for damage. Install new as required.

Shift Concerns: Soft/Slipping 3-4 Only (Automatic)

Reference/Action

228 — ELECTRICAL ROUTINE

Powertrain Control System

• Electrical Inputs/Outputs, Vehicle Wiring Harnesses, • Run On-Board Diagnostics. Refer to the Powertrain
Powertrain Control Module Control/Emissions Diagnosis (PC/ED) manual for

diagnosis. Repair or install new as required.

328 — HYDRAULIC/MECHANICAL ROUTINE

Main Controls

• Bolts not tightened to specification • Tighten bolts to specification.

• Gaskets — damaged or misaligned • Inspect for damage and install a new gasket.

• Overdrive Accumulator Regulator Valve and Spring, • Inspect for damage. Repair or install new as required.
Overdrive Accumulator Plunger and Springs —
damaged, misassembled, stuck, missing

• Incorrect parts used in rebuild • Verify that correct parts were used.

Overdrive Clutch Assembly

• Assembly • Air Check Clutch Assembly. Carry out the air
pressure test. Refer to Diagnostics in this section.

• Friction Elements — burnt, missing • Inspect for damage. Install new as required.

• Cylinder — damaged. Seals — damaged • Inspect for damage. Install new as required.

• Feed Bolts — loose, missing, leaking, not tightened to • Install new feed bolts and tighten to specification.
specification

• Cylinder Check Ball — not seating, missing • Inspect for damage. Repair or install new as required.

Shift Concerns: Soft/Slipping Downshifts (Automatic)

Reference/Action

229 — ELECTRICAL ROUTINE

Powertrain Control System
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307-01A-25 307-01A-25Automatic Transmission — 4R100

DIAGNOSIS AND TESTING (Continued)

Shift Concerns: Soft/Slipping Downshifts (Automatic) (Continued)

Reference/Action

• Electrical Inputs/Outputs, Vehicle Wiring Harnesses, • Run On-Board Diagnostics. Refer to the Powertrain
Powertrain Control Module Control/Emissions Diagnosis (PC/ED) manual for

diagnosis. Repair or install new as required.

329 — HYDRAULIC/MECHANICAL ROUTINE

Intermediate Clutch Assembly

• Assembly • Air Check Clutch Assembly. Carry out the air
pressure test. Refer to Diagnostics in this section.

• Friction Plates — incorrect plates installed • Inspect the friction plates. Verify that the correct parts
were used. Refer to the parts catalog and TSBs.

• Seals or Piston — damaged • Inspect for damage. Repair as required.

• Friction Elements — missing or misassembled, • Inspect for damage. Repair or install new as required.
damaged or incorrect quantity of plates installed

Shift Concerns: Harsh 1-2 Shift Only (Automatic)

Reference/Action

232 — ELECTRICAL ROUTINE

Powertrain Control System

• Electrical Inputs/Outputs, Vehicle Wiring Harnesses, • Run On-Board Diagnostics. Refer to the Powertrain
Powertrain Control Module Control/Emissions Diagnosis (PC/ED) manual for

diagnosis. Repair or install new as required.

332 — HYDRAULIC/MECHANICAL ROUTINE

Main Controls

• Bolts not tightened to specification • Tighten bolts to specification.

• Gaskets — damaged, misaligned • Inspect for damage and install a new gasket.

• Intermediate Clutch Accumulator Regulator Valve or • Inspect for damage. Repair or install new as required.
Plunger Springs — stuck, damaged, missing or
misassembled

• Wrong parts used in rebuild • Verify that correct parts were used.

Intermediate Clutch Assembly

• Assembly • Air Check Clutch Assembly. Carry out the air
pressure test. Refer to Diagnostics in this section.

• Seals or Piston — damaged • Inspect for damage. Repair as required.

• Friction Elements — missing or misassembled, • Inspect for damage. Repair or install new as required.
damaged or incorrect quantity of plates installed

Shift Concerns: Harsh 2-3 Shift Only (Automatic)

Reference/Action

233 — ELECTRICAL ROUTINE

Powertrain Control System

• Electrical Inputs/Outputs, Vehicle Wiring Harnesses, • Run On-Board Diagnostics. Refer to the Powertrain
Powertrain Control Module Control/Emissions Diagnosis (PC/ED) manual for

diagnosis. Repair or install new as required.

333 — HYDRAULIC/MECHANICAL ROUTINE
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307-01A-26 307-01A-26Automatic Transmission — 4R100

DIAGNOSIS AND TESTING (Continued)

Shift Concerns: Harsh 2-3 Shift Only (Automatic) (Continued)

Reference/Action

Main Controls

• Bolts not tightened to specification • Tighten bolts to specification.

• Gaskets — damaged • Inspect for damage and install a new gasket.

• Direct Clutch Accumulator Regulator Valve, Plungers, • Inspect for damage. Repair or install new as required.
Springs — stuck, missing, damaged, misassembled

• Wrong parts used in rebuild • Verify that correct parts were used.

Center Support Assembly

• Seal Rings — damaged • Inspect for damage. Install new as required.

• Outside Diameter or Case Bore — damaged or • Inspect for damage. Install new as required.
leaking

Direct Clutch Assembly

• Assembly • Air Check Clutch Assembly. Carry out the air
pressure test. Refer to Diagnostics in this section.

• Seals, Piston or Cylinder — damaged • Inspect for damage. Install new as required.

• Friction Elements — damaged, missing or incorrect • Inspect for damage. Repair or install new as required.
quantity of plates were installed

Shift Concerns: Harsh 3-4 Shift Only (Automatic)

Reference/Action

234 — ELECTRICAL ROUTINE

Powertrain Control System

• Electrical Inputs/Outputs, Vehicle Wiring Harnesses, • Run On-Board Diagnostics. Refer to the Powertrain
Powertrain Control Module Control/Emissions Diagnosis (PC/ED) manual for

diagnosis. Repair or install new as required.

334 — HYDRAULIC/MECHANICAL ROUTINE

Main Controls

• Bolts not tightened to specification • Tighten bolts to specification.

• Gaskets — damaged or misaligned • Inspect for damage and install a new gasket.

• Overdrive Accumulator Regulator Valve and Spring, • Inspect for damage. Repair or install new as required.
Overdrive Accumulator Plunger and Springs, Stuck —
damaged, misassembled, missing

• Incorrect parts used in rebuild • Verify that correct parts were used.

Overdrive Clutch Assembly

• Assembly • Air Check Clutch Assembly. Carry out the air
pressure test. Refer to Diagnostics in this section.

• Friction Elements — burnt, missing • Inspect for damage. Install new as required.

• Cylinder — damaged. Seals — damaged. Retaining • Inspect for damage. Repair or install new as required.
Ring — not seated
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307-01A-27 307-01A-27Automatic Transmission — 4R100

DIAGNOSIS AND TESTING (Continued)

Shift Concerns: Harsh 4-3 Shift Only (Automatic)

Reference/Action

235 — ELECTRICAL ROUTINE

Powertrain Control System

• Electrical Inputs/Outputs, Vehicle Wiring Harnesses, • Run On-Board Diagnostics. Refer to the Powertrain
Powertrain Control Module Control/Emissions Diagnosis (PC/ED) manual for

diagnosis. Repair or install new as required.

335 — HYDRAULIC/MECHANICAL ROUTINE

Main Controls

• Bolts not tightened to specification • Tighten bolts to specification.

• Gaskets — damaged, misaligned • Inspect for damage and install a new gasket.

• CB7 Check Ball —missing • Inspect for damage. Install new as required.

• Separator Plate — damaged • Inspect for damage. Install new as required.

Shift Concerns: Harsh 3-2 Shift Only (Automatic)

Reference/Action

236 — ELECTRICAL ROUTINE

Powertrain Control System

• Electrical Inputs/Outputs, Vehicle Wiring Harnesses, • Run On-Board Diagnostics. Refer to the Powertrain
Powertrain Control Module Control/Emissions Diagnosis (PC/ED) manual for

diagnosis. Repair or install new as required.

336 — HYDRAULIC/MECHANICAL ROUTINE

Main Controls

• Bolts not tightened to specification • Tighten bolts to specification.

• Gaskets — damaged, misaligned • Inspect for damage and install a new gasket.

• CB6 Check Ball — missing • Inspect for damage. Install new as required.

• Separator Plate — damaged • Inspect for damage. Install new as required.

Shift Concerns: Harsh 2-1 Shift Only (Automatic)

Reference/Action

237 — ELECTRICAL ROUTINE

Powertrain Control System

• Electrical Inputs/Outputs, Vehicle Wiring Harnesses, • Run On-Board Diagnostics. Refer to the Powertrain
Powertrain Control Module Control/Emissions Diagnosis (PC/ED) manual for

diagnosis. Repair or install new as required.

337 — HYDRAULIC/MECHANICAL ROUTINE

Main Controls

• Bolts not tightened to specification • Tighten bolts to specification.

• Gaskets — damaged, misaligned • Inspect for damage and install a new gasket.

• CB14 Check Ball — missing • Inspect for damage. Install new as required.

• Separator Plate — damaged • Inspect for damage. Install new as required.
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307-01A-28 307-01A-28Automatic Transmission — 4R100

DIAGNOSIS AND TESTING (Continued)

Torque Converter Clutch Operation Concern: No Apply

Reference/Action

240 — ELECTRICAL ROUTINE

Powertrain Control System • Carry out Torque Converter Clutch Operation Test.

• Electrical Inputs/Outputs, Vehicle Wiring Harnesses, • Run On-Board Diagnostics. Refer to the Powertrain
Powertrain Control Module, TCC Solenoid, BPP Control/Emissions Diagnosis (PC/ED) manual for
Switch, Throttle Position Sensor, TFT Sensor diagnosis. Carry out Torque Converter Engagement

Test. GO to Pinpoint Test B and GO to Pinpoint Test
C. Repair or install new as required. Clear codes,
road test and rerun On-Board Diagnostics.

340 — HYDRAULIC/MECHANICAL ROUTINE

Main Controls

• Bolts not tightened to specification • Tighten bolts to specification.

• TCC Solenoid or TFT Sensor — failure to operate in • Refer to Electrical Routine No. 240.
a normal manner

• Gaskets — damaged • Inspect gasket for damage and install a new gasket.

Pump Assembly

• Bolts not tightened to specification • Tighten bolts to specification.

• Cup Plugs — cross leaks, missing • Inspect for porosity/leaks, cup plugs missing. Install a
new pump as required.

• Gaskets — damaged • Inspect and install a new gasket.

• Converter Clutch Control Valve and Regulator Valve • Inspect for damage. Install a new pump as required.
— stuck, misassembled, damaged

Stator Support

• Teflon Seals — damaged, leaking • Inspect for damage. Install new as required.

Torque Converter Assembly

• Friction Material — leaking, damaged, internal seals • Inspect; refer to Torque Converter in this section.
damaged

Torque Converter Clutch Operation Concern: Always Applied/Stalls Vehicle (See Note in No. 241 Before
Proceeding)

Reference/Action

241 — ELECTRICAL ROUTINE

NOTE: Stalls in DRIVE and MANUAL 2 only • Go to Hydraulic/Mechanical No. 341.
(MANUAL 1 and REVERSE are OK) • Carry out Torque Converter Clutch Operation Test.

Powertrain Control System

• Electrical Inputs/Outputs, Vehicle Wiring Harnesses, • Run On-Board Diagnostics. Refer to the Powertrain
Powertrain Control Module, TCC Solenoid Control/Emissions Diagnosis (PC/ED) manual for

• Stalls in any range. diagnosis. Carry out Torque Converter Engagement
Test. GO to Pinpoint Test C. Repair or install new as
required. Clear codes, road test and rerun On-Board
Diagnostics.

• Refer to 341 Fluid Filter.

341 — HYDRAULIC/MECHANICAL ROUTINE

Incorrect Pressures
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307-01A-29 307-01A-29Automatic Transmission — 4R100

DIAGNOSIS AND TESTING (Continued)

Torque Converter Clutch Operation Concern: Always Applied/Stalls Vehicle (See Note in No. 241 Before
Proceeding) (Continued)

Reference/Action

• Line Pressure — low • Check line pressure at line tap. Carry out Line
Pressure and Stall Speed Tests. Refer to Diagnostics
in this section.

Fluid Filter

• Filter or Seal — damaged • Install a new filter and seal assembly.
• Filter/Seal — disengaged from pump inlet bore

Main Controls

• Bolts not tightened to specification • Tighten bolts to specification.

• Torque Converter Clutch Solenoid — failure to • Refer to Electrical Routine No. 241.
operate in a normal manner

• Gaskets — damaged • Inspect for damage and install a new gasket.

Pump Assembly

• Bolts not tightened to specification • Tighten bolts to specification.

• Converter Clutch Control Valve — misassembled, • Inspect for damage. Repair or install new as required.
stuck, damaged

• Porosity/cross leaks • Inspect for porosity/leaks, valve damaged. Install a
new pump as required.

• Gaskets — damaged • Inspect for damage and install a new gasket.

• Excessive Pump Gear End Clearance — wear • Carry out pump gear end clearance check. Refer to
Pump Assembly in this section.

Torque Converter Assembly

• End Play (none) • Carry out End Play Check in this section.

• Piston Plate — damaged/stuck to cover • Inspect for damage. Repair or install new as required.
• Inspect transmission cooling system for correct lube

flow. Follow the procedures in this section.

• Internal Converter — wear

• Install a new or remanufactured torque converter.
Refer to TSBs.

Torque Converter Clutch Operation Concern: Cycling/Shudder/Chatter

Reference/Action

242 — ELECTRICAL ROUTINE

Powertrain Control System

• Electrical Inputs/Outputs, Vehicle Harnesses, PCM, • Refer to the Powertrain Control/Emissions Diagnosis
TCC Solenoid, Digital TR Sensor, BPP Switch, (PC/ED) manual for diagnosis. Carry out Torque
Powertrain Control Module Converter Engagement Test. GO to Pinpoint Test

Cand GO to Pinpoint Test D. Clear codes, road test
and rerun On-Board Diagnostics.

Speed Control Equipped Vehicles NOTE: Refer to Routine No. 212 before you proceed to
No. 342.

342 — HYDRAULIC/MECHANICAL ROUTINE

Fluid Condition
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307-01A-30 307-01A-30Automatic Transmission — 4R100

DIAGNOSIS AND TESTING (Continued)

Torque Converter Clutch Operation Concern: Cycling/Shudder/Chatter (Continued)

Reference/Action

• Contamination in the fluid (water, dirt, metal, or • Inspect fluid condition. If burnt or contaminated,
particles) drain fluid from the transmission assembly and

converter assembly. Check control attaching bolts for
correct torque. Tighten as required. Record and erase
On-Board Diagnostics codes. Bring  vehicle to normal
operating temperature. Carry out Transmission Drive
Cycle in this section. Carry out On-Board
Diagnostics. If condition still exists, continue
diagnosis.

Main Controls

• Bolts not tightened to specification • Tighten bolts to specification.

• Torque Converter Clutch Solenoid — failure to • Refer to Electrical Routine No. 242.
operate in a normal manner

• Gaskets — damaged • Inspect for damage and install a new gasket.

Pump Assembly

• Bolts not tightened to specification • Tighten bolts to specification.

• Cross leaks • Inspect for porosity/leaks, valve damage; install a new
pump as required.

• Gaskets — damaged • Inspect for damage and install a new gasket.

• Converter Clutch Regulator Valve — damaged • Inspect for damage. Install new as required.

Stator Support

• Teflon Seal on Nose of Stator — damaged, cut, • Inspect for damage. Install new as required.
leaking

Torque Converter Assembly

• End Play — excessive, internal leakage • Inspect; refer to Torque Converter in this section.

Other Concerns: Shift Lever Efforts High

Reference/Action

251 — ELECTRICAL ROUTINE

• No electrical concerns

351 — HYDRAULIC/MECHANICAL ROUTINE

Shift Linkage (Internal/External) or Cable

• Damaged, incorrectly adjusted • Inspect and repair as required. Verify linkage
adjustment. After linkage repair/adjustment, verify
that the digital TR sensor is correctly adjusted. Refer
to Transmission Range (TR) Sensor Adjustment in
this section.

Manual Control Lever Outer and Shaft Assembly

• Retaining Pin — damaged; Nut — loose; Detent • Inspect for damage. Repair or install new as required.
Spring — bent/damaged; Park Mechanism — Inspect locking nuts for correct torque, tighten to
damaged correct specification.

Main Controls

• Manual Valve — sticking • Inspect for damage. Repair or install new as required.

• Bolts not tightened to specification • Tighten bolts to specification.
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307-01A-31 307-01A-31Automatic Transmission — 4R100

DIAGNOSIS AND TESTING (Continued)

Other Concerns: External Leaks

Reference/Action

252 — ELECTRICAL ROUTINE

• No electrical concerns

352 — HYDRAULIC/MECHANICAL ROUTINE

Engine Rear Seal • Locate source and install a new seal as required.

Seals/Gaskets

• Torque Converter Assembly, Pump, Transmission • Locate source and repair or install new as required.
Fluid Pan, Transmission Connector, Extension
Housing, Gasket Seal, Manual Lever, Fluid Level
Indicator, Fluid Filler Tube, Pump Bolts

Other

• Cooler Fitting, Pressure Taps, Converter Drain Plug, • Locate source and repair or install new as required.
Band Anchor Pins, Cooler Tubes, — case porosity,
case cracked

• Vent — blocked or damaged • Check case vent assembly for damage or blockage.
Repair as required.

• Overfilled Transmission • Check level and adjust as required.

• Overheating • Refer to routines No. 257/357.

• Pump Assembly • Locate source and repair as required.

Other Concerns: Vehicle Runs Poor

NOTE: Check for driveability concerns. It is possible that the transmission is functioning correctly
based on input from the PCM. All non-related transmission DTCs should be repaired prior to any
transmission repair or installation of a new  component.

Reference/Action

253 — ELECTRICAL ROUTINE

Powertrain Control System • Carry out Torque Converter Clutch Operation Test.

• Electrical Inputs/Outputs, Vehicle Wiring Harnesses, • Run On-Board Diagnostics. Refer to the Powertrain
Powertrain Control Module, Other Engine Related Control/Emissions Diagnosis (PC/ED) manual for
Items, TCC Solenoid, Throttle Position Sensor, diagnosis. GO to Pinpoint Test B, GO to Pinpoint
Digital TR Sensor, TFT Sensor Test C and GO to Pinpoint Test D. Repair or install

new as required. Clear codes, road test and rerun
On-Board Diagnostics.

353 — HYDRAULIC/MECHANICAL ROUTINE

Shift Linkage (Internal/External) or Cable

• Damaged, or incorrectly adjusted • Inspect for damage. Repair as required. Verify linkage
adjustment. After linkage repair/adjustment, verify
that the digital TR sensor is correctly adjusted. Refer
to  Transmission Range (TR) Sensor Adjustment in
this section.

Shift Scheduling

• Incorrect • Carry out Shift Point Road Test in this section.
• Go to the appropriate diagnostic routines for shift

concerns No. 210-211.

Engagements

2004 E-Series, 12/2003 



307-01A-32 307-01A-32Automatic Transmission — 4R100

DIAGNOSIS AND TESTING (Continued)

Other Concerns: Vehicle Runs Poor (Continued)

Reference/Action

• Gear Selection — incorrect • Go to the appropriate diagnostic routines for shift
concerns No. 215/315.

Converter Clutch Always Applied

• Go to routine No. 341.

Converter One-Way Clutch

• Damaged • Go to Torque Converter One-Way Clutch Check in
this section.

Other Concerns: Noise/Vibration — Forward or Reverse

Reference/Action

254 — ELECTRICAL ROUTINE

• No electrical concerns

354 — HYDRAULIC/MECHANICAL ROUTINE

For Noises/Vibrations that change with engine speed:

• Torque converter components • Locate source of disturbance. Repair or install new as
• Fluid level (low) pump cavitation required.
• Pump assembly
• Engine drive accessories
• Transmission fluid cooler lines grounding out
• Flexplate
• Fluid filler tube grounding out

For Noise/Vibrations that change with vehicle speed:
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307-01A-33 307-01A-33Automatic Transmission — 4R100

DIAGNOSIS AND TESTING (Continued)

Other Concerns: Noise/Vibration — Forward or Reverse (Continued)

Reference/Action

• Engine mounts • Locate source of disturbance. Repair or install new as
— Loose, damaged required.

• Driveline concerns • For specific shifts or torque converter concern, refer
• U-joints to appropriate routines:
• Rear axle assembly — No Shift 1-2, Routine 320
• Suspension — No Shift 2-3, Routine 321
• Modifications/misalignment — No Shift 3-4, Routine 322
• First gear — No Shift 4-3, Routine 323

— one-way clutch, gear set — No Shift 3-2, Routine 324
— friction elements — No Shift 2-1, Routine 325
— torque converter assembly — No Converter Cycling, Routine 242/342

• Second gear
— intermediate OWC
— friction elements
— torque converter assembly

• Third gear
— one-way clutch
— torque converter assembly
— friction elements

• Fourth gear
— one-way clutch
— gear set
— friction elements
— torque converter assembly

• REVERSE
— gear set
— friction elements
— torque converter assembly

• Shaft spline fit
• Slip yoke, park gear

Other Noises/Vibrations:

• Main controls • Locate source of disturbance. Repair or install new as
• Valve resonance required.
• Shift cable
• Vibration, grounding

— transmission fluid cooler lines or fluid filler tube

Other Concerns: Engine Will Not Crank

Reference/Action

255 — ELECTRICAL ROUTINE

Powertrain Control System

• Electrical Inputs/Outputs, Vehicle Wiring Harnesses, • Run On-Board Diagnostics. Refer to the Powertrain
Powertrain Control Module, Digital TR Sensor Control/Emissions Diagnosis (PC/ED) manual for

diagnosis. GO to Pinpoint Test D. Repair or install
new as required. Clear codes, and rerun On-Board
Diagnostics.

355 — HYDRAULIC/MECHANICAL ROUTINE

Shift Linkage (Internal/External) or Cable/DTR Sensor
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DIAGNOSIS AND TESTING (Continued)

Other Concerns: Engine Will Not Crank (Continued)

Reference/Action

• Damaged, incorrectly adjusted • Inspect and repair as required. Verify linkage
adjustment. After linkage repair/adjustment, verify
that the digital TR sensor is correctly adjusted; refer
to Transmission Range (TR) Sensor Adjustment in
this section.

Pump Assembly

• Seized • Refer to Pump Assembly in this section. Inspect for
damage. Repair or install new as required.

Flexplate

• Damaged • Inspect for damage. Install new as required.

Other Concerns: No Park Range

Reference/Action

256 — ELECTRICAL ROUTINE

• No electrical concerns

356 — HYDRAULIC/MECHANICAL ROUTINE

Shift Linkage (Internal/External) or Cable

• Damaged, incorrectly adjusted • Inspect for damage. Repair as required. Verify linkage
adjustment. After linkage repair/adjustment, verify
that the digital TR sensor is correctly adjusted. Refer
to  Transmission Range (TR) Sensor Adjustment in
this section.

Park Mechanism

• Park Gear, Park Pawl, Return Spring, Park Guide • Inspect for damage. Repair or install new as required.
Plate, Park Pawl Shaft, Park Pawl Actuating Rod,
Manual Control Lever Outer and Shaft Assembly,
Inner Manual Valve Detent Lever, — damaged,
misassembled

Super Duty Only

• Parking Brake Drum — damaged • Inspect for damage. Install new as required.

Other Concerns: Transmission Overheating

Reference/Action

257 — ELECTRICAL ROUTINE

Powertrain Control System

• Electrical Inputs/Outputs, Vehicle Wiring Harnesses, • Run On-Board Diagnostics. Refer to the Powertrain
Powertrain Control Module, TCC Solenoid Control/Emissions Diagnosis (PC/ED) manual for

diagnosis. GO to Pinpoint Test C. Repair or install
new as required. Clear codes, road test and rerun
On-Board Diagnostics.

357 — HYDRAULIC/MECHANICAL ROUTINE
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DIAGNOSIS AND TESTING (Continued)

Other Concerns: Transmission Overheating (Continued)

Reference/Action

Excessive Vehicle or Towing Loads, Severe Vehicle • Refer to the vehicle specification manual for load and
Usage GVW/GCW information. Refer to Owner Guide.

• NOTE: If auxiliary cooler is desired, use only Ford
original factory equipment installed to factory
specifications.

Fluid

• Incorrect Level • Carry out the check fluid level and condition
• Condition procedure. Refer to Preliminary Inspection in this

section.

Transmission Cooling System

• Damaged, blocked, restricted, or incorrectly installed • Carry out Transmission Fluid Cooler Flow Test.
• Cooler Bypass Valve (CBV) — damaged, blocked, • Inspect for damage, restrictions. Repair or install new

restricted or incorrectly installed. as required.

Vehicle Concerns Causing Engine Overheating • Refer to Section 303-03.

Torque Converter Clutch

• Not engaging • See Routine No. 240/340.

Other Concerns: No Engine Braking in MANUAL 2 Position Only

Reference/Action

258 — ELECTRICAL ROUTINE

• No electrical concerns

358 — HYDRAULIC/MECHANICAL ROUTINE

Main Controls

• Bolts not tightened to specification • Tighten bolts to specification.

• BS1, BS2, BS3, and CB1 Check Balls — missing, • Inspect for damage. Install new as required.
seat damaged

• Valve Body Separator Plate — damaged • Inspect for damage. Install new as required.

• 4-3-2 Timing Valve, D2 Valve, 2-3 Shift Valve, • Inspect for damage. Repair or install new as required.
Coast Clutch Shift Valve, 1-2 Manual Transition
Valve, 3-4 Shift Valve — damaged, stuck,
misassembled

Coast Clutch Assembly

• Assembly • Air Check Clutch Assembly. Carry out the air
pressure test. Refer to Diagnostics in this section.

• Seals or Piston — damaged • Inspect for damage. Install new as required.

• Stator Support — damaged or holes blocked. Seal • Inspect for damage. Repair or install new as required.
Rings — damaged

• Cylinder Hub — damaged or holes blocked • Inspect for damage. Repair or install new as required.

• Friction Elements — damaged, burnt • Inspect for damage. Install new as required.

Intermediate Servo/Band Assembly

• Servo Piston or Bore — damaged • Inspect for damage. Install new as required.

• Band or Drum — burnt, damaged • Inspect for damage. Install new as required.
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DIAGNOSIS AND TESTING (Continued)

Other Concerns: No Engine Braking in MANUAL 1 Position Only

Reference/Action

259 — ELECTRICAL ROUTINE

• No electrical concerns

359 — HYDRAULIC/MECHANICAL ROUTINE

Main Controls

• Bolts not tightened to specification • Tighten bolts to specification.

• Gaskets — damaged • Inspect for damage and install a new gasket.

• 3-4 Shift Valve, Low Reverse Clutch Modulator • Inspect for damage. Repair or install new as required.
Valve, D2 Valve, 4-3-2 Timing Valve, 2-3 Shift
Valve, Coast Clutch Shift Valve — damaged,
misassembled, stuck

• BS3, BS1, CB16, and CB1 Check Ball — damaged, • Inspect for damage. Install new as required.
missing

• Valve Body Separator Plate — damaged • Inspect for damage. Install new as required.

• Reinforcing Plate Bolts — loose • Tighten bolts to specification.

Coast Clutch Assembly

• Assembly • Air Check Clutch Assembly. Carry out the air
pressure test. Refer to Diagnostics in this section.

• Seal or Piston — damaged • Inspect for damage. Install new as required.

• Stator Support — damaged or holes blocked. Seal • Inspect for damage. Repair or install new as required.
Rings — damaged

• Cylinder Hub — damaged or holes blocked • Inspect for damage. Repair or install new as required.

• Friction Elements — damaged, burnt • Inspect for damage. Install new as required.

Low One-Way Clutch Assembly

• Assembly • Air Check Clutch Assembly. Carry out the air
pressure test. Refer to Diagnostics in this section.

• Seals or Piston — damaged • Inspect for damage. Install new as required.

• Friction Elements — damaged, worn • Inspect for damage. Install new as required.

• Sealing Area in Case — damaged • Inspect for damage. Install a new case.

Other Concerns: No Engine Braking with OVERDRIVE Cancelled (MANUAL 1st and MANUAL 2nd Have
Engine Braking)

Reference/Action

260 — ELECTRICAL ROUTINE

Powertrain Control System

• Electrical Inputs/Outputs, Vehicle Wiring Harnesses, • Run On-Board Diagnostics. Refer to the Powertrain
Powertrain Control Module, CCS Control/Emissions Diagnosis (PC/ED) manual for

diagnosis. GO to Pinpoint Test G. Repair or install
new as required. Clear codes, road test and rerun
On-Board Diagnostics.

360 — HYDRAULIC/MECHANICAL ROUTINE

Main Controls

• Bolts not tightened to specification • Tighten bolts to specification.

• Gaskets — damaged • Inspect for damage and install a new gasket.
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DIAGNOSIS AND TESTING (Continued)

Other Concerns: No Engine Braking with OVERDRIVE Cancelled (MANUAL 1st and MANUAL 2nd Have
Engine Braking) (Continued)

Reference/Action

• CCS — damaged, stuck • Refer to electrical routine No. 260.

• BS3 Check Balls — missing. Valve Body Separator • Inspect for damage. Install new as required.
Plate Seat — damaged

• 3-4 Shift Valve — stuck, damaged or misassembled • Inspect for damage. Repair or install new as required.

• Coast Clutch Shift Valve — damaged or • Inspect for damage. Repair or install new as required.
misassembled

No Engine Braking in Manual 1, 2 and 3

Reference/Action

261— ELECTRICAL ROUTINE

• No electrical concerns

361 — HYDRAULIC/MECHANICAL ROUTINE

Main Controls

• Bolts not tightened to specification • Tighten bolts to specification.

• Valve Body Separator Plate damaged • Inspect for damage. Install new as required.

• Gaskets — damaged • Inspect for damage or missing gasket. Install new as
required.

Coast Clutch Assembly

• Coast Clutch Cylinder Snap Ring Grove damaged • Inspect cylinder for damage. Install new as required.
 Inspect flatness of grove. Install new cylinder as
required.

• Not machined flat • Inspect cylinder and snap ring for damage.

• Coast Clutch Cylinder Snap Ring—loose installed • Inspect new as required. Inspect for flatness of grove.
 Install new as required.

Other Concerns: Fluid Venting/Foaming

Reference/Action

262— ELECTRICAL ROUTINE

• No electrical concerns

362— HYDRAULIC/MECHANICAL ROUTINE

• Case Vent Assembly — blocked or damaged • Check case vent assembly for damage or blockage.
Repair or install new as required.

• Overfilled Transmission • Check level and adjust as required.

• Fluid — contaminated (coolant, water) • Check for contamination, locate source of
contamination. Repair as required.

• Overheating • Refer to Routine No. 257/357.

• Filter Assembly and Seal — damaged or • Inspect filter assembly and seal for damage. Install
misassembled new as required.

• Pump to Case Gasket — damaged, misaligned • Inspect for damage and install a new gasket.
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3. NOTE: Cycling the solvent pump on and off
GENERAL PROCEDURES

will help dislodge contaminants in the coolerTransmission Fluid Cooler —
system.Backflushing and Cleaning
Switch the solvent pumps on. Allow the solvent
to circulate a minimum of 5 minutes.1. Using a suitable torque converter/fluid cooler

cleaner, flush the fluid cooler and lines. 4. Switch the solvent pump off.

2. NOTE: Rubber hoses must be attached to the 5. Disconnect the cleaner pressure line at the fluid
ends of the fluid cooler tubes, to aid in cooler tube.
connecting them to the cleaner.

Connect the cleaner pressure and return lines 6. Using compressed air, blow through the fluid
appropriately. cooler inlet tube until all solvent is removed.

1 Connect the pressure line to fluid cooler
7. Remove the rubber hoses from fluid coolerinlet tube.

tubes.
2 Connect the return line to fluid cooler outlet

tube.

3 Place the outlet end of the return line in the
solvent tank reservoir.
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GENERAL PROCEDURES
3. CAUTION: The filter has a bypass

Transmission Fluid In-Line Filter valve in it. The red arrow on the filter
indicates the direction of fluid flow through
the filter. The filter must be installed in theMaterial
fluid cooler return line with the red arrow

Item Specification on the filter pointing away from the
Mercon Multi-Purpose MERCON transmission fluid cooler and toward the
(ATF) Transmission Fluid transmission (the return line has fluid
XT-2-QDX

coming out of the cooler going to the
transmission). If the fluid filter is notNOTE: Use the following guidelines for installing
installed correctly, it will cause internalthe transmission fluid in-line filter:
transmission damage. 

• If the transmission was overhauled and the vehicle
CAUTION: Do not install any rubberwas equipped with an in-line fluid filter, install a

hoses or steel tubing with a bend enteringnew in-line fluid filter.
the filter greater than 60 degrees.

• If the transmission was overhauled and the vehicle
Install the filter and tighten the clamps.was not equipped with an in-line fluid filter,

install a new in-line fluid filter kit.

• If the transmission is being installed for a
non-internal repair, do not install an in-line filter
or filter kit.

• If installing a Ford-authorized remanufactured
transmission, install the in-line transmission fluid
filter that is supplied.

1. With the vehicle in NEUTRAL, position it on a
hoist. For additional information, refer to
Section 100-02.

2. Remove the section of the rubber hose as
illustrated. 4. Clean a section of the transmission fluid pan

and install the sticker.

5. Fill the transmission with clean automatic
transmission fluid.

• Verify for correct operation.

• Check the filter for leaks.
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All vehicles using a suitable flush and fill
GENERAL PROCEDURES

machineTransmission Fluid Drain and Refill

Draining
Special Tool(s)

Automatic Transmission Flush 1. With the vehicle in NEUTRAL, position on aand Fill Machine
hoist. For additional information, refer to211-00018,
Section 100-02.Automatic Transmission Flush

and Fill Machine
2. Use a suitable flush and fill machine to change199-00010 or equivalent

the fluid.

3. When connecting the flush and fill machine,
Material connect the machine to the fluid cooler tube

Item Specification after the fluid cooler on the cooler return line.
This will help remove any foreign materialMotorcraft MERCON MERCON
trapped in the fluid coolers.Multi-Purpose (ATF)

Transmission Fluid
XT-2-QDX Refill

1. CAUTION: Always refer to the 4. Use only clean automatic transmission fluid.
instructions supplied with the flush and fill
machine. 5. Once the fluid exchange has been completed,

disconnect the flush and fill machine.NOTE: Draining fluid from the transmission by
Reconnect any disconnected fluid cooler tubes.removing only the fluid pan is acceptable for

vehicles that do not have a torque converter
6. With the engine running and the transmission atdrain plug, and for normal or severe duty fluid

normal operating temperature 66-77°Cmaintenance.
(150-170°F), check and adjust the transmission

A new procedure for draining and adding fluid level, and check for any leaks. If fluid is
transmission fluid, using a suitable transmission needed, add fluid in increments of 0.24-liter
flush and fill machine, has been added. The (0.5-pint) until the correct level is achieved
following is a list of different methods for (fluid should be in the cross-hatched area of the
draining and refilling the transmission fluid: fluid level indicator).
• All vehicles using a suitable flush and fill

Vehicles equipped with a fluid pan andmachine.
torque converter drain plug

• Vehicles equipped with a fluid pan and
torque converter drain plug.

Draining
• Vehicles not equipped with a fluid pan or a

torque converter drain plug.
1. With the vehicle in NEUTRAL, position on a

• Vehicles equipped with a torque converter hoist. For additional information, refer to
drain plug and without a fluid pan drain Section 100-02.
plug.

Use the method that is applicable to your
vehicle.
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GENERAL PROCEDURES (Continued)

2. Remove the drain plug and allow the fluid to 5. Allow the fluid to drain.
drain.

6. NOTE: If equipped with a radiator in-tank
transmission fluid cooler or an auxiliary cooler,
the coolers will need to be flushed.

Only flush the cooler tubes, fluid coolers and
the bypass valve if carrying out a transmission
overhaul. For additional information, refer to
Transmission Fluid Cooler — Backflushing and
Cleaning in  this section.

Refill

7. After the torque converter has drained, install a
new drain plug.

3. Remove the torque converter drain plug cover.

8. Install the torque converter drain plug cover.

4. Remove the torque converter drain plug and
discard.
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GENERAL PROCEDURES (Continued)

9. Install the drain plug. 2. NOTE: Do not discard the fluid pan gasket
unless damaged. This is a reusable gasket.

Remove the transmission fluid pan and gasket.

1 Loosen, but do not remove the bolts.

2 Remove the front and side bolts.

3 Lower the front of the fluid pan and allow
the fluid to drain.

4 Remove the remaining fluid pan bolts and
the fluid pan.

10. CAUTION: The use of any other fluids
than specified can result in the transmission
failing to operate in a normal manner or
transmission failure.

Fill the transmission.

• Add 6.2 liters (6.5 qts) of clean automatic
transmission fluid to the transmission
through the fluid filler tube.

3. Do not remove or install a new fluid filter.11. Start the engine. Move the transmission range
selector lever through all the gear ranges,

4. NOTE: If equipped with a radiator in-tankchecking for engagements.
transmission fluid cooler or an auxiliary cooler,
the coolers will need to be flushed.12. With the engine running and the transmission at

normal operating temperature 66-77°C Only flush the cooler tubes, fluid coolers and
(150-170°F), check and adjust the transmission the bypass valve if carrying out a transmission
fluid level, and check for any leaks. If fluid is overhaul. For additional information, refer to
needed, add fluid in increments of 0.24-liter Transmission Fluid Cooler — Backflushing and
(0.5-pint) until the correct level is achieved Cleaning in  this section.
(fluid should be in the cross-hatched area of the
fluid level indicator).

Vehicles not equipped with a fluid pan or a
torque converter drain plug

Draining

1. With the vehicle in NEUTRAL, position on a
hoist. For additional information, refer to
Section 100-02.
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GENERAL PROCEDURES (Continued)

Refill 8. Start the engine. Move the transmission range
selector lever through all the gear ranges,
checking for engagements.5. NOTE: Do not discard the gasket unless

damaged. This is a reusable gasket.
9. With the engine running and the transmission at

NOTE: Apply a light coat of petroleum jelly to normal operating temperature 66-77°C
hold the gasket to the fluid pan. (150-170°F), check and adjust the transmission
Position the gasket onto the clean fluid pan. fluid level, and check for any leaks. If fluid is
Make sure the magnet is positioned over the needed, add fluid in increments of 0.24-liter
dimple in the fluid pan. (0.5-pint) until the correct level is achieved

(fluid should be in the cross-hatched area of the
fluid level indicator).

Vehicles equipped with a torque converter
drain plug and without a fluid pan drain plug

Draining

1. With the vehicle in NEUTRAL, position on a
hoist. For additional information, refer to
Section 100-02.

2. NOTE: Do not discard the fluid pan gasket
unless damaged. This is a reusable gasket.

6. Install the pan with the gasket. Alternately
Remove the transmission fluid pan and gasket.tighten the bolts.
1 Loosen, but do not remove the bolts.

2 Remove the front and side bolts.

3 Lower the front of the fluid pan and allow
the fluid to drain.

4 Remove the remaining fluid pan bolts and
the fluid pan.

7. CAUTION: The use of any other fluids
than specified can result in the transmission
failing to operate in a normal manner or
transmission failure.

Fill the transmission.

• Add 6.2 liters (6.5 qts) of clean automatic
3. Do not remove or install a new fluid filter.transmission fluid to the transmission

through the fluid filler tube.
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GENERAL PROCEDURES (Continued)

4. Remove the torque converter drain plug cover.

9. Install the torque converter drain plug cover.

5. Remove the torque converter drain plug and
discard.

10. Install the pan with the gasket. Alternately
tighten the bolts.

6. Allow the fluid to drain.

7. NOTE: If equipped with a radiator in-tank
transmission fluid cooler or an auxiliary cooler,
the coolers must be flushed.

Only flush the cooler tubes, fluid coolers and
the bypass valve if carrying out a transmission
overhaul. For additional information, refer to
Transmission Fluid Cooler — Backflushing and
Cleaning in  this section.

Refill

8. After the torque converter has drained, install a
new drain plug.

2004 E-Series, 12/2003 



307-01A-6 307-01A-6Automatic Transmission — 4R100

GENERAL PROCEDURES (Continued)

13. With the engine running and the transmission at11. CAUTION: The use of any other fluids
normal operating temperature 66-77°Cthan specified can result in the transmission
(150-170°F), check and adjust the transmissionfailing to operate in a normal manner or
fluid level, and check for any leaks. If fluid istransmission failure.
needed, add fluid in increments of 0.24-liter

Fill the transmission. (0.5-pint) until the correct level is achieved
• Add 6.2 liters (6.5 qts) of clean automatic (fluid should be in the cross-hatched area of the

transmission fluid to the transmission fluid level indicator).
through the fluid filler tube.

12. Start the engine. Move the transmission range
selector lever through all the gear ranges,
checking for engagements.

2004 E-Series, 12/2003 



307-01A-1 307-01A-1Automatic Transmission — 4R100

GENERAL PROCEDURES

Transmission Range (TR) Sensor
Adjustment

Special Tool(s)

Alignment Gauge, TR Sensor
307-351 (T97L-70010-A)

4. Tighten the bolts.
Adjustment

1. Position the vehicle on a hoist. Place in
NEUTRAL. For additional information, refer to
Section 100-02.

2. Loosen the digital TR sensor bolts.

5. Lower the vehicle.

3. NOTE: Make sure that the manual control
lever is in the NEUTRAL position.

Using the special tool, align the digital TR
sensor.
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GENERAL PROCEDURES

Torque Converter

1. A new or remanufactured torque converter must
be installed if one or more of the following
statements is true:

• A torque converter malfunction has been
determined based on complete diagnostic
procedures.

• Converter stud or studs, impeller hub or
bushing are damaged.

• Discoloration (due to overheating).

• Evidence of transmission assembly or fluid
contamination due to the following
transmission or converter failure modes:

X Major metallic failure.

X Multiple clutches or clutch plate failures.

X Sufficient component wear which results
in metallic contamination.

X Internal torque converter contamination
present. For additional information refer
to Torque Converter Contamination
Inspection in this section.
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5. If there are no particles or contamination
GENERAL PROCEDURES

present, drain the remainder of the transmissionTorque Converter Contamination
fluid from the torque converter.Inspection

6. Add 1.9 liter (2 qt.) of clean automatic
CAUTION: Do not use water-based transmission fluid into the converter and agitate

cleaners or mineral spirits to clean or flush the by hand.
torque converter or transmission damage will
occur. Use only clean automatic transmission 7. Thoroughly drain the fluid.
fluid designated for the transmission and

8. If equipped, install a new torque converter drainconverter being serviced. 
plug.

CAUTION: The torque converter drain
plug and seal are not reusable. If equipped,
discard the drain plug and seal, then install a
new drain plug assembly.

1. If a new or remanufactured torque converter is
not being installed, the following steps must be
completed.

2. With the torque converter on a bench, pour a
small amount of transmission fluid from the
torque converter onto an absorbent white tissue
or through a paper filter and examine the fluid.

3. Observe the color and odor of the fluid. The
fluid should be red, not brown or black. Odor
may indicate an overheating condition such as
clutch disc or band failure.

4. Examine the stain on the tissue for evidence of
particles (spec of any kind). Examine the fluid
level indicator for signs of antifreeze (gum or
varnish). If particles are present in the fluid or
there is evidence of engine coolant or water, a
new torque converter must be installed.
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IN-VEHICLE REPAIR

Transmission Filler Tube

Material

Item Specification

Motorcraft MERCON MERCON
Multi-Purpose (ATF)
Transmission Fluid
XT-2-QDX

Removal

1. Remove the fluid level indicator. 6. NOTE: It may be necessary to disconnect the
wiring harness from the starter motor to remove
the transmission fluid filler tube.

Remove the transmission fluid filler tube.

2. With the vehicle in NEUTRAL position it on a
hoist. For additional information, refer to
Section 100-02.

Installation3. Remove the RH front wheel.

1. NOTE: Coat the O-ring at the bottom of the4. Remove the inner wheel liner.
transmission fluid filler tube with clean
automatic transmission fluid. If removed install
the starter wiring harness.

Install the transmission fluid filler tube.

5. Remove the bolt.
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IN-VEHICLE REPAIR (Continued)

2. Install the transmission fluid filler tube bolt. 4. Install the RH front wheel.

5. Lower the vehicle.

6. Install the fluid level indicator.

3. Install the inner wheel liner.
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IN-VEHICLE REPAIR

Main Control Valve Body —
Accumulator Body, Solenoid Body

Material

Item Specification

Motorcraft MERCON MERCON
Multi-Purpose (ATF)
Transmission Fluid
XT-2-QDX

Removal

4. CAUTION: Check the electricalNOTE: If the transmission has been disassembled
connectors for terminal condition, corrosionto replace worn or damaged parts, and the valves in
and contamination. Repair or install new asthe main control valve body stick repeatedly from
required.foreign material, the torque converter must be

removed and cleaned by using a suitable torque Disconnect the connector.
converter/fluid cooler cleaner.

All vehicles

1. With the vehicle in NEUTRAL position it on a
hoist. For additional information, refer to
Section 100-02.

2. Remove the transmission fluid level indicator.

Vehicles equipped with a fluid pan drain plug

5. Remove the drain plug and allow the fluid to
drain.

3. CAUTION: Check the electrical
connectors for terminal condition, corrosion
and contamination. Repair or install new as
required.

Disconnect the digital transmission range (TR)
sensor connector.
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IN-VEHICLE REPAIR (Continued)

All vehicles6. NOTE: Do not discard the gasket unless
damaged. This is a reusable gasket.

8. NOTE: After removal, discard the filter andRemove the transmission fluid pan and the
seal assembly.gasket.

Remove the filter and seal assembly by
carefully pulling and rotating the filter as
necessary.

Vehicles not equipped with a fluid pan drain
plug

7. NOTE: Do not discard the gasket unless 9. CAUTION: Be careful not to scratch
damaged. This is a reusable gasket. or damage the aluminum bore. The new seal
Drain the fluid and remove the transmission may leak.
fluid pan and the gasket. If the seal remains in the pump bore, remove it
1 Loosen, but do not remove, the bolts. carefully with a small screwdriver so as not to

scratch or damage the aluminum bore.2 Remove the front and side bolts.

3 Lower the front of the fluid pan and allow
the fluid to drain.

4 Remove the remaining bolts and the fluid
pan.
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IN-VEHICLE REPAIR (Continued)

10. Remove the accumulator body bolts and nuts. 12. NOTE: Do not remove the lower-to-upper main
control valve body assembly retaining bolts.
Keep the main control valve bodies attached as
an assembly.

Remove the main control valve body.

1 Do not remove the lower-to-upper main
control valve body bolts.

11. CAUTION: Prevent the front of the
valve body separator plate from sagging and
displacing the check balls.

If the valve body separator plate is not being
repaired:

1 Remove the bolt.
13. Remove the solenoid body assembly.

2 Install bolt into any case threaded bolt hole
1 Remove the bolts.on the opposite end of the separator plate.
2 Remove the nut.

3 Remove the solenoid body assembly.
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IN-VEHICLE REPAIR (Continued)

14. Remove the solenoid screen assembly by
rotating and pulling it.

Installation

CAUTION: Using the incorrect gasket can
cause damage to the transmission.15. CAUTION: The steel electronic

pressure control (EPC) check ball is
All vehiclesspring-loaded under the valve body separator

plate.
1. NOTE: If the valve body separator plate wasIf replacing the valve body separator plate,

not removed, proceed to Step 6.remove the bolts and the separating plate
reinforcing plate. NOTE: Apply a light film of petroleum jelly to

the valve body separator plate prior to
assembling the new gaskets.

Assemble the new gaskets to the valve body
separator plate.

1 Main control to case gasket.

2 Valve body separator plate.

3 Main control to separator plate gasket.

16. Lower the valve body separator plate and the
gaskets carefully, to retain the rubber check
balls and the steel EPC check ball and spring
assembly.
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IN-VEHICLE REPAIR (Continued)

2. NOTE: Apply a small amount of petroleum Item Part Number Description
jelly to each check ball prior to positioning 7 BS3 Ball shuttle
them on the valve body separator plate.

8 CB8 Check ball
Install eight rubber and one steel, EPC check 9 CB7 Check ball
balls.

3. NOTE: Apply petroleum jelly to the EPC
check ball spring prior to installing it into the
case.

Install the EPC check ball spring.

4. Position the valve body separator plate and the
gaskets to the case carefully, to retain the check
balls.

Item Part Number Description

1 — EPC steel check ball

2 CB6 Check ball

3 BS1 Ball shuttle

4 CB9 Check ball

5 CB14 Check ball

6 CB1 Check ball
(Continued)
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IN-VEHICLE REPAIR (Continued)

5. NOTE: The word UP stamped on the separator 7. NOTE: Prior to installing the solenoid body
plate reinforcing plate must be visible when assembly, coat the case connector bore with
installed. silicone grease.

Install the separator plate reinforcing plate. Install the solenoid body assembly.

1 Install the separator plate reinforcing plate. 1 Install the solenoid body assembly.

2 Install the retaining bolts. 2 Install the nut.

3 Install the bolts and nut finger-tight.

8. Install the main control valve body, aligning the
manual shift valve with the inner manual valve
detent lever. Install the nuts and bolts
finger-tight.

6. Install the solenoid screen assembly by pushing
it in and rotating it to lock.
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IN-VEHICLE REPAIR (Continued)

9. If previously installed, remove, then reinstall,
the bolt into the separator plate reinforcing
plate.

1 Remove the bolt.

2 Install the bolt.

12. CAUTION: Make sure that the pump
bore is clean and the old filter seal has been
removed.

NOTE: Prior to installation, lightly lubricate
the seal with clean automatic transmission fluid.

Press the fluid filter and seal assembly into the
10. Install the accumulator body with the nuts and pump bore until seated.

the bolts finger-tight.

11. Tighten all accumulator body, upper and lower
main control body and the solenoid body nuts
and bolts.
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IN-VEHICLE REPAIR (Continued)

13. NOTE: Do not discard the gasket unless
damaged. This is a reusable gasket.

NOTE: Apply a light coat of petroleum jelly to
hold the gasket to the fluid pan.

Position the gasket onto the clean fluid pan.
Make sure the magnet is positioned over the
dimple in the fluid pan.

All vehicles

16. Connect the digital transmission range (TR)
sensor connector.

14. CAUTION: Mixing the 4x2-style and
4x4-style transmission fluid filters and
transmission pan assembly components can
cause transmission damage.

Install the correct pan with gasket for this
application. Alternately tighten the bolts.

17. Connect the solenoid body connector.

Vehicles equipped with a fluid pan drain plug

15. Install the drain plug.

18. Remove the supports and lower the vehicle.
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IN-VEHICLE REPAIR (Continued)

19. Fill the transmission to the specified level with
clean automatic transmission fluid. For
additional information, refer to the Fluid
Capacity chart in the Specifications portion of
this section.
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IN-VEHICLE REPAIR

Turbine Shaft Speed (TSS) Sensor
and Output Shaft Speed (OSS)
Sensor

Removal

1. With the vehicle in NEUTRAL position it on a
hoist. For additional information, refer to
Section 100-02.

2. Remove the rear transmission mount nuts.
5. Lower the transmission to gain access to the

TSS sensor and the OSS sensor.

3. Position the high-lift transmission jack under
the transmission.

6. Remove the TSS sensor.
4. CAUTION: Be sure not to raise the 1 Remove the bolt.

back of the transmission too high, if it makes
2 Remove the TSS sensor.contact with the underbody, damage to the

turbine shaft speed (TSS) and output shaft
speed (OSS) sensors will occur.

Remove the rear transmission mount.

1 Raise the transmission up off the rear
crossmember support.

2 Remove the bolts.

3 Remove the rear transmission mount.
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IN-VEHICLE REPAIR (Continued)

7. Remove the OSS sensor.

1 Remove the bolt.

2 Remove the OSS sensor.

3. CAUTION: Be sure not to raise the
back of the transmission too high, if it makes
contact with the underbody, damage to the
sensors will occur.

Installation Install the rear transmission mount.

1 Raise the transmission up.
1. Install the OSS sensor.

2 Install the rear transmission mount.
1 Lubricate and install the OSS sensor.

3 Install the bolts.
2 Install the bolt.

4. Lower the transmission on to the rear
2. Install the TSS sensor. crossmember support.

1 Lubricate and install the TSS sensor.

2 Install the bolt.
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IN-VEHICLE REPAIR (Continued)

5. Install the rear transmission mount nuts. 6. Lower the vehicle.

2004 E-Series, 12/2003 



307-01A-1 307-01A-1Automatic Transmission — 4R100

Special Tool(s)
IN-VEHICLE REPAIR

Remover, TransmissionExtension Housing Seal and Bushing
Extension Housing Bushing
307-064 (T77L-7697-D)

Special Tool(s)
Remover, Output Shaft Bushing
307-382Slide Hammer

100-001 (T50T-100-A)

Material

Item Specification

Motorcraft MERCON MERCONInstaller, Transmission
Multi-Purpose (ATF)Extension Housing Fluid Seal
Transmission Fluid307-013 (T61L-7657-B)
XT-2-QDX

Removal

1. Raise and support the vehicle. For additional
Remover, Transmission Fluid information, refer to Section 100-02.
Seal
307-048 (T74P-77248-A) 2. Remove the driveshaft. For additional

information, refer to Section 205-01.

3. Using the special tools, remove the extension
housing seal.

Installer, Transmission
Extension Housing Bushing
307-063 (T77L-7697-C)

Installer, Output Shaft Fluid
Seal
307-380

Installer, Output Shaft Bushing
307-381

(Continued)
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IN-VEHICLE REPAIR (Continued)

4. CAUTION: Do not damage any
machined surfaces. The new seal may leak.

Using the special tool, remove the extension
housing bushing.

3. NOTE: The extension housing seal is model
dependent. Refer to the parts catalog for correct
usage.

Align the extension housing seal in the
extension housing, with the drain hole

Installation positioned downward.

1. CAUTION: Prior to installing the
extension housing bushing, inspect the
extension housing counterbore for burrs. If
necessary, remove the burrs with an oil
stone. Damage to new bushing may occur.

NOTE: The extension housing bushing is
model dependent. Refer to the parts catalog for
correct usage.

Align the extension housing bushing in the
extension housing so that the slots are in the 2
o’clock and 7 o’clock positions.

4. Using the special tool, install the extension
housing seal.

2. Using the special tool, install the extension
housing bushing.

5. Install the driveshaft.

6. Remove the supports and lower the vehicle.
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IN-VEHICLE REPAIR (Continued)

7. Fill the transmission to the specified level with
clean automatic transmission fluid. For
additional information, refer to the Fluid
Capacity chart in the Specifications portion of
this section.
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4. Install the high lift transmission jack with the
IN-VEHICLE REPAIR

special tool to the transmission.Extension Housing Gasket

Special Tool(s)

E4OD Transmission Jack
Adapter
307-F008 (014-00763) or
equivalent

Material

Item Specification

Motorcraft MERCON MERCON
Multi-Purpose (ATF) 5. CAUTION: Be sure not to raise the
Transmission Fluid back of the transmission too high, if it makes
XT-2-QDX contact with the underbody, damage to the

TSS and OSS sensors will occur.Removal
Remove the rear transmission mount.

1. With the vehicle in NEUTRAL position it on a 1 Raise the transmission up off the rear
hoist. For additional information, refer to crossmember support.
Section 100-02. 2 Remove the bolts.

3 Remove the rear transmission mount.2. Remove the driveshaft. For additional
information, refer to Section 205-01.

3. Remove the transmission insulator and
retainer-to-crossmember retaining nuts.
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IN-VEHICLE REPAIR (Continued)

6. NOTE: This vehicle uses a special extension
housing similar to 4x4. Refer to the parts
catalog for correct usage.

NOTE: As the fasteners are removed, note the
size of each for correct location during
installation.

Remove the extension housing.

1 Remove the eight bolts.

2 Remove the stud.

3 Remove the extension housing.

2. NOTE: Make sure the fasteners are installed in
their correct locations as noted during removal.

Install the extension housing.

1 Install the extension housing.

2 Install the eight bolts.

3 Install the stud.

7. Remove and discard the extension housing
gasket.

Installation

1. CAUTION: The extension must have a
shoulder or a boss cast in it to hold the
orifice lube plug in the back of the case. If
the wrong extension housing is used the plug
may become loose and/or fall out and cause
transmission damage.

NOTE: Lightly lubricate the gasket with
petroleum jelly to hold it in place during
assembly.

Install the new extension housing gasket.

• Verify that the extension has a shoulder cast
in it.

• Install the new extension housing gasket.
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IN-VEHICLE REPAIR (Continued)

6. Remove the highlift transmission jack with the3. CAUTION: Be sure not to raise the
special tool from the transmission.back of the transmission too high. If it makes

contact with the underbody, damaged to the
TSS sensor should occur.

Install the transmission insulator and retainer
and the bolts.

7. Install the transmission fluid pan-to-case
retaining bolts.

4. Lower the transmission on to the rear
crossmember support.

8. If equipped, install the transmission-mounted
parking brake assembly.

9. Install the driveshaft.

5. Install the transmission insulator and 10. Lower the vehicle.
retainer-to-crossmember retaining nuts.

11. Fill the transmission to the specified level with
clean automatic transmission fluid. For
additional information, refer to the Fluid
Capacity chart in the Specifications portion of
this section.
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IN-VEHICLE REPAIR

Manual Control Lever Shaft and Seal

Special Tool(s)

Roll Pin Set
211-S060 (T78P-3504-N)

Installer, Shift Shaft Fluid Seal
307-050 (T74P-77498-A) 3. Disconnect the digital TR sensor connector.

Alignment Gauge, TR Sensor
307-351 (T97L-70010-A)

Remover, Pilot Bearing
308-001 (T58L-101-B)

4. Remove the digital TR sensor.

1 Remove the bolts.

2 Remove the sensor.

Removal

All vehicles

1. With the vehicle in NEUTRAL position it on a
hoist. For additional information, refer to
Section 100-02.

2. Disconnect the shift cable at the manual control
lever shaft assembly.
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IN-VEHICLE REPAIR (Continued)

Vehicles equipped with a fluid pan drain plug

5. Remove the drain plug and allow the fluid to
drain.

All vehicles

8. NOTE: After removal, discard the filter and
seal assembly.

Remove the filter and seal assembly by
6. NOTE: Do not discard the gasket unless carefully pulling and rotating the filter as

damaged. This is a reusable gasket. necessary.
Remove the transmission fluid pan and the
gasket.

Vehicles not equipped with a fluid pan drain
plug

7. NOTE: Do not discard the gasket unless
damaged. This is a reusable gasket.

Drain the fluid and remove the transmission
fluid pan and the gasket.

1 Loosen, but do not remove, the bolts.

2 Remove the front and side bolts.

3 Lower the front of the fluid pan and allow
the fluid to drain.

4 Remove the remaining bolts and the fluid
pan.
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IN-VEHICLE REPAIR (Continued)

9. CAUTION: Be careful not to scratch 11. CAUTION: Be careful not to damage
or damage the aluminum bore or the new the manual control lever bore.
seal may leak. NOTE: The manual control lever and manual
If the seal remains in the pump bore, remove it control lever shaft are one piece.
carefully with a small screwdriver so as not to NOTE: Use a crescent wrench on the manual
scratch or damage the aluminum bore. control lever or outer flats of manual control

lever shaft assembly when removing the inner
manual valve detent lever nut.

Remove the manual valve control lever shaft
assembly.

1 Remove the inner manual valve nut.

2 Remove the inner manual valve detent
lever.

3 Remove the parking pawl actuating rod.

4 Remove the manual valve control lever
shaft assembly.

10. NOTE: A No. 53 drill bit (1/16-inch) can be
used instead to remove the manual lever shaft
retaining pin.

Using the special tool, remove the manual lever
shaft retaining pin.

12. Using the special tool, remove the manual
control lever seal.
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IN-VEHICLE REPAIR (Continued)

Installation

All vehicles

1. NOTE: Prior to installing the manual control
lever seal, clean the bore opening with mineral
spirits.

Using the special tool, install the manual
control lever seal.

3. CAUTION: Make sure that the pump
bore is clean and the old filter seal has been
removed.

NOTE: Prior to installation, lightly lubricate
the seal with clean automatic transmission fluid.

Press the fluid filter and seal assembly into the
pump bore until seated.

2. Install the manual control lever shaft assembly.

1 Install the manual control lever shaft
assembly.

2 Install and seat the manual lever shaft
retaining pin below the case surface.

3 NOTE: The inner manual valve detent lever
must be seated on the flats of the manual
control lever shaft assembly, and the
parking pawl actuating rod must be through
the guide plate.

NOTE: The manual control valve detent
lever spring must be on the inner manual
valve detent lever, and the detent lever pin
must align with the manual shift valve.

Install the parking pawl actuating rod and
the inner manual valve detent lever.

4 NOTE: Use a crescent wrench on the
manual control lever or the outer flats of
the manual control lever shaft assembly
when installing the inner manual valve
detent lever nut.

Install the inner manual valve detent lever
nut.
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IN-VEHICLE REPAIR (Continued)

4. NOTE: Do not discard the gasket unless
damaged. This is a reusable gasket.

NOTE: Apply a light coat of petroleum jelly to
hold the gasket to the fluid pan.

Position the gasket onto the clean fluid pan.
Make sure the magnet is positioned over the
dimple in the fluid pan.

All vehicles

7. Install the digital transmission range (TR)
sensor.

1 Install the digital TR sensor.

2 Loosely install the bolts.

5. CAUTION: Mixing the 4x2-style and
4x4-style transmission fluid filters and
transmission pan assembly components can
cause transmission damage.

Install the correct pan with gasket for this
application. Alternately tighten the bolts.

8. Using the special tool, align the digital TR
sensor. The tool is designed to fit snug.

Vehicles equipped with a fluid pan drain plug

6. Install the drain plug.
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IN-VEHICLE REPAIR (Continued)

9. Tighten the bolts. 11. Connect the shift cable to the manual control
lever shaft assembly.

10. Connect the connector.
12. Lower the vehicle.

13. Fill the transmission to the specified level with
clean automatic transmission fluid. For
additional information, refer to the Fluid
Capacity chart in the Specifications portion of
this section.
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4. Disassemble and clean the CBV. For additional
IN-VEHICLE REPAIR

information, refer to Cooler Bypass ValveCooler Bypass Valve
Assembly in this section.

Material Installation
Item Specification

Motorcraft MERCON MERCON 1. CAUTION: Failure to correctly install
Multi-Purpose (ATF) the new rubber-coated sealing washers will
Transmission Fluid result in transmission fluid leaks.XT-2-QDX

Install new rubber-coated sealing washers and
Removal new cooler line case fittings.

1 Install one rubber-coated sealing washer on
1. With the vehicle in NEUTRAL position it on a each cooler line case fitting.

hoist. For additional information, refer to
2 Install both cooler line case fitting into theirSection 100-02.

respective ends of the CBV assembly.

2. Remove the fluid cooler tubes from the cooler 3 Install one rubber-coated sealing washer on
bypass valve (CBV) fitting. each cooler line case fitting.

3. NOTE: The two rubber coated sealing washers
can fall out during removal of the front line
case fitting.

 Remove the cooler bypass valve (CBV) from
the transmission case.
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IN-VEHICLE REPAIR (Continued)

3. Install the transmission fluid cooler tube nuts.2. CAUTION: If the cooler line case
fitting is over-tightened the rubber coated
sealing washers and/or cooler line case
fittings can be damaged, causing a
transmission fluid leak.

NOTE: The CBV has a check ball in the rear
fitting and will only allow flow in one
direction. Make sure check ball moves freely.

NOTE: Align the two rubber coated sealing
washers, while assembling the rear CBV fitting.

Install the CBV onto the transmission case.

4. Fill the transmission to the specified level with
clean automatic transmission fluid. For
additional information, refer to the Fluid
Capacity chart in the Specifications portion of
this section.
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4. Remove the digital TR sensor.
IN-VEHICLE REPAIR

Digital Transmission Range (TR) 1 Remove the bolts.
Sensor 2 Remove the sensor.

Special Tool(s)

Alignment Gauge, TR Sensor
307-351 (T97L-700100-A)

Removal

1. With the vehicle in NEUTRAL position it on a
hoist. For additional information, refer to Installation
Section 100-02.

1. Install the digital TR sensor.2. Disconnect the digital transmission range (TR)
sensor connector. 1 Install the sensor.

2 Loosely install the bolts.

3. Disconnect the shift cable at the manual control
lever.
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IN-VEHICLE REPAIR (Continued)

2. NOTE: Make sure that the manual control
lever is in the neutral position.

Using the special tool, align the digital TR
sensor. The tool is designed to fit snug.

5. Reconnect the connector.

3. Tighten the bolts.

6. Lower the vehicle.

4. Reconnect the shift cable at the manual control
lever.
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Installation
IN-VEHICLE REPAIR

Intermediate Servo
1. NOTE: Lubricate the servo seal with clean

transmission fluid.Material
Install the intermediate band servo.Item Specification

Motorcraft MERCON MERCON
Multi-Purpose (ATF)
Transmission Fluid
XT-2-QDX

Removal

1. Remove the main control valve body. For
additional information, refer to Main Control
Valve Body — Accumulator Body, Solenoid
Body in this section.

2. NOTE: Gently tap on the servo cover with a
rubber mallet to compress and allow servo
assembly to pop up.

Remove the intermediate servo.

2. Install the main control valve body.
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Installation
IN-VEHICLE REPAIR

Park System
1. NOTE: If installing a new park gear, refer to

Output Shaft in this section.Removal
Install the park pawl shaft.

NOTE: For internal park mechanism service, refer 1 Install the park pawl shaft.
to Manual Control Lever Shaft and Seal in this

2 Install the park pawl.section.
3 Install the park pawl return spring.

1. Remove the extension housing and the
extension housing gasket. For additional
information, refer to Extension Housing Seal
and Bushing in this section.

2. Remove the parking rod guide plate.

1 Remove the bolts.

2 Remove the parking rod guide plate.

2. Install the parking rod guide plate.

1 Install the parking rod guide plate.

2 Install the bolts.

3. NOTE: If installing a new park gear, refer to
Output Shaft in this section.

Remove the park pawl shaft.

1 Remove the park pawl return spring.

2 Remove the park pawl.

3 Remove the park pawl shaft.

3. Install the extension housing gasket and the
extension housing.
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IN-VEHICLE REPAIR
4. CAUTION: Be sure not to raise the

Transmission Insulator and Retainer back of the transmission too high, if it makes
contact with the underbody, damage to the
turbine shaft speed (TSS) and output shaftSpecial Tool(s)
speed (OSS) sensors will occur.

E4OD Transmission Jack
Remove the rear transmission mount.Adapter

307-F008 (014-00763) or 1 Raise the transmission up off the rear
Equivalent crossmember support.

2 Remove the bolts.

3 Remove the rear transmission mount.

Removal

1. Raise and support the vehicle. For additional
information, refer to Section 100-02.

2. Remove the nuts.

Installation

1. Install the insulator and retainer.

3. Install the high-lift transmission jack with the
special tool to the transmission.
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IN-VEHICLE REPAIR (Continued)

2. Lower the transmission on to the rear
crossmember support.

5. Install the transmission fluid pan-to-case
retaining bolts.

3. Install the nuts.

6. Remove the supports and lower the vehicle.

4. Remove the high-lift transmission jack with the
special tool from the transmission.
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5. Remove the engine cover. For additional
REMOVAL

information, refer to Section 501-05.Transmission

6. Remove the vapor management valve assembly
Special Tool(s)

and position it aside.
Retainer, Torque Converter
307-346 (T97T-7902-A)

Removal

All vehicles

1. With the vehicle in NEUTRAL position it on a
hoist. For additional information, refer to

7. Remove the bolt from the bracket and positionSection 100-02.
it aside.

2. NOTE: This vehicle has adaptive shift
strategies. Whenever the battery has been
disconnected and reconnected, some abnormal
drive symptoms will occur while the vehicle
relearns its adaptive strategy. The customer
needs to be notified that they may  experience
slightly different upshifts (either soft or firm)
and that this is a temporary condition that will
eventually return to normal operating condition.

Disconnect the battery. For additional
information, refer to Section 414-01.

3. Remove the air cleaner air intake duct
assembly. For additional information, refer to

8. Remove the bolt and the fluid filler tube fromSection 303-12.
the short fluid inlet tube, and secure it aside.

4. Remove the transmission fluid level indicator.
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REMOVAL (Continued)

9. Disconnect the electrical harness connectors.

All vehicles

10. NOTE: As the bolts are removed, note the 13. Disconnect the transmission range (TR) sensor
length of each bolt for correct location during connector.
installation.

Remove the transmission-to-engine retaining
bolts.

14. If equipped, remove the heat shield.

11. Remove the rear driveshaft. For additional
information, refer to Section 205-01.

Vehicles equipped with a transmission-mounted
parking brake

12. Remove the transmission-mounted parking
brake.

1 Keep the parking brake vent in the upward
position to prevent contamination of the
brake shoes and linings.

2 Remove the six bolts, parking brake
assembly and the gasket from the extension
housing.

• Discard the bolts and the gasket. Clean the
mating surfaces.
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REMOVAL (Continued)

15. Disconnect the solenoid body connector.

20. Remove the flexplate inspection cover.

1 Remove the bolts.
16. Disconnect the shift cable at the transmission

2 Remove the flexplate inspection cover.and position it aside.

21. CAUTION: Be sure not to raise the17. Remove the starter motor. For additional
back of the transmission too high. If it makesinformation, refer to Section 303-06A.
contact with the underbody, damage to the

18. Remove the cylinder block opening cover. turbine shaft speed (TSS) sensor can occur.

Install a suitable high-lift transmission jack.

22. Remove the rear transmission mount nuts.

19. Remove and discard the torque
converter-to-flexplate retaining nuts.
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REMOVAL (Continued)

23. Remove the heat shields, if equipped. 26. Remove the transmission-to-engine bolts.

24. Remove the transmission support crossmember. 27. WARNING: The torque converter is
heavy and can result in injury if it falls out
of the transmission. Secure the torque
converter in the transmission.

Leaving the transmission in a horizontal
position, slide it back far enough to install the
special tool.

• Install the special tool.

25. Disconnect the fluid cooler tubes at the cooler
bypass valve (CBV). Plug all fittings and
position the tubes aside.

2004 E-Series, 12/2003 



307-01A-5 307-01A-5Automatic Transmission — 4R100

REMOVAL (Continued)

29. Once the transmission has been removed the28. CAUTION: Use care while removing
transmission the fluid coolers, cooler tubes andthe transmission to avoid damage to the TSS
the cooler bypass valve will need to be cleaned.sensor.
Carry out the transmission fluid cooler —

CAUTION: Do not use the cooler backflushing and cleaning. For additional
bypass valve (CBV) as a handle. Damage to information,  refer to Transmission Fluid Cooler
the cooler bypass valve assembly can occur — Backflushing and Cleaning in this section.
or damage to the case can result.

CAUTION: Use a safety strap to hold
the transmission to the high-lift transmission
jack. Place the strap behind the CBV to
prevent damage to the cooler bypass valve.

Remove the transmission from the vehicle.

• Move the transmission extension housing
with a slight side-to-side motion to separate
the transmission from the engine and the
torque converter from the flexplate.
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Special Tool(s)
DISASSEMBLY

Installer, Transmission ForwardTransmission
Clutch Assembly
307-436

Special Tool(s)

Slide Hammer
100-001 (T50T-100-A)

Service Set, Clutch Spring
307-S223 (T89T-70010-C)

Roll Pin Set
211-S060 (T78P-3504-N)

Loading Fixture, Clutch
307-S383

Slide Hammer
307-005 (T59L-100-B)

Remover, Pilot Bearing
308-001 (T58L-101-B)

Remover, Transmission Fluid
Seal
307-048 (T74P-77248-A)

1. CAUTION: The turbine shaft speed
(TSS) sensor will need to be removed or
damage to the sensors may occur.

Remover, Transmission Fluid
If equipped, remove the TSS sensor.Pump

307-221 (T89T-70010-A) 1 Remove the bolt.

2 Remove the TSS sensor.

Remover, Transmission
Extension Housing Bushing
307-064 (T77L-7697-D)

Remover, Output Shaft Bushing
307-382

(Continued)

Copyright  2003, Ford Motor Company
Last updated: 08/27/2003 2004 E-Series, 12/2003 



307-01A-2 307-01A-2Automatic Transmission — 4R100

DISASSEMBLY (Continued)

2. NOTE: Remove the torque converter prior to 5. Remove the transmission range (TR) sensor.
mounting the transmission to the repair stand. 1 Remove the bolts.
Install the transmission into a suitable stand. 2 Remove the TR sensor.

3. CAUTION: The input shaft and
overdrive planet assembly are replaced as
mating components.

Remove the input shaft.

6. CAUTION: Do not discard the gasket
unless damaged. This is a reusable gasket.

Remove the transmission fluid pan and gasket.

4. CAUTION: Sealing washers may fall
off the cooler line case fittings.

NOTE: The bolts are part of the cooler bypass
valve (CBV) assembly.

Remove the cooler bypass valve.

• Remove and discard the sealing washers and
the cooler line case fittings.
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307-01A-3 307-01A-3Automatic Transmission — 4R100

DISASSEMBLY (Continued)

7. CAUTION: If the seal remains in the
pump bore, remove it carefully with a small
screwdriver so as not to scratch or damage
the aluminum bore. 

NOTE: After removal, discard the filter and
seal assembly.

Remove the filter and seal assembly by
carefully pulling and rotating the filter as
necessary.

10. Remove the bolts, nut and the solenoid body
assembly, by pushing the solenoid body
connector upward to help separate the assembly
from the case bore.

8. Remove the bolts, nuts and the accumulator
body.

11. Remove the solenoid screen assembly by
rotating and pulling.

9. NOTE: Do not remove the lower-to-upper main
control valve body assembly bolts. Keep the
main control valve bodies attached as an
assembly.

Remove the main control valve body.

1 Do not remove the two lower-to-upper main
control valve body assembly bolts.
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307-01A-4 307-01A-4Automatic Transmission — 4R100

DISASSEMBLY (Continued)

12. CAUTION: The steel electronic 14. CAUTION: Use care not to damage
pressure control (EPC) check ball is the rubber check balls. Transmission shift
spring-loaded under the valve body separator problems may occur.
plate. Using a small screwdriver, carefully remove the
Remove the separator plate reinforcing plate 8 rubber check balls.
and the valve body separator plate with the two
gaskets. Discard both gaskets.

13. NOTE: The steel EPC check ball has a
0.25-inch diameter and is smaller than the other
check balls.

Remove the steel EPC check ball and spring.
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307-01A-5 307-01A-5Automatic Transmission — 4R100

DISASSEMBLY (Continued)

15. Using a plastic or rubber-headed hammer, tap
gently on the intermediate band servo assembly
piston. The downward force will compress the
spring. The upward momentum of the spring
will force the assembly to be released from the
case bore.

17. Remove the pump bolts and discard the
washers.

16. CAUTION: After removal, discard the
feedbolts. The bolts will not retain torque
specification if reused.

Remove and discard the feedbolts.
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307-01A-6 307-01A-6Automatic Transmission — 4R100

DISASSEMBLY (Continued)

18. NOTE: The special tools should be installed
into the pump threaded holes as shown.

Using the special tools, remove the pump.

21. NOTE: The No. 5 thrust bearing may remain
on the centershaft or the center support.

Remove the No. 5 overdrive centershaft thrust
bearing assembly.

19. NOTE: The No. 1 pump thrust washer and the
No. 2A overdrive sun gear thrust bearing may
stay with the pump.

Remove the No. 1 pump thrust washer.

1 Remove the No. 1 pump thrust washer.

2 Remove the No. 2A overdrive sun gear
thrust bearing.

3 Remove the pump gasket and discard.

22. Remove the overdrive clutch pressure plate
retainer snap ring.

20. CAUTION: The coast clutch, overdrive
ring gear, and centershaft assembly must be
removed as an assembly using special service
tool or damage to the overdrive one-way
clutch could occur.

Using the special tool, remove the coast clutch,
overdrive ring gear, and centershaft assembly.
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307-01A-7 307-01A-7Automatic Transmission — 4R100

DISASSEMBLY (Continued)

23. NOTE: Tag the parts for identification during
installation.

Remove the overdrive clutch pressure plate and
the clutch pack.

26. Remove the intermediate clutch piston return
spring.

24. Using the special tool, remove the
intermediate/overdrive cylinder retaining ring.

27. CAUTION: During removal, do not
misalign the center support in the case bore.
This can damage the case bore.

Carefully remove the center support assembly.

25. CAUTION: During removal, do not
misalign the intermediate/overdrive cylinder
assembly in the case bore. This can damage
the case bore.

Remove the intermediate/overdrive cylinder
assembly.
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307-01A-8 307-01A-8Automatic Transmission — 4R100

DISASSEMBLY (Continued)

28. Remove the No. 6 center support thrust washer.

31. NOTE: When installing the special tool, each
leg of the special tool must be rotated to

29. NOTE: Tag the parts for identification during engage notches on the input shell prior to
installation. tightening the top cross bar.

Remove the intermediate clutch rear pressure Using the special tool, remove the direct clutch,
plate. forward clutch and input shell as an assembly.

1 Remove the intermediate clutch pressure
apply plate.

2 Remove the intermediate clutch pack.

3 Remove the intermediate clutch rear
pressure plate.

32. Remove the reverse planet retaining ring.

30. Remove the intermediate band.
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307-01A-9 307-01A-9Automatic Transmission — 4R100

DISASSEMBLY (Continued)

33. Remove the reverse planet assembly, No. 10B, 36. WARNING: Use care not to drop the
and the No. 11 reverse planet carrier thrust output shaft while rotating the transmission.
washers.

Remove the following parts as an assembly.

1 Reverse clutch pack (pressure plate, friction
plate and seals).

2 Reverse clutch hub.

3 Low/reverse one way clutch assembly.

34. WARNING: Use care when removing
the output shaft retaining ring. The output
shaft can fall out. Do not reuse the output
shaft retaining ring.

Remove the output shaft retaining ring.
37. Using the special tools, remove the extension

housing seal.

35. Remove the output shaft ring gear and hub
assembly.
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307-01A-10 307-01A-10Automatic Transmission — 4R100

DISASSEMBLY (Continued)

38. Using the special tool, remove the extension 42. Remove the plastic orifice lube plug from the
housing bushing. rear of the case and discard.

39. Remove the eight bolts, one stud and the 43. Remove the 5 bolts retaining the low/reverse
extension housing. Remove and discard the one-way clutch inner race to the case.
extension housing gasket.

44. Remove the low/reverse one-way clutch inner
40. NOTE: The parking gear is press fit to the race and the reverse clutch return spring

output shaft. assembly.

Remove the output shaft and park gear
assembly.

41. Remove the No. 13 thrust bearing.
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307-01A-11 307-01A-11Automatic Transmission — 4R100

DISASSEMBLY (Continued)

45. To remove the reverse clutch piston, reinstall 48. If required, remove the parking rod guide plate.
the reverse clutch pressure plate and the reverse
clutch pressure plate retainer snap ring to
restrain the reverse clutch piston.

49. If required, remove the parking pawl.

1 Remove the parking pawl return spring.

2 Remove the parking pawl.46. Using compressed air, blow into the reverse
3 Remove the parking pawl shaft.clutch feed port to blow out the reverse clutch

piston against the reverse clutch pressure plate.

47. Remove the reverse clutch pressure plate
retainer snap ring, the reverse clutch pressure
plate and the reverse clutch piston.
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307-01A-12 307-01A-12Automatic Transmission — 4R100

DISASSEMBLY (Continued)

50. CAUTION: The Torx-head screw has 52. CAUTION: Use care not to damage
a threadlocking compound and should be the manual control lever bore.
removed only if the case is being replaced. If NOTE: The manual control lever and manual
the bolt is removed, it must be discarded and control lever shaft are one piece.
a new one installed.

Remove the manual control lever shaft
If required, remove the parking pawl abutment. assembly.

1 NOTE: Use a crescent wrench on the
manual control lever or outer flats of the
manual control lever shaft assembly when
removing the inner manual valve detent
lever nut.

Remove the nut, the inner manual valve
detent lever and the parking pawl actuating
rod.

2 Remove the manual control lever shaft
assembly.

3 Remove the bolt and the manual control
valve detent lever spring.

51. NOTE: A No. 53 drill bit (1/16-inch) can be
used instead to capture and remove the manual
lever shaft retaining pin.

Using the special tool, remove the manual lever
shaft retaining pin.

53. Using the special tool, remove the manual
control lever seal.
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307-01A-13 307-01A-13Automatic Transmission — 4R100

DISASSEMBLY (Continued)

54. NOTE: The short fluid inlet tube should be 55. Inspect the case assembly for cracks and
removed only if it is loose or damaged. stripped threads. Inspect the gasket surfaces and

mating surfaces for burrs. Check the case ventIf required, remove the short fluid inlet tube.
assembly for obstructions and check all fluid
passages for obstructions.

56. Inspect the case assembly bushing for scores.
Check all parking linkage parts for wear or
damage.

57. If the transmission case assembly thread is
damaged, repair kits (helicoil) can be purchased
from local jobbers. To repair a damaged thread,
follow procedures furnished in the helicoil kit.
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307-01A-1 307-01A-1Automatic Transmission — 4R100

DISASSEMBLY AND ASSEMBLY
OF SUBASSEMBLIES

Main Control Valve Body —
Disassembly and Assembly

Special Tool(s)

Aligner, Valve Body
307-359
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307-01A-2 307-01A-2Automatic Transmission — 4R100

DISASSEMBLY AND ASSEMBLY OF SUBASSEMBLIES (Continued)

Upper, Lower, Accumulator and Solenoid Bodies, Disassembled View
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307-01A-3 307-01A-3Automatic Transmission — 4R100

DISASSEMBLY AND ASSEMBLY OF SUBASSEMBLIES (Continued)

Item Part Number Description Item Part Number Description

39 — Spring, 4-3-2 shift timing1 — Body control valve — lower

40 — Retainer, valve plug2 — Bolt, M1-1x36 hex flange
head (2 req’d) 41 — Plug, valve retaining

3 — Plate, spring retaining 42 — Valve, 1-2 shift
4 — Spring, shift valve 43 — Valve, drive 2
5 — Valve, manual 1-2 transition 44 — Spring, 1-2 shift valve
6 — Retainer, valve plug 45 7G391 Solenoid body assembly

(model-dependent)7 — Plug, valve retainer

46 7G422 Accumulator valve body8 — Spring, engagement valve
control (model-dependent)9 — Valve, control engagement

47 — Retainer, valve plug10 — Body, control valve — upper
48 — Plug, valve retainer11 7E195 Ball, 5/16-inch shuttle (2
49 — Spring, accumulator valve —req’d)

outer12 7E195 Ball, 1/4-inch shuttle (2
50 — Plunger, accumulatorreq’d)

regulator13 — Valve, control manual
51 — Retainer, accumulator spring14 — Ring, retaining
52 — Spring, accumulator regulator15 — Retainer, valve plug

valve
16 — Sleeve, low/reverse modulator

53 — Valve, accumulator regulatorvalve
54 — Retainer, valve plug17 — Plunger, low/reverse
55 — Plug, valve retainingmodulator valve

56 — Spring, accumulator valve —18 — Spring, low servo modulator
outer19 — Valve, low servo modulator

57 — Plunger, accumulator20 — Valve, low/reverse modulator
regulator

21 — Retainer, valve plug
58 — Retainer, accumulator spring

22 — Plug, valve retaining
59 — Spring, accumulator regulator

23 — Spring, shift valve valve
24 — Valve, 3-4 shift 60 — Valve, accumulator regulator
25 — Plate, spring retaining 61 — Retainer, valve plug
26 — Spring, 2-3 shift valve 62 — Plug, valve retaining
27 — Valve, 2-3 shift 63 — Spring, accumulator valve —

outer28 — Plate, spring retaining
64 — Plunger, accumulator29 — Spring solenoid regulator

regulatorvalve
65 — Retainer, accumulator spring30 — Solenoid, regulator valve
66 — Spring, accumulator regulator31 — Plate, spring retaining

valve
32 — Spring, shift valve

67 — Valve, accumulator regulator
33 — Valve, coast clutch shift

68 — Retainer, valve plug
34 — Plate, spring retaining

69 — Sleeve, line press modulator
35 — Spring, 4-3-2 shift timing

70 — Plunger, line press modulator
36 — Plunger, control valve shift

71 — Spring and retainer assembly,timing
press modulator

37 — Plate, spring retaining
(Continued)

38 — Valve, 4-3-2 timing
(Continued)
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307-01A-4 307-01A-4Automatic Transmission — 4R100

DISASSEMBLY AND ASSEMBLY OF SUBASSEMBLIES (Continued)

Item Part Number Description 2. CAUTION: Note the location of the
check balls prior to removal. If the check72 — Spring, throttle press line

modulator balls are not installed in their correct
location shift problems will occur.73 — Valve, line press modulator

74 7A008 Control valve body separator Remove the check balls.
plate

1 Remove two small check balls.

2 Remove two large check balls.Disassembly

NOTE: If main control is being replaced, refer to
the parts catalog for correct parts. The main control
is model-dependent.

1. Remove the lower control valve body.

1 Remove the bolts.

2 Remove the lower control valve body.

3 Remove the control valve body separator
plate.

3. Remove the control valves and springs from the
lower main control valve body. Inspect the
valves for nicks and burrs. If the valves are
damaged the main control valve body will need
to be replaced.
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307-01A-5 307-01A-5Automatic Transmission — 4R100

DISASSEMBLY AND ASSEMBLY OF SUBASSEMBLIES (Continued)

4. Remove the control valves and springs from the
upper main control valve body. Inspect the
valves for nicks and burrs. If the valves are
damaged the main control valve body will need
to be replaced.

5. Inspect all valves, valve sleeves, valve bores for 7. Roll the valves on a flat surface to check for
scores, nicks or burrs. Check all fluid passages bent or out-of-round condition.
for obstructions. Inspect all mating surfaces for
burrs and scores.

6. Inspect all springs for distortion. Check all
valves and plungers for free movement in their
respective bores. All the components when dry
must fall from their own weight in their
respective bores.
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307-01A-6 307-01A-6Automatic Transmission — 4R100

DISASSEMBLY AND ASSEMBLY OF SUBASSEMBLIES (Continued)

Assembly

1. Install the control valves and springs from the
lower main control valve body.

2. Install the control valves and springs from the
upper main control valve body.

Item Part Number Description

1 CB13 Check ball

2 BS2 Ball shuttle
3. Install the check ball. 3 CB16 Check ball

4 CB15 Check ball
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307-01A-7 307-01A-7Automatic Transmission — 4R100

DISASSEMBLY AND ASSEMBLY OF SUBASSEMBLIES (Continued)

4. Using the special tools, install the lower control
valve body.

1 Install the special tools.

2 Install the control valve body separator
plate.

3 Install the lower control valve body.

4 Install the bolts.
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307-01A-1 307-01A-1Automatic Transmission — 4R100

DISASSEMBLY AND ASSEMBLY
OF SUBASSEMBLIES

Main Control Valve Body — Solenoid
Body Check

Disassembly

1. NOTE: Inspect and test the shift solenoids. GO
to Pinpoint Test A.

NOTE: The solenoid body cannot be
disassembled to clean and inspect for
contamination. Contamination is a major source
of solenoid body failure. Install a new solenoid
body anytime contamination is evident.

Clean and inspect the solenoid body.

• Check the connector pins for corrosion and
possible bent condition.

• If large amounts of contamination are
present a new solenoid body will need to be
installed.

• Remove O-ring and discard.

• Install new O-ring and lubricate with
petroleum jelly or equivalent.
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307-01A-1 307-01A-1Automatic Transmission — 4R100

DISASSEMBLY AND ASSEMBLY
OF SUBASSEMBLIES

Main Control Valve Body —
Accumulator Body Check

Disassembly

1. Remove the control valves and springs. Inspect
the valves for nicks and burrs. If the valves are
damaged the accumulator body will need to be
replaced.

2. Inspect all valves, valve sleeves, valve bores for
scores, nick or burrs. Check all fluid passages
for obstructions. Inspect all mating surfaces for
burrs and scores.

3. Inspect all springs for distortion. Check all
valves and plungers for free movement in their
respective bores. All the components when dry
must fall from their own weight in their
respective bores.
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DISASSEMBLY AND ASSEMBLY OF SUBASSEMBLIES (Continued)

Assembly

1. Install the control valves and springs.
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307-01A-1 307-01A-1Automatic Transmission — 4R100

Special Tool(s)DISASSEMBLY AND ASSEMBLY
OF SUBASSEMBLIES Remover, Bushing

307-001 (TOOL-1175-AC) or
equivalentPump Assembly

Special Tool(s)

Installer, Front Pump Fluid Seal
307-014 (T63L-77837-A)

Depth Micrometer
303-D026 (D80P-4201-A) or
equivalent

Slide Hammer
307-005 (T59L-100-B)

Material

Item Specification

Motorcraft MERCON MERCON
Multi-Purpose (ATF)
Transmission Fluid

Banding Tool, Transmission XT-2-QDX
Pump
307-D004 (D89L-77000-A) or
equivalent

(Continued)
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307-01A-2 307-01A-2Automatic Transmission — 4R100

DISASSEMBLY AND ASSEMBLY OF SUBASSEMBLIES (Continued)

Pump Assembly, Disassembled View

Item Part Number Description Item Part Number Description

8 — Spring retainer (part of1 — Pump body (part of 7A103)
7A103)2 — Control body (part of 7A103)

9 — Outer spring (part of 7A103)3 7A248 Square-cut front pump seal
10 — Inner spring (part of 7A103)4 — Converter hub bushing
11 7D003 Main regulator booster valve5 7A248 Front pump seal
12 — Main regulator booster sleeve6 N805260-S Bolt and washer assembly (9

(part of 7D003)req’d)
13 — Retainer clip (part of 7A103)7 — Main regulator valve (part of

(Continued)7A103)
(Continued)
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307-01A-3 307-01A-3Automatic Transmission — 4R100

DISASSEMBLY AND ASSEMBLY OF SUBASSEMBLIES (Continued)

Item Part Number Description Item Part Number Description

14 — Converter regulator valve 36 — Inlet tube bore (part of
(part of 7A103) 7A103)

15 — Spring (part of 7A103)
Disassembly16 — End plug (part of 7A103)

17 — Retainer clip (part of 7A103)
CAUTION: The pump assembly is model18 — Converter clutch control valve

dependent. Failure to use the correct pump may(part of 7A103) (gasoline
application) cause transmission assembly damage.

19 — Spring (part of 7A103) • For additional information on the correct
(gasoline application)

pump, refer to the parts catalog.
20 — Solid cup plug (part of

7A103) 1. NOTE: Inspect and install a new front pump
21 — Orificed cup plug (part of seal, if damaged.

7A103)
Using the special tools, remove the front pump22 — Orificed cup plug (part of
seal.7A103)

23 — Air bleed check valve
assembly (part of 7A103)

24 — Inner gerotor gear (part of
7A103)

25 — Outer gerotor gear (part of
7A103)

26 — Orifice cup plug (part of
7H132)

27 7H132 Spring and stop assembly

28 — Orifice cup plug (part of
7A103)

29 — Front input shaft bushing
(part of 7A103)

30 — Rear input shaft bushing (part
of 7A103) or bearing (model
dependent)

31 — Bolt, M8 (11 req’d) (part of
7A103)

32 — Orificed cup plug (part of
7A103)

33 — Orificed cup plug (part of
7A103)

34 7L323 Front pump stator support
seal

35 7G402 Coast clutch seal (2 req’d)
(Continued)
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307-01A-4 307-01A-4Automatic Transmission — 4R100

DISASSEMBLY AND ASSEMBLY OF SUBASSEMBLIES (Continued)

2. Remove the front pump stator support seal. 4. Remove the pump outer diameter square-cut
front pump seal.

3. Remove the two Teflon coast clutch seals.
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307-01A-5 307-01A-5Automatic Transmission — 4R100

DISASSEMBLY AND ASSEMBLY OF SUBASSEMBLIES (Continued)

5. CAUTION: Do not reuse the orifice
cup plug or spring and stop assembly.
Failure to install new parts may cause repeat
repairs. Make sure the old rubber stop is
removed (it may become separated from the
spring assembly).

CAUTION: Use care not to damage
any machined surfaces of the stator support.

Remove and discard the orifice cup plug and
the spring and stop assembly. Clean and inspect
the bore, making sure it is clean of any debris.

1 Remove the orifice cup plug.
7. CAUTION: Do not remove any of the

2 Remove the spring and stop assembly. remaining cup plugs unless directed to do so
3 Remove the old rubber stop. in other steps. Do not remove the stator

support from the control body. This can
distort the surface of the control body.

NOTE: Inspect the main regulator booster
valve and sleeve assembly. If the pump valve
bore is not damaged but the valve and sleeve
are worn, install a new valve and sleeve. 

Remove the converter clutch shift valve
assembly, converter regulator valve assembly,
and main regulator boost valve and sleeve
assembly.

1 Remove the retainer clip with a small
screwdriver or tweezers then remove the
converter clutch shift valve assembly.

2 Remove the retainer clip with a small
screwdriver or tweezers then remove the
converter regulator valve assembly.

3 Remove the retainer clip with a small
screwdriver or tweezers then remove the
main regulator valve assembly.

6. Remove 12 bolts and separate the pump control
body from the pump body.
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307-01A-6 307-01A-6Automatic Transmission — 4R100

DISASSEMBLY AND ASSEMBLY OF SUBASSEMBLIES (Continued)

8. Remove and inspect the inner and the outer
gerotor gears.

• Clean all pump parts in solvent.

• Dry the parts with compressed air.

• Inspect the pump gears, faces, gear teeth,
pump housing and mating surfaces for
damage or scoring.

• Install a new pump if any part is damaged
or worn.

9. Inspect the converter hub bushing. If scored or
excessively worn, install a new pump. Note the
orientation of the lube groove. 11. Remove the coast clutch seals and discard.

1 Inspect the bushing for wear. If scored or
worn, install a new pump.

2 Remove the coast clutch seals.

10. Inspect the front and the rear input shaft
bushing. If the bushing is worn or scored install
a new pump.

1 Front input shaft bushing.

2 Rear input shaft bushing.
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DISASSEMBLY AND ASSEMBLY OF SUBASSEMBLIES (Continued)

12. Measure and record the depth of the inner, then 13. Inspect the following:
the outer, pump gerotor gear face-to-pump body • All valve and plug bores for scoring or
machined surface. damage.
1 Place the pump gerotor gearset into the • All passages for obstructions.

pump gear pocket and center it to the pump
• Mating surfaces for burrs and scoring.bushing diameter.
• All springs for distortion.2 Using the special tool, measure and record
• When dry, check all valves and plugs forthe depth of the inner gerotor gear face to

free movement in their respective bores.the pump body machined surface. Repeat
measurement for a total of three readings in

Assemblyequally spaced locations on the gear face. If
the reading is not within  specification,

1. Install the main regulator valve and sleeveinstall a new pump assembly.
assembly, converter clutch shift valve assembly,3 Remove the inner gear and reinstall the
and the converter regulator valve assembly.outer gear. Repeat Substep 2 for the outer
1 Install the converter clutch control valvegerotor gear face.

assembly. Then apply pressure to the end
plug and install the retainer, making sure it
is correctly seated.

2 Install the converter regulator valve
assembly. Then apply pressure to the end
plug and install the retainer, making sure it
is correctly seated.

3 Install the main regulator boost valve and
sleeve assembly. Then apply pressure to the
main regulator booster sleeve and install the
retainer, making sure it is correctly seated.
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307-01A-8 307-01A-8Automatic Transmission — 4R100

DISASSEMBLY AND ASSEMBLY OF SUBASSEMBLIES (Continued)

2. NOTE: Prior to installation, lightly lubricate 4. NOTE: Make sure that the outer edges of the
the gerotor gears with clean automatic pump body and the outer bolt holes are aligned
transmission fluid. during assembly.

Install the gerotor gearset, with the dot facing Using the special tool, assemble the pump and
the control body assembly. loosely install 11 bolts.

1 Install the 10 mm (0.4 in) alignment bolt.

2 Tighten the bolts.

3. CAUTION: Prior to pump assembly,
make sure all cup plugs are installed.

CAUTION: Inspect mating surfaces of
the pump body and the control body to make
sure they are clean and free of nicks and
burrs.

Assemble the control body and stator assembly
onto the pump body, aligning the 28 mm (1.12
in) hole in each body.
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307-01A-9 307-01A-9Automatic Transmission — 4R100

DISASSEMBLY AND ASSEMBLY OF SUBASSEMBLIES (Continued)

6. Install the pump outer diameter square-cut front5. CAUTION: Make sure the seal grooves
pump seal.in the stator support are clean and free of

burrs.

CAUTION: Make sure the seal ends
are correctly positioned together and not
separated.

Install the 2 coast clutch Teflon seals. Make
sure the seals are fully seated in the stator
support seal grooves and the seal ends are
oriented 180 degrees apart.

1 Correct position of the seal ends.

2 Incorrect position of the seal ends.

3 Seals need to be installed 180 degrees apart.

7. Install the front pump stator support seal.
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DISASSEMBLY AND ASSEMBLY OF SUBASSEMBLIES (Continued)

10. If removed, install the front pump seal, using8. CAUTION: Failure to replace these
the special tool.parts may cause repeat repairs.

NOTE: Install the rubber stop end into the bore
first.

Install the new spring and stop assembly.

11. NOTE: The No. 1 pump thrust washer is
model dependent.

NOTE: Lightly lubricate the thrust washer and
the bearing with petroleum jelly to hold them in
place during assembly.

Install the No. 1 pump thrust washer and the
No. 2A overdrive sun gear thrust bearing.

9. NOTE: Make sure the edge of the cup plug is
seated just below the stator support surface that
mates with the No. 2 needle bearing assembly.

Using a small drift and mallet, install the new
orifice cup plug.
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DISASSEMBLY AND ASSEMBLY
OF SUBASSEMBLIES

Front Case Bushings

Special Tool(s)

Slide Hammer
100-001 (T50T-100-A)

Assembly
Drawbar, (Heavy Duty
Threaded) 1. NOTE: The front case bushing has three lube
204-029 (T77F-1176-A) grooves. The rear case bushing has one lube

groove.

Install the front case bushing onto the special
tool.

Remover, Bushing
307-001 (TOOL-1175-AC) or
equivalent

Installer, Transmission
Extension Housing Bushing
307-258 (T92T-77110-AH)

2. Place the special tool with the front case
bushing through the case and into the rear case

Disassembly bushing.

1. Using the special tools, remove the front case
bushing.
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DISASSEMBLY AND ASSEMBLY OF SUBASSEMBLIES (Continued)

4. Hold the special tool while turning the nut until3. CAUTION: Make sure the bushing
the front case bushing is fully seated. Removeand tool are centered in the bore.
the tools.

Install the special tool then, install the washer
and the nut hand-tight.
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DISASSEMBLY AND ASSEMBLY 2. CAUTION: Be careful not to damage
OF SUBASSEMBLIES the case bore while removing the bushing.

NOTE: Always install both bushings when
Rear Case Bushings either bushing is installed. However, remove

and install only one bushing at a time. Use the
Special Tool(s) other bushing in the case to help align the tool

and the new bushing during installation.Slide Hammer
100-001 (T50T-100-A) Using the special tools, remove the rear case

bushing.

Drawbar, (Heavy Duty
Threaded)
204-029 (T77F-1176-A)

Remover, Bushing
307-001 (TOOL-1175-AC) or
equivalent

Assembly

1. NOTE: The rear case bushing has one lube
groove. The front case bushing has three lube
grooves.Installer, Transmission

Extension Housing Bushing Assemble the special tools.
307-258 (T92T-77110-AH)

Disassembly

1. NOTE:  Remove any minor nicks or burrs
using a fine oil stone. Remove the case
bushings only if they show signs of excessive
wear or scoring.

Inspect the case bushing bores for nicks or
burrs.
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DISASSEMBLY AND ASSEMBLY OF SUBASSEMBLIES (Continued)

2. Place the assembled special tools through the 4. Hold the special tool while turning the nut until
case and into the front case bushing. the rear case bushing is fully seated. Remove

the tools.

3. CAUTION: Make sure the bushing
and tool are centered in the bore.

Install the rear case bushing.

1 Install the rear case bushing over the special
tool into the case.

2 Install the special tool.

3 Install the washer and the nut hand-tight.
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DISASSEMBLY AND ASSEMBLY
OF SUBASSEMBLIES

Cooler Bypass Valve Assembly

Special Tool(s)

Oil Flusher Cooler Kit
303-F053 (014-00752) or
equivalent

3. Assemble the cooler bypass valve and plug the
converter-out-to-cooler inlet with a 13 x 1.5

Disassembly mm (0.06 in) plug.

NOTE: The cooler bypass valve (CBV) needs to be
thoroughly cleaned and flushed out at this time.

NOTE: Inspect the cooler line case fittings and the
sealing washers. If the cooler line case fittings or
sealing washers are damaged install new cooler line
case fittings and washers.

NOTE: Damaged sealing washers will cause
transmission fluid to leak at the cooler bypass valve
case fittings.

1. Disassemble the CBV.

1 Remove and discard the sealing washers. 4. Place a 0.5-inch flatwasher over the case
2 Remove the CBV case fittings. converter-out fitting threads over the rubber

coated sealing washer.3 Remove and discard the sealing washers
from the CBV case fittings.

2. Inspect the sealing ends of the CBV. If damage
is indicated, install a new CBV.
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DISASSEMBLY AND ASSEMBLY OF SUBASSEMBLIES (Continued)

5. Connect the cleaner pressure line to the case
converter-out fitting.

8. Disconnect the cleaner pressure line from the
case converter-out fitting. Remove the 0.5-inch
washer.

6. CAUTION: Make sure the CBV is in
the tank before switching on the pump. Also
make sure the CBV fitting is pointing
downward so the fluid does not spray up out
of the tank.

Place the CBV into the tank.

9. Using 344.75-620.55 kPa (50-90 psi) of
regulated compressed air, blow through the
CBV until all the fluid is removed.

10. Remove the plug from the CBV
converter-out-to-cooler inlet.

7. CAUTION: The pressure must be at
least 344.75 kPa (50 psi) (minimum) to
overcome the valve inside the CBV and let
the fluid pass through it. Do not, however,
exceed 620.55 kPa (90 psi) (maximum)
pressure.

Regulate the pressure as specified. Switch on
the pump allowing the fluid to circulate through
the CBV for 5 minutes. During this time, cycle
the pump on and off to help dislodge
contaminants.

2004 E-Series, 12/2003 



307-01A-3 307-01A-3Automatic Transmission — 4R100

DISASSEMBLY AND ASSEMBLY OF SUBASSEMBLIES (Continued)

Assembly

1. CAUTION: Failure to correctly install
the new rubber-coated sealing washers will
result in transmission fluid leaks.

Assemble the CBV as illustrated.

1 Install new sealing washers onto the new
CBV case fittings.

2 Install the new CBV case fittings with the
new sealing washers onto the CBV
assembly.

3 Install new sealing washers.
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DISASSEMBLY AND ASSEMBLY
OF SUBASSEMBLIES

Coast Clutch Assembly

Special Tool(s)

Compressor, Clutch Spring
307-015 (T65L-77515-A)

3. Inspect the overdrive one-way clutch for
Protector, Clutch Piston Seal damage to the plastic cage, springs, and rollers.
307-387 Replace as necessary. Remove the overdrive

one-way clutch.

Disassembly

1. Remove the retaining ring.

4. Using the special tool, remove the coast clutch
return spring.

1 Remove the retaining ring.

2 Remove the return spring.

2. Remove the coast clutch pressure plate and the
clutch plates.
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DISASSEMBLY AND ASSEMBLY OF SUBASSEMBLIES (Continued)

5. Remove the coast clutch piston and seal
assembly.

8. Inspect the one-way clutch (OWC) inner race.

1 Inspect the coast clutch hub overdrive OWC
inner race.

6. NOTE: If the teeth and/or bushing are
2 Inspect all the sealing surfaces.damaged, the sun gear will need to be replaced.
3 Inspect the sun gear splines.If required, use an arbor press to remove the

sun gear.

Assembly

7. NOTE: If the coast clutch cylinder shows any
1. If the sun gear was removed, install the sunsigns of damage it will need to be replaced.

gear.
Inspect the coast clutch assembly.

1 Inspect the bushing.

2 Inspect the No. 1 thrust washer.

3 Inspect the lube hole.
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DISASSEMBLY AND ASSEMBLY OF SUBASSEMBLIES (Continued)

2. Inspect the coast clutch piston and seal
assembly for damage and the check ball for free
movement.

If the coast clutch piston and seal assembly is
damaged it will need to be replaced.

5. Make sure that the one-way clutch is locked in
place. Turn counterclockwise to lock in place.

Install the overdrive one way clutch.

3. NOTE: Prior to installing the coast clutch
piston lubricate the piston seal with petroleum
jelly.

Using the special tool, install the coast clutch
piston.

6. Install the coast clutch pressure plate and the
clutch plates.

4. Using the special tool, install the coast clutch
retaining ring.

1 Install the return spring.

2 Install the retaining ring.
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DISASSEMBLY AND ASSEMBLY OF SUBASSEMBLIES (Continued)

7. Install the retaining ring.

8. Check the stack-up clearance.

1 Using a feeler gauge, measure the stack up
clearance in three places, 120 degrees apart,
between the snap ring and the coast clutch
pressure plate.

• If the clearance is not within specification,
install the correct coast clutch pressure plate
retainer snap ring and recheck the clearance.
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3. The No. 4 overdrive planet thrust bearing mayDISASSEMBLY AND ASSEMBLY
stay in the ring gear. Remove the overdriveOF SUBASSEMBLIES
planet assembly.

Overdrive Ring Gear and Center Shaft
Assembly

Special Tool(s)

Loading Fixture, Clutch
307-S383

Disassembly
4. Remove the wave retaining ring.

1. Remove the overdrive one-way clutch outer
race.

1 Remove the retaining ring.

2 Remove the overdrive one-way clutch outer
race.

2. Remove the No. 3 overdrive overrunning clutch
plastic thrust washer.
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DISASSEMBLY AND ASSEMBLY OF SUBASSEMBLIES (Continued)

5. Remove the overdrive center shaft.

Assembly

1. Install the overdrive center shaft.

6. CAUTION: Use care not to damage
the thrust bearing or damage to transmission
may occur.

NOTE: The individual parts of the planet
assemblies are not repairable.

Inspect the No. 4 overdrive planet thrust
bearing assembly.

1 Remove the No. 4 overdrive planet thrust
bearing assembly. Wash the thrust bearing
thoroughly in cleaning solvent. Blow dry
the bearing with compressed air and
lubricate with clean transmission fluid.
Replace any bearing and race that show any
sign of wear.

2 Inspect the pinion shafts in the planet
assembly. Check for looseness and damage.

3 Inspect the pinion gears for damage and
free rotation.

4 Inspect the planet carrier for damage.
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DISASSEMBLY AND ASSEMBLY OF SUBASSEMBLIES (Continued)

2. CAUTION: Make sure that the
retaining ring is fully seated in the ring gear
groove or transmission failure could occur.

NOTE: The retaining ring is used to hold the
center shaft in the ring gear.

Install the wavy retaining ring.

5. Install the No. 3 overdrive overrunning clutch
thrust washer. Make sure that the tab on the
backside is locked down in place on the planet
assembly.

3. NOTE: Make sure the bearing outer lip faces
the rear of the overdrive planet assembly.

Install the No. 4 overdrive planet thrust bearing
assembly.

6. Install the retaining ring.

1 Install the overdrive one-way clutch outer
race with the beveled edge facing up.

2 Install the retaining ring; make sure that the
ring is fully seated.

4. CAUTION: The input shaft and
overdrive planet assembly are repaired as
mating components.

NOTE: The planet assemblies are
model-dependent. Refer to the parts catalog for
correct part.

Install the overdrive planet assembly.

2004 E-Series, 12/2003 



307-01A-4 307-01A-4Automatic Transmission — 4R100

DISASSEMBLY AND ASSEMBLY OF SUBASSEMBLIES (Continued)

7. NOTE: Lightly lubricate the thrust bearing with
petroleum jelly to hold it in place during
assembly.

NOTE: The inner bearing race lip must face
upward.

Install the No. 5 overdrive center shaft thrust
bearing assembly.

10. Install the retaining ring, make sure that the
ring is fully seated.

8. CAUTION: Do not damage the
overdrive one-way clutch or damage to the
transmission may occur.

NOTE: When the overdrive center shaft is
correctly assembled, the overdrive center shaft
and the ring gear should rotate
counterclockwise and lock when rotated
clockwise. 11. CAUTION: Not using the special tool

can cause damage to the overdrive one-wayAssemble the overdrive center shaft assembly
clutch assembly.into the coast clutch cylinder.
Install the special tool for use during assembly.

9. NOTE: The number of plates are
model-dependent.

Install the clutch pack and pressure plate.
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Intermediate/Overdrive Cylinder Assembly,DISASSEMBLY AND ASSEMBLY
Disassembled ViewOF SUBASSEMBLIES

Intermediate/Overdrive Cylinder
Assembly

Special Tool(s)

Remover, O-Ring Seal
100-010 (T71P-19703-C)

Item Part Number Description
Compressor Plate, Clutch Spring

1 7A527 Overdrive clutch piston return307-192 (T88C-77000-AH2)
spring retainer

2 7A262 Overdrive clutch piston and
(bonded) seal assembly

3 7G384 Intermediate/overdrive
cylinder

4 7E005 Intermediate clutch piston
Compressor Plate, Clutch Spring

5 7F224 Intermediate clutch piston307-225 (T89T-70010-C2)
outer seal

6 7F225 Intermediate clutch piston
inner seal

7 7D483 Intermediate cylinder
retaining ring

8 7B070 Overdrive clutch piston returnCompressor Plate, Clutch Spring
spring307-228 (T89T-70010-F)

Disassembly

1. Using the special tools, compress the overdrive
clutch piston return spring.
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DISASSEMBLY AND ASSEMBLY OF SUBASSEMBLIES (Continued)

2. Remove the overdrive clutch piston return 5. Remove the intermediate clutch piston.
spring retainer. Remove the tools.

6. Using the special tool, remove the intermediate
3. Remove the overdrive clutch piston return clutch piston inner seal.

spring.

7. Using the special tool, remove the intermediate
4. NOTE: The overdrive piston seals are bonded clutch piston outer seal.

to the piston. If the seals are damaged, replace
the piston assembly.

Remove the overdrive clutch piston and seal
assembly.
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DISASSEMBLY AND ASSEMBLY OF SUBASSEMBLIES (Continued)

Assembly 3. NOTE: The piston should rotate freely in the
cylinder.

1. NOTE: Prior to reassembly, inspect the check Install the intermediate clutch piston.
ball, the cup plugs and the feedbolt threads for
contamination or damage. Clean or replace, as
necessary.

Lubricate with petroleum jelly or equivalent.
Install the intermediate clutch piston outer seal,
with the lip seal facing upward.

4. CAUTION: The overdrive piston lip
seals are bonded to the piston. Use care not
to damage or roll the lip seal over.

Lubricate seal with petroleum jelly or
equivalent. Position the overdrive clutch piston
and seal assembly onto the

2. Lubricate with petroleum jelly or equivalent. intermediate/overdrive cylinder at a slight angle.
Install the intermediate clutch piston inner seal, Then, rotate the piston while pressing it down
with the lip seal facing downward toward the until fully seated onto the  cylinder.
cylinder.
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DISASSEMBLY AND ASSEMBLY OF SUBASSEMBLIES (Continued)

5. NOTE: The overdrive clutch piston return 7. Install the overdrive clutch piston return spring
spring must be installed with fingers facing retainer. Make sure the retainer is fully seated,
upward. then remove the tools.

Install the overdrive clutch piston return spring.

6. Using the special tools, compress the overdrive
clutch piston return spring.
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DISASSEMBLY AND ASSEMBLY
OF SUBASSEMBLIES

Center Support

Disassembly

1. Remove and discard the direct clutch seal rings.

Assembly

1. Follow the disassembly procedure in reverse
order.

• Lightly lubricate the thrust washer with
petroleum jelly to hold it in place during
assembly.

• Install new seals.

2. Inspect the following for contamination or
damage. Clean or install as necessary.

1 Inspect the ball bearing.

2 Inspect the feedbolt threads.

3 Remove and inspect the No. 6 center
support thrust washer.

4 Inspect the inner hub diameter.

5 Inspect the outer hub diameter.

6 Inspect the seal ring grooves.
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3. Remove the forward hub.DISASSEMBLY AND ASSEMBLY
OF SUBASSEMBLIES

Forward Hub and Ring Gear

Disassembly

1. Remove the No. 8C forward clutch hub thrust
washer.

Assembly

1. Follow the disassembly procedure in reverse
order.

• Lightly lubricate the thrust washer with
petroleum jelly to hold it in place during
assembly.

• When installed, make sure the retaining ring
2. Remove the forward hub retaining ring. is fully seated in the forward ring gear ring

groove.
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Direct Clutch Assembly and Intermediate BrakeDISASSEMBLY AND ASSEMBLY
Drum, Disassembled ViewOF SUBASSEMBLIES

Direct Clutch Assembly and
Intermediate Brake Drum

Special Tool(s)

Compressor, Clutch Spring
307-015 (T65L-77515-A)

Remover, O-Ring Seal
100-010 (T71P-19703-C)

Material

Item Specification

Motorcraft MERCON MERCON
Multi-Purpose (ATF)
Transmission Fluid
XT-2-QDX Item Part Number Description

1 — Intermediate one-way clutch
outer race (part of 7A089)

2 — Intermediate one-way clutch
inner race (part of 7A089)

3 7G401 Intermediate one-way clutch
thrust washer No. 7

4 7D044 Intermediate brake drum

5 7A548 Direct clutch piston inner seal

6 7A548 Direct clutch piston outer seal

7 7A262 Direct clutch piston 

8 7F235 Direct clutch return spring
assembly

9 7C122 Direct clutch return spring
retaining ring

10 7B164 Direct clutch internal spline
plates — friction

11 7B442 Direct clutch external spline
plates — steel

12 7B066 Direct clutch pressure plate

13 377126-S Direct clutch pressure plate
retaining ring (selective)
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DISASSEMBLY AND ASSEMBLY OF SUBASSEMBLIES (Continued)

Disassembly 4. Remove the No. 7 intermediate one-way clutch
thrust washer.

1. Remove the intermediate one-way clutch outer
race, and inspect for damage.

5. Remove the direct clutch pressure plate
retaining ring.

2. Remove the top end cap and the intermediate
one-way clutch. Inspect the sprags, cage, and
top end cap for excessive wear or damage.

6. NOTE: Tag the parts for identification during
installation.

Remove the direct clutch pressure plate and the
3. Remove the bottom end cap and inspect for clutch pack.

damage.
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DISASSEMBLY AND ASSEMBLY OF SUBASSEMBLIES (Continued)

10. Using the special tool, remove the direct clutch7. CAUTION: Do not fully compress the
piston inner and outer seals.return springs or the spring may break.

Using the special tool, remove the direct clutch
return spring retaining ring. Remove the tool.

11. Inspect the clutch cylinder thrust surfaces,
piston bore, and clutch plate splines for scores,
burrs or wear. Install a new clutch cylinder if it

8. Remove the direct clutch return spring is badly scored or damaged.
assembly.

12. Check the fluid passage in the clutch cylinder
for obstructions. Clean out all fluid passages.
Inspect clutch piston for scores and replace, if
necessary. Inspect the check balls for freedom
of movement.

13. Check the clutch release spring for distortion
and cracks. Install a new spring if it is distorted
or cracked.

14. Inspect the friction clutch plates, steel clutch
plates, and clutch pressure plate for worn or
scored surfaces. Install new parts that are
scored, burred or burnt.

9. Remove the direct clutch piston.

15. Check the clutch plates for flatness and wear on
the clutch hub splines. Discard any plate that
does not slide freely on the splines or that is
not flat.

16. Check the clutch hub thrust surfaces for scores
and the clutch hub splines for wear. Install new
parts that are worn.
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DISASSEMBLY AND ASSEMBLY OF SUBASSEMBLIES (Continued)

Assembly

1. NOTE: The seal lip must face downward.

Install the direct clutch piston inner seal.

4. NOTE: The piston should rotate freely in the
drum.

Install the direct clutch piston.

2. NOTE: The seal lip must face downward.

Install the direct clutch piston outer seal.

5. NOTE: Make sure the protrusions on the
bottom of the direct clutch return spring
assembly are correctly engaged with the lugs on
the direct clutch piston.

Install the direct clutch return spring assembly.3. Inspect the direct clutch piston check ball.

• Check for freedom of movement and correct
seating.

• Clean the direct clutch piston with solvent,
if necessary.

• Install a new direct clutch piston, if
damaged.
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DISASSEMBLY AND ASSEMBLY OF SUBASSEMBLIES (Continued)

8. Install the selective direct clutch pressure plate6. CAUTION: Do not fully compress the
retaining ring.return springs or damage to spring may

occur.

Using the special tool, install the direct clutch
return spring retaining ring. Remove the tool.

9. Check the stack-up clearance.

1 Using a feeler gauge, check the stack-up
clearance in three places, 120 degrees apart.

2 If the clearance is not to specification,7. CAUTION: Mixing or using friction
install the correct selective direct clutchplates without the grooves will cause shift
pressure plate retaining ring and recheck theconcerns and can cause damage.
clearance. Refer to the Clutch Plate UsageNOTE: Soak the clutch plates in clean
and Clearance Specification Chart forautomatic transmission fluid.
selective snap ring thicknesses  and part

NOTE: The direct clutch friction plates have numbers.
lube grooves in the friction material.

NOTE: The number of plates are model
dependent.

Alternately install the steel and the friction
clutch plates, beginning with a steel plate and
ending with the direct clutch pressure plate.
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DISASSEMBLY AND ASSEMBLY OF SUBASSEMBLIES (Continued)

10. Install the No. 7 intermediate one-way clutch
thrust washer. Make sure the tabs on the No. 7
intermediate one-way clutch thrust washer are
aligned with the notches in the intermediate
brake drum.

13. NOTE: The shoulder on the outer race must
face upward.

NOTE: When installed correctly, the outer race
must rotate counterclockwise.

Install the intermediate one-way clutch outer
race.11. NOTE: The top and bottom end caps are

identical.

Install the bottom end cap.

12. NOTE: The lip on the intermediate one-way
clutch must face upward.

Install the intermediate one-way clutch over the
inner race and install the top end cap.
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Forward Clutch Assembly, Disassembled ViewDISASSEMBLY AND ASSEMBLY
OF SUBASSEMBLIES

Forward Clutch Assembly

Special Tool(s)

Remover, O-Ring Seal
100-010 (T71P-19703-C)

Protector, Piston Seal
307-068 (T77L-77548-A)

Material

Item Specification

Motorcraft MERCON MERCON
Multi-Purpose (ATF)
Transmission Fluid
XT-2-QDX Item Part Number Description

1 7D019 Forward clutch cylinder seals

2 7F374 Forward clutch needle thrust
bearing assembly (No. 8B)

3 7A360 Forward clutch cylinder

4 7A548 Forward clutch piston, inner
seal

5 7A548 Forward clutch piston, outer
seal

6 7A262 Forward clutch piston

7 7D256 Forward clutch piston apply
ring

8 7B070 Forward clutch piston return
spring

9 377127-S Forward clutch piston return
spring retaining ring

10 7B066 Forward clutch pressure plate
— bottom

11 7E085 Forward clutch pressure
spring

12 7B442 Forward clutch external
spline, plate — steel

(Continued)
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DISASSEMBLY AND ASSEMBLY OF SUBASSEMBLIES (Continued)

Item Part Number Description

13 7B164 Forward clutch internal spline
plates — friction

14 7B066 Forward clutch pressure plate
— top

15 377127-S Forward clutch pressure plate
retaining ring (selective fit)

16 7D234 Forward clutch thrust bearing
No. 9A)

Disassembly

1. Remove the No. 9A forward clutch thrust
4. Remove the selective forward clutch pressurebearing.

plate retaining ring.

2. Remove the No. 8B forward clutch needle
5. NOTE: Tag the parts for identification duringbearing assembly.

installation.

Remove the forward clutch pressure plates.

1 Remove the top forward clutch pressure
plate.

2 Remove the clutch plates.

3 Remove the forward clutch pressure spring.

4 Remove the bottom forward clutch pressure
plate.

3. Remove the 2 interlocking cast iron forward
clutch cylinder seals.
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DISASSEMBLY AND ASSEMBLY OF SUBASSEMBLIES (Continued)

6. Remove the forward clutch piston return spring
retaining ring.

10. Remove the outer forward clutch piston seal.

7. Remove the forward clutch piston return spring.

11. Using the special tool, remove the forward
clutch piston inner seal.

8. Remove the forward clutch piston apply ring.

12. Inspect the clutch cylinder thrust surfaces,
piston bore, and clutch plate splines for scores,

9. Using compressed air, remove the forward burrs or wear. Install a new clutch cylinder if it
clutch piston. is badly scored or damaged.

2004 E-Series, 12/2003 



307-01A-4 307-01A-4Automatic Transmission — 4R100

DISASSEMBLY AND ASSEMBLY OF SUBASSEMBLIES (Continued)

13. Check the fluid passage in the clutch cylinder
for obstructions. Clean out all fluid passages.
Inspect clutch piston for scores and install new,
if necessary. Inspect the check balls for
freedom of movement.

14. Check the clutch release spring for distortion
and cracks. Install a new spring if it is distorted
or cracked.

15. Inspect the friction clutch plates, steel clutch
plates, and clutch pressure plate for worn or
scored surfaces. Install new parts that are
scored, burred or burnt. 3. NOTE: Make sure the seal lip is facing

upward.
16. Check the clutch plates for flatness and wear on Install the forward clutch piston outer seal.

the clutch hub splines. Discard any plate that
does not slide freely on the splines or that is
not flat.

17. Check the clutch hub thrust surfaces for scores
and the clutch hub splines for wear. Install new
parts that are worn.

Assembly

1. Install the forward clutch piston inner seal.

4. Using the special tool, install the forward clutch
piston.

2. Inspect the forward clutch piston check ball.

• Check for freedom of movement and correct
seating.

• Clean with a suitable solvent, if necessary.

• Replace the forward clutch piston assembly,
if necessary.
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DISASSEMBLY AND ASSEMBLY OF SUBASSEMBLIES (Continued)

5. Install the steel forward clutch piston apply ring
into the forward clutch piston groove.

8. NOTE: Soak the clutch plates in clean
automatic transmission fluid.

Install the forward clutch pressure plates.
6. CAUTION: To ensure durability, the 1 Install the bottom forward clutch pressure

notch between the spring fingers must be plate.
positioned so that both ends of the forward

2 Install the forward clutch pressure spring.clutch piston apply ring are visible.
3 Install the forward clutch pressure plates.Install the forward clutch piston return spring.
4 Install the top forward clutch pressure plate.1 Install the forward clutch piston return

spring, with the spring fingers against the
forward clutch piston apply ring.

2 Make sure the notch is positioned so that
both ends of the forward clutch piston apply
ring are visible.

9. Install the selective forward clutch pressure
plate retaining ring.

7. Install the forward clutch piston return spring
retaining ring. Make sure it is correctly seated
in the groove.
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DISASSEMBLY AND ASSEMBLY OF SUBASSEMBLIES (Continued)

10. Check the stack-up clearance. 12. NOTE: Stagger the interlocking opening on the
seals 180 degrees apart. • Using a feeler gauge, check the stack-up

clearance in three places, 120 degrees apart. Install the two new cast iron forward clutch
cylinder seals in the grooves.• If the clearance is not to specification,

install the correct selective forward clutch
pressure plate retaining ring and recheck the
clearance. Refer to the Clutch Plate Usage
and Clearance Specification Chart for
selective snap ring  thicknesses and part
numbers.

13. NOTE: Lightly lubricate the thrust bearing with
petroleum jelly to hold it in place during
assembly.

NOTE: The black side of the bearing must face
upward.

Install the No. 9A forward clutch thrust bearing.
11. NOTE: Lightly lubricate the needle bearing

with petroleum jelly to hold it in place during
assembly.

NOTE: The bearing large inner diameter radius
must face inward.

Install the No. 8B forward clutch needle
bearing.
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3. Check the splines on the output shaft for wear.DISASSEMBLY AND ASSEMBLY
Install a new output shaft if the splines areOF SUBASSEMBLIES
excessively worn. Inspect all the bushings for
wear. Install new if worn or damaged.Output Shaft

4. Inspect the output shaft for damage. If damage
Special Tool(s)

is found, refer to the next two steps.
Remover/Installer, Bearing Tube 1 Inspect the output shaft.
308-025 (T75L-7025-C)

2 Inspect the edges and the top of the output
shaft drive sprocket speed sensor wheel.

3 Inspect the park gear.

Spacer, Output Shaft Speed
Sensor
307-388

Disassembly

1. CAUTION: Build-up of contamination
can block the flow of lubricant behind the

5. NOTE: The park gear and output shaft drivecup plug and cause transmission assembly
sprocket speed sensor wheel will only requiredamage.
removal or replacement if they are damaged.

NOTE: The anti-seepage seal is intended for
Using an arbor press remove the park gear.shipping purposes only. It is not necessary to

remove and reuse this seal when installing a
new output shaft.

NOTE: The output shaft cannot be
disassembled. A new output shaft must be
installed if damaged.

Inspect the output shaft for wear. Make sure the
cup plug orifice and lube passages through
output shaft are clean and free of debris. Install
new as required.

2. Inspect the bearing surfaces of the output shaft
for wear or scores. If excessive wear or scores
are found, install a new output shaft and inspect
mating components.
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DISASSEMBLY AND ASSEMBLY OF SUBASSEMBLIES (Continued)

6. NOTE: If replacing the output shaft drive
sprocket speed sensor wheel, the park gear will
need to be removed first.

If required, use an arbor press and the special
tool to remove the park gear. Remove the park
gear.

2. If removed, install the output shaft drive
sprocket speed sensor wheel using the special
tool.

Assembly

1. NOTE: If any damage is found to the output
shaft drive sprocket speed sensor wheel, a new
output shaft drive sprocket speed sensor wheel
will need to be installed.

If removed, use the arbor press and the special
tool to install the park gear, press the park gear
onto the output shaft until it stops at the
shoulder on the output shaft.
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DISASSEMBLY AND ASSEMBLY
OF SUBASSEMBLIES

Forward Planet Assembly

Disassembly

NOTE: Individual parts of the planet assemblies are
not repairable.

1. Remove the No. 9B forward clutch thrust
bearing.

Assembly

1. Follow the disassembly procedure in reverse
order.

• Lightly lubricate the thrust bearing with
petroleum jelly to hold it in place during
assembly.

• The No. 9B thrust bearing must be installed
with the notched inner race facing outward.

2. Remove the No. 10A forward planet assembly
thrust bearing.

• The pins and shafts in the plant assemblies
should be checked for loose fit/damage. Use
a new planet assembly if either condition
exist.

• Inspect the pinion gears for damaged or
excessively worn teeth.

• Check for free rotation of the pinion gears.

• Check for damage in the overdrive planet
assembly.
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3. Remove the forward/reverse sun gear.DISASSEMBLY AND ASSEMBLY
OF SUBASSEMBLIES

Input Shell

Disassembly

1. Remove and discard the forward/reverse sun
gear retaining ring.

Assembly

1. Follow the disassembly procedure in reverse
order.

• Install the sun gear with the lube hole
between the stand-off pads on the input
shell.

• Use care not to overextend the new
2. Remove the No. 14 input shell thrust washer. retaining ring.
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DISASSEMBLY AND ASSEMBLY
OF SUBASSEMBLIES

Reverse Planet Assembly

Disassembly

NOTE: Individual parts of the planet assemblies are
not repairable.

1. Remove the No. 11 rear reverse planet thrust
washer.

Assembly

1. Follow the disassembly procedure in reverse
order.

• Lightly lubricate the thrust washers with
petroleum jelly to hold them in place during
assembly.

• The tabs on the thrust washers must engage
the slots on the reverse planet assembly
when installed.

2. Remove the No. 10B front reverse planet thrust
washer.

• The pins and shafts in the planet assemblies
should be checked for loose fit/damage. Use
a new planet assembly if either condition
exists.

• Inspect the pinion gears for damaged or
excessively worn teeth.

• Check for free rotation of the pinion gears.

• Check for damage in the overdrive planet
assembly.
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DISASSEMBLY AND ASSEMBLY
OF SUBASSEMBLIES

Low One-Way Clutch Assembly
Low/Reverse One-Way Clutch Assembly and Piston,
Disassembled View

2. If necessary, remove the low one-way clutch
(17 roller) assembly by rotating it
counterclockwise to unlock the tabs.

Item Part Number Description

1 387031-S Output shaft retaining ring

2 7A153 Output shaft ring gear

3 7D164 Output shaft hub

4 377132-S Retaining ring

5 7B067 Reverse clutch hub

6 7A089 Low one-way clutch assembly

7 7G178 Low/reverse one-way clutch
inner race and thrust bearing
assembly No. 12

3. Inspect the following:8 7D406 Reverse clutch return spring
assembly • Reverse clutch hub thrust surfaces for

scores.9 7D404 Reverse clutch piston inner
lip seal • Reverse clutch hub splines for wear.

10 7D403 Reverse clutch piston outer
• Outer and inner low/reverse one-way clutchlip seal

race for scores and damaged surface areas
11 7D402 Reverse clutch piston

where rollers contact races.

• Rollers and springs for excessive wear orDisassembly and Assembly
damage.

• Spring and cage.1. Remove the output shaft ring gear and the No.
12 thrust bearing.

4. Follow the disassembly procedure in reverse1 Remove the ring gear.
order.

2 Remove the bearing.
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DISASSEMBLY AND ASSEMBLY
OF SUBASSEMBLIES

Reverse Clutch Piston

Disassembly

1. Remove the reverse clutch piston outer lip seal.

Assembly

1. Follow the disassembly procedure in reverse
order.

• Make sure the lip on the seal faces the back
side of the piston.

2. Remove the reverse clutch piston inner lip seal.
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Special Tool(s)
ASSEMBLY

Handle, Torque ConverterTransmission
307-091 (T81P-7902-C)

Special Tool(s)

Remover, O-Ring Seal
100-010 (T71P-19703-C)

Aligner, Transmission Fluid
Pump
307-222 (T89T-70010-B)

Depth Micrometer
303-D026 (D80P-4201-A) or
equivalent

Alignment Gauge, TR Sensor
307-351 (T97L-70010-A)

Installer, Transmission
Extension Housing Fluid Seal
307-013 (T61L-7657-B)

Installer, Fluid Filler Tube
307-376

Compressor, Clutch Spring
307-015 (T65L-77515-A)

Installer, Output Shaft Fluid
Seal
307-380

Installer, Shift Shaft Fluid Seal
307-050 (T74P-77498-A)

Installer, Output Shaft Bushing
307-381

Installer, Transmission
Extension Housing Bushing
307-063 (T77L-7697-C)

Service Set, Clutch Spring
307-S223 (T89T-70010-C)

(Continued)

(Continued)
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ASSEMBLY (Continued)

Special Tool(s) 3. CAUTION: If equipped, use care not
Loading Fixture, Clutch to misalign the reverse clutch piston in the
307-S383 (Model Dependent) case bore.

NOTE: Coat the reverse clutch piston seals
with petroleum jelly.

Install the reverse clutch piston in the case until
it is fully seated in the case.

Installer, Transmission Forward
Clutch Assembly
307-436

Material

Item Specification

Motorcraft MERCON MERCON
Multi-Purpose (ATF)
Transmission Fluid
XT-2-QDX

4. CAUTION: The low/reverse clutch
NOTE: Soak all friction clutch plates in clean inner race is vehicle-dependent.
automatic transmission fluid. NOTE: Clock position is viewed looking into

the converter housing with the top of theNOTE: Prior to installation, lightly lubricate all
transmission in the 12 o’clock position.O-ring seals with clean automatic transmission fluid.
Install the reverse clutch return spring assembly.

NOTE: Lightly lubricate all thrust washers with
1 Install the reverse clutch return springpetroleum jelly to hold them in place during

assembly.assembly.
2  Install the low/reverse one-way clutch inner

race.1. Mount the transmission case into suitable stand.

3 Make sure that the lubrication hole on the
2. If removed, use the special tool to install the face is in the 5 o’clock position.

short fluid inlet tube.
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ASSEMBLY (Continued)

5. Install two 5/16-24 x 3 inch bolts with nuts in
to the low/reverse one-way clutch inner race.

1 Hold the nut.

2 Turn the bolt to compress the low/reverse
piston return spring.

8. CAUTION: The low/reverse clutch,
one-way clutch is vehicle-dependent.

NOTE: When the reverse clutch and the low
one-way clutch are installed, the reverse clutch
should rotate clockwise. The one-way clutch
will hold and not let the clutch hub rotate

6. Install three of the one-way clutch inner race counterclockwise.
bolts and remove the two 5/16-24 x 3 bolts. Install the reverse clutch hub and the low

one-way clutch assembly over the low/reverse
one-way clutch inner race by pressing the hub
inward and rotating it clockwise to seat fully.

7. NOTE: Alternate tightening bolts from one side
to the other (not in a circle).

Install the remaining bolts retaining the
low/reverse one-way clutch inner race to the
case.
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ASSEMBLY (Continued)

11. Install the output shaft and park gear assembly.9. CAUTION: The number of plates is
vehicle-dependent.

NOTE: No stack-up clearance measurement is
required.

NOTE: Clock position is viewed looking into
the converter housing with the top of the
transmission in the 12 o’clock position.

Install the reverse clutch pack assembly.

1 Install the cushion spring.

2 Install the reverse clutch plates starting with
an external spline steel plate and alternating
with internal splined friction plates.

3 Install the reverse clutch pressure plate.
12. NOTE: Lubricate the thrust bearing with

4 Install the reverse clutch pressure plate petroleum jelly to hold it in place during
retainer snap ring with the ring opening assembly.
between the 12 o’clock and 3 o’clock

Install the No. 12 thrust bearing onto the rearpositions.
surface of the hub assembly.

10. NOTE: Apply petroleum jelly to the No. 13
13. Install the output shaft ring gear assembly.parking gear bearing to hold it in place.

Install the No. 13 parking gear bearing.
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ASSEMBLY (Continued)

14. WARNING: Do not overextend the
output shaft retaining ring during
installation. Make sure the output shaft
retaining ring is securely seated in the
groove. Failure to follow these instructions
may result in personal injury.

Install the new output shaft retaining ring onto
the output shaft.

16. Install the reverse planet retaining ring into the
reverse clutch hub, making sure the retaining
ring is fully seated.

15. Install the reverse planet assembly.

1 Install the No. 11 thrust washer.

2 Install the reverse planet.

3 Install the No. 10B thrust washer.
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ASSEMBLY (Continued)

17. NOTE: The large outer diameter radius of the
needle bearing must be installed facing inward.

NOTE: Lightly lubricate the needle bearing
with petroleum jelly to hold it in place during
assembly.

Verify the No. 8B forward clutch needle
bearing is installed.

20. NOTE: Lightly lubricate the thrust washer with
petroleum jelly to hold it in place during
assembly.

Place the No. 8C forward clutch hub thrust
washer onto the forward hub and ring gear
assembly.

18. Install the forward clutch cylinder assembly
onto the intermediate brake drum by rotating it
until fully seated.

21. Place the forward hub and ring gear assembly
into the intermediate brake drum and forward
clutch cylinder assemblies.

19. NOTE: Lightly lubricate the thrust bearing with
petroleum jelly to hold it in place during
assembly.

Verify the No. 9A forward clutch thrust bearing
is installed (black side facing up).
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ASSEMBLY (Continued)

22. NOTE: Lightly lubricate the thrust bearing with
petroleum jelly to hold it in place during
assembly.

Verify the No. 10A forward planet assembly
thrust bearing is installed.

25. Align the notches with the lugs and position the
input shell onto the intermediate brake drum.
Rotate the input shell until fully seated.

23. Place the forward planet assembly into the
forward hub and ring gear assembly.

26. NOTE: When installing the special tool, each
leg of the special tool must be rotated to
engage notches on the input shell prior to
tightening the top cross bar.

Using the special tool, lower the direct clutch,
24. NOTE: The thrust bearing notched inner race forward clutch and input shell as an assembly

must face outward and the large outer diameter into the case.
radius must face inward.

Verify the No. 9B forward clutch thrust bearing
is installed.
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ASSEMBLY (Continued)

27. Install the intermediate band with the ear 29. NOTE: Clock position is viewed looking into
resting on the anchor pin. the converter housing with the top of the

transmission in the 12 o’clock position.

Install the intermediate clutch pack.

1 Install the intermediate clutch pressure plate.

2 Install the intermediate clutch pack starting
with an internal spline plate and alternating
with external spline plates.

3 Install the intermediate clutch pressure
apply plate with blank area (no teeth) in the
6 o’clock and 12 o’clock positions.

28. NOTE: Prior to installation, lightly lubricate
the piston seal with clean automatic
transmission fluid.

Gently press the intermediate band servo
assembly piston into the case bore.
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ASSEMBLY (Continued)

30. NOTE: The following stack-up check 31. CAUTION: Do not misalign the center
measurement indicates not only the amount of support in the case bore. This can cause case
space existing between the center support bore damage.
assembly and the intermediate brake drum, it

NOTE: Make sure the No. 6 center supportalso will indicate if the unit has been correctly
thrust washer is on the center support prior tobuilt to this point.
installation.

Measure the stack up.
Install the center support assembly with the

1 Hold the thrust washer against the center feed holes aligned in the case.
support assembly.

2 Extend the probe of the special tool into the
hole until flush with the No. 6 center
support thrust washer surface.

3 Record this as reading 1.
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ASSEMBLY (Continued)

32. Make a second measurement after installation 33. Subtract reading 1 from reading 2. Record this
of the center support. as reading 3. If the final dimension is outside

specified limits, this indicates that the1 Extend the probe of the special tool into the
transmission has been assembled incorrectly.hole in the center support assembly until

flush with the No. 6 center support thrust
washer.

2 Record this as reading 2.
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ASSEMBLY (Continued)

34. CAUTION: Do not tighten the bolts at 36. CAUTION: Do not misalign the
this time. This could cause transmission intermediate/overdrive cylinder assembly.
failure. This can damage the case bore.

Install the new feedbolts. Install the intermediate/overdrive cylinder
assembly with the feed holes aligned with the
holes in the case.

35. NOTE: Clock position is viewed looking into
the converter housing with the top of the
transmission in the 12 o’clock position.

Install the intermediate clutch return spring with
the dished surface inward and one spring leg in
the 6 o’clock position.
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ASSEMBLY (Continued)

37. NOTE: Clock position is viewed looking into
the converter housing with the top of the
transmission in the 12 o’clock position.

Install the intermediate/overdrive cylinder
retaining ring over the intermediate/overdrive
cylinder with the ring opening in the 6 o’clock
position to allow for the correct fluid drainback.

40. CAUTION: Do not tighten the bolts at
this time. Transmission failure could occur.

Install new intermediate/overdrive cylinder
feedbolt.

38. Install the special tool.

1 Rotate the special tool clockwise to lock in
place.

2 Tighten the handle.

39. CAUTION: Make sure the snap ring is
fully seated into the case. Transmission
failure could occur.

NOTE: Clock position is viewed looking into
the converter housing with the top of the
transmission in the 12 o’clock position.

Seat the intermediate/overdrive cylinder
retaining ring into the case ring groove with the
ring opening in the 6 o’clock position.
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ASSEMBLY (Continued)

41. Loosen the center bolt and remove the special 43. NOTE: The number of plates in the clutch
tool. pack is vehicle-dependent.

NOTE: Clock position is viewed looking into
the converter housing with the top of the
transmission in the 12 o’clock position.

Install the overdrive clutch pack.

1 Install the overdrive clutch pack starting
with a steel plate and alternating with
friction plates.

2 Install the overdrive clutch pressure plate
with the dot facing outward and in the 12
o’clock position.

42. NOTE: The special tool must be used to install
the coast clutch assembly or damage to the
overdrive one-way clutch may occur.

NOTE: Use petroleum jelly to hold the No. 5
thrust bearing on the center shaft during
assembly.

Using the special tool, install the coast clutch
and No. 5 thrust bearing assembly.

1 Install the No. 5 thrust bearing.

2 Install the coast clutch assembly.
44. NOTE: Clock position is viewed looking into

the converter housing with the top of the
transmission in the 12 o’clock position.

Install the overdrive clutch pressure plate
retainer snap ring with the ring opening in the 6
o’clock position.
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ASSEMBLY (Continued)

45. Check the stack-up clearance. 47. Install the input shaft with long splined end first
and install the special tool.• Using a feeler gauge, check the stack-up

clearance in 3 places, 120 degrees apart.

• If the clearance is not to specification,
install the correct selective overdrive clutch
pressure plate retainer snap ring and recheck
the clearance. For selective snap ring
thicknesses and part numbers, refer to the
Clutch Plate Usage and  Clearance
Specification Chart .

48. NOTE: Lightly lubricate the thrust washer and
bearing with petroleum jelly to hold it in place
during assembly.

Install the No. 1 pump thrust washer and the
No. 2A overdrive sun gear thrust bearing.

46. NOTE: Lightly lubricate the gasket with
petroleum jelly to hold it in place during
assembly.

Install the new pump gasket. Aligning the holes
in the gasket with the holes in the case.
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ASSEMBLY (Continued)

49. CAUTION: Pump assemblies are 51. CAUTION: Remove the input shaft
vehicle-dependent. Using the wrong pump prior to rotating the transmission.
will cause transmission failure. Remove the input shaft.

CAUTION: Fully seat the front pump
assembly using hand pressure only. Do not
use bolts to draw the front pump assembly
into the case.

CAUTION: Tighten the bolts
alternately to avoid possible damage.

NOTE: Clock position is viewed looking into
the converter housing with the top of the
transmission in the 12 o’clock position.

Install the front pump assembly with the filter
inlet tube bore in the 6 o’clock position. Fully
seat the front pump assembly using hand
pressure only. When the pump is fully seated, 52. Using the special tool, install the manual
remove the special tool. control lever seal.

50. CAUTION: Discard the old washers.

Install the bolts with new rubber-coated
washers. Tighten the bolts alternately in a
crisscross pattern.
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ASSEMBLY (Continued)

53. Install the manual control lever shaft assembly. 54. Install the park pawl.

1 Install the manual control lever shaft 1 Install the parking pawl shaft.
assembly. 2 Install the parking pawl.

2 Install and seat the manual lever shaft 3 Install the pawl return spring.
retaining pin below the case surface.

3 NOTE: Use a crescent wrench on the
manual control lever or outer flats of the
manual control lever shaft assembly when
installing the inner manual valve detent
lever nut.

Install the parking pawl actuating rod, the
inner manual valve detent lever and the nut
onto the manual control lever shaft
assembly.

4 NOTE: The manual control valve detent
lever spring must be on the inner manual
valve detent lever and the detent lever pin
must align with the manual shift valve. 55. CAUTION: The Torx-head screw has
Install the manual control valve detent lever a threadlocking compound. If the screw is
spring and the bolt. removed, it must be discarded and a new one

installed.

If removed, install the parking pawl abutment
with a new Torx-head screw.
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ASSEMBLY (Continued)

56. NOTE: Make sure the dimple on the parking 58. Check to make sure that the orifice lube plug is
guide support plate is facing inward and the fully seated into the back of the transmission.
parking pawl actuating rod is in the parking rod
support plate slot.

Install the parking rod guide plate.

1 Install the parking rod guide plate.

2 Install the bolts.

59. CAUTION: The extension must have a
shoulder or a boss cast in it to hold the
orifice lube plug in the back of the case. If
the wrong extension housing is used the plug
will fall out and cause transmission failure.

Inspect the extension housing for the correct57. Install a new orifice lube plug in the rear of the
application.case. Using a 12 mm (0.48 in) socket, tap the

orifice lube plug into the back of the
transmission.
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ASSEMBLY (Continued)

62. Using the special tool, install the extension60. CAUTION: The extension must have a
housing bushing.shoulder or a boss cast in it to hold the

orifice lube plug in the back of the case. If
the wrong extension housing is used the plug
may become loose and or fall out and cause
transmission damage.

NOTE: Lightly lubricate the gasket with
petroleum jelly to hold it in place during
assembly.

Install the new extension housing gasket.

1 Verify that the extension has a shoulder cast
in it.

2 Install the new extension housing gasket.

63. NOTE: The extension seal is
vehicle-dependent.

Using the special tool, install a new extension
housing seal.

61. Install the extension housing, the eight bolts,
and the stud.

2004 E-Series, 12/2003 



307-01A-19 307-01A-19Automatic Transmission — 4R100

ASSEMBLY (Continued)

64. Tighten the center support assembly, and the 66. CAUTION: Use care not to damage
intermediate/overdrive cylinder assembly the rubber check balls.
feedbolts.

Install the rubber check balls.

65. NOTE: The steel EPC check ball has a 6.35 Item Part Number Description
mm (0.25 in) diameter and is smaller than the

1 CB7 Check ball
other check balls.

2 CB9 Check ball
Install the spring and the steel EPC check ball.

3 CB14 Check ball

4 CB1 Check ball

5 BS3 Ball shuttle

6 CB8 Check ball

7 CB6 Check ball

8 BS1 Ball shuttle
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ASSEMBLY (Continued)

67. CAUTION: Using the incorrect gasket 70. CAUTION: Using the incorrect gasket
will cause damage to transmission. will cause damage to the transmission.

Install a new separating plate-to-case gasket on Install a new main control-to-separating plate
the separating plate. gasket.

68. NOTE: Check the placement of the steel EPC 71. Install the solenoid screen assembly by pushing
check ball under separator plate. it in and rotating it to lock.

Install the valve body separator plate.

72. NOTE: Prior to installing the solenoid body
assembly, coat the case connector bore with69. Install the separating plate reinforcing plate,
petroleum jelly or equivalent.with the stamped word UP visible, and install

the bolts. Install the solenoid body assembly with the nut
and the Torx bolts finger-tight.
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ASSEMBLY (Continued)

73. Install the main control valve body, aligning the
manual shift valve with the inner manual valve
detent lever. Install the nuts and the bolts
finger-tight.

74. Install the accumulator body with the nuts and
the bolts finger-tight.

76. CAUTION: Do not reuse the old filter
and seal assembly.

CAUTION: Make sure that the pump
bore is clean and the old filter seal has been
removed.

NOTE: Prior to installation, lightly lubricate
the fluid filter seal with clean automatic75. Tighten all accumulator body, upper and lower
transmission fluid.control body and solenoid body nuts and bolts.
Install a new filter and seal assembly by
pressing it into place.
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ASSEMBLY (Continued)

77. NOTE: Do not discard the gasket unless
damaged. This is a reusable gasket.

NOTE: Apply a light coat of petroleum jelly to
hold the gasket to the fluid pan.

Position the gasket onto the clean fluid pan.
Make sure the magnet is positioned over the
dimple in the fluid pan.

80. Install the special tool.

78. CAUTION: Mixing the 4x2-style and
4x4-style transmission fluid filters and
transmission pan assembly components can
cause transmission damage.

Install the correct pan with gasket for this
application. Alternately tighten the bolts.

81. Tighten the bolts and remove the special tool.

79. With the transmission in NEUTRAL, install and
82. Make sure the cooler bypass valve (CBV) hasadjust the digital transmission range (TR)

been cleaned and flushed. For additionalsensor.
information, refer to Cooler Bypass Valve

1 Install the digital TR sensor. Assembly in this section.
2 Loosely install the bolts.
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ASSEMBLY (Continued)

83. CAUTION: Failure to correctly install 85. CAUTION: If equipped, use care when
the new rubber-coated sealing washers will installing the sensor, damage to the O-ring
result in transmission fluid leaks. could result in a leak. After installing the

sensor do not roll the transmission on theAssemble the CBV as illustrated.
bench or damage to the sensor connector or

1 Install new sealing washers onto the new body could result.
CBV case fittings.

Lubricate and install the turbine shaft speed
2 Install the new CBV case fittings with the (TSS) sensor.

new sealing washers onto the CBV
1 Lubricate and install the TSS sensor.assembly.
2 Install the bolt.3 Install new sealing washers.

86. NOTE: The input shaft is model-dependent.
84. CAUTION: Do not over-tighten.

With the fluid pan facing down, install the
Install the CBV with the front (inlet) and the input shaft with the long splined end first.
rear (outlet) cooler line case fitting.
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ASSEMBLY (Continued)

87. CAUTION: Do not damage the fluid
pump gear O-ring when installing torque
converter.

CAUTION: Make sure the converter
hub is fully engaged in the front pump
support and gear and rotates freely. Do not
damage the hub seal.

CAUTION: If the torque converter
slides out, the hub seal may be damaged.

Lubricate the converter hub with clean
automatic transmission fluid.

89. Check the seating of the torque converter.

1 Place the straightedge across the converter
housing.

2 Make sure there is a gap between the
converter pilot face and the straightedge.

3 Remove the special tools.

88. CAUTION: Use care when installing
the torque converter to avoid damage to the
front pump stator support seal.

NOTE: Check the converter crankshaft pilot for
nicks or damaged surfaces that can cause
interference when installing the transmission to
the engine. Check the converter impeller hub
for nicks or sharp edges that can damage the
pump seal.

NOTE: Carry the torque converter with the
handles held in the 6 o’clock and 12 o’clock
positions.

Using the special tool, install the torque
converter. Push and rotate the converter onto
the front pump assembly until it bottoms out.
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3. Install the special tool.
INSTALLATION

Transmission

Special Tool(s)

Retainer, Torque Converter
307-346 (T97T-7902-A)

Material

Item Specification

Multi-Purpose Grease ESR-M1C159-A 4. CAUTION: Be sure not to raise the
XG-4 back of the transmission too high, if it makes
Motorcraft MERCON MERCON contact with the underbody, damage to the
Multi-Purpose (ATF) turbine shaft speed (TSS) sensor can occur.
Transmission Fluid
XT-2-QDX CAUTION: If a safety strap is being

used to hold the transmission to the
Installation transmission jack, place the strap behind the

cooler bypass valve (CBV) to prevent
All vehicles damage to the cooler bypass valve.

NOTE: Due to the proximity of the exhaust
1. Inspect the wiring harness and the connectors pipe, the bolt must be installed into the

for damage, terminal condition, corrosion and converter housing mounting hole above the
seal integrity. Repair or install new components starter motor mounting area prior to raising the
as required. transmission into the vehicle.

Using a suitable transmission jack, position,
2. CAUTION: Prior to installation of the then raise the transmission into the vehicle

transmission assembly, the torque converter while watching for obstructions.
pilot hub must be lubricated.

Lubricate the torque converter pilot hub with
multi-purpose grease.

Copyright  2003, Ford Motor Company
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INSTALLATION (Continued)

5. CAUTION: Do not allow the torque
converter drive flats to disengage from the
pump gear. Use care not to damage the
flexplate and the converter pilot. The torque
converter must rest squarely against the
flexplate, indicating the converter pilot is not
binding in the crankshaft.

While installing the transmission to the engine,
align the torque converter studs with the
mounting holes in the flexplate.

8. Install the cylinder block opening cover.

6. Install and alternately snug the
transmission-to-engine retaining bolts.

9. Install the flexplate inspection cover and bolts.

7. Install new torque converter-to-flexplate nuts.
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INSTALLATION (Continued)

10. NOTE: If the transmission fluid cooler, cooler
tubes, or cooler bypass valve have not been
flushed it would be necessary to do so at this
time.

Remove the plugs and connect the fluid cooler
tubes to the CBV.

13. Remove the high-lift transmission jack.

14. Install the shift cable.

11. CAUTION: Be sure not to raise the
back of the transmission too high, if it makes
contact with the underbody, damage to the
TSS sensor could occur.

Install the transmission support crossmember.

15. Connect the digital transmission range (TR)
sensor connector.

12. Install the rear transmission mount nuts.
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INSTALLATION (Continued)

16. Connect the solenoid body connector.

All vehicles

17. If equipped, install the exhaust heat shield and 21. Use the following guidelines for the in-line
bolts. transmission fluid filter:

• If the transmission was overhauled and the
vehicle was equipped with an in-line fluid
filter, install a new in-line fluid filter.

•  If the transmission was overhauled and the
vehicle was not equipped with an in-line
fluid filter, install a new in-line fluid filter
kit.

• If the transmission is being installed for a
non-internal repair, do not install an in-line
filter or filter kit.

• If installing a new or a Ford-authorized
remanufactured transmission, install the
in-line transmission fluid filter that is18. Install the starter motor. For additional
supplied.information, refer to Section 303-06A.
Prior to lowering the vehicle, install a new

19. Install the driveshaft. For additional in-line transmission filter or a filter kit. For
information, refer to Section 205-01. additional information, refer to Transmission

Fluid In-Line Filter in this section.
Vehicles equipped with a transmission-mounted
parking brake 22. Remove the supports and lower the vehicle.

20. If removed, install the parking brake.

1 Position the parking brake assembly with a
new gasket on the transmission extension
housing.

2 Install six new bolts.
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INSTALLATION (Continued)

23. Install and alternately snug, then tighten the 26. Position the retaining bracket for the fluid filler
transmission-to-engine bolts. tube and install the nut.

24. Connect the electrical harness connectors. 27. Install the vapor management valve.

25. NOTE: Prior to installation, check the 28. Install the engine cover. For additional
condition of the transmission fluid filler tube information, refer to Section 501-05.
O-ring. Install new if damaged.

29. NOTE: This vehicle has adaptive shiftInstall the fluid filler tube into the short fluid
strategies. Whenever the battery has beeninlet tube. Tighten the nut.
disconnected and reconnected, some abnormal
drive symptoms will occur while the vehicle
relearns its adaptive strategy. The customer
needs to be notified that they may  experience
slightly different upshifts (either soft or firm)
and that this is a temporary condition that will
eventually return to normal operating condition.

Connect the battery ground cable. For additional
information, refer to Section 414-01.
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INSTALLATION (Continued)

30. Install the transmission fluid level indicator. 31. Install the air cleaner air intake duct assembly.
For additional information, refer to Section
303-12.

32. Fill the transmission to the specified level using
clean automatic transmission fluid.
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General Specifications (Continued)
SPECIFICATIONS

Item Specification
General Specifications

Fluid Capacities
Item Specification

All 13.1L (13.9 quarts)
Fluid

Fluid Filter
MERCON V is not interchangeable at this time with

In-line Transmission Fluid  —the current MERCON service fluids. Check the
Filter Kittransmission dipstick to determine the correct fluid and
XC3Z-7B155-AArefer to the Workshop Information/Owner publication to

determine the  correct service interval for the specific In-line Transmission Fluid  —
vehicle. Filter XC3Z-7B155-AB

Motorcraft MERCON V MERCON V
Automatic Transmission
Fluid XT-5-QM

Band and Clutch Application Chart A

Intermed- Low/
Overdrive iate Reverse Reverse Forward Direct

Gear Band Clutch Band Clutch Clutch Clutch

REVERSE A A

1st GEAR MANUAL LOW A A

2nd GEAR MANUAL LOW A A A

1st GEAR (D) (Overdrive) A

2nd GEAR (D) (Overdrive) A A

3rd GEAR (D) (Overdrive) A A A

4th GEAR (D) (Overdrive) A A A

A = Applied

Band and Clutch Application Chart B

Intermediate Planetary One-Way
One-Way Clutch Clutch Solenoid States

Drive Coast Drive Coast SSA SSB TCCGear

PARK ON OFF HD

REVERSE NE ON OFF HD

NEUTRAL ON OFF HD

1st GEAR MANUAL LOW H ON OFF HD

2nd GEAR MANUAL LOW H OFF OFF EC

1st GEAR (D) (Overdrive) H OR ON OFF HD

2nd GEAR (D) (Overdrive) H OR OR OFF OFF EC

3rd GEAR (D) (Overdrive) OR OR OFF ON EC

4th GEAR (D) (Overdrive) OR OR OR ON ON EC
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SPECIFICATIONS (Continued)

HD = Hydraulically Disabled

NE = No Effect

H = Hold

EC = Electronically Controlled

OR = Overrunning

Shift Speed Chart

NOTE: Shift speed ranges are approximate for all applications. For specific applications (engine,
axle ratio and application), refer to the Automatic Transmission Specification booklet. Do not
exceed local speed laws.

Throttle Position Shift MPH Km/H

Closed Throttle 4-3 11-25 18-40

3-2 11-25 18-40

2-1 4-10 6-16

Light Throttle 1-2 9-17 14-27

TP Voltage 2-3 15-35 24-56

1.25 Volts 3-4 19-47 31-76

Wide Open 1-2 32-45 51-72

Throttle 2-3 60-80 97-129

3-2 58-88 93-142

2-1 36-34 58-55

Stall Speed Selective Thrust Washer — No. 1 (Continued)

Application Min. Max. Item Specification

5.4L 1,771 2,149 Natural thickness mm 2.159-2.260 (0.085-0.089)
(inch)4.6L 2,015 2,370
Red thickness mm (inch) 2.590-2.692 (0.102-0.106)

Blue thickness mm (inch) 3.022-3.124 (0.119-0.123)
Sensor Resistance Readings

Component Readings (ohm)
Forward Clutch Pack

SSA 20-30 ohms
Item SpecificationSSB 20-30 ohms

Clearance mm (inch) 1.17-1.63 (0.046-0.068)EPC 2.48-5.66 ohms
Snap ring thickness mm 1.524-1.625 (0.060-0.064)TCC 10-16 ohms
(inch) 1.880-1.981 (0.074-0.078)

OSS 400-500 ohms 2.235-2.337 (0.088-0.092)
2.591-2.692 (0.102-0.106)TSS 480-590 ohms

Reverse Clutch PackSelective Thrust Washer — No. 1

Item SpecificationItem Specification
Clearance mm (inch) 1.27-1.94 (0.050-0.076)Green thickness mm 1.217-1.371 (0.050-0.054)

(inch) Snap ring thickness mm 1.524-1.625 (0.060-0.064)
(inch) 1.880-1.981 (0.074-0.078)Yellow thickness mm 1.727-1.828 (0.068-0.072)

2.235-2.337 (0.088-0.092)(inch)
2.591-2.692 (0.102-0.106)
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SPECIFICATIONS (Continued)

Direct Clutch Pack Torque Specifications (Continued)

Item Specification Description Nm lb-ft lb-in

Clearance mm (inch) 1.574-2.159 (0.062-0.085) Main control valve 10  — 89
body boltsSnap ring thickness mm 1.270-1.372 (0.050-0.054)

(inch) 1.625-1.727 (0.064-0.068) Main control valve 10  — 89
1.981-2.083 (0.078-0.082) body cover plate bolts
2.337-2.438 (0.092-0.096) Main control valve 10  — 89

body separator plate
bolts

Intermediate Clutch Pack
Main control valve 10  — 89

Item Specification body reinforcement
platesClearance mm (inch) 41.7322-42.5958

(1.643-1.677) Manual lever shaft 31 23  —
inner nutSelective steel plates mm 1.702-1.803 (0.067-0.071)

(inch) 1.956-2.057 (0.077-0.081) Manual lever shaft 33 24  —
2.210-2.311 (0.087-0.091) outer nut
2.464-2.565 (0.097-0.101)

Fluid cooler line case 31 23  —
fittings

Torque Specifications Fluid cooler line tube 18 13  —
nut fittings

Description Nm lb-ft lb-in
Fluid cooler bolts 15 11  —

Rear driveshaft bolts 103 76  —
Pressure tap plugs 12 9  —

Transmission insulator 98 72  —
TCC solenoid bolt 10  — 89and retainer to

extension housing bolts Torque converter nuts 36 27  —
Transmission insulator 103 76  — Digital transmission 9  — 80
and retainer to range (TR) sensor bolts
crossmember nuts

Transmission bolts 59 44  —
Crossmember to frame 81 60  —

Output shaft speed 12 9  —nuts
(OSS) sensor bolt

Engine oil pan to 67 49  —
Turbine shaft speed 11 8  —torque converter
(TSS) sensor plug bolthousing
Transmission vent tube 12 9  —Rear engine plate to 30 22  —

torque converter Manual valve detent 10  — 89
housing spring bolt

EGR vacuum reservoir 17 13  — Shift cable bracket bolt 25 18  —
nuts

Shift cable retainer 60 44  —
Extension housing bolts 27 20  — bracket bolt

Transmission fluid pan 14 10  — Fluid level indicator 10  — 89
bolts bolt

Front pump bolts 27 20  — Heat shield bolts 15 11  —

Front pump support 23 17  — Positive cable starter 13 10  —
bolts bolts

Flexplate inspection 10  — 89
plate bolts
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DESCRIPTION AND OPERATION
Automatic TransmissionTransmission Description

This transmission has the following features:

• Wide ratio gears

• Four speeds

• Rear wheel drive

• Automatic

• Electronic shift

• Torque converter clutch control

• Line pressure controls

The transmission uses Ravigneaux-style
double-pinion gearset with two bands, one one-way
roller clutch, one mechanical diode and four friction
clutches to produce four forward gears and Reverse.

Copyright  2003, Ford Motor Company
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DESCRIPTION AND OPERATION
Identification TagIdentification Tags

All vehicles are equipped with a Vehicle
Certification Label, located on the driver side door
lock post. For correct transmission identification,
refer to the code in the space marked TR.

For model, service ID level or build date
information, refer to the transmission service ID tag
located on the transmission case.

Item Part Number Description

1 — Model number

2 — Assembly number

3 — Serial number

4 — Model and serial number

Copyright  2003, Ford Motor Company
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DESCRIPTION AND OPERATION
NeutralRange Selection
In the NEUTRAL position:The transmission has six range positions: P, R, N,

(D), 2 and 1. • there is no powerflow through the transmission.

• the output shaft is not held and is free to turn.

• the engine can be started.

Overdrive

Overdrive is the normal position for most forward
driving.

The OVERDRIVE position provides:

• Automatic shifts.

• Apply and release of the torque converter clutch.

• Maximum fuel economy during normal operation.

Second Position
Park

This position provides:
In the PARK position:

• Second gear start and hold.
• there is no powerflow through the transmission.

• The torque converter clutch can apply and release.
• the parking pawl locks the output shaft to the

• Improved traction and engine braking on slipperycase.
roads.

• the engine can be started.
• Engine braking for descending steep grades.

• the ignition key can be removed.
First Position

Reverse
If this position is selected at normal road speeds,

In the REVERSE position: the transmission will shift into second gear, then
into first when the vehicle reaches a speed below• the vehicle can be operated in a rearward
approximately 45 km/h (28 mph).direction, at a reduced gear ratio.

This position provides:• engine braking will occur.

• First gear operation only.

• Engine braking for descending steep grades.
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DESCRIPTION AND OPERATION
Torque DemandShift Patterns
The torque demand downshift occurs (automatically)

Upshifts during part throttle acceleration when the demand
Transmission upshifting is controlled by the for torque is greater than the engine can provide at
powertrain control module (PCM). The PCM that gear ratio. If applied, the transmission will
receives inputs from various engine or vehicle disengage the TCC to provide added  acceleration.
sensors and driver demands to control shift

Kickdownscheduling, shift feel and torque converter clutch
(TCC) operation. For maximum acceleration, the driver can force a

downshift by pressing the accelerator pedal to the
Downshifts floor. A forced downshift into a lower gear is
Under certain conditions the transmission will possible below calibrated speeds. Specifications for
downshift automatically to a lower gear range downshift speeds are subject to variations  due to
(without moving the gearshift lever). There are three tire size, engine and transmission calibration
categories of automatic downshifts; Coastdown, requirements.
Torque Demand and Forced or Kickdown shifts.

Coastdown
The coastdown downshift occurs when the vehicle
is coasting down to a stop.

Copyright  2003, Ford Motor Company
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DESCRIPTION AND OPERATION

Disassembled Views

Automatic Transmission — Disassembled View
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DESCRIPTION AND OPERATION (Continued)
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DESCRIPTION AND OPERATION (Continued)

Item Part Number Description Item Part Number Description

25 7A089 Clutch assembly —1 7902 Converter assembly (model
intermediate one-way clutchdependent)

26 7D044 Drum assembly — reverse2 7A103 Pump and piston assembly —
clutchfluid

27 7D403 Seal — reverse clutch piston3 7A248 Seal assembly — fluid pump
outer4 7A248 Seal — Fluid pump

28 7D402 Piston assembly — reverse5 7B258 Bushing — Fluid pump
clutch

6 N605789-S101 Bolt — M8-1.25 x 35 hex
29 7D404 Seal reverse clutch pistonhead (7-attaches 7A103 to

inner7005)
30 7D256 Ring — reverse clutch piston7 7A106 Body assembly — fluid pump

pressure(part of 7A103)
31 7B070 Spring — reverse clutch8 7A136 Gasket — front pump

piston return
9 7H169 Gear — pump inner gerotor

32 7A577 Spring — reverse clutch(part of 7A103)
piston spring

10 7H169 Gear — pump outer gerotor
33 7B066 Plate — reverse clutch front(part of 7A103)

pressure
11 7A108 Support assembly — front

34 7B164 Plate — reverse clutchpump
internal spline (friction)

12 N605787-S1000 Bolt — M8-1.25 x 25 hex
35 7B442 Plate — reverse clutchflange head (5-attaches

external spline (steel)7A108 to 7A103)
36 7B066 Plate — reverse clutch rear13 7D020 Seals — reverse clutch

pressurecylinder (2 required)
37 7B497 Seals — input shaft (214 7D019 Seals — forward clutch

required)cylinder (2 required)
38 7D483 Retainer — reverse clutch15 7E005 Piston and valve assembly —

pressure plate — (select fit)intermediate clutch
39 7A166 Bearing and race assembly —16 7D014 Washer — front pump

forward clutch No. 2support thrust — select fit
40 7F207 Cylinder and input shaftNo. 1

assembly — forward clutch17 7B070 Spring — intermediate clutch
41 7A548 Seal — forward clutch pistonpiston return

outer18 7G154 Support — intermediate
42 7C099 Seal — forward clutch pistonclutch piston return spring

inner19 7A609 Anti-rattle clip —
43 7A262 Piston — forward clutchintermediate clutch (model

dependent) 44 7A480 Spring — forward clutch
piston return20 7B442 Plate — intermediate clutch

external spline (select fit) 45 7A527 Retainer return spring —
(steel) forward clutch

21 7B164 Plate assembly — 46 388099-S Snap ring — retaining —
intermediate clutch internal 1-59/64 (retains 7A529 in
spline (friction) 7F207)

22 7B066 Plate — intermediate clutch 47 7E085 Spring — rear clutch pressure
pressure plate (model dependent)

23 7F196 Band assembly — overdrive 48 7B442 Plate — forward clutch
external spline (steel)24 391267-S Ring — 3-21/64 retains type

SU external (retains 7F262 to 49 7B164 Plate — forward clutch
7F215) internal spline (friction)

(Continued) (Continued)
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DESCRIPTION AND OPERATION (Continued)

Item Part Number Description Item Part Number Description

50 7B066 Plate — forward clutch 76 7C099 Seal — direct clutch piston
pressure inner

51 7D483 Snap ring — retaining (select 77 7A548 Seal — direct clutch piston
fit) outer

52 7F231 Bearing and race assembly — 78 7F283 Cylinder assembly — direct
forward clutch front No. 3 clutch

53 7B067 Hub — forward clutch 79 7F274 Seals — output shaft small
— direct clutch (2 required)54 7F351 Shaft — intermediate stub

80 7F240 Bearing and race assembly —55 7C096 Bearing and race assembly —
direct clutch outer No. 8forward clutch hub No. 4

81 7060 Shaft assembly — output56 7A019 Gear assembly — reverse
(model dependent)clutch sun

82 7F273 Seal — output to case shaft57 7D234 Bearing and race assembly —
large (3 required)forward clutch sun gear No. 5

83 87054-S94 Seal — O-ring (piloted output58 388501-S Retaining ring — center
shaft only) (model dependent)support — 7-7/92

84 7A233 Gear — output shaft ring59 7A399 Gear assembly — forward
clutch sun 85 7D164 Hub — output shaft

60 7F277 Spring — case to planet 86 97713-S Snap ring — 1-13/16
support retaining (retains 7D164 to

7060)61 7A130 Support assembly —
planetary gear 87 7C122 Snap ring — retaining

(retains 7D164 to 7A153)62 7A089 OWC cage spring and roller
assembly — planetary 88 7025 Bushing — rear case

63 7A398 Planetary assembly (model 89 7F242 Bearing and race assembly —
dependent) case rear No. 9

64 7D095 Band assembly — reverse 90 7005 Case assembly

65 392004-S300 Retaining ring — 0.58 thick 91 7086 Gasket — extension (model
(locates reverse band during dependent)
assembly) 92 N803747-S102 Bolt — M8-1.25 x 30

66 7F236 Hub — direct clutch (6-attaches 7A039 to 7005)
(model dependent)67 7F243 Bearing and race assembly —

direct clutch inner No. 7 93 7A039 Extension housing assembly
(model dependent)68 7F237 Support — direct clutch inner

bearing 94 7A034 Bushing — extension housing
(part of 7A039)69 7D483 Retaining ring — direct

clutch pressure plate (select 95 7052 Seal assembly — extension
fit) housing (model dependent)

70 7B066 Plate — direct clutch pressure 96 7H183 Plug assembly —
transmission extension71 7B164 Plate — direct clutch internal
housingspline (friction)

97 57621-S2 Bolt and washer assembly —72 7B442 Plate — direct clutch external
speedometer plugspline (steel)

98 390318-S100 Pipe plug — 1/8-27 Dryseal73 388104-S Retainer ring — 1-19/32
tapered (5 required)(retains 7F235 to 7F283)

99 7F295 Pin — overdrive band anchor74 7F235 Retainer and spring assembly
— direct clutch 100 388142-S Pin — reverse band anchor

(part of 7005)75 7A262 Piston assembly — direct
clutch 101 7A246 Vent assembly — case

(Continued) (Continued)
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DESCRIPTION AND OPERATION (Continued)

Item Part Number Description Item Part Number Description

102 7H398 Plug — non TSS applications 127 7A232 Rod assembly — park pawl
actuating103 W700005-S309 Bolt — M6-1.0X25 hex

flange HD (attaches TSS 128 7A115 Lever assembly — manual
sensor to case) valve detent lever

104 7M101 Sensor assembly — 129 N800287-S536 Nut — M14 x 1.5 hex
transmission turbine shaft intermediate detent lever
speed sensor (attaches 7A115 to 7A256)

105 N811757-S100 Seal — 14.0 x 1.78 O-ring 130 7H188 Piston assembly — overdrive
servo106 N605771-S427 Bolt — M6-1.0 x 14 hex

head (attaches output shaft 131 7F201 Spring — overdrive servo
speed sensor to case) piston

107 7H103 Sensor assembly — 132 7F203 Rod — overdrive servo
transmission output shaft actuating
speed 133 7H179 Washer — backup overdrive

108 W500015-S309 Bolt and washer assembly — servo belleville
M6-1.0 x 25 mm (1 in) 134 7G277 Spring — belleville overdrive
(2-attaches 7F293 to 7005) cushion spring
(model dependent)

135 7F200 Piston assembly — overdrive
109 7F293 Sensor — transmission range servo
110 7A256 Lever assembly — manual 136 97411-S Ring — retaining

control (model dependent)
137 391377-S Ring — 2.85 retaining type

111 7H296 Link assembly — manual internal (retains 7H188 to
control (model dependent) 7005)

112 7C493 Shaft — transmission manual 138 7D031 Spring — reverse band servo
control lever (model piston
dependent)

139 7D189 Piston assembly — reverse
113 N808737-S427 Nut — M10-1.5 (attaches band servo

7A256 to 7C493)
140 7D036 Cover assembly — reverse

114 7B498 Seal assembly — manual band servo piston
control lever

141 388215-S100 Retaining ring internal —
115 373907-S2 Nut — 1/4 spring (retains 3-13/16

identification tag to 7000)
142 7H292 Piston and seal assembly —

116 7B148 Tag — identification (part of 2-3 accumulator (bonded
7005) seals)

117 7D273 Connector assembly — fluid 143 7F285 Ring — 2-3 shift accumulator
tube (2 required) piston (model dependent)

118 7N171 Plug — converter housing 144 7B264 Retainer — 2-3 shift
access accumulator spring

119 7B210 Pin — manual lever shaft 145 7F284 Spring — 1-2 shift
retainer accumulator (model

120 391131 Seal — 0.426 x 0.070 O-ring dependent)

121 N805862 Seal — 14.0 x 1.78 O-ring 146 7F251 Piston assembly — 1-2 shift
accumulator (bonded seals)122 7G383 Solenoid valve —

transmission pressure control 147 7F284 Spring — 1-2 shift
accumulator123 7A441 Pawl — parking pawl

148 7F284 Nested spring — 1-2 (inner124 7D071 Shaft — parking pawl
spring) (vehicle dependent)

125 7D419 Cup — park rod guide (part
149 7F247 Cover and seal assembly —of 7A039)

1-2 accumulator
126 7D070 Spring — parking pawl return

(Continued)
(Continued)
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DESCRIPTION AND OPERATION (Continued)

Item Part Number Description Item Part Number Description

150 7384 Ring — 2-1/16 retaining type 168 N807179-S1000 Bolt — M6-1.0 x 52 hex
internal (retains 7H300 to flange head (12-attaches
7005) 7A100 to 7005)

151 N807178-S1000 Bolt — M6-1.0 x 18 hex 169 7H111 Retainer — solenoid
head (12-attaches reinforcing 170 7E195 Ball — 1/4 diameter coast
plate to valve body) booster valve shuttle (8

152 7F282 Plate — valve body required)
reinforcing (part of 7A100) 171 7H187 Screen — solenoid pressure

153 7C155 Gasket — valve body supply
separator upper 172 N800670-S1000 Bolt — M6-1.0 x 40 hex

154 7A008 Plate — control valve body flange head (13-attaches
separator (part of 7A100) 7A100 to 7005)

155 7D100 Gasket — valve body 173 7E332 Spring assembly — manual
separator lower valve detent

156 7D174 Valve — converter drainback 174 7Z276 Seal — 0.864 x 0.070 O-ring
(2 required)157 7A091 Body assembly — main

control 175 7G276 Bulkhead assembly — wiring
connector158 7H173 Gasket — valve body cover

plate 176 7G276 Bulkhead assembly —
connector (molded lead159 7C034 Plate — valve body cover
frame)(part of 7A100)

177 7Z484 Seal — 6.07 x 1.70 O-ring (2160 N807178-S1000 Bolt — M6-1.0 x 18 hex
required)head (11-attaches 7C034 to

7A100 (part of 7A100) 178 7G484 Solenoid valve —
transmission shift161 7A100 Control assembly — main

(model dependent) 179 7G136 Solenoid valve —
transmission torque converter162 7A098 Filter and seal assembly —
clutchfluid

180 N807178-S1000 Bolt — M6-1.0 x 16 hex163 7A191 Gasket — transmission pan
head (retains 7D136 and

164 7A194 Pan — transmission 7G484 to 7A100)
165 N605785-S1036 Bolt — M8-1.25 x 18 hex 181 7Z136 Seal — 0.489 x 0.070 O-ring

flange head (14-attaches
182 7Z484 Seal — 0.176 x 0.070 O-ring7A194 to 7005)

A  — Intermediate clutch assembly166 7L027 Magnet — ceramic case (part
of 7A194) B  — Intermediate one-way clutch

167 N808947-S1300 Bolt — M8-1.25 x 46 hex C  — Reverse clutch assembly
shoulder pilot (2-attaches D  — Forward clutch assembly
7C034 to 7A100)

E  — Direct clutch assembly
(Continued)

2004 E-Series, 12/2003 



307-01B-1 307-01B-1Automatic Transmission — 4R70W/4R75W

DESCRIPTION AND OPERATION

Bushings, Bearing and Thrust Washer
Locator

Item Part Number Description Item Part Number Description

9 7F242 Outer bearing and race1 7D014 Pump No.1 thrust washer
assembly — rear No. 9(select fit)

10 — Extension bushing (part of2 7A166 Forward clutch No. 2 bearing
7A039)and race assembly

11 7025 Case bushing3 7F231 Forward clutch bearing and
race assembly — front No. 3 12 7B233 Output shaft bushing

4 7F244 Forward clutch hub bearing 13 7B375 Planet carrier bushing — rear
and race assembly No. 4

14 7F209 Forward clutch sun gear
5 7F244 Forward clutch sun gear bushing

bearing and race assembly
15 7N193 Reverse clutch sun gearNo. 5

bushing
6 7F241 Planet assembly bearing and

16 7B374 Carrier bushing — frontrace No. 6
17 7A132 Planetary support bushing7 7F243, 7F237 Direct clutch inner bearing,

race assembly No. 7 and 18 7F218 Reverse clutch drum bushing
direct clutch inner bearing — rear
support No. 7 19 7B261 Front pump support bushing

8 7F240 Direct clutch outer bearing 20 7F217 Reverse clutch drum bushing
and race assembly No. 8 — front

(Continued) (Continued)
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DESCRIPTION AND OPERATION (Continued)

Item Part Number Description Item Part Number Description

21 7B258 Front pump bushing 22 7B261 Front pump support bushing
(Continued)
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DESCRIPTION AND OPERATION

Seals, Rings and Gasket Locator
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DESCRIPTION AND OPERATION (Continued)

Item Part Number Description Item Part Number Description

17 7B497 Input shaft seal (2 req’d)1 7A248 Front pump seal assembly

18 7C099 Forward clutch piston inner2 7A248 Front pump seal
seal3 7A136 Front pump gasket

19 7A548 Forward clutch piston outer4 7D020 Reverse clutch cylinder seal
seal(2 req’d)

20 7B498 Manual control lever seal5 7C099 Direct clutch piston inner seal
assembly

6 7D019 Forward clutch cylinder
21 7D403 Reverse clutch piston outer

7 7A548 Direct clutch piston outer seal seal
8 7F274 Output shaft to direct clutch 22 7D404 Reverse clutch piston inner

cylinder seal (2 req’d) seal
9 87054-S94 O-ring seal (piloted) (model 23 7F224 Intermediate clutch piston

dependent) outer seal
10 7086 Extension gasket 24 7F225 Intermediate clutch piston

inner seal11 7052 Extension housing seal
assembly 25 391308-S Fill tube level indicator seal

12 7C155 Control valve body upper 26 7Z484 TCC solenoid seal (large)
gasket

27 7Z136 TCC solenoid seal (small)
13 7D100 Valve body separator plate

28 7Z484 Shift solenoid seal (2 req’d)lower gasket
29 N811757-S100 Output shaft speed sensor seal14 7H173 Valve body cover plate gasket
30 7Z276 Bulkhead seal (1 req’d)15 7A191 Transmission pan to case
31 N805862-S Pressure control solenoid sealgasket

(large)16 7F273 Output shaft to case seal (3
32 391131 Pressure control solenoid sealreq’d)

(small)(Continued)
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DESCRIPTION AND OPERATION

Main Components and Functions

Transmission Main Components — Sectional View

Item Part Number Description Item Part Number Description

7 7F351 Shaft — intermediate stub1 7902 Torque converter

8 7060 Output shaft2 7B164 Intermediate clutch (friction)

9 7A089 Planetary one-way clutch3 7B164 Reverse clutch (friction)

10 7D095 Reverse clutch band4 7B164 Forward clutch (friction)

11 7F196 Overdrive band5 7B164 Direct clutch (friction)

12 7A089 Intermediate one-way clutch6 7F207 Forward clutch cylinder and
shaft

(Continued)
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DESCRIPTION AND OPERATION

• The reactor redirects fluid going back into theTorque Converter
impeller, allowing for torque multiplication.The torque converter transmits and multiplies

• The clutch and damper assembly dampenstorque. The torque converter is a four-element
powertrain torsional vibration and provides adevice:
direct mechanical connection for improved

• impeller assembly efficiency.
• turbine assembly • Power is transmitted from the torque converter to
• reactor assembly the planetary gearsets and other components

through the input shaft.• clutch and damper assembly

The standard torque converter components operate
as follows:

• Rotation of the converter housing and impeller set
the fluid in motion.

• The turbine reacts to the fluid motion from the
impeller, transferring rotation to the geartrain
through the input shaft.
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DESCRIPTION AND OPERATION
Planetary GearsetGeartrain
The planetary gearset in the transmission is aPower is transmitted from the torque converter to
Ravigneaux-type set consisting of the followingthe Ravigneaux geartrain components through the
components:input shaft and forward clutch cylinder.

• forward clutch sun gear• The geartrain contains a Ravigneaux planetary set
connected by dual pinion gears. • reverse clutch sun gear

• By holding or driving certain components of the • a pinion carrier
gearset, four forward ratios and one reverse ratio • long and short pinions
are obtained and transmitted to the output shaft.

• output ring gearThe ratios are as follows:
Components are held or driven to produce forward

Gear Ratio and reverse gear ratios.
1st 2.84 to 1

Input Shaft
2nd 1.55 to 1

The forward clutch cylinder and shaft transfers
3rd 1.00 to 1

speed and torque from the converter turbine to the
4th 0.70 to 1 geartrain. This shaft is splined to the turbine on one

Reverse 2.32 to 1 end and to the forward clutch sun gear and stub
shaft on the other end.

• Components of the geartrain can be held by bands Stub Shaft
or clutches and driven by clutches only.

The stub shaft transfers power from the input shaft
This transmission uses: to the planet carrier (through the direct clutch)

during third and fourth gear operation.• two bands.

• two one-way clutches (one roller, one mechanical Output Shaft
diode).

The output shaft provides torque to the driveshaft
• four friction clutches. and rear axle assembly. It is driven by the ring gear

of the planetary gearset.
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DESCRIPTION AND OPERATION
Clutch — DirectApply Components
For component location, refer to DisassembledThere are eight apply components used to drive or
Views in this section.hold the planetary gearset components.
The direct clutch couples the input shaft to the

Band — Overdrive planet carrier through the stub shaft in third and
For component location, refer to Disassembled fourth gears.
Views in this section.

Clutch — Reverse
The overdrive band holds the reverse clutch drum

For component location, refer to Disassembledstationary in fourth gear and manual 2. This action
Views in this section.causes the reverse sun gear to be held in these

ranges. The reverse clutch couples the input shaft to the
reverse sun gear, applied in reverse range only.

Band — Low and Reverse
One-Way Clutch — Planetary (Low)For component location, refer to Disassembled

Views in this section. For component location, refer to Disassembled
Views in this section.The low and reverse band holds the pinion carrier in

reverse. The reverse band also applies in manual 1 The planetary (low) one-way clutch is a roller
position to provide engine braking. clutch that holds the planetary gearset in first gear,

(D) and D ranges. During automatic coasting
Clutch — Intermediate downshifts into first gear ((D) and D ranges), the
For component location, refer to Disassembled planetary one-way clutch freewheels  so there is no
Views in this section. engine braking.

The intermediate clutch works with the intermediate One-Way Clutch — Intermediate
one-way clutch to hold the reverse sun gear

For component location, refer to Disassembledstationary in second gear. The intermediate clutch
Views in this section.remains applied in third and fourth gears, but does

not transmit power. The intermediate one-way clutch works with the
intermediate friction clutch to hold the reverse

Clutch — Forward clutch drum and reverse sun gear stationary in
For component location, refer to Disassembled second gear during acceleration. The intermediate
Views in this section. one-way clutch freewheels in third gear and during

coasting in second gear, (D) and D ranges.The forward clutch couples the forward clutch
cylinder and input shaft to the forward sun gear in
first, second, and third gears. The forward clutch is
not applied in fourth gear.
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DESCRIPTION AND OPERATION
AccumulatorsHydraulic System
For component location, refer to Disassembled

Fluid Pump Views in this section.
For component location, refer to Disassembled The transmission uses two accumulators:
Views in this section.

• 1-2 Accumulator — The 1-2 accumulator is usedThe transmission uses a gerotor-type design front
to soften the 1-2 shift by absorbing some of thepump support and gear. The pump provides the
pressure directed to the intermediate clutch.volume of fluid needed to charge the torque
Constant line pressure is applied to the middleconverter, main control assembly, cooling system
section of the 1-2 accumulator piston, opposingand lube system. Pump pressure is regulated by the
the intermediate clutch pressure, until the pressuremain  regulator valve. The pump has an internal
is high enough to overcome line pressure. The topboost circuit which is more efficient at lower engine
of the piston is exhausted to the sump.speeds.

• 2-3 Accumulator — The 2-3 accumulator is used
Filter to soften the 2-3 shift by absorbing some of the

direct clutch pressure. Forward clutch pressure isFor component location, refer to Disassembled
applied to the top side of the 2-3 accumulatorViews in this section.
piston, holding the piston down until clutchAll fluid drawn from the transmission pan by the
pressure is high enough to overcome it. Thepump passes through the filter. The filter and its
middle section of the piston is exhausted to theaccompanying seal are part of the fluid path from
sump.the sump (pan) to the fluid pump.

Main Control
For component location, refer to Disassembled
Views in this section.

The main control valve body houses three electronic
solenoids:

• two shift solenoids

• one torque converter clutch solenoid (TCC
solenoid)
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DESCRIPTION AND OPERATION
Brake Pedal Position (BPP) SwitchTransmission Electronic Control
The brake pedal position (BPP) switch tells theSystem
PCM when the brakes are applied. The torqueThe powertrain control module (PCM) and its
converter clutch disengages when the brakes areinput/output network control the following
applied. The BPP switch closes when the brakes aretransmission operations:
applied and opens when they are released.

• Shift timing
Engine Coolant Temperature (ECT)

• Line pressure (shift feel) Sensor
• Torque converter clutch The engine coolant temperature (ECT) sensor
The transmission control is separate from the engine detects temperature of engine coolant and supplies
control strategy in the PCM, although some of the the information to the powertrain control module.
input signals are shared. When determining the best The ECT sensor is used to control torque converter
operating strategy for transmission operation, the clutch (TCC) operation. The ECT is installed in  the
PCM uses input information from  certain heater outlet fitting or cooling passage on the
engine-related and driver-demand related sensors engine. For engine control applications, the ECT
and switches. signal is used to modify ignition timing, EGR flow

and air-to-fuel ratio as a function of engine coolantIn addition, the PCM receives input signals from
temperature.certain transmission-related sensors and switches.

The PCM also uses these signals when determining Ignition Coil — Coil On Plug
transmission operating strategy.

The engine uses eight separate coil per plug units.
Using all of these input signals, the PCM can Each coil per plug unit is controlled by the
determine when the time and conditions are right powertrain control module (PCM).
for a shift, or when to apply or release the torque

Each coil per plug unit is mounted directly aboveconverter clutch (TCC). It will also determine the
each spark plug and activates its own spark plug inbest line pressure needed to optimize shift  feel. To
the correct sequence as controlled by the PCM.accomplish this, the PCM uses hydraulic solenoids

to control transmission operation. Refer to the Powertrain Control/Emissions Diagnosis
(PC/ED) manual for additional information on theThe following provides a brief description of each
ignition system.of the sensors and actuators used to control

transmission operation. Intake Air Temperature (IAT) Sensor
Powertrain Control Module (PCM) The intake air temperature (IAT) sensor provides

the sequential fuel injection (SFI) system mixtureThe operation of the transmission is controlled by
temperature information. The IAT sensor is usedthe powertrain control module (PCM). Many input
both as a density corrector for air flow calculationsensors provide information to the PCM. The PCM
and to proportion cold enrichment fuel  flow. Thethen controls actuators which determine transmission
IAT sensor is installed in the air cleaner inlet tube.operation.
The IAT sensor is also used in determining EPC

Air Conditioning (A/C) Clutch pressures.

An electromagnetic clutch is energized when the Mass Air Flow (MAF) Sensor
clutch cycling pressure switch closes. The switch is

The mass air flow (MAF) sensor measures the masslocated on the suction accumulator/drier. The
of air flowing into the engine. The MAF sensorclosing of the switch completes the circuit to the
output signal is used by the powertrain controlclutch and draws it into engagement with the
module to calculate injector pulse width. Forcompressor driveshaft. When the A/C clutch is
transmission strategies, the mass air flow sensor isengaged, electronic pressure control (EPC) is
used to regulate EPC, shift and torque converteradjusted by the PCM to compensate for additional
clutch scheduling.load on the engine.
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DESCRIPTION AND OPERATION (Continued)

Transmission Control Switch (TCS) and Output Shaft Speed (OSS) Sensor
Transmission Control Indicator Lamp The output shaft speed (OSS) sensor is a magnetic(TCIL) pickup, located at the output shaft ring gear, that
The transmission control switch (TCS) is a sends a signal to the powertrain control module
momentary contact switch. When the switch is (PCM) to indicate transmission output shaft speed.
pressed, a signal is sent to the PCM to allow The OSS sensor is used for torque converter  clutch
automatic shifts from first through fourth gears or (TCC) control, shift scheduling and to determine
first through third gears only. The PCM energizes electronic pressure control (EPC).
the  transmission control indicator lamp (TCIL)

Turbine Shaft Speed (TSS) Sensorwhen the switch is off. The TCIL indicates
overdrive cancel mode activated (lamp on). When The turbine shaft speed (TSS) sensor is a magnetic
the TCIL is flashing, it indicates electronic pressure pickup, that sends a signal to the powertrain control
control (EPC) circuit shorted or a monitored sensor module to indicate transmission turbine shaft speed.
failure. The TSS is mounted externally on the case. The

PCM uses the TSS signal to help  determineThrottle Position (TP) Sensor appropriate operating pressure and torque converter
The throttle position (TP) sensor is a potentiometer clutch (TCC) operation.
mounted on the throttle body. The TP sensor detects

Electronic Pressure Control (EPC)the position of the throttle plate and sends this
Solenoidinformation to the PCM. The TP sensor is used for

shift scheduling, electronic pressure  control (EPC) The EPC solenoid regulates transmission pressure.
and TCC control. EPC valve pressure is used to control line pressure.

Digital Transmission Range (TR) Sensor Torque Converter Clutch (TCC) Solenoid
The digital transmission range (TR) sensor is The TCC solenoid is used to control the apply and
located on the outside of the transmission at the release of the TCC.
manual lever. The digital sensor completes the start

Shift Solenoid — SSA, SSBcircuit in PARK and NEUTRAL, and the back-up
lamp circuit in REVERSE. The digital sensor also Two on/off shift solenoids provide gear selection of
opens/closes a set of four switches that are first through fourth gears by controlling the pressure
monitored by the PCM to determine the position of to the three shift valves. One unit containing the
the manual lever (P, R, N, D, 2, 1). two shift solenoids is located in the main control

valve body. The shift solenoids  are two-way,
normally open style.

Solenoid Operation Chart

SolenoidsSelector Lever PCM Commanded
SSA SSB TCCPosition Gear

P/R/N 1 ON OFF HD

(D) 1 ON OFF HD

(D) 2 OFF OFF EC

(D) 3 OFF ON EC

(D) 4 ON ON EC

w/OD OFF

1 1 ON OFF HD

2 2 OFF OFF EC

3 3 OFF ON EC

Manual 2 2 OFF OFF EC
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DESCRIPTION AND OPERATION (Continued)

Solenoid Operation Chart (Continued)

SolenoidsSelector Lever PCM Commanded
SSA SSB TCCPosition Gear

Manual 1 1 ON OFF HD

1a 2 OFF OFF EC

a When a manual pull-in occurs above a calibrated speed, the transmission will not downshift from the higher gear
until the vehicle speed drops below this calibrated speed.

EC = Electronically Controlled Transmission Fluid Temperature (TFT)
SensorHD = Hydraulically Disabled

The transmission fluid temperature (TFT) sensor is
located on the lead frame assembly near the shift
solenoids on the main control valve body. It is a
temperature-sensitive device called a thermistor. It
sends a voltage signal to the PCM. The  voltage
signal varies with transmission fluid temperature.
The PCM uses this signal to determine whether a
cold start shift schedule is necessary. The shift
schedule is compensated when the transmission
fluid temperature is cold. The PCM also  inhibits
(TCC) operation at low transmission fluid
temperatures and corrects electronic pressure
control.
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DIAGNOSIS AND TESTING
Preliminary InspectionDiagnostic Strategy

Troubleshooting an electronically controlled • Know and understand the customer’s concern.
automatic transmission is simplified by using the • Verify the concern by operating the vehicle.
proven method of diagnosis. One of the most

• Check the fluid levels and condition.important things to remember is that there is a
• Check for non-factory add-on items.definite procedure to follow.

• Check shift linkages for proper adjustment.NOTE: Do not take any short cuts or assume that
critical checks or adjustments have already been • Check TSBs and OASIS messages regarding the
made. concern.
Follow the procedures as written to avoid missing

Diagnosticscritical components or steps.
• Carry out on-board diagnostic procedures key onTo correctly diagnose a concern have the following

engine off (KOEO) and key on engine runningpublications available:
(KOER).

• Transmission Reference Manual.
• Record all diagnostic trouble codes (DTCs).

• Powertrain Control/Emissions Diagnosis (PC/ED)
• Repair all non-transmission codes first.manual.
• Repair all transmission codes second.• TSBs and OASIS Messages.
• Erase all continuous codes and attempt to repeat• Wiring Diagram.

them.
These publications provide the information required

• Repair all continuous codes.when diagnosing transmission concerns.
• If only pass codes are obtained, refer to DiagnosisUse the Diagnostic Flow Chart as a guide and

By Symptom for further information andfollow the steps as indicated.
diagnosis.

Follow the diagnostic sequence to diagnose and
repair the concern the first time.
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DIAGNOSIS AND TESTING

Diagnostic Flow Chart

Diagnostic Flow Chart

• Know and understand the customer concerns Yes • REPAIR all hard diagnostic trouble codes.
• Check the fluid level and condition FOLLOW the pinpoint tests. REFER to the
• Verify the concern by operating the vehicle Powertrain Control/Emissions Diagnosis
• Check for non-factory-installed items and (PC/ED) manual first, then this Workshop

verify correct installation Manual.
• Check the shift linkage adjustments
• Check TSBs and OASIS messages for vehicle

concerns
• Carry out quick test both KOER and KOEO
• Record all codes
1) Did you record any diagnostic trouble
codes?

No • REFER to Diagnosis By Symptom in this
section, then GO to Step 5.

2) Are any continuous test memory codes Yes • CLEAR codes and CARRY OUT drive cycle
present? test.

No • GO to Step 4.

3) Did the continuous test memory codes Yes • REPAIR all continuous test memory codes.
reappear? FOLLOW the pinpoint tests. REFER to the

Powertrain Control/Emissions Diagnosis
(PC/ED) manual then the transmission
reference manual, then this workshop manual,
then GO to Step 4.

No • GO to Step 4.

4) Is the concern repaired? Yes • CARRY OUT the final quick test to verify
that no diagnostic trouble codes are present.
CLEAR memory codes.

No • REFER to Diagnosis By Symptom in this
section.

5) Are there any electrical concerns? Yes • INSTALL the diagnostic tool and CARRY
OUT the output state control test, then GO to
Step 6.

No • REFER to the hydraulic and mechanical
routine to diagnose and REPAIR the concern,
then GO to Step 7.

6) Was the transmission concern corrected Yes • REFER to the Powertrain Control/Emissions
when the diagnostic tool was installed? Diagnosis (PC/ED) manual, intermittent fault

diagnosis section and use the diagnostic tool
to diagnose cause of concern in the processor,
vehicle harness or external inputs (sensors or
switches).
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DIAGNOSIS AND TESTING (Continued)

Diagnostic Flow Chart

No • REFER to the hydraulic and mechanical
routine to diagnose the concern, then GO to
Step 7.

7) Is the concern repaired? Yes • CARRY OUT the final quick test to verify
that no diagnostic trouble codes are present.
CLEAR memory codes.

No • Get assistance from technical hotline.
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DIAGNOSIS AND TESTING

• Noise/vibration — check for dependencies, eitherPreliminary Inspection
rpm dependent, vehicle speed dependent, shiftThe following items must be checked prior to
dependent, gear dependent, range dependent, orbeginning the diagnostic procedures:
temperature dependent.

Know and Understand the Concern Check Fluid Level and Condition
In order to correctly diagnose a concern, first

Fluid Level Checkunderstand the customer complaint or condition.
Customer contact may be required in order to begin CAUTION: The vehicle should not be
to verify the concern. Understand the conditions, driven if the fluid level indicator shows the fluid
including when the concern occurs. For example: below the DO NOT DRIVE mark or internal

failure could result.• Hot or cold vehicle temperature

NOTE: If the vehicle has been operated for an• Hot or cold ambient temperature
extended period, at high highway speeds, in city• Vehicle driving conditions
traffic, during hot weather, or while pulling a trailer,

• Vehicle loaded/unloaded the fluid needs to cool down to obtain an accurate
After understanding when and how the concern reading.
occurs, proceed to Verification of Condition. NOTE: The fluid level reading on the indicator will

differ from operating and ambient temperatures. TheVerification of Condition
correct reading should be within the normal

This section provides information that must be used operating temperature range.
in both determining the actual cause of customer

Under normal circumstances the fluid level shouldconcerns and carrying out the appropriate
be checked during normal maintenance. If theprocedures.
transmission starts to slip, shifts slowly, or shows

The following procedures must be used when signs of fluid leaking, the fluid level should be
verifying customer concerns for the transmission. checked.

1. With the transmission in P (PARK), the engineDetermine Customer Concern
at idle, foot pressed on the brake, move theNOTE: Some transmission conditions can cause
range selector lever through each gear andengine concerns. An electronic pressure control
allow engagement of each gear. Place theshort circuit can cause engine misfiring. The torque
transmission range selector lever in the Pconverter clutch not disengaging will stall the
position.engine.

2. Wipe the fluid level indicator cap and removeDetermine customer concerns relative to vehicle use
the indicator.and dependent driving conditions, paying attention

3. Wipe the indicator with a clean cloth.to the following items:

• Hot or cold vehicle operating temperature

• Hot or cold ambient temperatures

• Type of terrain

• Vehicle loaded/unloaded

• City/highway driving

• Upshifting

• Downshift

• Coasting

• Engagement
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DIAGNOSIS AND TESTING (Continued)

Adding Fluid4. Install the indicator back in the filler tube until
it is fully seated, then remove the indicator. The CAUTION: The use of any other type of
fluid level should be within the normal transmission fluid than specified could result in
operating temperature range. transmission failure.

If fluid needs to be added, add fluid in 0.25L (1/2
pint) increments through the filler tube. Do not
overfill the fluid. For fluid type, refer to the
specification chart.

Fluid Condition Check

1. Check the fluid level.

2. Observe the color and the odor. The color
under normal circumstances should be dark
reddish, not brown or black or have a burnt
odor.

3. Hold the fluid level indicator over a white
facial tissue and allow the fluid to drip onto theItem Description
facial tissue and examine the stain.

1 Fluid level at room temperature
4. If evidence of solid material is found, the10°-35°C (50°-95°F)

transmission fluid pan should be removed for2 Fluid level at operating temperature
further inspection.66°-77°C (150°-170°F)

5. If the stain is a foamy pink color this may3 Do not drive mark
indicate coolant in the transmission. The engine
cooling system should also be inspected at this

High Fluid Level time.

A fluid level that is too high may cause the fluid to 6. If fluid contamination or transmission failure is
become aerated due to the churning action of the confirmed by the sediment in the bottom of the
rotating internal parts. This will cause erratic control fluid pan, the transmission must be
pressure, foaming, loss of fluid from the vent tube, disassembled and completely cleaned. This
and possible transmission  failure. If an overfill includes the torque converter and cooler tubes.
reading is indicated, drain and refill the The oil-to-air cooler  will need to be installed.
transmission. 7. Carry out diagnostic checks and adjustments.

Refer to Diagnosis By Symptom in this section.Low Fluid Level

A low fluid level could result in poor transmission
engagement, slipping, or failure. This could also
indicate a leak in one of the transmission seals or
gaskets.
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DIAGNOSIS AND TESTING

Road Testing Vehicle
NOTE: Always drive the vehicle in a safe manner
according to the driving conditions and obey all
traffic laws.

The shift point road test and torque converter
operation tests provide diagnostic information on
transmission shift controls and torque converter
operation.
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DIAGNOSIS AND TESTING

5. Press accelerator pedal to floor, wide openShift Point Road Test
throttle (WOT). Transmission should shift fromNOTE: Shift speed ranges are approximate for all
third to second gear, or third to first, dependingapplications. For specific applications (engine, axle
on vehicle speed. Torque converter clutchratio, tire size and application) refer to the
should disengage and then reapply.Automatic Transmission Specification Issue,

6. With the transmission in (D) position and speedavailable from Ford Customer Service Division.
above 80 km/h (50 mph) and less than halfThis test verifies that the shift control system is
throttle, move the transmission range selectoroperating correctly.
lever from (D) position to manual 2 position

1. Bring engine and transmission up to normal and remove pressure from the accelerator pedal.
operating temperature. Transmission should immediately downshift into

second gear. With vehicle remaining in manual2. Operate vehicle with transmission range selector
2 position, move the transmission range selectorlever in (D) position.
lever into manual 1 position, and release3. Apply minimum throttle and observe speeds at
accelerator pedal. Transmission shouldwhich upshift occurs and torque converter
downshift into first gear  at speedsengages; refer to the Shift Speeds chart in this
approximately below 45-56 km/h (28-35 mph).section.

7. If transmission fails to upshift/downshift or4. With the transmission in Overdrive (fourth
torque converter clutch does not apply andgear), press the transmission control switch. The
release, refer to Diagnosis By Symptom in thistransmission should downshift to third gear.
section.Release the accelerator pedal; engine braking

should occur.

Shift Speed Chart

NOTE: Shift speed ranges are approximate for all applications. For specific applications (engine,
axle ratio and application), refer to the Automatic Transmission Specification booklet. Do not
exceed local speed laws.

Throttle Position Shift MPH Km/H

Closed Throttle 4-3 11-25 18-40

3-2 11-25 18-40

2-1 4-10 6-16

Light Throttle 1-2 9-17 14-27

TP Voltage 2-3 15-35 24-56

1.25 Volts 3-4 19-47 31-76

Wide Open 1-2 32-45 51-72

Throttle 2-3 60-80 97-129

3-2 58-88 93-142

2-1 36-34 58-55
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DIAGNOSIS AND TESTING

3. Bring the engine to normal operatingTorque Converter Diagnosis
temperature by driving the vehicle at highwayPrior to torque converter installation, all diagnostic
speeds for approximately 15 minutes in (D)procedures must be followed. This is to prevent the
position.unnecessary installation of good torque converters.

4. After normal operating temperature is reached,Only after a complete diagnostic evaluation can the
maintain a constant vehicle speed of about 80decision be made to install a new  torque converter.
km/h (50 mph) and tap brake pedal with theBegin with the normal diagnostic procedures as
left foot.follows:

5. Engine rpm should increase when brake pedal1. Preliminary Inspection.
is tapped, and decrease about five seconds after

2. Know and understand the customer’s concern. pedal is released. If this does not occur, see
torque converter operation concerns. Refer to3. Verify the condition — carry out the torque
Diagnosis By Symptom in this section.converter operation test.

6. If the vehicle stalls in (D) or manual 2 at idle4. Carry out diagnostic procedures.
with vehicle at a stop, move the transmission

• Carry out on-board diagnostics; refer to range selector lever to manual 1 position. If the
Diagnostics. vehicle stalls, see torque converter operation
— Repair all non-transmission related DTCs concerns. Refer to  Diagnosis By Symptom in

first. this section. If the vehicle does not stall in (D),
refer to Diagnosis By Symptom in this section.— Repair all transmission DTCs.

7. If the vehicle exhibits a vibration during the— Rerun on-board diagnostic to verify repair.
road test, complete the Road Test Evaluation

• Carry out Line Pressure Test. Refer to Special Form. This form will aid the technician in
Testing Procedures in this section. determining the source of the vibration.

• Carry out Stall Speed Test. Refer to Special NOTE: The following is a list of common vehicle
Testing Procedures in this section. concerns that have been misdiagnosed as torque

• Carry out Diagnostic Routines. Refer to converter clutch shudder. For diagnosis of the
Diagnosis By Symptom in this section. following items, refer to the appropriate sections of

the workshop manual and the  Powertrain— Use the Diagnosis by Symptom Index to
Control/Emissions Diagnosis (PC/ED) manual.locate the appropriate routine that best

describes the symptom(s). The routine will • spark plugs — check for cracks, high resistance
list all possible components that may or broken insulators
cause or contribute to the symptom.

• plug wiresCheck each component listed; diagnose
and repair  as required before changing • fuel injector — filter may be plugged
the torque converter. • fuel contamination — engine driveability concerns

• EGR valve — valve may let in too much exhaustTorque Converter Operation Test
gas and cause engine to run leanThis test verifies that the torque converter clutch

• vacuum leak — engine will not get correctcontrol system and the torque converter are
air/fuel mixtureoperating correctly.

• MAP/MAF sensor — incorrect air/fuel mixture1. Carry out Quick Test with diagnostic tool.
Refer to the Powertrain Control/Emissions • HO2S sensor — too rich/lean air/fuel mixture
Diagnosis (PC/ED) manual. Check for DTCs.

• fuel pressure — may be too low
2. Connect a tachometer to the engine.

• engine mounts — loose/damaged mounts can
cause vibration concerns

• axle joints — check for vibration
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DIAGNOSIS AND TESTING (Continued)

Torque Converter Road Evaluation Form

1) Does the torque converter Yes • GO to Step 2.
engage/disengage?

No • REFER to Diagnosis By Symptom
— Torque Converter No Apply
Routine 240/340 and Always
Applied Routine 241/341 in this
section for further diagnosis
information. Repair as required,
verify converter  operation and then
continue.

2) Does vibration occur during 3-4 Light • May be torque converter clutch
or 4-3 shift at: light, medium, or shudder, GO to Step 3.
heavy throttle?

Medium • May be torque converter clutch
shudder, GO to Step 3.

Heavy • Not torque converter clutch shudder
— converter does not engage due
to PCM strategy, REFER to
Section 100-04 and Diagnosis By
Symptom — Noise/Vibration
Routine 254/354 in this section for
further diagnosis.

3) Is the problem vehicle speed Yes • Not torque converter clutch shudder
dependent? (Operating at steady — REFER to Section 100-04 and
speed, i.e. 64 km/h (40 mph) Diagnosis By Symptom —
regardless of transmission range. Noise/Vibration Routine 254/354 in
Verify by manually selecting 2nd, this section for further diagnosis.
OD cancel, and OD.)

No • GO to Step 4.

4) Is the problem engine-rpm Yes • Not torque converter clutch shudder
dependent? (Occurs at the same — REFER to Section 100-04 and
engine rpm independent of Diagnosis By Symptom —
transmission gear. Verify by holding Noise/Vibration Routine 254/354 in
same rpm in each transmission gear.) this section for further diagnosis.

No • GO to Step 5.

5) Does the problem occur in coast, Yes • Not torque converter clutch shudder
steady speed, or reverse range? — REFER to Section 100-04 and

Diagnosis By Symptom —
Noise/Vibration Routine 254/354 in
this section for further diagnosis.

No • GO to Step 6.
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DIAGNOSIS AND TESTING (Continued)

Torque Converter Road Evaluation Form

6) Does vibration occur during Yes • Not torque converter clutch shudder
extended light brake application? — REFER to Section 100-04,

Section 206-00 and  Diagnosis By
Symptom — Noise/Vibration
Routine 254/354 in this section for
further diagnosis.

No • GO to Step 7.

7) If one of the driving modes in  — • CARRY OUT the repair procedures
Step 2 identifies a vibration which as found under
was not present in Steps 3-6, then Disassembly/Assembly.
there is a strong possibility that the
vibration is caused by the torque
converter clutch function.
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DIAGNOSIS AND TESTING
Shift Linkage CheckVisual Inspection
Check for a misadjustment in shift linkage byThis inspection will identify modifications or
matching the detents in the transmission rangeadditions to the vehicle operating system that may
selector lever with those of the manual lever in theaffect diagnosis. Inspect the vehicle for non-Ford
transmission. If they match, the misadjustment is infactory add-on devices such as:
the indicator. Do not adjust the shift  linkage.

• electronic add-on items:
Hydraulic leakage at the manual control valve can

— air conditioning cause delay in engagements and/or slipping while
operating if the linkage is not correctly adjusted.— generator (alternator)
Refer to Section 307-05 for  shift linkage— engine turbo
adjustment.

— cellular telephone
Check TSBs and OASIS— cruise control
Refer to all technical service bulletins (TSB) and— CB radio
OASIS messages which pertain to the transmission

— linear booster concern and follow the procedure as described.
— backup alarm signal

Carry Out On-Board Diagnostics (KOEO,
— computer KOER)

• Vehicle modification: After a road test, with the vehicle warm and before
These items, if not installed correctly, will affect the disconnecting any connectors, carry out the Quick
powertrain control module (PCM), or transmission Test using the diagnostic tool. Refer to the
function. Pay particular attention to add-on wiring Powertrain Control/Emissions Diagnosis (PC/ED)
splices in the PCM harness or transmission wiring manual.
harness, abnormal tire size, or axle  ratio changes.

• Leaks; refer to Leak Inspection.

• Correct linkage adjustments; refer to Section
307-05.
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DIAGNOSIS AND TESTING
Special Tool(s)Diagnostics

Trans Tester TR/MLP Overlay
Special Tool(s) and Manual

007-00131 or equivalent
Transmission Fluid Pressure
Gauge
307-004 (T57L-77820-A)

73 III Automotive Meter
105-R0057 or equivalent

Air Test Plate, Transmission
307-246 (T92P-7006-A)

UV Leak Detector Kit
164-R0756 or equivalent

Alignment Gauge, TR Sensor
307-351 (T97L-70010-A)

Diagnosing an electronically controlled automatic
transmission is simplified by using the following

MLP-TR Cable procedures. One of the most important things to
418-F107 (007-00111) or remember is that there is a definite procedure to
equivalent follow. DO NOT TAKE SHORT CUTS OR

ASSUME THAT  CRITICAL CHECKS OR
ADJUSTMENTS HAVE ALREADY BEEN
MADE. Follow the procedures as written to avoid
missing critical components or steps. By following
the diagnostic sequence, the technician will be ableWorldwide Diagnostic System

(WDS) to diagnose and repair the concern the first  time.
Vehicle Communication Module

On-Board Diagnostics With Diagnostic(VCM) with appropriate
Tooladapters, or equivalent

diagnostic tool NOTE: For detailed instruction and other diagnostic
methods using the diagnostic tool, refer to the
diagnostic tool tester manual and the Powertrain

Transmission Tester
Control/Emissions Diagnosis (PC/ED) manual.307-F016 (007-00130) or
These quick tests should be used to diagnose  theequivalent
powertrain control module (PCM) and should be
carried out in order.

• Quick Test 1.0 - Visual Inspection

• Quick Test 2.0 - Set Up
(Continued)

• Quick Test 3.0 - Key On, Engine Off (KOEO)

• Quick Test 4.0 - Continuous Memory
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DIAGNOSIS AND TESTING (Continued)

• Quick Test 5.0 - Key On, Engine Running For further information on other diagnostic testing
(KOER) features using the diagnostic tool, refer to the

Powertrain Control/Emissions Diagnosis (PC/ED)— Special Test Mode
manual. Other diagnostic methods include the

— Wiggle Test following:
— Output Test Mode

— Parameter Identification (PID) Access Mode
— PCM Reset Mode

— Freeze Frame Data Access Mode
— Clearing DTCs

— Oxygen Sensor Monitor Mode
— OBD II Drive Cycle

• Other Scan Tool Features

2004 E-Series, 12/2003 



307-01B-1 307-01B-1Automatic Transmission — 4R70W/4R75W

DIAGNOSIS AND TESTING
Output State Control (OSC) ProceduresOutput State Control (OSC) Mode

Output State Control (OSC) allows the technician to • Carry out visual inspection and vehicle
preparation as required.take control of certain parameters to function the

transmission. For example, OSC allows the • Select ‘‘Vehicle and Engine Selection’’ menu.
technician to shift the transmission only when

• Select appropriate vehicle and engine.he/she commands a gear change. If the technician
• Select ‘‘Diagnostic Data Link.’’commands 1st gear in OSC, the transmission will

remain in 1st gear until the technician commands • Select ‘‘Powertrain Control Module.’’
the next gear. Another example, the technician can • Select ‘‘Diagnostic Test Mode.’’
command a shift solenoid to turn on or off when

• Select ‘‘KOEO On-Demand Self Test and KOERcarrying out an electrical circuit check. OSC has
On-Demand Self Tests.’’two  modes of operation for transmission, the

BENCH MODE and the DRIVE MODE. Each • Carry out test and record DTCs.
mode/parameter has a unique set of vehicle • Repair all NON-Transmission DTCs.
operating requirements that the technician is

• Repair all digital TR Sensor DTCs.required to meet before being allowed to operate
• Repair all vehicle speed DTCs.OSC.

• Make sure that the vehicle speed sensor andNOTE: To operate OSC the digital transmission
digital TR sensors are functional.range (TR) sensor must be operational. No

Diagnostic Trouble Codes (DTCs) related to the • Return and select ‘‘Powertrain Control Module.’’
digital TR sensor can be present.

• Select ‘‘Active Command Modes.’’
To operate OSC the vehicle speed source must be

• Select ‘‘Output State Control Mode.’’operational. No diagnostic codes (DTCs) related to
• Select ‘‘Trans - Bench Mode or Trans - Drivethis source can be present. The vehicle speed source

Mode.’’can vary depending on vehicle configuration.
Technicians should verify which input source is OSC — Transmission Bench Modesapplicable for their vehicle application. The

The following Transmission Bench Modes may befollowing are potential vehicle speed sources:
used or required during diagnostics.

— anti-lock braking system (ABS)
SSA, SSB and TCC in BENCH MODE— output shaft speed (OSS) sensor
The BENCH MODE allows the technician to carry

• The vehicle requirements MUST BE MET when out electrical circuit checks on the following
SENDING the OSC value. Refer to individual test components:
modes for vehicle requirements.

• SSA - activates SSA OFF or ON.• If the vehicle requirements are NOT MET when
SENDING the OSC value, an ERROR • SSB - activates SSB OFF or ON.
MESSAGE will appear. When the ERROR • Transmission converter clutch (TCC) - activates
MESSAGE is received, OSC is aborted and must TCC OFF or ON.
be restarted.

OSC ‘‘SSA, SSB, TCC’’ BENCH MODE operates
• If AFTER SENDING an OSC value, and the ONLY when:

vehicle requirements are no longer met, the PCM
• the digital TR sensor is operational and no digitalwill cancel the OSC value and NO ERROR

TR sensor DTCs are present.message will appear. Once the vehicle
requirements are met again, the PCM will • the vehicle speed input is operational and no VSS
automatically SEND the previous OSC  value sensor DTCs are present.
without any additional actions required by the • the transmission range selector lever is in P or N.
service technician.

• the key is ON.
• The OSC value XXX may be sent anytime to

• the engine is OFF.cancel OSC.
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DIAGNOSIS AND TESTING (Continued)

OSC Command Values To carry out an EPC BENCH MODE pressure
functionality test, install a pressure gauge in the

• OFF - turns solenoid OFF. EPC port. The following requirements are required
• ON - turns solenoid ON. to carry out this test:
• XXX - cancels OSC value sent. • VSS and digital TR sensor operational
• SEND - sends the values to PCM. • No VSS and digital TR sensor DTCs
BENCH MODE Procedure for SSA, SSB and TCC • Transmission range selector lever in P
Follow operating instructions from the scan tool • Key ON
menu screen:

• Engine ON
• Select ‘‘Output State Control.’’ • Engine speed at least 1,500 rpm for accurate EPC
• Select ‘‘Trans - Bench Mode.’’ pressure measurement
• Select ‘‘PIDs’’ to be monitored. To carry out an EPC BENCH MODE solenoid

circuit pinpoint test, the following requirements are• Monitor all selected PIDs during test.
required.• Select ‘‘Parameters - SSA, SSB or TCC.’’
• VSS and digital TR sensor operational• Select ‘‘ON’’ to turn solenoid ON.
• No VSS and digital TR sensor DTCs• Press ‘‘SEND’’ to send command ON.
• Transmission range selector lever in P• Select ‘‘OFF’’ to turn solenoid OFF.
• Key ON• Press ‘‘SEND’’ to send command OFF.
• Engine OFF• Select ‘‘XXX’’ to cancel at any time.
OSC Command Values• Press ‘‘SEND.’’

• 00 - sets EPC pressure to 00 kPa (00 psi).EPC in BENCH MODE
• 15 - sets EPC pressure to 103 kPa (15 psi).The BENCH MODE is also used to test the
• 30 - sets EPC pressure to 206 kPa (30 psi).functionality of the transmission’s electronic

pressure control. During BENCH MODE, the • 45 - sets EPC pressure to 310 kPa (45 psi).
electronic pressure control (EPC) solenoid can ramp

• 60 - sets EPC pressure to 411 kPa (60 psi).up/down in increments of 103 kPa (15 psi) from
• 75 - sets EPC pressure to 517 kPa (75 psi).zero to 620 kPa  (90 psi) and 620 kPa (90 psi) to

zero psi. • 90 - sets EPC pressure to 620 kPa (90 psi).
The OSC functions for the parameter EPC allows • XXX - cancels OSC value sent.
the technician to choose the following options: • SEND - sends the values to PCM.
• EPC - activates EPC to selected values.

BENCH MODE Procedure for EPC
• 00 - sets EPC pressure to 00 kPa (00 psi).

Follow operating instructions from the scan tool
• 15 - sets EPC pressure to 103 kPa (15 psi). menu screen:
• 30 - sets EPC pressure to 206 kPa (30 psi).

• Select ‘‘Output State Control.’’
• 45 - sets EPC pressure to 310 kPa (45 psi).

• Select ‘‘Trans - Bench Mode.’’
• 60 - sets EPC pressure to 411 kPa (60 psi).

• Select ‘‘PIDs’’ to be monitored.
• 75 - sets EPC pressure to 517 kPa (75 psi).

• Monitor all selected PIDs during test.
• 90 - sets EPC pressure to 620 kPa (90 psi).

• Select ‘‘Parameters - EPC.’’

• Select Value ‘‘0-620 kPa (0-90 psi).’’

• Press ‘‘SEND’’ to send command.

• Select ‘‘XXX’’ to cancel at any time.

• Press ‘‘SEND.’’
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DIAGNOSIS AND TESTING (Continued)

OSC — Transmission DRIVE MODES DRIVE MODE Procedure for GR CM
The DRIVE MODE allows control of three Follow operating instructions from the scan tool
transmission parameters. Each mode/parameter has a menu screen.
unique set of vehicle operating requirements that the

• Select ‘‘Output State Control.’’technician is required to meet before being allowed
• Select ‘‘Trans - DRIVE MODE.’’to operate OSC. The recommended procedure, when

using the DRIVE MODE, is to control one • Select ‘‘PIDs’’ to be monitored.
parameter at a time. • Monitor all selected PIDs during test.
The DRIVE MODE allows the technician to carry • Select ‘‘Parameters - GR CM.’’
out the following functions on the transmission:

• Select Value ‘‘1-4.’’
• GR CM - allows upshifts or downshifts.

• Press ‘‘SEND’’ to send command.
• TCC - engages or disengages the torque converter

• Re-Select Value ‘‘1-4.’’clutch.
• Press ‘‘SEND’’ to send command.• EPC - increases/decreases EPC pressure.
• Select ‘‘XXX’’ to cancel at any time.

GR CM in DRIVE MODE • Press ‘‘SEND.’’
This OSC function is used to test the transmission

TCC in DRIVE MODEshift functions.
This OSC function is used to test whether theThe OSC functions for the GR CM parameter
torque converter clutch is engaging and disengagingallows the technician to choose the following
correctly.options:
The OSC functions for the TCC parameter allows• 1 - PCM selects 1st gear.
the technician to choose the following:

• 2 - PCM selects 2nd gear.
• TCC - activates TCC OFF and ON.• 3 - PCM selects 3rd gear.
• ON - turns TCC solenoid ON.• 4 - PCM selects 4th gear.
• OFF - turns TCC solenoid OFF.OSC ‘‘GR CM’’ Mode operates ONLY when:
OSC ‘‘TCC OFF’’ DRIVE MODE operates ONLY

• the digital TR sensor is operational and no digital when:
TR sensor DTCs are present.

• the digital TR sensor is operational and no digital• the vehicle speed sensor is operational and no
TR sensor DTCs are present.VSS sensor DTCs are present.

• the vehicle speed sensor is operational and no• the engine is ON.
VSS sensor DTCs are present.

• the TCC is OFF.
• the engine is ON.

• the transmission range selector lever is in O/D.
• the transmission range selector lever is in O/D.

• the vehicle speed is greater than 3.2 km/h (2
• the vehicle speed is greater than 3.2 km/h (2mph).

mph).
OSC Command Values

OSC ‘‘TCC ON’’ DRIVE MODE operates ONLY
• 1 - PCM selects 1st gear. when:

• 2 - PCM selects 2nd gear. • the digital TR sensor is operational and no digital
TR sensor DTCs are present.• 3 - PCM selects 3rd gear.

• the vehicle speed sensor is operational and no• 4 - PCM selects 4th gear.
VSS sensor DTCs are present.• XXX - cancels OSC value sent.

• the engine is ON.• SEND - sends the values to PCM.
• the transmission range selector lever is in O/D.
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DIAGNOSIS AND TESTING (Continued)

• the vehicle speed is greater than 3.2 km/h (2 The OSC functions for the parameter EPC allows
mph). the technician to choose the following options:

• the transmission is in 2nd gear or higher. • EPC - activates EPC to selected values
• the TFT is between 15 and 135°C (60 and • 00 - sets EPC pressure to 00 kPa (00 psi).

275°F).
• 15 - sets EPC pressure to 103 kPa (15 psi).

• the brake is not applied ‘‘OFF’’ below 32 km/h
• 30 - sets EPC pressure to 206 kPa (30 psi).(20 mph).
• 45 - sets EPC pressure to 310 kPa (45 psi).• (Not an excessive load on engine (engine
• 60 - sets EPC pressure to 411 kPa (60 psi).lugging).
• 75 - sets EPC pressure to 517 kPa (75 psi).OSC Command Values
• 90 - sets EPC pressure to 620 kPa (90 psi).• OFF - turns TCC OFF.
OSC ‘‘EPC’’ DRIVE MODE operates ONLY when:• ON - turns TCC ON.
• the digital TR sensor is operational and no digital• XXX - cancels OSC value sent.

TR sensor DTCs are present.• SEND - sends the values to PCM.
• the vehicle speed sensor is operational and no

Drive Mode Procedures for TCC VSS sensor DTCs are present.
Follow operating instructions from the scan tool • the transmission range selector lever is in O/D.
menu screen. • the pressure gauge is installed.
• Select ‘‘Output State Control.’’ • the key is ON.
• Select ‘‘Trans - Drive Mode.’’ • the engine is ON.
• Select ‘‘PIDs’’ to be monitored. • the vehicle speed is greater than 3.2 km/h (2

mph).• Monitor all selected PIDs during test.

• the OSC value for EPC must be greater than what• Select ‘‘Parameters - TCC.’’
the PCM commands (see EPC PID).• Select ‘‘ON’’ to turn solenoid ON.

OSC Command Values• Press ‘‘SEND’’ to send command ON.
• 00 - sets EPC pressure to 00 kPa (00 psi).• Select ‘‘OFF’’ to turn solenoid OFF.
• 15 - sets EPC pressure to 103 kPa (15 psi).• Press ‘‘SEND’’ to send command OFF.
• 30 - sets EPC pressure to 206 kPa (30 psi).• Select ‘‘XXX’’ to cancel at any time.
• 45 - sets EPC pressure to 310 kPa (45 psi).• Press ‘‘SEND.’’
• 60 - sets EPC pressure to 411 kPa (60 psi).EPC in DRIVE MODE
• 75 - sets EPC pressure to 517 kPa (75 psi).

This OSC function is used to increase the EPC
• 90 - sets EPC pressure to 620 kPa (90 psi).pressure while testing the transmission shift

functions. This OSC function can only increase the • XXX - cancels OSC value sent.
EPC pressure greater than what the PCM normally • SEND - sends the values to PCM.
commands. If an OSC value, such as (75) or (90)

DRIVE MODE Procedure for EPC.psi  is sent, the upshifts and downshifts should
exhibit a firmer shift. Firmer shifts would indicate Follow operating instructions from the scan tool
that the EPC pressure control is working at higher menu screen.
pressures. The best test for the EPC is to use the

• Select ‘‘Output State Control.’’BENCH MODE and a hydraulic pressure gauge.
• Select ‘‘Trans - Drive Mode.’’Using  EPC in the BENCH MODE will confirm

that the EPC is working at both the higher and • Select ‘‘PIDs’’ to be monitored.
lower pressures. • Monitor all selected PIDs during test.

• Select ‘‘Parameters - EPC.’’
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DIAGNOSIS AND TESTING (Continued)

OSC PARAMETER CHART• Select Value ‘‘0-620 kPa (0-90 psi).’’

OSC Additional• Press ‘‘SEND’’ to send command.
Parameter PID PIDs

• Re-Select Value ‘‘0-620 kPa (0-90 psi).’’
SSA SSA SS1F

• Press ‘‘SEND’’ to send command.
SSB SSB SS2F

• Select ‘‘XXX’’ to cancel at any time.
TCC TCC TCCF,

• Press ‘‘SEND.’’ TCCMACT (do
not use PID

Using Output State Control and TCCMCMD
Accessing PIDs during OSC)

EPC EPC —To confirm that the OSC value was sent by the scan
tool and the EEC has accepted the OSC GR CM GEAR TRANRAT
substitution, a corresponding PID for each OSC
parameter must be monitored. Additional PIDs

To confirm that the OSC substitution occurred,should be monitored to help the technician
SEND the OSC value and monitor theadequately diagnose  the transmission.
corresponding PID value. If no ERROR MESSAGE

The following is a list of OSC parameters and their was received and the value of the corresponding
corresponding PID: PID remains the same as the value sent from OSC,

then the OSC  substitution was successful.
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DIAGNOSIS AND TESTING
After On-Board DiagnosticTransmission Drive Cycle Test
NOTE: The vehicle wiring harness, PCM andNOTE: Always drive the vehicle in a safe manner
non-transmission sensors may affect transmissionaccording to driving conditions and obey all traffic
operations. Repair these concerns first.laws.
After the on-board diagnostic procedures areNOTE: The Transmission Drive Cycle Test must be
completed, repair all DTCs.followed exactly. Malfunctions must occur four

times consecutively for shift error DTC code to be Begin with non-transmission related DTCs, then
set, and five times consecutively for continuous repair any transmission related DTCs. Use the
TCC code to set. diagnostic trouble code chart for information on

condition and symptoms. This chart will be helpfulNOTE: When carrying out the Transmission Drive
in referring to the correct manual(s) and aids inCycle Test, refer to the Solenoid Application Chart
diagnosing internal transmission concerns andfor correct solenoid operation.
external non-transmission inputs. The pinpoint tests

After carrying out the Quick Test, use the are used in diagnosing transmission electrical
Transmission Drive Cycle Test for checking concerns. Make sure that the vehicle wiring harness
continuous codes. and the PCM are diagnosed as well. The
1. Record and then erase Quick Test codes. Powertrain Control/Emissions Diagnosis (PC/ED)

manual will aid in diagnosing non-transmission2. Warm engine to normal operating temperature.
electronic components.3. Make sure transmission fluid level is correct.

4. With transmission in OVERDRIVE, moderately
accelerate from stop to 80 km/h (50 mph). This
allows the transmission to shift into fourth gear.
Hold speed and throttle open steady for a
minimum of 15 seconds.

5. With transmission in fourth gear and
maintaining steady speed and throttle opening,
lightly apply and release brake to operate
stoplamps. Then hold speed and throttle steady
for a minimum of five seconds.

6. Brake to a stop and remain stopped for a
minimum of 20 seconds.

7. Repeat steps 4 through 6 at least five times.

8. Carry out Quick Test and record continuous
DTCs.

• If the DTCs are still present, refer to the
Diagnostic Trouble Code Chart. Repair all
non transmission DTCs first as they can
directly affect the operation of the
transmission. Repeat the Quick Test and the
Road Test to verify the correction.  Erase
the DTCs, carry out the Drive Cycle Test
and repeat the Quick Test after completing
repair on the DTC.

• If the continuous test passes and a concern
is still present, refer to Diagnosis By
Symptom in this section, OASIS messages,
and TSBs for concerns.
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DIAGNOSIS AND TESTING (Continued)

Before Pinpoint Tests If DTCs appear while carrying out the on-board
diagnostics, refer to the Diagnostic Trouble CodeNOTE: Prior to entering pinpoint tests, check the
(DTC) Charts for the appropriate repair procedure.PCM wiring harness for tight connections, bent or
Prior to entering pinpoint tests, refer to any TSBsbroken pins, corrosion, loose wires, correct routing,
and  OASIS messages for transmission concerns.correct seals and their condition. Check the PCM,

sensors and actuators for damage. Refer to the
Powertrain Control/Emissions Diagnosis (PC/ED)
manual.

NOTE: If a concern still exists after electrical
diagnosis has been carried out, refer to Diagnosis
By Symptom in this section.
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DIAGNOSIS AND TESTING

Diagnostic Trouble Code (DTC)
Charts

Diagnostic Trouble Code Chart

Five Digit
DTC Component Description Condition Symptom Action

P0102 MAF MAF concerns MAF system has a High or low EPC Refer to the
 P0103 malfunction which pressure, incorrect Powertrain
 P1100 may cause a shift schedule. Control/Emissions
 P1101 transmission Incorrect torque Diagnosis (PC/ED)

concern. converter clutch manual.
engagement
scheduling.
Symptoms similar
to a throttle
position (TP)
failure.

P0112 IAT IAT indicates Voltage drop Incorrect EPC Refer to the
125°C (257°F) across IAT exceeds pressure, either Powertrain
(grounded) scale set for high or low, results Control/Emissions

temperature 125°C in harsh or soft Diagnosis (PC/ED)
(257°F). shifts. manual.

P0113 IAT IAT indicates Voltage drop Incorrect EPC Refer to the
-40°C (-40°F) across IAT exceeds pressure, either Powertrain
(open circuit) scale set for high or low, results Control/Emissions

temperature -40°C in harsh or soft Diagnosis (PC/ED)
(-40°F). shifts. manual.

P0114 IAT IAT out of IAT temperature Rerun on-board Refer to the
on-board higher or lower diagnostic at Powertrain
diagnostic range than expected normal operating Control/Emissions

during KOEO and temperature. Diagnosis (PC/ED)
KOER. manual.

P0117 ECT ECT indicates Voltage drop Torque converter Refer to the
125°C (257°F) across ECT clutch will always Powertrain

exceeds scale set be off, resulting in Control/Emissions
for temperature reduced fuel Diagnosis (PC/ED)
125°C (257°F) economy. manual.
(grounded).

P0118 ECT ECT indicates Voltage drop Torque converter Refer to the
-40°C (-40°F) across ECT clutch will always Powertrain

exceeds scale set be off, resulting in Control/Emissions
for temperature reduced fuel Diagnosis (PC/ED)
-40°C (-40°F) economy. manual.
(open circuit).

P0122 TP TP concern PCM has detected Harsh Refer to the
 P0123 an error that may engagements, firm Powertrain
 P1120 cause a shift feel, abnormal Control/Emissions

transmission shift schedule, Diagnosis (PC/ED)
concern. torque converter manual.

clutch does not
engage, torque
converter clutch
cycling.

Copyright  2003, Ford Motor Company
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DIAGNOSIS AND TESTING (Continued)

Diagnostic Trouble Code Chart (Continued)

Five Digit
DTC Component Description Condition Symptom Action

P0300- Electronic EI system EI system has a Harsh engagements Refer to the
 P0308 Ignition (EI) concerns malfunction which and shifts, late Powertrain
 P0320 may cause a WOT shifts, no Control/Emissions
 P0340 transmission torque converter Diagnosis (PC/ED)
 P1351- concern. clutch engagement. manual.
 P1364

P1702 Digital TR Intermittent DTC Refer to DTC Refer to DTC GO to Pinpoint
codes P0705 or codes P0705 or codes P0705 or Test C.
P0708 P0708 condition. P0708 symptom.

P1704 Digital TR Digital TR Digital TR sensor Wrong commanded GO to Pinpoint
circuit reading in or shift cable EPC pressure. Test C.
between gear incorrectly Digital TR reading
position during adjusted; or digital the wrong gear
KOEO/KOER TR circuit failure. position.

P0705 Digital TR Digital TR Digital TR circuits, Increase in EPC GO to Pinpoint
circuit failure indicating an pressure (harsh Test C.

invalid pattern in shifts). Defaults to
TR D. Condition (D) or D for all
caused by a short gear positions. In
to ground or an (D) position trans,
open in TR4, stuck in D or
TR3A, TR2, and or manual 2.
TR1 circuits. This
DTC cannot be set
by an incorrectly
adjusted digital TR
sensor.

P0708 Digital TR Digital TR Digital TR sensor Increase in EPC GO to Pinpoint
sensor circuit circuit TR3A pressure. Defaults Test C.
TR3A open reading 2.6v - 5.0v to (D)or D for all

(open circuit). This gear ranges.
DTC cannot be set
by an incorrectly
adjusted digital TR
sensor.

P1705 Digital TR Digital TR self Vehicle not in Rerun on-board GO to Pinpoint
test was not PARK or diagnostic in Test C.
carried out in NEUTRAL during PARK or
PARK or on-board NEUTRAL.
NEUTRAL diagnostic.

P0720 OSS Insufficient input PCM detected a Harsh shifts, GO to Pinpoint
from output shaft loss of OSS signal abnormal shift Test E.
speed sensor during operation. schedule, no torque

converter clutch
activation.

P0721 OSS OSS sensor PCM has detected Harsh shifts, GO to Pinpoint
signal noisy an erratic OSS abnormal shift Test E.

signal. schedule, no torque
converter clutch
engagement.
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DIAGNOSIS AND TESTING (Continued)

Diagnostic Trouble Code Chart (Continued)

Five Digit
DTC Component Description Condition Symptom Action

P0722 OSS wiring Insufficient input PCM has detected Harsh shifts, GO to Pinpoint
from OSS a loss of OSS abnormal shift Test E.

signal. schedule, no torque
converter clutch
engagement.

P0741** TCC, internal TCC slippage The PCM picked TCC Refer to Diagnosis
components detected up an excessive slippage/erratic or By Symptom in

amount of slippage no torque converter this section.
during normal clutch operation.
vehicle operation. Flashing

Transmission
Control Indicator
Lamp (TCIL).

P0743* TCC, wiring, TCC solenoid TCC solenoid Short circuit: GO to Pinpoint
PCM circuit failure circuit fails to engine stalls in Test A.

during on-board provide voltage second (OD, 2
diagnostic drop across range) at low idle

solenoid. Circuit speeds with brake
open or shorted or applied.
PCM driver failure  Open circuit:
during on-board torque converter
diagnostic. clutch never

engages.

P0731 SSA, SSB, or 1st gear error No 1st gear. Incorrect gear Use the Solenoid
internal parts selection, Operation Chart,

depending on refer to Pinpoint
failure or mode and Tests — OSC
manual lever Equipped Vehicle.
position. Shift GO to Pinpoint
errors may also be Test A.
due to other
internal
transmission
concerns (stuck
valves, damaged
friction material).
Engine rpm could
be higher or lower
than expected.
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DIAGNOSIS AND TESTING (Continued)

Diagnostic Trouble Code Chart (Continued)

Five Digit
DTC Component Description Condition Symptom Action

P0732 SSA, SSB, or 2nd gear error No 2nd gear. Incorrect gear Use the Solenoid
internal parts selection, Operation Chart,

depending on refer to Pinpoint
failure or mode and Tests — OSC
manual lever Equipped Vehicle.
position. Shift GO to Pinpoint
errors may also be Test A.
due to other
internal
transmission
concerns (stuck
valves, damaged
friction material).
Engine rpm could
be higher or lower
than expected.

P0733 SSA, SSB, or 3rd gear error No 3rd gear. Incorrect gear Use the Solenoid
internal parts selection, Operation Chart,

depending on refer to Pinpoint
failure or mode and Tests — OSC
manual lever Equipped Vehicle.
position. Shift GO to Pinpoint
errors may also be Test A.
due to other
internal
transmission
concerns (stuck
valves, damaged
friction material).
Engine rpm could
be higher or lower
than expected.

P0734 SSA, SSB, or 4th gear error No 4th gear. Incorrect gear Use the Solenoid
internal parts selection, Operation Chart,

depending on refer to Pinpoint
failure or mode and Tests — OSC
manual lever Equipped Vehicle.
position. Shift GO to Pinpoint
errors may also be Test A.
due to other
internal
transmission
concerns (stuck
valves, damaged
friction material).
Engine rpm could
be higher or lower
than expected.
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DIAGNOSIS AND TESTING (Continued)

Diagnostic Trouble Code Chart (Continued)

Five Digit
DTC Component Description Condition Symptom Action

P0750 * SSA, wiring, SSA solenoid SSA circuit failed Incorrect gear GO to Pinpoint
PCM circuit failure to provide voltage selection depending Test A.

drop across on condition mode
solenoid. Circuit and manual lever
open or shorted or position. See
PCM driver failure Solenoid On/Off
during on-board Chart.
diagnostic.

P0753 SSA, wiring, SSA electrical SSA circuit fails to Incorrect gear GO to Pinpoint
PCM failure provide voltage depending on Test A.

drop across condition mode and
solenoid. Circuit manual lever
open or shorted or position. See
PCM driver failure Solenoid On/Off
during on-board Chart. May flash
diagnostic. TCIL.

P0755* SSB, wiring, SSB solenoid SSB circuit fails to Incorrect gear GO to Pinpoint
PCM circuit failure provide voltage selection depending Test A.

drop across on condition mode
solenoid. Circuit and manual lever
open or shorted or position. See
PCM driver failure Solenoid On/Off
during on-board Chart.
diagnostic.

P0758* SSB, wiring, SSB electrical SSB circuit fails to Incorrect gear GO to Pinpoint
PCM circuit failure provide voltage depending on Test A.

drop across condition mode and
solenoid. Circuit manual lever
open or shorted or position. See
PCM driver failure Solenoid On/Off
during on-board Chart. May flash
diagnostic. TCIL.

P1714 SSA, internal SSA malfunction Mechanical failure Incorrect gear GO to Pinpoint
components of the solenoid selection depending Test F.

detected. on condition, mode
and manual lever
position. See
Solenoid Operation
Chart.

P1715 SSB SSB malfunction Mechanical failure Incorrect gear GO to Pinpoint
of the solenoid selection depending Test F.
detected. on condition, mode

and manual lever
position. See
Solenoid Operation
Chart.
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DIAGNOSIS AND TESTING (Continued)

Diagnostic Trouble Code Chart (Continued)

Five Digit
DTC Component Description Condition Symptom Action

P0781 ** SSA or internal 1-2 shift error Engine rpm drop Incorrect gear Refer to Solenoid
parts not detected when selection depending Operation Chart,

1-2 shift was on failure or mode then GO to
commanded by and manual lever Pinpoint Test A.
PCM. position. Shift

errors may also be
due to other
internal
transmission
concerns (stuck
valves, damaged
friction material).

P0782** SSA, SSB or 2-3 shift error Engine rpm drop Incorrect gear Refer to Solenoid
internal parts not detected when selection depending Operation Chart,

2-3 shift was on failure or mode then GO to
commanded by and manual lever Pinpoint Test A.
PCM. position. Shift

errors may also be
due to other
internal
transmission
concerns (stuck
valves, damaged
friction material).

P0783** SSA, SSB or 3-4 shift error Engine rpm drop Incorrect gear Refer to Solenoid
internal parts not detected when selection depending Operation Chart,

3-4 shift was on failure or mode then GO to
commanded by and manual lever Pinpoint Test A.
PCM. position. Shift

errors may also be
due to other
internal
transmission
concerns (stuck
valves, damaged
friction material).

— TCIL TCIL circuit TCIL circuit open Failed on, OD Refer to the
failure or shorted. cancel mode on. Powertrain

No flashing TCIL Control/Emissions
for EPC failure or Diagnosis (PC/ED)
sensor. Failed off, manual.
OD cancel mode
never indicated. No
flashing TCIL for
EPC sensor failure.

P1116 ECT ECT out of ECT temperature Rerun on-board Refer to the
on-board higher or lower diagnostic at Powertrain
diagnostic range than expected normal operating Control/Emissions

during KOEO and temperature. Diagnosis (PC/ED)
KOER. manual.

2004 E-Series, 12/2003 



307-01B-7 307-01B-7Automatic Transmission — 4R70W/4R75W

DIAGNOSIS AND TESTING (Continued)

Diagnostic Trouble Code Chart (Continued)

Five Digit
DTC Component Description Condition Symptom Action

P1124 TP TP voltage TP was not in the Rerun at Refer to the
high/low for correct position for appropriate throttle Powertrain
on-board on-board position per Control/Emissions
diagnostic diagnostic. application. Diagnosis (PC/ED)

manual.

P1460 A/C A/C clutch A/C or defrost on DTC set during Refer to the
cycling pressure condition may on-board Powertrain
switch error result from A/C diagnostic, repeat Control/Emissions

clutch being on with A/C off. Diagnosis (PC/ED)
during on-board Failed on, EPC manual.
diagnostic. pressure slightly

low with A/C off.

P1636 PCM PCM detected — — Refer to the
internal error Powertrain

Control/Emissions
Diagnosis (PC/ED)
manual.

P1703 BPP BPP switch Brake ON/OFF Failed on or not Refer to the
circuit failed circuit failure. connected — Powertrain

torque converter Control/Emissions
clutch will not Diagnosis (PC/ED)
engage at less than manual.
1/3 throttle. Failed
off or not
connected —
torque converter
clutch will not
disengage when
brake is applied.

P1703 BPP Brake not Brake not cycled Failed off or not Refer to the
actuated during during KOER. connected — Powertrain
on-board torque converter Control/Emissions
diagnostic clutch will not Diagnosis (PC/ED)

engage at less than manual.
1/3 throttle. Failed
off or not
connected —
torque converter
clutch will not
disengage when
brake is applied.

P0713 TFT, wiring, -40°C (-40°F) Voltage drop Firm shift feel. GO to Pinpoint
PCM indicated TFT across TFT sensor Test B.

sensor circuit exceeds scale set
open for temperature

-40°C (-40°F).

P1711 TFT TFT out of Transmission not at Warm vehicle to GO to Pinpoint
on-board operating normal operating Test B.
diagnostic range temperature during temperature.

on-board
diagnostic.
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DIAGNOSIS AND TESTING (Continued)

Diagnostic Trouble Code Chart (Continued)

Five Digit
DTC Component Description Condition Symptom Action

P0712 TFT, wiring, 157°C (315°F) Voltage drop Firm shift feel. GO to Pinpoint
PCM indicated TFT across TFT sensor Test B.

sensor circuit exceeds scale set
grounded for temperature of

157°C (315°F).

P1713 TFT, wiring, TFT continually TFT sensor in Firm shift feel. GO to Pinpoint
PCM reading cold range low failure. Substitute ECT for Test B.

TFT

P1783 TFT Transmission Transmission fluid Increase in EPC GO to Pinpoint
over temperature temperature pressure. Test B.
condition exceeded 127°C
indicated (270°F).

P1718 TFT, wiring, TFT continually TFT sensor in Firm shift feel. GO to Pinpoint
PCM reading hot range high failure. Substitute ECT for Test B.

TFT.

P0740 TCC, wiring, TCC electrical TCC circuit fails to Short circuit, GO to Pinpoint
PCM failure provide voltage engine stalls in Test A.

drop across SECOND ((D), 2
solenoid. Circuit range) at low
open, shorted or speeds with brake
PCM driver failure applied. Open
during on-board circuit, torque
diagnostics. converter clutch

never engages.
May flash TCIL.

P1740 TCC TCC malfunction Mechanical failure Failed on — GO to Pinpoint
of the solenoid Engine stalls in Test F.
detected. 2nd (O/D, Manual

2 ranges) at low
idle speeds with
brake applied.
Failed off —
Torque Converter
never applies.

P1741** TCC, internal Excessive torque Excessive Engine rpm GO to Pinpoint
components converter clutch variations in slip oscillation is Test A.

engagement error (engine speed present in 3rd gear.
surge) across the
torque converter
clutch.

P1742 TCC, internal TCC solenoid TCC solenoid has Harsh shifts. GO to Pinpoint
components failed on failed on by Test A.

electric, mechanical
or hydraulic
concern.

P1743 TCC, internal TCC solenoid TCC solenoid has Harsh shifts. GO to Pinpoint
components failed on failed on by Test A.

electric, mechanical
or hydraulic
concern.
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DIAGNOSIS AND TESTING (Continued)

Diagnostic Trouble Code Chart (Continued)

Five Digit
DTC Component Description Condition Symptom Action

P1744 TCC TCC The PCM picked TCC Refer to Diagnosis
up an excessive slippage/erratic or By Symptom in
amount of TCC no torque converter this section.
slippage during clutch operation.
normal vehicle
operation.

P0960* EPC, wiring, EPC solenoid Voltage through Open circuit causes GO to Pinpoint
PCM open circuit EPC solenoid is maximum EPC Test D.

checked. An error pressure, harsh
will be noted if engagements and
tolerance is shifts.
exceeded.

P0962* EPC, wiring, EPC solenoid Voltage through Short circuit causes GO to Pinpoint
PCM circuit failure, EPC solenoid is minimum EPC Test D.

shorted circuit or checked. An error pressure (minimum
output driver will be noted if capacity) and limits

tolerance is engine torque
exceeded. (alternate firm).

P0963 EPC solenoid EPC solenoid Voltage through Maximum EPC GO to Pinpoint
short to power EPC solenoid is pressure, harsh Test D.
(Vbat) circuit checked. An error engagements and
failure will be noted if shifts.

tolerance is
exceeded.

P0748** EPC solenoid EPC solenoid Voltage through Short circuit results GO to Pinpoint
circuit failure EPC solenoid is in minimum EPC Test D.

checked. An error pressure (minimum
will be noted if capacity) and limits
tolerance is engine torque
exceeded. (alternate firm).

Not all gear
present. Open
circuit: maximum
PC A pressure,
harsh engagements
and shifts.

P1760 EPC, wiring, EPC solenoid PCM detected a Unexpected GO to Pinpoint
PCM circuit failure, loss of EPC during reduction in engine Test D.

shorted circuit or operation. torque.
output driver

P1780 TCS TCS not TCS not cycled Rerun on-board Refer to the
changing states during self-test. diagnostic and Powertrain

TCS circuit open cycle switch. No Control/Emissions
or shorted. OD cancel when Diagnosis (PC/ED)

switch is cycled. manual.

P1728 Trans Transmission slip The PCM has Transmission Refer to Diagnosis
error detected an slippage erratic or By Symptom in

excessive amount no torque converter this section.
of slippage during clutch operation.
normal operation.
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DIAGNOSIS AND TESTING (Continued)

Diagnostic Trouble Code Chart (Continued)

Five Digit
DTC Component Description Condition Symptom Action

P0500 ABS Insufficient VSS PCM detected a No transmission Refer to the
P0503 input from ABS loss of VSS signal symptom I.P. Powertrain
P1502 through SCP link through SCP link speedometer may Control/Emissions

from ABS. be affected. Diagnosis (PC/ED)
manual.*

U1039 PCM Data Insufficient VSS No VSS input to Refer to the
communication input to instrument instrument panel. Powertrain
link error panel via SCP link. Control/Emissions

Diagnosis (PC/ED)
manual.*

* Output circuit check, generated only by electrical symptoms.
** May also be generated by some other non-electric transmission hardware system.

Rotunda Transmission Tester
The Transmission Tester is used to diagnosis the
digital transmission range sensor and is used in
conjunction with the pinpoint tests. The tests should
be carried out in order. Installing the Transmission
Tester allows separation of the vehicle  electronics
from transmission electronics; refer to the
Transmission Tester manual for these tests.

• Digital Transmission Range (TR) Sensor Testing

• Resistance/Continuity Test

• Voltage Test - PARK/NEUTRAL, Reversing
Lamp, and Optional Circuits
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DIAGNOSIS AND TESTING
Transmission Internal Harness ConnectorTransmission Connector Layouts

Transmission Vehicle Harness Connector

Pin
Number Circuit Circuit Function

1 — NOT USED

2 — Signal Return

3 — Torque Converter Clutch
(TCC) Solenoid

4 — Vehicle Power

5 — Transmission Fluid
Temperature (TFT) Input

6 — Electronic Pressure Control
(EPC) Solenoid

Pin7 — SSA
Number Circuit Circuit Function

8 — SSB
1 — NOT USED

9 — NOT USED
2 — Signal Return Transmission

10 — NOT USED Fluid Temperature (TFT)

3 — Torque Converter Clutch
(TCC)

4 — Vehicle Power To Solenoid

5 — Transmission Fluid
Temperature (TFT)

6 — Electronic Pressure Control

7 — SSA

8 — SSB

9 — NOT USED

10 — NOT USED

Copyright  2003, Ford Motor Company
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DIAGNOSIS AND TESTING (Continued)

Digital Transmission Range (TR) Sensor Connector Pin
Number Circuit Circuit Function

10 — Starter Control

11 — Reverse

12 — Starter to Starter Interrupt
Relay

Output Shaft Speed (OSS) Sensor Harness Connector

Pin
Number Circuit Circuit Function

1 — NOT USED

2 — Signal Return

3 — TR3A

4 — TR1

5 — TR2
Pin6 — TR4

Number Circuit Circuit Function
7 — NOT USED

1 — Signal Return
8 — NOT USED

2 — Output Shaft Speed (OSS)
9 — Fused Power Feed Sensor

Digital Transmission Range (TR) Sensor Diagnosis Chart

PID: TR V
PID: TR D (volts)

TR3A (PCM
Pin 64 toSelector

TR4 TR3A TR2 TR1 sigrtn)Position PID: TR

PARK P/N 0 0 0 0 0.0 Volts

In Between REV 0 1 0 0 1.3 - 1.8 Volts

REVERSE REV 1 1 0 0 1.3 - 1.8 Volts

In Between REV 0 1 0 0 1.3 - 1.8 Volts

NEUTRAL NTRL 0 1 1 0 1.3 - 1.8 Volts

In Between O/D a 1 1 1 0 1.3 - 1.8 Volts

OVERDRIVE O/Da 1 1 1 1 1.3 - 1.8 Volts

In Between Man 2 1 0 1 1 0.0 Volts

Manual 2 Man 2 1 0 0 1 0.0 Volts

In Between Man 2 1 0 1 1 0.0 Volts

Manual 1 Man 1 0 0 1 1 0.0 Volts

a Will read ‘‘Drive’’ if O/D is canceled.
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DIAGNOSIS AND TESTING (Continued)

A. TR V is the voltage at the PCM pin 64 (TR3A
Circuit) to signal return.

B. ‘‘In Between’’ reading could be caused by a
shift cable or digital TR sensor misaligned or a
digital TR sensor circuit failure of TR1, TR2,
TR3A, or TR4.

C. TR D: 1= Open Digital TR switch, 0= Closed
Digital TR switch.

D. EEC-V Control System Breakout Box Readings:
Taken from PCM signal pins for TR1, TR2,
TR3A, TR4 to signal return.

— Voltages for TR1, TR2, TR4:

— 0 = 0.0 volts.

— 1 = 9.0 - 14.0 volts.

— Voltage for TR3A:

— 0 = 0.0 volts.

— 1 = 1.3 - 1.8 volts.

Wiggle Test Information For Open/Shorts

• TR4, TR3A, TR2, and TR1 are all closed in PARK.
PARK is a good position to check for intermittent open
circuits (with scan tool monitoring TR D).

• TR4, TR3A, TR2, and TR1 are all open in
OVERDRIVE, so OVERDRIVE is a good position to
check for shorts to ground. To determine the shorted
components while observing TR D, unplug the TR
and see if the short goes away. If the short is  still
present, unplug the transmission harness and see if the
short goes away. If the short is still present, then the
short is in the PCM or vehicle harness. Remove the
suspect circuit(s) wire from the PCM vehicle harness.
If the short is still  present, then the PCM has an
internal failure. Otherwise the failure is in the vehicle
harness.
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DIAGNOSIS AND TESTING
Special Tool(s)Pinpoint Tests — OSC Equipped

Alignment Gauge, TR SensorVehicle
307-351 (T97L-70010-A)

Special Tool(s)

Breakout Box, EEC-V Control
System
418-049 (T94L-50-EEC-V) or
equivalent

73 III Automotive Meter
105-R0057 or equivalent

MLP-TR Cable
418-F107 (007-00111) or
equivalent

Gauge, Transmission Solenoid
Connectors
307-426

Worldwide Diagnostic System
(WDS)
418-F224

New Generation STAR (NGS)
Tester Any time an electrical connector or solenoid body is
418-F052 or equivalent scan disconnected, inspect the connector for pintool

condition, corrosion and contamination. Also inspect
the connector seal for damage. Clean, repair orTransmission Tester
install a new connector as required.307-F016 (007-00130) or

equivalent
Shift Solenoids Pre-Diagnosis
Use the following shift solenoid operation
information when carrying out Pinpoint Test A.

Trans Tester TR/MLP Overlay
and Manual
007-00131 or equivalent

(Continued)

Solenoid Operation Chart

SolenoidsGear Lever PCM Commanded
SSA SSB TCCPosition Gear

P/R/N 1 ON OFF HD

(D) 1 ON OFF HD

(D) 2 OFF OFF EC

(D) 3 OFF ON EC
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DIAGNOSIS AND TESTING (Continued)

Solenoid Operation Chart (Continued)

SolenoidsGear Lever PCM Commanded
SSA SSB TCCPosition Gear

(D) 4 ON ON EC

(D)

w/OD OFF

1 1 ON OFF HD

2 2 OFF OFF EC

3 3 OFF ON EC

Manual 2 2 OFF OFF EC

Manual 1 1 ON OFF HD

1 a 2 OFF OFF EC

a When a manual pull-in occurs above a calibrated speed the transmission will downshift from the higher gear until
the vehicle speed drops below this calibrated speed.

EC = Electronically controlled. Shift Solenoid Failure Mode Chart ‘‘Always
On’’HD = Hydraulically disabled.

Failed on due to powertrain control module and/or
Shift Solenoid Failure Mode Chart ‘‘Always vehicle wiring concerns, shift solenoid electrically
Off’’ or hydraulically stuck on.
Failed off due to powertrain control module and/or

Gear Lever Positionvehicle wiring concerns, shift solenoid electrically SSA ALWAYS
(D) 2 1ON:or hydraulically stuck off.

PCM Gear Actual Gear Obtained
Gear Lever Position CommandedSSA ALWAYS

(D) 2 1OFF: 1 1 1 1
PCM Gear Actual Gear Obtained 2 1 1 1

Commanded
3 4 2 a 2a

1 2 2 2
4 4 2a 2a

2 2 2 2
a No engine braking.3 3 2 a 2a

4 3 2a 2a

Gear Lever PositionSSB ALWAYS
a No engine braking. (D) 2 1ON:

PCM Gear Actual Gear Obtained
Gear Lever Position CommandedSSB ALWAYS

(D) 2 1OFF: 1 4 2 a 2a

PCM Gear Actual Gear Obtained 2 3 2a 2a

Commanded
3 3 2a 2a

1 1 1 1
4 4 2a 2a

2 2 2 2
a No engine braking.3 2 2 2

4 1 1 1
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DIAGNOSIS AND TESTING (Continued)

Pinpoint Tests

PINPOINT TEST A: SHIFT AND TORQUE CONVERTER CLUTCH SOLENOIDS

NOTE: Read and record all DTCs. All digital TR Sensor and VSS DTCs must be repaired
before entering Output State Control (OSC).

NOTE: Refer to the Transmission Internal Harness illustration preceding these pinpoint tests.

NOTE: Refer to the Transmission Vehicle Harness Connector illustration preceding these
pinpoint tests.

Test Step Result / Action to Take
A1 ELECTRONIC DIAGNOSTICS

• Select PARK.
• Key in OFF position.
• Check to make sure the transmission harness connector is fully

seated, pins are fully engaged in connector and in good
condition before proceeding.

• Connect the scan tool.
• Key in ON position.
• Enter the following diagnostic mode on the scan tool: Diagnostic

Data Link. Yes• Enter the following diagnostic mode on the scan tool: PCM. GO to A2.• Enter the following diagnostic mode on the scan tool: Active
Command Modes. No

• Enter the following diagnostic mode on the scan tool: Output REPEAT procedure to enter Trans-Bench
State Control (OSC). Mode. If vehicle did not enter Trans-Bench

• Enter the following diagnostic mode on the scan tool: Mode, REFER to the Powertrain
Trans-Bench Mode. Control/Emissions Diagnosis (PC/ED)

• Does vehicle enter Trans-Bench Mode? manual for diagnosis of PCM.
A2 WIGGLE TEST

• Select PIDs to be monitored.

PID Command PID Actual

SSA SS1F

SSB SS2F

TCC TCCF

• Select ‘‘ON’’ to turn suspect solenoid on.
• Press ‘‘SEND’’. Yes• Wiggle all wiring and connectors to the transmission. Monitor the REPAIR open or short in the vehicleSolenoid State for changes. harness or connector.• Select ‘‘OFF’’ to turn solenoid off.
• Press ‘‘SEND’’. No
• Does the suspect solenoid(s) fault state change? GO to A3.

A3 SOLENOID FUNCTIONAL CHECK
• Monitor each solenoid state. Yes
• Turn each solenoid ON and OFF. GO to A4.
• Does the solenoid turn ON and OFF when commanded and Nocan solenoid activation be heard? GO to A5.

A4 OSC TRANS-DRIVE MODE (GR CM OR TCC)
• Carry out OSC Trans-Drive Mode. Yes
• Select GR CM for Shift Solenoids or follow procedures for CLEAR all DTCs. ROAD TEST to verify if

GR CM as listed. concern is still present. If concern is still
• Select TCC for Torque Converter clutch Solenoid. Follow present, REFER to Diagnosis By Symptom

procedures of TCC in Drive Mode as listed. in this section to diagnose shift or torque
• Does the transmission upshift and downshift or torque converter concern.

converter engage/disengage when commanded? No
GO to A5.

A5 CHECK FOR BATTERY VOLTAGE
• Remove transmission fluid pan.
• Visually inspect the lead frame and connectors for damage.
• Key in ON position.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST A: SHIFT AND TORQUE CONVERTER CLUTCH SOLENOIDS (Continued)

Test Step Result / Action to Take
A5 CHECK FOR BATTERY VOLTAGE (Continued)

• Measure the voltage with the positive lead to VPWR solenoid
pin and negative lead to a good ground.

Yes
GO to A6.
No
CHECK for open or short circuit in

• Is the voltage greater than 10 volts? harness, or solenoid.
A6 ELECTRICAL SIGNAL CHECK

• Measure the voltage with the positive lead connected to VPWR
solenoid pin and the negative lead to the signal pin of the
appropriate solenoid.

• Enter the following diagnostic mode on the scan tool:
Trans-Bench Mode.

• Select Parameter SSA, SSB or TCC.
• Select ‘‘ON’’.
• Press ‘‘SEND’’.
• Turn the solenoids ON and OFF, while monitoring the voltage,

solenoid state on the scan tool (ON and OFF), and listen for the
solenoid to activate (click).

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST A: SHIFT AND TORQUE CONVERTER CLUTCH SOLENOIDS (Continued)

Test Step Result / Action to Take
A6 ELECTRICAL SIGNAL CHECK (Continued)

• Measure the voltage with the positive lead to VPWR pin and the
negative lead to the TCC pin.

• Enter the following diagnostic mode on the scan tool: Select
Parameter TCC.

• Select ‘‘ON’’.
• Press ‘‘SEND’’. Yes• Turn the solenoid ON and OFF, while monitoring the voltage, GO to A7.solenoid state on the scan tool (ON and OFF), and listen for the

solenoid to activate (click). No
• Select ‘‘OFF’’, press ‘‘SEND’’. CHECK for open or short circuit in
• Does the voltage and solenoid state change? harness, solenoid or a PCM concern.

A7 CHECK LEAD FRAME SOLENOID CONNECTIONS
• Key in OFF position.
• Disconnect the lead frame.
• Inspect the lead frame for damage.
• Using the special tool, check all the lead frame solenoid

connections.

Yes
INSTALL a new lead frame. GO to A8.

• Does the special tool go through any of the lead frame No
solenoid connections? GO to A8.

(Continued)

2004 E-Series, 12/2003 



307-01B-6 307-01B-6Automatic Transmission — 4R70W/4R75W

DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST A: SHIFT AND TORQUE CONVERTER CLUTCH SOLENOIDS (Continued)

Test Step Result / Action to Take
A8 CHECK SOLENOID RESISTANCE AT SOLENOID

• Measure the solenoid resistance between the pins of the
solenoid.

•

•

• Measure the resistance for each solenoid (SSA, SSB or TCC)
as follows:

Solenoid Resistance (ohms)

SSA 20-30

SSB 20-30 Yes
GO to A8.TCC 10-16
No

• Are the resistances correct? INSTALL a new solenoid.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST A: SHIFT AND TORQUE CONVERTER CLUTCH SOLENOIDS (Continued)

Test Step Result / Action to Take
A9 CHECK SOLENOID FOR SHORT TO GROUND

• Check for continuity between engine ground and appropriate
solenoid pin with ohmmeter or other low current tester.
Connection should show infinite resistance (no continuity).

Solenoid Terminal

SSA +/-

SSB +/-

TCC +/-

•

Yes
INSTALL a new solenoid.
No
REFER to Diagnosis By Symptom in this
section for diagnosis of shift or torque

• Is there continuity? converter concerns.

PINPOINT TEST B: TRANSMISSION FLUID TEMPERATURE (TFT) SENSOR

NOTE: Refer to the Transmission Connector Layouts preceding these pinpoint tests.
Test Step Result / Action to Take

B1 ELECTRONIC DIAGNOSTICS
• Check to make sure the transmission harness connector is fully

seated, pins are fully engaged in connector and in good
condition before proceeding.

• Connect the scan tool. Yes• Key in ON position. GO to B2.• Select Diagnostic Data Link.
• Select PCM. No
• Select PID/Data Monitor and Record. REPEAT procedure to enter PID. If vehicle
• Enter the following diagnostic mode on the scan tool: PIDs; TFT, did not enter PID, REFER to the

TFTV. Powertrain Control/Emissions Diagnosis
• Does the vehicle enter PID/Data Monitor and Record? (PC/ED) manual for diagnosis of PCM.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST B: TRANSMISSION FLUID TEMPERATURE (TFT) SENSOR (Continued)

Test Step Result / Action to Take
B2 WARM-UP/COOL-DOWN CYCLE

• While monitoring the TFT PIDs, carry out the following test: If Yes
transmission is cold, run transmission to warm it up. If If the TFT PIDs increase as the
transmission is warm, allow transmission to cool down. transmission is warmed or decrease as

• Do the TFT PIDs increase as the transmission is warmed up the transmission is cooled, CLEAR all
or decrease as the transmission is cooled or does the TFT DTCs. ROAD TEST to verify if concern is
or TFTV drop in and out of range? still present. If concern is still present,

REFER to  Diagnosis By Symptom in this
section to diagnose transmission
overheating.
If the TFT or TFTV drop in and out of
range, INSPECT for intermittent concern in
the internal/external harness, sensor or
connector.
No
GO to B3.

B3 ELECTRICAL SIGNAL CHECK
• Key in ON position.
• Remove transmission fluid pan.
• Visually inspect the lead frame and connectors for damage.
• Measure the voltage with the positive lead to positive TFT at

sensor pin and negative lead to a good ground.

Yes
GO to B4.
No
CHECK for open or short circuit in vehicle
harness, internal harness or a PCM

• Is the voltage present? concern.
B4 CHECK RESISTANCE OF TFT SENSOR

• Disconnect: Transmission Harness.
• Measure the resistance between the positive TFT and negative

TFT pins at transmission connector, using the following:

Transmission Fluid Temperature

°C °F Resistance (Ohms)

-40 to -20 -40 to -4 967K - 284K

-19 to -1 -3 - 31 284K - 100K

0 - 20 32 - 68 100K - 37K

21 - 40 69 - 104 37K - 16K

41 - 70 105 - 158 16K - 5K

71 - 90 159 - 194 5K - 2.7K

91 - 110 195 - 230 2.7K - 1.5K

111 - 130 231 - 266 1.5K - 0.8K

131 - 150 267 - 302 0.8K - 0.54K

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST B: TRANSMISSION FLUID TEMPERATURE (TFT) SENSOR (Continued)

Test Step Result / Action to Take
B4 CHECK RESISTANCE OF TFT SENSOR (Continued)

Yes
REFER to Diagnosis By Symptom in this
section to diagnose an overheating
concern.
No
INSTALL a new internal harness (sensor

• Is the resistance correct? is part of harness).

PINPOINT TEST C: DIGITAL TRANSMISSION RANGE (TR) SENSOR

NOTE: Refer to the Digital Transmission Range (TR) Sensor Connector illustration preceding
these pinpoint tests.

NOTE: Refer to the Digital Transmission Range (TR) Sensor Diagnosis Chart preceding these
pinpoint tests.

Test Step Result / Action to Take
C1 VERIFY DIAGNOSTIC TROUBLE CODES

• Select PARK.
• Key in OFF position.

Yes• NOTE: DTC codes P0705 and P0708 cannot be set by an
GO to C4.incorrectly adjusted digital TR sensor.

Carry out on board diagnostic test. No
• Are only DTC codes P0705, P0708 present? GO to C2.

C2 VERIFY DIGITAL TRANSMISSION RANGE SENSOR ALIGNMENT
• Check to make sure the digital TR sensor harness connector is

fully seated, pins are fully engaged in connector and in good Yescondition before proceeding. GO to C3.• Apply the parking brake.
• Select NEUTRAL. No
• Disconnect the shift cable/linkage from the manual lever. ADJUST the digital TR sensor. PLACE
• Verify that the digital TR Sensor Alignment Tool fits in the transmission range selector lever in PARK

appropriate slots. and CLEAR DTCs. REPEAT OBD Tests.
• Is the digital TR sensor adjustment OK? GO to C3.

C3 VERIFY SHIFT CABLE/LINKAGE ADJUSTMENT
• Place the manual lever in the overdrive position. Yes• Select DRIVE. GO to C4.• Reconnect the shift cable/linkage.
• Verify that the shift cable/linkage is adjusted OK. Refer to No

Section 307-05. ADJUST the shift cable/linkage. REFER to
• Is the shift cable/linkage adjusted OK? Section 307-05.

C4 CHECK ELECTRICAL SIGNAL OPERATION
• Select PARK.
• Disconnect: Digital TR Sensor.

YesCAUTION: Do not pry on connector. This will damage REPAIR as required. CLEAR DTCs andthe connector and result in a transmission concern. REPEAT OBD Tests.
Press the button and pull out on the digital TR harness

Noconnector.
If diagnosing a DTC, GO to C5.• Inspect both ends of the connector for damage or pushed-out

pins, corrosion, loose wires and missing or damaged seals. If diagnosing a starting concern or a
• Are the connector, pins and harness damaged? reversing lamp concern, GO to C10.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST C: DIGITAL TRANSMISSION RANGE (TR) SENSOR (Continued)

Test Step Result / Action to Take
C5 CHECK ELECTRICAL SYSTEM OPERATION (DIGITAL TR AND

PCM)
• Key in OFF position.
• Connect the scan tool.
• Connect: Digital TR Sensor.
• Key in ON position.
• Enter the following diagnostic mode on the scan tool: TR PIDS

TR, TR D, TR V.
• Move transmission range selector lever into each gear and stop.
• Observe any of the following PIDs, TR and TR D, TR V

(vehicle dependent) while wiggling harness, tapping on sensor, Yes
and/or driving the vehicle. Use PIDs TR, and TR D for DTCs The problem is not in the digital TR sensor
P0705, P1704, and P1705. Use PIDs TR, and  TR V for DTC system. REFER to Diagnosis By Symptom
P0708. in this section for further diagnosis.

• Compare the PIDs to the Digital Transmission Range (TR)
NoSensor Diagnosis Chart.
If TR D changes when wiggling harness,• Do the PIDs TR, TR D and TR V match the Digital
tapping on the sensor, or driving theTransmission Range (TR) Sensor Diagnosis chart, and does
vehicle, the problem may be intermittent.the TR D PID remain steady when the harness is wiggled,

the sensor is tapped, or the vehicle driven? GO to C6.
C6 CHECK DIGITAL TRANSMISSION RANGE SENSOR OPERATION

• Disconnect: Digital TR Sensor.

CAUTION: Do not pry on connector. This will damage
the connector and result in a transmission concern.

Yes• Connect: TR-E Cable to Transmission Tester. Concern is not in the digital TR sensor,• Connect: TR-E Cable to Digital TR Sensor. GO to C7.• Place the Digital TR Overlay onto Transmission Tester.
• Carry out Sensor Test as instructed on the Digital TR Overlay. No
• Does the status lamp on the tester TRS-E cable match the INSTALL a new digital TR sensor. CLEAR

selected gear positions? DTCs and REPEAT OBD Tests.
C7 CHECK PCM HARNESS CIRCUITS FOR OPENS

• Key in OFF position.
• Disconnect: Powertrain Control Module (PCM).
• Inspect for damaged or pushed-out pins, corrosion or loose

wires.
• Disconnect: Digital TR Sensor.

CAUTION: Do not pry the connector. This will damage
the connector and result in a transmission concern.
Disconnect the digital TR sensor connector.

• Install the EEC-V Control System Breakout Box.
• Measure the resistance between the PCM Test Pin 91 at the

EEC-V Control System Breakout Box and signal return circuit
Pin 2 at digital TR sensor connector harness side.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST C: DIGITAL TRANSMISSION RANGE (TR) SENSOR (Continued)

Test Step Result / Action to Take
C7 CHECK PCM HARNESS CIRCUITS FOR OPENS (Continued)

• For vehicles equipped with a 5.4L engine, measure the
resistance between the PCM Test Pin 34 at the EEC-V Control
System Breakout Box and TR1 circuit Pin 4 at digital TR sensor
connector harness side.

• For vehicles equipped with a 4.6L engine, measure the
resistance between the PCM Test Pin 3 at the EEC-V Control
System Breakout Box and TR1 circuit Pin 4 at digital TR sensor
connector harness side.

• Measure the resistance between the PCM Test Pin 49 at the
EEC-V Control System Breakout Box and TR2 circuit Pin 5 at
digital TR sensor connector harness side.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST C: DIGITAL TRANSMISSION RANGE (TR) SENSOR (Continued)

Test Step Result / Action to Take
C7 CHECK PCM HARNESS CIRCUITS FOR OPENS (Continued)

• Measure the resistance between the PCM Test Pin 50 at the
EEC-V Control System Breakout Box and TR4 circuit Pin 6 at
digital TR sensor connector harness side.

• Measure the resistance between the PCM Test Pin 64 at the
EEC-V Control System Breakout Box and TR3A circuit Pin 3 at
digital TR sensor connector harness side.

Yes
GO to C8.
No
REPAIR open circuit(s). RECONNECT all
components. CLEAR DTCs. REPEAT

• Are all resistances less than 5 ohms? OBD Tests.
C8 CHECK PCM HARNESS CIRCUITS FOR SHORT TO GROUND

OR POWER
• For vehicles equipped with 4.6L and 5.4L engines, measure the

resistance between PCM Test Pin 91 and Test Pins 71 and 97
at the EEC-V Control System Breakout Box.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST C: DIGITAL TRANSMISSION RANGE (TR) SENSOR (Continued)

Test Step Result / Action to Take
C8 CHECK PCM HARNESS CIRCUITS FOR SHORT TO GROUND

OR POWER (Continued)

• For vehicles equipped with 4.6L, and 5.4L engines, measure the
resistance between PCM Test Pin 34 and Test Pins 3, 24, 71,
97, 51, 76, 77, 103, and 91 at the EEC-V Control System
Breakout Box and chassis ground.

• For vehicles equipped with 4.6L and 5.4L engines, measure the
resistance between PCM Test Pin 49 and Test Pins 3, 24, 71,
97, 51, 76, 77, 103, and 91 at the EEC-V Control System
Breakout Box and chassis ground.

• For vehicles equipped with 4.6L and 5.4L engines, measure the
resistance between PCM Test Pin 50 and Test Pins 3, 24, 71,
97, 51, 77, 103, and 91 at the EEC-V Control System Breakout
Box and chassis ground.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST C: DIGITAL TRANSMISSION RANGE (TR) SENSOR (Continued)

Test Step Result / Action to Take
C8 CHECK PCM HARNESS CIRCUITS FOR SHORT TO GROUND

OR POWER (Continued)

• For vehicles equipped with 4.6L and 5.4L engines, measure the
resistance between PCM Test Pin 64 and Test Pins 3, 24, 71,
97, 51, 77, 103, and 91 at the EEC-V Control System Breakout
Box and chassis ground.

Yes
GO to C9.
No
REPAIR short circuit(s). RECONNECT all
components. CLEAR DTCs. REPEAT

• Are all resistances greater than 10,000 ohms? OBD Tests.
C9 CHECK FOR SHORT BETWEEN TR/PCM INPUT SIGNAL

CIRCUITS
• For vehicles equipped with 4.6L, and 5.4L engines, measure the

resistance between Test Pin 34 and Pins 49, 50, and 64 at the
EEC-V Control System Breakout Box.

• For vehicles equipped with 4.6L and 5.4L engines, measure the
resistance between Test Pin 49 and Pins 34, 50, and 64 at the
EEC-V Control System Breakout Box.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST C: DIGITAL TRANSMISSION RANGE (TR) SENSOR (Continued)

Test Step Result / Action to Take
C9 CHECK FOR SHORT BETWEEN TR/PCM INPUT SIGNAL

CIRCUITS (Continued)

• For vehicles equipped with 4.6L and 5.4L engines, measure the
resistance between Test Pin 50 and Pins 34, 49, and 64 at the
EEC-V Control System Breakout Box.

• For vehicles equipped with 4.6L and 5.4L engines, measure the
resistance between Test Pin 64 and Pins 34, 49, and 50 at the
EEC-V Control System Breakout Box.

Yes
INSTALL a new PCM. REFER to Section
303-14A. ROAD TEST and REPEAT
Quick Test.
No
REPAIR shorts on circuits having less
than 10,000 ohms between other TR/PCM
input signal circuits. RECONNECT all
components. CLEAR DTCs. REPEAT

• Are all the resistances greater than 10,000 ohms? OBD Tests.
C10 CHECK THE NON-PCM INTERNAL CIRCUITS OF SENSOR

• Connect: TRS-E Cable to Transmission. Yes
• Connect: TRS-E Cable to Digital TR Sensor. Concern is not in the digital TR sensor.
• Place the Digital TR Overlay onto Transmission Tester. For starting system concerns, REFER to
• Carry out Switch Test as instructed on the Digital TR Overlay. Section 303-06A. For reversing lamp
• Does the status lamp on the tester indicate RED for the concerns, REFER to  Section 417-01. For

correct gear position? optional circuits, REFER to the Powertrain
Control/Emissions Diagnosis (PC/ED)
manual.
No
INSTALL a new digital TR sensor. CLEAR
DTCs. REPEAT OBD Tests.

PINPOINT TEST D: ELECTRICAL PRESSURE CONTROL (EPC) SOLENOID

NOTE: Refer to the Transmission Internal Harness illustration preceding these pinpoint tests.

NOTE: Read and record all DTCs. All digital TR Sensor and VSS DTCs must be repaired
before entering Output State Control (OSC).

Test Step Result / Action to Take
D1 ELECTRONIC DIAGNOSTICS

• Key in OFF position.
• Select PARK.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST D: ELECTRICAL PRESSURE CONTROL (EPC) SOLENOID (Continued)

Test Step Result / Action to Take
D1 ELECTRONIC DIAGNOSTICS (Continued)

• Check to make sure the transmission harness connector is fully
seated, pins are fully engaged in the connector and in good
condition before proceeding.

• Connect the scan tool.
• Key in ON position.
• Enter the following diagnostic mode on the scan tool: Diagnostic

Data Link. Yes• Enter the following diagnostic mode on the scan tool: PCM. GO to D2.• Enter the following diagnostic mode on the scan tool: Active
Command Modes. No

• Enter the following diagnostic mode on the scan tool: Output REPEAT procedure to enter Trans-Bench
State Control (OSC). Mode. If vehicle did not enter OSC,

• Enter the following diagnostic mode on the scan tool: REFER to the Powertrain
Trans-Bench Mode. Control/Emissions Diagnosis (PC/ED)

• Does the vehicle enter the Trans-Bench Mode? manual for diagnosis of PCM.
D2 SOLENOID FUNCTIONAL TEST

• Install 2,060 kPa (300 psi) pressure gauge into EPC tap.
• Monitor pressure gauge.
• Enter the following diagnostic mode on the scan tool: Parameter;

EPC.
• Select value - 15, 30, 45, 60, 70 or 90 psi.
• Press ‘‘SEND’’.
• Select another value ‘‘0-90 psi’’.
• Press ‘‘SEND’’. Yes• Enter the following diagnostic mode on the scan tool: XXX. CLEAR DTCs. REPEAT OBD Tests.• Press ‘‘SEND’’.
• Does the pressure reading match the commanded No

pressure? GO to D3.
D3 CHECK FOR BATTERY VOLTAGE

• Key in ON position.
• Measure the voltage on pin 6 at the transmission harness

connector to chassis ground.

Yes
GO to D4.
No
CHECK for open or short circuit in

• Is the voltage 5 volts or less? harness.
D4 CHECK FOR BATTERY VOLTAGE

• Remove transmission fluid pan.
• Visually inspect the lead frame connectors for damage.
• Key in ON position.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST D: ELECTRICAL PRESSURE CONTROL (EPC) SOLENOID (Continued)

Test Step Result / Action to Take
D4 CHECK FOR BATTERY VOLTAGE (Continued)

• Measure the voltage with positive lead to VPWR solenoid pin
and negative lead to a good ground.

Yes
GO to D5.
No
REPAIR the circuit. CLEAR the DTCs.

• Is voltage greater than 10 volts? REPEAT the OBD Tests.
D5 ELECTRICAL SIGNAL CHECK

• Measure the voltage with positive lead connected to VPWR
solenoid pin and connect negative lead to the signal pin of the
EPC solenoid.

• Turn the solenoids ON and OFF, while monitoring the voltage
reading, solenoid state on the scan tool (ON and OFF), listen for
the solenoid to activate (click).

• Enter the following diagnostic mode on the scan tool:
Trans-Bench Mode.

• Enter the following diagnostic mode on the scan tool: Parameter
EPC.

• Select a value ‘‘0-90 psi’’.
• Press ‘‘SEND’’. Yes• Select another value ‘‘0-90 psi’’. GO to D6.• Press ‘‘SEND’’.
• Enter the following diagnostic mode on the scan tool: XXX. No
• Press ‘‘SEND’’. CHECK for open or short circuit in
• Does the voltage and solenoid state change? harness or PCM.

D6 CHECK LEAD FRAME SOLENOID CONNECTIONS
• Key in OFF position.
• Disconnect the lead frame.
• Inspect the lead frame for damage.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST D: ELECTRICAL PRESSURE CONTROL (EPC) SOLENOID (Continued)

Test Step Result / Action to Take
D6 CHECK LEAD FRAME SOLENOID CONNECTIONS (Continued)

• Using the special tool, check all the lead frame solenoid
connections.

Yes
INSTALL a new lead frame and GO to D7.

• Does the special tool go through any of the lead frame No
solenoid connections? GO to D7.

D7 CHECK SOLENOID RESISTANCE AT SOLENOID
• Measure the resistance of the EPC solenoid.

Yes
GO to D8.
No
INSTALL a new solenoid. CLEAR the

• Is the resistance between 2.48 and 5.66 ohms? DTCs. REPEAT the OBD Tests.
D8 CHECK SOLENOID FOR SHORT TO GROUND

• Check for continuity between engine GROUND and the EPC
solenoid terminals with ohmmeter or other low current tester
(less than 200 milliamps). Connection should show infinite
resistance (no continuity).

Yes
INSTALL a new solenoid. CLEAR the
DTCs. REPEAT the OBD Tests.
No
REFER to Diagnosis By Symptom in this

• Is there continuity? section for diagnosis of pressure concerns.
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST E: OUTPUT SHAFT SPEED (OSS) SENSORS

NOTE: Refer to the Output Shaft Speed (OSS) Sensor Harness Connector illustration preceding
these pinpoint tests.

Test Step Result / Action to Take
E1 ELECTRONIC DIAGNOSTICS

• Check to make sure the transmission harness connector is fully
seated, pins are fully engaged in connector and in good
condition before proceeding.

• Connect the scan tool. Yes• Key in ON position. GO to E2.• Enter the following diagnostic mode on the scan tool: Diagnostic
Data Link. No

• Enter the following diagnostic mode on the scan tool: PCM. REPEAT procedure to enter PID. If vehicle
• Select PID/Data Monitor and Record. did not enter PID, REFER to the
• Select the PID OSS. Powertrain Control/Emissions Diagnosis
• Does vehicle enter PID/Data Monitor and Record? (PC/ED) manual for diagnosis of PCM.

E2 DRIVE CYCLE TEST
• While monitoring the OSS Speed PID, drive the vehicle so that Yes

the transmission upshifts and downshifts through all gears. CLEAR all DTCs. ROAD TEST to verify if
• Does the OSS Speed PID increase and decrease with engine concern is still present. If concern is still

and vehicle speed? present, REFER to Diagnosis By Symptom
in this section.
No
If the OSS Speed PID does not increase
and decrease with engine and vehicle
speed, INSPECT for open or short in
vehicle harness, sensor, a PCM concern,
or internal hardware concern.
If the sensor signal is erratic, INSPECT for
intermittent concern in the internal/external
harness, sensor, or connector.
If the sensor signal is steady, GO to E3.

E3 CHECK RESISTANCE OF OSS SENSOR
• Disconnect the vehicle harness connector from the OSS sensor.
• Measure the resistance between the OSS sensor pins.

Yes
REFER to Diagnosis By Symptom for
concern diagnosis.

• Record the resistance. No
• Is the resistance within 400-500 at 25°C (77°F) ohms? INSTALL a new OSS sensor.
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST F: SOLENOID MECHANICAL FAILURE

NOTE: Repair all other DTCs before repairing the following DTCs: P1714, P1715, P1740. 
Test Step Result / Action to Take

F1 ELECTRONIC DIAGNOSIS
• Connect the scan tool. Yes
• Carry out KOEO Test. REPAIR the other DTCs first. CLEAR
• Are only DTCs P1714, P1715, P1740 present? DTCs and CARRY OUT Transmission

Drive Cycle Test. REPEAT Quick Test.
No
INSTALL a new solenoid and or body.
REFER to the Diagnostic Trouble Code
(DTC) Charts in this section for code
description. GO to F2.

F2 TRANSMISSION DRIVE CYCLE TEST
• Carry out transmission drive cycle test. Yes
• Carry out on-board diagnostic test. GO to F3.
• Does the vehicle upshift and downshift OK? No

REFER to Diagnosis By Symptom in this
section to diagnose shift concerns.

F3 RETRIEVE DTCS
• Connect the scan tool. Yes
• Carry out KOEO Test until continuous DTCs have been INSTALL a new PCM. REFER to Section

displayed. 303-04A. ROAD TEST and REPEAT
• Are DTCs P1714, P1715, P1740 still present? Quick Test.

No
Testing completed. If a concern still exists,
REFER toDiagnosis By Symptom in this
section for concern diagnosis.
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DIAGNOSIS AND TESTING
Line Pressure TestSpecial Testing Procedures

The special tests are designed to aid the technician CAUTION: Carry out the line pressure
in diagnosing the hydraulic and mechanical portion test prior to carrying out the stall speed test. If
of the transmission. the line pressure is low at stall, do not carry out

stall speed test or further transmission damage
Engine Idle speed Check will occur. Do not maintain wide open throttle
Refer to the Powertrain Control/Emissions Diagnosis (WOT) in any  transmission range for more than
(PC/ED) manual for diagnosis and testing of the five seconds.
engine idle speed. This test verifies that the line pressure is within

specification.

1. Connect pressure gauge to line pressure tap.

2. Start engine and check line pressures. Refer to
the Line Pressure Chart to determine if line
pressure is within specification.

Item Part Number Description

1  — Direct clutch pressure tap

2  — Forward clutch pressure tap

3  — Electronic pressure control
(EPC) pressure tap

4  — Intermediate clutch pressure
tap

5  — Line pressure tap

Copyright  2003, Ford Motor Company
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DIAGNOSIS AND TESTING (Continued)

Line Pressure Chart

Idle WOT

EPC Line Pressure EPC Line PressureApplication Range

All P, N 0-138 kPa (0-20 207-448 kPa N/A N/A
psi) (30-65 psi)

OD, 2, 1 138-345 kPa 345-758 kPa 655-793 kPa 1,310-1,586 kPa
(20-50 psi) (50-110 psi) (95-115 psi) (190-230 psi)

R 138-345 kPa 552-1034 kPa 552-655 kPa 1,379-1,931 kPa
(20-50 psi) (80-150 psi) (80-95 psi) (200-280 psi)

3. Place the ignition switch in the OFF position. If 6. If EPC pressure is not within specification, GO
line pressure is not within specification, check to Pinpoint Test E to diagnose EPC operation.
EPC pressure. If EPC operation is OK, see the line pressure

diagnosis chart for line pressure concern causes.4. Connect pressure gauge to EPC pressure tap.

5. Start engine and check EPC pressure. Use the
line pressure chart for specifications.

Line Pressure Diagnosis Chart

Test Results Possible Source

High At Idle — In All Positions Wiring Harnesses

Run Quick Test. Refer to the Powertrain
Control/Emissions Diagnosis (PC/ED) manual.

EPC Solenoid

Main Regulator Valve

Low At Idle — In All Positions Low Fluid Level

Control Body

Leakage in Pump

Damaged Gaskets on Separator Valve

Damaged Separator Plate

Restricted Inlet Filter

Case Bolts

Loose Main Control Valve Body

EPC Solenoid O-Ring

EPC Solenoid Bracket

Case

Sticking Main Regulator Valve

Damaged Inlet Tube Seal on Inlet Filter

Low In PARK Only Valve Body

Low/Reverse Servo

Low In REVERSE Only Separator Plate

Low/Reverse Servo or Valve Body

Reverse Clutch

Low In NEUTRAL Only Valve Body

Low In OVERDRIVE Only Forward Clutch
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DIAGNOSIS AND TESTING (Continued)

Line Pressure Diagnosis Chart (Continued)

Test Results Possible Source

Valve Body

Low In 1st Position Only Forward Clutch

Valve Body

Low/Reverse Servo

Low In 2nd Position Only Intermediate Clutch

Valve Body

Forward Clutch

Stall SpeedStall Speed Test

Application Min. Max.WARNING: Apply the parking brake
firmly while carrying out each stall test. 5.4L 1,820 2,203

4.6L 2,062 2,427CAUTION: Carry out line pressure test
prior to carrying out stall test. If the line
pressure is low at stall, do not carry out stall test 2. Connect a tachometer to the engine.
or further transmission damage will occur. 3. NOTE: If the rpm recorded by the tachometer
The stall speed test checks: exceeds the maximum limits, release the

accelerator pedal immediately because clutch or• torque converter clutch operation and installation.
band slippage is indicated.

• holding ability of the forward clutch.
In each of the following ranges (D), 2, 1, R,

• reverse clutch (the low-reverse bands). press the accelerator pedal to the floor and hold
• planetary one-way clutch. it just long enough to let the engine get to wide

open throttle (WOT). While making this test, do• engine driveability.
not hold the throttle open for more than 5

Conduct this test with the engine coolant and seconds at a time.
transmission fluid at correct levels and at normal

4. Note the results in each range.operating temperature.
5. After each range, move the shift controlApply the parking brake firmly for each stall speed

selector lever to NEUTRAL and run the enginetest.
at 1,000 rpm for about 15 seconds to cool the

1. Find the specified stall rpm for the vehicle; see torque converter before making the next test.
the stall speed diagnosis chart. Use a grease

6. Refer to the stall speed diagnosis chart forpencil to mark the rpm on the dial of a
corrective actions.tachometer.

Stall Speed Diagnosis Chart

Selector Position Stall Speeds High Stall Speeds Low

(D) Planetary One-Way clutch

(D), 2 and 1 Forward clutch or intermediate clutch

(D), 2, 1 and R Carry Out Pressure Test Torque Converter Stator One-Way
clutch or Engine Driveability

Concerns

R Reverse clutch or Low Reverse Band
or Servo
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DIAGNOSIS AND TESTING (Continued)

Air Pressure Tests NOTE: Use only dry, regulated 276 kPa (40 psi)
maximum air pressure.Transmission Air Test Plate

Apply air to the appropriate passage(s). A dull thud
should be felt or heard or movement could be
observed when the clutch component applies. There
should be no hissing sound when the component is
applied.

Cover the vent hole in the test plate with a clean,
lint-free shop towel to prevent spray when the air is
applied. Plugging the vent hole during testing will
result in inaccurate results.

1. Drain transmission fluid and remove the
transmission fluid pan.

2. Remove the main control valve body.
Item Part Number Description 3. Install transmission test plate and gasket.

1  — Converter bypass Tighten bolts to 10 Nm (89 lb-in).
2  — Direct clutch 4. NOTE: Do not apply air to the test plate vent
3  — Forward clutch hole.
4  — 2-3 accumulator, top Apply air to the appropriate clutch port (refer to
5  — 2-3 accumulator, bottom the Transmission Air Test Plate illustration). A
6  — Reverse servo dull thud may be heard or movement felt when

the component is applied or released. If clutch7  — Overdrive servo, apply
seals or check balls are leaking a hissing sound8  — Overdrive servo, release
may be heard.9  — Intermediate clutch

If the servos do not operate, disassemble, clean and10  — Reverse clutch
inspect them to locate the source of the concern.11  — 1-2 accumulator, apply
If air pressure applied to the clutch passages fails to

A no-drive condition can exist even with correct operate a clutch, or operates clutches
transmission fluid pressure because of inoperative simultaneously, inspect the fluid passages in the
clutches or bands. An erratic shift can be located case.
through a series of checks by substituting air

If air pressure applied to the accumulator fails topressure for fluid pressure to determine the  location
operate an accumulator, remove and inspect caseof the malfunction.
passages and piston.

Follow the procedure to determine the location of
the inoperative clutch or band by introducing air
pressure into the various test plate passages.

Clutch Pressure Test

Clutch Pressure Chart 4.6L

Transmission Pressures with TP at 1.5 Volts and Vehicle Speed Above 8 Km/h (5 MPH)

Line Pressure Forward Intermediate Direct Clutch
Gear EPC Tap1 Tap Clutch Tap Clutch Tap Tap

M1 124-241 kPa 517-655 kPa 413-586 kPa 0-34 kPa (0-5 0-34 kPa (0-5
(18-35 psi) (75-95 psi) (60-85 psi) psi) psi)

M2 275-344 kPa 689-813 kPa 620-744 kPa 648-779 kPa 0-34 kPa (0-5
(40-50 psi) (100-118 psi) (90-108 psi) (94-113 psi) psi)

2004 E-Series, 12/2003 



307-01B-5 307-01B-5Automatic Transmission — 4R70W/4R75W

DIAGNOSIS AND TESTING (Continued)

Clutch Pressure Chart 4.6L (Continued)

Transmission Pressures with TP at 1.5 Volts and Vehicle Speed Above 8 Km/h (5 MPH)

Line Pressure Forward Intermediate Direct Clutch
Gear EPC Tap1 Tap Clutch Tap Clutch Tap Tap

1 124-241 kPa 496-606 kPa 413-606 kPa 0-34 kPa (0-5 0-34 kPa (0-5
(18-35 psi) (72-88 psi) (60-88 psi) psi) psi)

2 275-344 kPa 662-772 kPa 662-772 kPa 662-779 kPa 0-34 kPa (0-5
(40-50 psi) (96-112 psi) (96-112 psi) (96-113 psi) psi)

3 275-344 kPa 717-772 kPa 717-772 kPa 717-772 kPa 717-772 kPa
(40-50 psi) (104-112 psi) (104-112 psi) (104-112 psi) (104-112 psi)

4 241-310 kPa 606-717 kPa 0-34 kPa (0-5 606-717 kPa 606-717 kPa
(35-45 psi) (88-104 psi) psi) (88-104 psi) (88-104 psi)

1 EPC readings will vary due to EEC strategy. These values are approximate pressures depending on circuit leakage.
Actual clutch apply pressures should be within 0-103 kPa (0-15 psi) of line pressure. For additional information on
testing, refer to the Clutch Pressure Test in this section.

Clutch Pressure Chart 5.4L

Transmission Pressures with TP at 1.5 Volts and Vehicle Speed Above 8 Km/h (5 MPH)

Line Pressure Forward Intermediate Direct Clutch
Gear EPC Tap1 Tap Clutch Tap Clutch Tap Tap

M1 275-344 kPa 689-827 kPa 620-758 kPa 0-34 kPa (0-5 0-34 kPa (0-5
(40-50 psi) (100-120 psi) (90-110 psi) psi) psi)

M2 241-310 kPa 620-689 kPa 551-689 kPa 586-724 kPa 0-34 kPa (0-5
(35-45 psi) (90-100 psi) (80-100 psi) (85-105 psi) psi)

1 275-344 kPa 689-827 kPa 620-758 kPa 0-34 kPa (0-5 0-34 kPa (0-5
(40-50 psi) (100-120 psi) (90-110 psi) psi) psi)

2 241-310 kPa 620-689 kPa 551-689 kPa 586-724 kPa 0-34 kPa (0-5
(35-45 psi) (90-100 psi) (80-100 psi) (85-105 psi) psi)

3 241-310 kPa 620-689 kPa 551-689 kPa 586-724 kPa 551-689 kPa
(35-45 psi) (90-100 psi) (80-100 psi) (85-105 psi) (80-100 psi)

4 241-310 kPa 620-689 kPa 0-34 kPa (0-5 586-724 kPa 551-689 kPa
(35-45 psi) (90-100 psi) psi) (85-105 psi) (80-100 psi)

1 EPC readings will vary due to EEC strategy. These values are approximate pressures depending on circuit leakage.
Actual clutch apply pressures should be within 0-103 kPa (0-15 psi) of line pressure. For additional information on
testing, refer to the Clutch Pressure Test in this section.

The Clutch Pressure Test will diagnose a
low-pressure condition or leakage in a clutch circuit.
A difference of 103 kPa (15 psi) or more between
the clutch pressure and line pressure will prevent a
normal shift.
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DIAGNOSIS AND TESTING (Continued)

3. If the difference in pressures is less than 1031. CAUTION:  Pressure gauges affect the
kPa (15 psi), the corresponding clutch circuitshift quality of the transmission. Care must
does not have a pressure loss. The gauges onbe taken not to accelerate or decelerate
the line pressure tap and appropriate clutchrapidly. Possible transmission failure can
pressure tap can be switched to confirm thatresult.
gauge  calibration differences are not the cause.

Attach 0-2068 kPa (0-300 psi) pressure gauges
4. If the difference is greater than 103 kPa (15to the line pressure tap and the appropriate

psi), there is a leak in the corresponding clutchclutch pressure tap according to Band/Clutch
pressure circuit. The gauges on the line pressureApplication Chart. Gauges must be accurate
tap and clutch pressure tap can be switched toenough to distinguish a 103 kPa (15 psi)
confirm that gauge calibration differences aredifference. (If this  test is done in conjunction
not  the cause. Carry out the appropriatewith a control pressure test, pressure gauges
procedure to correct the clutch leak problem.will be attached to all pressure taps.) Have

sufficient flexible hose available to read the
gauges in the vehicle.

2. Drive the vehicle. When pressure is applied to
the clutch, note the difference between the line
pressure gauge and the corresponding clutch
pressure gauge.
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DIAGNOSIS AND TESTING

If the leak continues, install a new cooler line fittingLeakage Inspection
and tighten to specification. The same procedure

CAUTION: Do not try to stop the fluid should be followed for fluid leaks between the
leak by increasing the torque beyond radiator cooler and the cooler line fittings in this
specifications. This may cause damage to the case section; refer to  Section 307-02.
threads.

Check the engine coolant in the radiator. If
Check the fluid filler tube connection at the transmission fluid is present in the coolant, the
transmission case. If leakage is found here, install a cooler in the radiator is probably leaking.
new grommet.

The cooler can be further checked for leaks by
Check the VSS plug or VSS sensor O-ring (model disconnecting the lines for the cooler fittings and
dependent). If leakage is found install a new O-ring. applying no more than 345 kPa (50 psi) air pressure
Check fluid lines and fittings between the to the fittings. Remove the radiator cap to relieve
transmission and the cooler in the radiator tank for the pressure buildup at the exterior of  the oil cooler
looseness, wear, or damage. If leakage cannot be tank. If the cooler is leaking and or will not hold
stopped by tightening a fluid tube nut, install new pressure, install a new cooler.
parts. When fluid is found leaking between the If leakage is found at the transmission range
case and cooler line fitting, check for missing or selector lever, install a new seal.
damaged O-ring, then tighten the fitting to

If leakage is found at the transmission internalmaximum specification.
harness connector, install a new O-ring.

External Sealing
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DIAGNOSIS AND TESTING (Continued)

Item Part Number Description

1 7902 Torque converter

2 7A248 Front pump seal

3 7A248 Front pump seal

4 N605789-S101 Bolt

5 7A106 Front pump body assembly

6 7A136 Pump gasket

7 390318-S2 Pipe plug — 1/8-27 Dryseal
tapered

8 7005 Case

9 7H103 Turbine shaft speed (TSS)
sensor plug 1. Fluid leaking by the front pump seal lip will

tend to move along the impeller hub and onto10 7034 Vent
the back of the impeller housing. Except in the11 N811757-S100 Speed sensor seal
case of a total seal failure, fluid leakage by the

12 7H103 Output shaft speed (OSS)
lip of the seal will be deposited on the inside ofsensor
the  torque converter housing only, near the13 7B498 Manual control lever seal
outside diameter of the housing.assembly

2. Fluid leakage by the outside diameter of the14 7086 Extension housing gasket
front pump seal and front pump body will15 7A039 Extension housing
follow the same path that leaks by the inside16 N803737-S1101 Bolt — M8-1.25 x 30
diameter of the front pump seal follow.

17 7052 Oil seal
3. Fluid leakage from the converter seal weld or18 7Z276 Seal — bulkhead assembly

converter-to-flexplate stud weld will appear at
19 7G276 Bulkhead assembly wiring the outside diameter of the torque converter, onconnector

the back face of the flexplate and in the
20 7G276 Molded lead frame

converter housing only near the flexplate. Fluid
21 7A194 Transmission fluid pan leaks from  the torque converter will leave a
22 7A191 Gasket ring of fluid around the inside of the torque
23 7D273 Transmission fluid tube case converter housing.

fittings
4. Fluid that leaks by a front pump-to-case bolt or

pump gasket will be deposited on the inside ofFluid Leakage in Torque Converter Area
the torque converter housing only. Fluid will

In diagnosing and correcting fluid leaks in the front not be deposited on the back of the torque
pump support and gear and torque converter area, converter.
use the following procedures to locate the exact

5. NOTE: White facial tissue paper may aid incause of the leakage. Leakage at the front of
determining the color (red is transmission fluid)transmission, as evidenced by fluid around the
and source of the leaking fluid.torque converter housing, may have several sources.
Engine oil leaks are sometimes incorrectlyBy careful observation it is possible, in many
diagnosed as transmission pump gasket leaks.instances, to pinpoint the source of leak before
The following areas of possible leakage shouldremoving the transmission from the vehicle. The
also be checked to determine if engine oilpaths which the fluid takes to reach the bottom of
leakage is causing the concern.the torque converter housing are shown in the

illustration. The five steps following correspond a. Leakage at the engine valve cover gasket
with the numbers in the illustration. may allow oil to flow over the torque

converter housing or seep down between
the torque converter housing and cylinder
block causing oil to be present in or at the
bottom of the torque converter housing.
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DIAGNOSIS AND TESTING (Continued)

b. Oil galley plug leaks will allow oil to flow 4. Start and run the engine until the transmission
down the rear face of the cylinder block to reaches its normal operating temperature.
the bottom of the torque converter housing. Observe the back of the cylinder block and top

of the torque converter housing for evidence ofc. Leakage at the crankshaft rear oil seal will
fluid leakage. Raise the vehicle on a hoist; referwork back to the flexplate, and then into
to  Section 100-02 and run the engine at fastthe torque converter housing.
idle, then at engine idle, occasionally shifting to

d. Leakage at engine oil pressure sensor. the Overdrive and Reverse ranges to increase
pressure within the transmission. Observe  theLeak Check Test
front of the flexplate, back of the cylinder block

1. Remove the fluid level indicator and note the (in as far as possible), and inside the torque
color of the fluid. Original factory fill fluid is converter housing and front of the case. Run
dyed red to aid in determining if leakage is the engine until fluid leakage is evident and the
from the engine or transmission. Unless a probable source of leakage can be determined.
considerable amount of makeup fluid has been
added or the  fluid has been changed, the red Leak Check Test With Black Light Used With
color should assist in pinpointing the leak. 12 Volt Master UV Diagnostic Inspection Kit

2. Remove the torque converter housing cover. Oil soluble aniline or fluorescent dyes premixed at
Clean off any fluid from the top and bottom of the rate of 2.5ml (1/2 teaspoon) of dye powder to
the torque converter housing, front of the case 0.235L (1/2 pint) of transmission fluid have proved
and rear face of the engine and oil pan. Clean helpful in locating the source of fluid leakage. Such
the torque converter area by washing with a dyes may be used to determine  whether an engine
suitable  nonflammable solvent and blow dry oil or transmission fluid leak is present, or if the
with compressed air. fluid in the fluid cooler leaks into the engine

cooling system. A black light must be used with the3. Wash out the torque converter housing, the
fluorescent dye solution.front of the flexplate and the converter drain

plugs. The torque converter housing may be
washed out using cleaning solvent and a
squirt-type oil can. Blow all washed areas dry
with compressed air.
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DIAGNOSIS AND TESTING

3. Position the vehicle on a hoist. For additionalTransmission Fluid Cooler
information, refer to Section 100-02.

CAUTION: Whenever a transmission has
4. Remove the cooler return line (top fitting) frombeen disassembled to install new parts, the cooler

the fitting on the transmission case.bypass valve (CBV), all transmission fluid coolers
5. Connect one end of a hose to the cooler return(in-tank and auxiliary) and transmission fluid

line and route other end of the hose up to acooler lines must be cleaned and backflushed.
point where it can be inserted into the funnel atUse a suitable the  torque converter/fluid cooler
the fluid filler tube.cleaner.

6. Remove the safety stands and lower the vehicle.NOTE: Cleaning and backflushing the transmission
Insert end of hose into the funnel.fluid cooling system along with following all the

normal cleaning and inspection procedures in this 7. Start the engine and run it at idle with the
section during disassembly and reassembly will transmission in NEUTRAL.
keep contamination from reentering the transmission

8. When fluid flows from the hose in a steadyand causing a repeat repair.
stream, a liberal amount of fluid should be

When internal wear or damage has occurred in the observed. ‘‘Liberal’’ is about 1 liter (1 quart)
transmission, metal particles, clutch plate material, delivered in 15 seconds. If a liberal flow is
or band material may have been carried into the observed, the test is complete.
torque converter and transmission fluid cooler.

9. If the flow is not liberal, stop the engine.These contaminants are a major cause of  recurring
Disconnect the hose from the cooler return linetransmission troubles and must be removed from the
and connect it to the converter outlet fittingsystem before the transmission is put back into use.
(bottom fitting) on the transmission case.

Transmission Fluid Cooler Flow Test 10. Repeat steps 6 and 7. If flow is now
approximately 1 liter (1 quart) in 15 seconds,NOTE: The transmission linkage/cable adjustment,
refer to Transmission Fluid Cooler —fluid level and line pressure must be within
Backflushing and Cleaning in this section. Ifspecification before carrying out this test. Refer to
the flow is still not  approximately 1 liter (1Section 307-05 for adjustments.
quart) in 15 seconds, repair or install pump and1. Remove fluid level indicator from fluid filler
or converter.tube.

For the installation of new transmission fluid cooler2. Place funnel in fluid filler tube.
or tubes, refer to Section 307-02.
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DIAGNOSIS AND TESTING
Special Tool(s)Diagnosis By Symptom

73 III Automotive Meter
Special Tool(s) 105-R0057 or equivalent

Transmission Fluid Pressure
Gauge
307-004 (T57L-77820-A)

UV Leak Detector Kit
164-R0756 or equivalent

Air Test Plate, Transmission
307-246 (T92P-7006-A)

The Diagnosis by Symptom charts give the
technician diagnostic information, direction, and

MLP-TR Cable suggest possible components, using a symptom as a
418-F107 (007-00111) or starting point.
equivalent

The Diagnosis by Symptom charts are divided into
two categories: Electrical Routines, indicated by 200
series numbers, and Hydraulic/Mechanical Routines,
indicated by 300 series numbers. The Electrical
Routines list the possible electrical  components that

Worldwide Diagnostic System could cause or contribute to the symptom described.
(WDS) The Hydraulic/Mechanical Routines list the possible
Vehicle Communication Module hydraulic or mechanical components that could
(VCM) with appropriate cause or contribute to the symptom described.adapters, or equivalent
diagnostic tool Diagnosis by Symptom Chart Directions

1. Using the Diagnosis by Symptom Index, select
the Concern/Symptom that best describes theTransmission Tester

307-F016 (007-00130) or condition.
equivalent

2. Refer to the routine indicated in the Diagnosis
by Symptom Index.

3. Always begin diagnosis of a symptom with:

a. preliminary inspections.
Trans Tester TR/MLP Overlay b. verifications of condition.
and Manual

c. checking the fluid levels.007-00131 or equivalent

d. carrying out other test procedures as
directed.

(Continued)
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DIAGNOSIS AND TESTING (Continued)

4. NOTE: Not all concerns and conditions with 5. The Hydraulic/Mechanical Routines list possible
electrical components will set a diagnostic hydraulic or mechanical components that could
trouble code (DTC). Be aware that the cause the concern. These components are listed
components listed may still be the cause. Verify in the removal sequence and by most probable
correct function of these components prior to cause. All components listed must be inspected
proceeding to the  Hydraulic/Mechanical to ensure  correct repair.
Routine listed.

Begin with the Electrical Routine, if indicated.
Follow the reference or action required
statements. Always carry out the on-board
diagnostic tests as required. Never skip steps.
Repair as required. If the concern is still present
after  electrical diagnosis, then proceed to the
Hydraulic/Mechanical Routine listed.

Diagnosis by Symptom Index

Routines

Electricala Hydraulic/ MechanicalTitle

Engagement Concerns

No Forward 201 301

No REVERSE 202 302

Harsh REVERSE 203 303

Harsh Forward 204 304

Delayed/Soft Reverse 205 305

Delayed/Soft Forward 206 306

Shift Concerns

Some/All Shifts Missing 210 310

Timing Concerns

 — Early/Late 211 311

 — Erratic/Hunting 212 312

Feel

 — Soft/Slipping 213 313

 — Harsh 214 314

No 1st Gear, Engages in Higher Gear 215 315

No Manual 1st Gear 216 316

No Manual 2nd Gear 217 317

Torque Converter Operation
Concerns

No Apply 240 340

Always Applied/Stalls Vehicle 241 341

Cycling/Shudder/Chatter 242 342

Other Concerns

No Engine Braking in 2nd Gear, 250 350
Manual 2nd or Manual 1st Position

Gearshift Lever Efforts High 251 351
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DIAGNOSIS AND TESTING (Continued)

Diagnosis by Symptom Index (Continued)

Routines

Electricala Hydraulic/ MechanicalTitle

External Leaks 252 352

Vehicle Driveability Concerns 253 353

Noise/Vibration in Forward or 254 354
Reverse

Engine Will Not Crank 255 355

No PARK (P) Range 256 356

Overheating 257 357

a Carry out electrical routine first.

Diagnostic Routines

Engagement Concern: No Forward

Possible Component Reference/Action

201 — ELECTRICAL ROUTINE

• No Electrical Concerns

301 — HYDRAULIC/MECHANICAL ROUTINE

Fluid

• Incorrect level • Adjust fluid to correct level.

• Condition • Inspect as under Fluid Condition Check. Refer to
Verification of Condition.

Shift Linkage

• Damaged or incorrectly adjusted • Inspect and repair as required. Verify transmission
shift cable adjustment. Refer to Section 307-05 in this
section. Adjust transmission shift cable as necessary.
After repairing  transmission shift cable, verify the
digital transmission range (TR) sensor is correctly
adjusted. Adjust the digital TR sensor as necessary.
Refer to Transmission Range (TR) Sensor Adjustment
in this  section.

Incorrect Pressures

• Low forward clutch pressure, low line pressure • Check pressure at line and forward clutch tap. Refer
to the Line Pressure Chart and the Clutch Pressure
Chart for specification. Refer to Special Testing
Procedures in this section. If pressures are low,
check the following components: oil filter and seal
assembly, main controls, pump assembly, forward
clutch assembly.

Fluid Filter and Seal Assembly

• Plugged, damaged • Install a new filter and seal assembly.

• Filter seal damaged

Main Controls

• 3-4 shift valve, main regulator valve, manual valve • Inspect for damage. Repair as required.
stuck, damaged
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307-01B-4 307-01B-4Automatic Transmission — 4R70W/4R75W

DIAGNOSIS AND TESTING (Continued)

Engagement Concern: No Forward (Continued)

Possible Component Reference/Action

• Bolts not tightened to specifications • Tighten bolts to specifications.

• Gaskets damaged • Inspect gaskets for damage and install a new gasket.

• 2-3 accumulator and seals damaged • Inspect piston, seals and bore for damage. Repair as
required.

• Pressure regulator valve • Inspect the diameter for wear.

Pump Assembly

• Bolts not tightened to specifications • Tighten bolts to specifications.

• Porosity/cross leaks/ball missing or leaking, plugged • Inspect for porosity and leaks. Repair as required.
hole

• No. 3 and No. 4 seal rings damaged • Inspect seals for damage. Repair as required.

• Gaskets damaged • Inspect for damage and install a new gasket.

Forward Clutch Assembly

• Seals, piston damaged • Inspect seals for damage. Repair as required.

• Check balls damaged, missing, mislocated, not seating • Inspect for mislocation, poor seating, damage. Install
correctly a new cylinder as required.

• Friction elements damaged or worn • Check for abnormal wear, damage. Repair as
required.

One-Way Clutch Assembly (Planetary)

• Worn, damaged or assembled incorrectly • Inspect for damage. Repair as required.

Output Shaft

• Damaged • Inspect for damage. Install new components as
required.

Engagement Concern: No Reverse

Possible Component Reference/Action

202 — ELECTRICAL ROUTINE

• No Electrical Concerns

302 — HYDRAULIC/MECHANICAL ROUTINE

Fluid

• Incorrect level • Adjust fluid to correct level.

• Condition • Inspect condition of fluid.

Shift Linkage

• Damaged or incorrectly adjusted • Inspect and repair as required. Verify transmission
shift cable adjustment. Refer to Section 307-05 in this
section. Adjust transmission shift cable as necessary.
After repairing  transmission shift cable, verify that
the digital TR sensor is correctly adjusted. Adjust the
digital TR sensor as necessary. Refer to Transmission
Range (TR) Sensor Adjustment in this section.

Incorrect Pressures
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307-01B-5 307-01B-5Automatic Transmission — 4R70W/4R75W

DIAGNOSIS AND TESTING (Continued)

Engagement Concern: No Reverse (Continued)

Possible Component Reference/Action

• Low reverse clutch pressure, low reverse band • Check pressure at line pressure tap. Refer to the Line
pressure, low line pressure Pressure Chart for specifications. Refer to Special

Testing Procedures in this section. If pressures are
low, check the following components: oil  filter and
seal assembly, main controls, reverse servo, pump
assembly, reverse clutch assembly.

Fluid Filter and Seal Assembly

• Plugged, damaged • Install a new filter and seal assembly.

Main Controls

• No. 6 shuttle ball, manual valve, main regulator • Inspect for damage. Repair as required.
valve, 1-2 accumulator seals stuck or damaged

• Loose bolts • Tighten bolts to specifications.

• Gasket damaged • Inspect for damage and install a new gasket.

Low/Reverse Servo

• Seals (piston and cover) damaged • Inspect for damage. Repair as required.

• Servo cover retaining ring damaged

• Anchor pins (case) damaged

Pump Assembly

• Loose bolts • Tighten bolts to specifications.

• Porosity/cross leaks/ball missing or leaking, plugged • Inspect pump assembly. Install new as required.
hole

• Gasket damaged • Inspect for damage and install a new gasket.

• No. 1 and 2 seal rings damaged • Inspect for damage. Repair as required.

Reverse Clutch Assembly

• Seals, piston damaged • Inspect for damage. Repair as required.

• Check ball missing or damaged

• Friction elements damaged or worn

Low/Reverse Band

• Band, servo, anchor pins damaged or worn • Inspect for damage. Repair as required.

Engagement Concern: Harsh Reverse

Possible Component Reference/Action

203 — ELECTRICAL ROUTINE

Powertrain Control System

• Electrical inputs/outputs, vehicle wiring harnesses, • Carry out Self-Test. Refer to the Powertrain
PCM, TFT sensor, EPC solenoid Control/Emissions Diagnosis (PC/ED) manual for

diagnosis and testing of the Powertrain Control
System. Carry out engagement test, EPC test and GO
to Pinpoint Test B or GO to Pinpoint Test D.  Check
idle speed. Repair as required. Clear DTCs, road test
and repeat the Self-Test.

303 — HYDRAULIC/MECHANICAL ROUTINE

Fluid
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307-01B-6 307-01B-6Automatic Transmission — 4R70W/4R75W

DIAGNOSIS AND TESTING (Continued)

Engagement Concern: Harsh Reverse (Continued)

Possible Component Reference/Action

• Incorrect level • Adjust fluid to correct level.

• Condition • Inspect condition of fluid.

Engine Driveline

• Looseness in the driveshaft, U-joints or the engine • Repair as required.
mounts

Shift Linkage

• Damaged or incorrectly adjusted • Inspect and repair as required. Verify transmission
shift cable adjustment. Refer to Section 307-05 in this
section. Adjust transmission shift cable as necessary.
After repairing  transmission shift cable, verify that
the digital TR sensor is correctly adjusted. Adjust the
digital TR sensor as necessary. Refer to Transmission
Range (TR) Sensor Adjustment in this section.

Incorrect Pressures

• High line pressure, high EPC pressure • Check pressure at line and EPC pressure taps. Refer
to the Line Pressure Chart for specifications. Refer to
Special Testing Procedures in this section. If high,
check the following components: main  controls, oil
filter and seal assembly.

Fluid Filter and Seal Assembly

• Plugged or damaged • Install a new filter and seal assembly.

• Filter seal damaged

Main Controls

• No. 6 shuttle ball, No. 5 check ball, manual valve, • Inspect for damage. Repair as required.
main regulator valve stuck, damaged or missing

• Bolts not tightened to specifications • Tighten bolts to specifications.

• Gasket damaged • Inspect for damage and install a new gasket.

• EPC solenoid stuck or damaged • Inspect for damage, contamination. Carry out EPC
test in Routine No. 203. Repair as required.

Low Reverse Servo

• Seals (piston and cover) damaged • Inspect for damage. Repair as required.

• Servo cover retaining ring assembled incorrectly

• Anchor pins (case) damaged

Pump Assembly

• Bolts not tightened to specifications • Tighten bolts to specifications.

• Porosity/cross leaks • Inspect pump assembly. Install new as required.

• Gasket damaged • Inspect for damage and install a new gasket.

• No. 1 and No. 2 seal rings damaged • Inspect for damage. Repair as required.

Reverse Clutch Assembly

• Seals, piston damaged • Inspect for damage. Repair as required.

• Check ball missing or damaged

• Friction elements damaged, worn

• Return spring piston damaged, worn
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307-01B-7 307-01B-7Automatic Transmission — 4R70W/4R75W

DIAGNOSIS AND TESTING (Continued)

Engagement Concern: Harsh Reverse (Continued)

Possible Component Reference/Action

Low Reverse Band

• Band, servo, anchor pin damaged or worn • Inspect for damage. Repair as required.

Engagement Concern: Harsh Forward

Possible Component Reference/Action

204 — ELECTRICAL ROUTINE

Powertrain Control System

• Electrical inputs/outputs, vehicle wiring harnesses, • Carry out Self-Test. Refer to the Powertrain
PCM, TFT sensor, EPC solenoid Control/Emissions Diagnosis (PC/ED) manual for

diagnosis and testing of the Powertrain Control
System. Carry out engagement test and EPC test. GO
to Pinpoint Test B or GO to Pinpoint Test D.  Check
idle speed. Repair as required. Clear DTCs, road test
and repeat Self-Test.

304 — HYDRAULIC/MECHANICAL ROUTINE

Fluid

• Incorrect level • Adjust fluid to correct level.

• Condition • Inspect condition of fluid.

Engine Driveline

• Looseness in the driveshaft, U-joints or the engine • Repair as required.
mounts

Incorrect Pressures

• High forward clutch pressure, high line pressure, high • Check pressure at line, EPC and forward pressure
EPC pressure taps. Refer to the Line Pressure Chart and the Clutch

Pressure Chart for specifications. Refer to Special
Testing Procedures in this section. If pressures  are
high, check the following possible components: main
controls, pump assembly.

Main Controls

• Main regulator valve stuck, damaged • Inspect and repair as required.

• Bolts not tightened to specifications • Tighten bolts to specifications.

• Gaskets damaged • Inspect for damage and install a new gasket.

• EPC solenoid stuck or damaged • Inspect for damage or contamination. Carry out EPC
test in Routine 204. Repair as required.

Case

• 2-3 accumulator seal/retainer stuck, damaged • Inspect for damage. Repair as required.

Pump Assembly

• Bolts not tightened to specifications • Tighten bolts to specifications.

• Porosity/cross leaks • Inspect for porosity/leaks. Install a new pump as
required.

• Gaskets damaged • Inspect for damage and install a new gasket.

Forward Clutch Assembly

• Check balls missing or damaged • Inspect for mislocation, poor seating, damage. Install
a new forward clutch cylinder.
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307-01B-8 307-01B-8Automatic Transmission — 4R70W/4R75W

DIAGNOSIS AND TESTING (Continued)

Engagement Concern: Harsh Forward (Continued)

Possible Component Reference/Action

• Friction element damaged or worn • Inspect for damage. Repair as required.

• Forward clutch wave spring damaged • Inspect for damage. Repair as required.

• Forward clutch return spring damaged • Inspect for damage. Repair as required.

Engagement Concern: Delayed/Soft Reverse

Possible Component Reference/Action

205 — ELECTRICAL ROUTINE

• No Electrical Concerns

305 — HYDRAULIC/MECHANICAL ROUTINE

Fluid

• Incorrect level • Adjust fluid to correct level.

• Condition • Inspect condition of fluid.

Shift Linkage

• Damaged or incorrectly adjusted • Inspect and repair as required. Verify transmission
shift cable adjustment. Refer to Section 307-05 in this
section. Adjust transmission shift cable as necessary.
After repairing  transmission shift cable, verify that
the digital TR sensor is correctly adjusted. Adjust the
digital TR sensor as necessary. Refer to Transmission
Range (TR) Sensor Adjustment in this section.

Incorrect Pressures

• Low reverse clutch pressure, low reverse band • Check pressure at line tap. Refer to the Line Pressure
pressure, low line pressure Chart for specifications. Refer to Special Testing

Procedures in this section. If pressures are low, check
the following components: main controls,  pump
assembly, reverse clutch assembly, reverse servo.

Fluid Filter and Seal Assembly

• Plugged, damaged • Install a new filter and seal assembly.

• Filter seal damaged

Main Controls

• No. 6 shuttle ball, manual valve, main regulator valve • Inspect for damage. Repair as required.
stuck or damaged

• Bolts not tightened to specifications • Tighten bolts to specifications.

• Gaskets damaged • Inspect for damage and install a new gasket.

Case

• 1-2 accumulator seals stuck or damaged • Inspect for damage. Repair as required.

Low Reverse Servo

• Seals (piston and cover) damaged • Inspect for damage. Repair as required.

• Servo cover retaining ring assembled incorrectly

Pump Assembly

• Bolts not tightened to specification • Tighten bolts to specification.

• Porosity/cross leaks/ball missing or leaking • Inspect pump assembly. Install new as required.

• Gaskets damaged • Inspect for damage and install a new gasket.
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307-01B-9 307-01B-9Automatic Transmission — 4R70W/4R75W

DIAGNOSIS AND TESTING (Continued)

Engagement Concern: Delayed/Soft Reverse (Continued)

Possible Component Reference/Action

• No. 1 and No. 2 seal rings damaged • Inspect for damage. Repair as required.

Reverse Clutch Assembly

• Seals, piston damaged • Inspect for damage. Install new components as
required.

• Check ball missing or damaged

• Friction elements damaged, worn

• Return spring and piston damaged, worn

Low Reverse Band

• Damaged, worn • Inspect for damage. Repair as required.

Engagement Concern: Delayed/Soft Forward

Possible Component Reference/Action

206 — ELECTRICAL ROUTINE

• No Electrical Concerns

306 — HYDRAULIC/MECHANICAL ROUTINE

Fluid

• Incorrect level • Adjust fluid to correct level.

• Condition • Inspect condition of fluid.

Shift Linkage

• Damaged or incorrectly adjusted • Inspect and repair as required. Verify transmission
shift cable adjustment. Refer to Section 307-05 in this
section. Adjust transmission shift cable as necessary.
After repairing  transmission shift cable, verify that
the digital TR sensor is correctly adjusted. Adjust the
digital TR sensor as necessary. Refer to Transmission
Range (TR) Sensor Adjustment in this section.

Incorrect Pressures

• Low forward clutch pressure, low line pressure, low • Check pressure at line, forward clutch and EPC taps.
EPC pressure Refer to the Line Pressure Chart and the Clutch

Pressure Chart for specifications. Refer to Special
Testing Procedures in this section. If pressures are
low, check the following components: oil filter and
seal assembly, main controls and pump assembly.

Fluid Filter and Seal Assembly

• Plugged, damaged • Install a new filter and seal assembly.

• Filter seal damaged

Main Controls

• 3-4 shift valve, main regulator valve stuck or • Inspect and repair as required.
damaged

• Bolts not tightened to specifications • Tighten bolts to specifications.

• Gaskets damaged • Inspect for damage and repair as required.

Case

• 2-3 or 1-2 accumulator, bore damaged or stuck • Inspect for damage. Repair as required.

2004 E-Series, 12/2003 



307-01B-10 307-01B-10Automatic Transmission — 4R70W/4R75W

DIAGNOSIS AND TESTING (Continued)

Engagement Concern: Delayed/Soft Forward (Continued)

Possible Component Reference/Action

Pump Assembly

• Bolts not tightened to specification • Tighten bolts to specifications.

• Porosity/cross leaks • Inspect pump assembly. Repair as required.

• Gaskets damaged • Inspect for damage. Repair as required.

• No. 3 and No. 4 seal rings damaged • Inspect for damage. Repair as required.

Forward Clutch Assembly

• Seals, piston damaged • Inspect for damage. Repair as required.

• Check balls missing, damaged • Inspect for mislocation, poor seating, damage. Install
a new cylinder as required.

• Friction elements damaged, worn • Check for damage. Repair as required.

Shift Concerns: Some/All Shifts Missing

Possible Component Reference/Action

210 — ELECTRICAL ROUTINE

Powertrain Control System

• Electrical inputs/outputs, vehicle wiring harnesses, • Carry out Self-Test. Refer to the Powertrain
PCM, shift solenoids, output shaft speed (OSS) Control/Emissions Diagnosis (PC/ED) manual for
sensor, digital TR sensor diagnosis and testing of the Powertrain Control

System. GO to Pinpoint Test A, GO to Pinpoint Test
C or GO to Pinpoint Test E. Repair as required.
Clear DTCs, road test and repeat the Self-Test.

310 — HYDRAULIC/MECHANICAL ROUTINE

Fluid

• Incorrect level • Adjust fluid to correct level.

• Condition • Inspect condition of fluid.

Shift Linkage, Digital TR Sensor

• Damaged or incorrectly adjusted • Inspect and repair as required. Verify transmission
shift cable adjustment. Refer to Section 307-05 in this
section. Adjust transmission shift cable as necessary.
After repairing  transmission shift cable, verify that
the digital TR sensor is correctly adjusted. Adjust the
digital TR sensor as necessary. Refer to Transmission
Range (TR) Sensor Adjustment in this section.

• Refer to the following shift routine(s) for further
diagnosis:

— Shift 1-2, Routine 220/320
— Shift 2-3, Routine 221/321
— Shift 3-4, Routine 222/322
— Shift 4-3, Routine 223/323
— Shift 3-2, Routine 224/324
— Shift 2-1, Routine 225/325
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307-01B-11 307-01B-11Automatic Transmission — 4R70W/4R75W

DIAGNOSIS AND TESTING (Continued)

Shift Concerns: Timing Concerns — Early/Late

Possible Component Reference/Action

211 — ELECTRICAL ROUTINE

Powertrain Control System

• Electrical inputs/outputs, vehicle wiring harnesses, • Carry out Self-Test. Refer to the Powertrain
PCM, shift solenoids, EPC solenoid, TFT sensor, OSS Control/Emissions Diagnosis (PC/ED) manual for

diagnosis and testing of the Powertrain Control
System. GO to Pinpoint Test A, GO to Pinpoint Test
C or GO to Pinpoint Test E. Repair as required.
Clear DTCs, road test and repeat the Self-Test.

311 — HYDRAULIC/MECHANICAL ROUTINE

Other

• Tire size change, axle ratio change • Verify vehicle has original equipment. Refer to
Certification Label and Safety Standard Certification
Label. Changes in tire size or axle ratio will affect
shift timing.

Fluid

• Incorrect level • Adjust fluid to correct level.

• Condition • Inspect condition of fluid.

Powertrain Control System

• Engine driveability concerns • Refer to Routine 253.

Incorrect Pressures

• Line pressure, EPC pressure • Check pressure at line and EPC taps. Refer to the
Line Pressure Chart for specifications. Refer to
Special Testing Procedures in this section. If not OK,
check the main controls. If OK, refer to the shift
routine(s) for further diagnosis:

— Shift 1-2, Routine 320
— Shift 2-3, Routine 321
— Shift 3-4, Routine 322
— Shift 4-3, Routine 323
— Shift 3-2, Routine 324
— Shift 2-1, Routine 325

Main Controls

• EPC solenoid, stuck or damaged hydraulically or • Inspect for damage, contamination. Carry out EPC
mechanically tests in Routine No. 211. Repair as required.

• Valves, accumulators, seals stuck or damaged or • Inspect for damage. Repair as required.
assembled incorrectly

• Gaskets damaged • Inspect for damage and install a new gasket.

• Solenoid screen blocked or damaged • Clean or install a new screen.

Shift Concerns: Timing Concerns — Erratic/Hunting

Possible Component Reference/Action

212 — ELECTRICAL ROUTINE

Powertrain Control System
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307-01B-12 307-01B-12Automatic Transmission — 4R70W/4R75W

DIAGNOSIS AND TESTING (Continued)

Shift Concerns: Timing Concerns — Erratic/Hunting (Continued)

Possible Component Reference/Action

• Electrical inputs/outputs, vehicle wiring harnesses, • Carry out Self-Test. Refer to the Powertrain
PCM, shift solenoids, torque converter clutch (TCC) Control/Emissions Diagnosis (PC/ED) manual for
solenoid, digital TR sensor, output shaft speed (OSS) diagnosis. GO to Pinpoint Test A, GO to Pinpoint

Test C or GO to Pinpoint Test E. Repair as required.
Clear DTCs, road test and repeat Self-Test.

• Poor engine performance • Refer to Routine 253.

312 — HYDRAULIC/MECHANICAL ROUTINE

Fluid

• Incorrect level • Adjust fluid to correct level.

• Condition • Inspect condition of fluid.

Main Controls

• Valves, accumulators, seals, assembled wrong, stuck • Inspect for damage. Repair as required.
or damaged

• Gaskets damaged • Inspect for damage and install a new gasket.

• Solenoid screen blocked or damaged • Clean or install a new screen.

Torque Converter Clutch

• Torque converter • Refer to Torque Converter Operation Concerns:
Cycling/Shudder/Chatter Hydraulic/Mechanical
Routine 342.

Specific Shifts

• Refer to the following shift routine(s) for further
diagnosis:

— Shift 1-2, Routine 320
— Shift 2-3, Routine 321
— Shift 3-4, Routine 322
— Shift 4-3, Routine 323
— Shift 3-2, Routine 324
— Shift 2-1, Routine 325

Shift Concerns: Feel — Soft/Slipping

Possible Component Reference/Action

213 — ELECTRICAL ROUTINE

Powertrain Control System

• Electrical inputs/outputs, vehicle wiring harnesses, • Carry out Self-Test. Refer to the Powertrain
PCM, EPC solenoid, OSS Control/Emissions Diagnosis (PC/ED) manual for

diagnosis and testing of the Powertrain Control
System. GO to Pinpoint Test D or GO to Pinpoint
Test E. Repair as required. Clear DTCs, road test
and repeat Self-Test.

• Engine driveability concerns • Refer to Routine 253.

313 — HYDRAULIC/MECHANICAL ROUTINE

Fluid

• Incorrect level • Adjust fluid to correct level.

• Condition • Inspect condition of fluid.

Incorrect Pressures
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307-01B-13 307-01B-13Automatic Transmission — 4R70W/4R75W

DIAGNOSIS AND TESTING (Continued)

Shift Concerns: Feel — Soft/Slipping (Continued)

Possible Component Reference/Action

• Low line pressure, low EPC pressure • Check pressures at line and EPC taps. Refer to the
Line Pressure Chart for specifications. Refer to
Special Testing Procedures in this section. If pressures
are low or all shifts are soft/slipping, go to  main
controls. If pressures are OK and a specific shift is
soft/slipping, refer to the following routine(s) for
further diagnosis:

— Shift 1-2, Routine 320
— Shift 2-3, Routine 321
— Shift 3-4, Routine 322
— Shift 4-3, Routine 323
— Shift 3-2, Routine 324
— Shift 2-1, Routine 325

Main Controls

• Main regulator valve, overdrive servo regulator valve • Inspect for damage. Repair as required.
stuck, damaged or assembled incorrectly

• EPC solenoid stuck or damaged • Inspect for damage and contamination. Carry out EPC
tests in Routine 213. Repair as required.

Case

• 1-2 accumulator stuck or damaged • Inspect for damage. Repair as required.

Filter and Seal Assembly

• Filter plugged, damaged • Inspect for damage. Install a new filter as required.

• Seal damaged or cut • Inspect for damage. Install new as required.

Shift Concerns: Feel — Harsh

Possible Component Reference/Action

214 — ELECTRICAL ROUTINE

Powertrain Control System

• Electrical inputs/outputs, vehicle wiring harnesses, • Carry out Self-Test. Refer to the Powertrain
PCM, EPC solenoid, OSS Control/Emissions Diagnosis (PC/ED) manual for

diagnosis and testing of the Powertrain Control
System. GO to Pinpoint Test D or GO to Pinpoint
Test E. Repair as required. Clear DTCs, road test
and repeat Self-Test.

• Engine driveability concerns • Refer to Routine 253.

314 — HYDRAULIC/MECHANICAL ROUTINE

Fluid

• Incorrect level • Adjust fluid to correct level.

• Condition • Inspect condition of fluid.

Incorrect Pressures
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307-01B-14 307-01B-14Automatic Transmission — 4R70W/4R75W

DIAGNOSIS AND TESTING (Continued)

Shift Concerns: Feel — Harsh (Continued)

Possible Component Reference/Action

• High line pressure, high EPC pressure • Check pressures at line and EPC taps. Refer to the
Line Pressure Chart for specifications. Refer to
Special Testing Procedures in this section. If pressures
are high or all shifts are harsh, go to Main  Controls.
If pressures are OK and a specific shift is harsh, refer
to the following shift routine(s) for further diagnosis:

— Shift 1-2, Routine 320
— Shift 2-3, Routine 321
— Shift 3-4, Routine 322
— Shift 4-3, Routine 323
— Shift 3-2, Routine 324
— Shift 2-1, Routine 325

Main Controls

• Main regulator valve, overdrive servo regulator valve • Inspect for damage. Repair as required.
stuck, damaged or assembled incorrectly

• EPC solenoid stuck or damaged • Inspect for damage or contamination. Carry out EPC
tests in Routine 214. Repair as required.

Shift Concerns: No 1st Gear, Engages In Higher Gear

Possible Component Reference/Action

215 — ELECTRICAL ROUTINE

Powertrain Control System

• Electrical inputs/outputs, vehicle wiring harnesses, • Carry out Self-Test. Refer to the Powertrain
PCM, shift solenoids, digital transmission range TR Control/Emissions Diagnosis (PC/ED) manual for
sensor diagnosis and testing of the Powertrain Control

System. GO to Pinpoint Test A or GO to Pinpoint
Test C. Repair as required. Clear DTCs, road test
and repeat Self-Test.

315 — HYDRAULIC/MECHANICAL ROUTINE

Shift Linkage, Digital TR Sensor

• Damaged or incorrectly adjusted • Inspect and repair as required. Verify transmission
shift cable adjustment. Refer to Section 307-05 in this
section. Adjust transmission shift cable as necessary.
After repairing  transmission shift cable, verify that
the digital TR sensor is correctly adjusted. Adjust the
digital TR sensor as necessary. Refer to Transmission
Range (TR) Sensor Adjustment in this section.

Incorrect Pressures

• Low reverse clutch pressure, low reverse band • Check for which pressures are on and refer to Band
pressure, low line pressure and Clutch Application Chart and corresponding

• Forward Off, Intermediate Off, Direct X routines.
• Forward Off, Intermediate X, Direct Off — 324, 301
• Forward Off, Intermediate X, Direct X — 325, 301
• Forward X, Intermediate Off, Direct X — 323, 324, 325, 301
• Forward X, Intermediate X, Direct Off — 324
• Forward X, Intermediate X, Direct X — 325
• Forward X, Intermediate Off, Direct Off — 323, 324, 325

— Refer to appropriate mechanical diagnosis.
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307-01B-15 307-01B-15Automatic Transmission — 4R70W/4R75W

DIAGNOSIS AND TESTING (Continued)

Shift Concerns: No 1st Gear, Engages In Higher Gear (Continued)

Possible Component Reference/Action

Mechanical

• Bands, clutches or seals damaged or worn • Refer to Transmission Disassembly and Transmission
Assembly in this section.

X = pressure applied

Shift Concerns: No Manual 1st Gear

Possible Component Reference/Action

216 — ELECTRICAL ROUTINE

Powertrain Control System

• Electrical inputs/outputs, vehicle wiring harnesses, • Carry out Self-Test. Refer to the Powertrain
PCM, shift solenoids, digital TR sensor Control/Emissions Diagnosis (PC/ED) manual for

diagnosis and testing of the Powertrain Control
System. GO to Pinpoint Test A or GO to Pinpoint
Test C. Repair as required. Clear DTCs, road test
and repeat Self-Test.

316 — HYDRAULIC/MECHANICAL ROUTINE

Shift Linkage, Cable, Digital TR Sensor

• Damaged or incorrectly adjusted • Inspect and repair as required. Verify transmission
shift cable adjustment. Refer to Section 307-05 in this
section. Adjust transmission shift cable as necessary.
After repairing  transmission shift cable, verify that
the digital TR sensor is correctly adjusted. Adjust the
digital TR sensor as necessary. Refer to Transmission
Range (TR) Sensor Adjustment in this section.

Incorrect Pressures

• Low reverse clutch pressure, low reverse band • Check pressure at line and EPC pressure taps. Refer
pressure, low line pressure, low EPC pressure to the Line Pressure Chart for specifications. Refer to

Special Testing Procedures in this section. If pressures
are low, check the following components:  oil filter
and seal assembly, main controls, reverse clutch
assembly and reverse servo assembly.

Fluid Filter and Seal Assembly

• Plugged or damaged • Install a new filter and seal assembly.

Main Controls

• No. 6 shuttle ball, manual valve, main regulator • Inspect for damage. Repair as required.
valve, low servo modulator valve stuck, damaged or
assembled incorrectly

• Bolts not tightened to specifications • Tighten bolts to specifications.

• Gaskets damaged • Inspect for damage and install a new gasket.

Low Reverse Servo

• Seals (piston and cover) damaged • Inspect for damage. Repair as required.

• Servo cover retaining ring assembled incorrectly.

• Anchor pins (case) damaged.
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307-01B-16 307-01B-16Automatic Transmission — 4R70W/4R75W

DIAGNOSIS AND TESTING (Continued)

Shift Concerns: No Manual 2nd Gear

Possible Component Reference/Action

217 — ELECTRICAL ROUTINE

Powertrain Control System

• Electrical inputs/outputs, vehicle wiring harnesses, • Carry out Self-Test. Refer to the Powertrain
PCM, shift solenoids, digital TR sensor Control/Emissions Diagnosis (PC/ED) manual for

diagnosis and testing of the Powertrain Control
System. GO to Pinpoint Test A or GO to Pinpoint
Test C. Repair as required. Clear DTCs, road test
and repeat Self-Test.

317 — HYDRAULIC/MECHANICAL ROUTINE

Shift Linkage, Cable, Digital TR Sensor

• Damaged or incorrectly adjusted • Inspect and repair as required. Verify transmission
shift cable adjustment. Refer to Section 307-05 in this
section. Adjust transmission shift cable as necessary.
After repairing  transmission shift cable, verify that
the digital TR sensor is correctly adjusted. Adjust the
digital TR sensor as necessary. Refer to Transmission
Range (TR) Sensor Adjustment in this section.

Main Controls

• 3-4 shift valve, 1-2 and 2-3 shift valve, 3-4 capacity • Inspect for damage. Repair as required.
modulator valve stuck, damaged or assembled
incorrectly

• Bolts not tightened to specifications • Tighten bolts to specifications.

• Gaskets damaged • Inspect for damage and install a new gasket.

Shift Concerns: 1-2 Shift (Automatic)

Possible Component Reference/Action

220 — ELECTRICAL ROUTINE

Powertrain Control System

• Electrical inputs/outputs, vehicle wiring harnesses, • Carry out Self-Test. Refer to the Powertrain
PCM, shift solenoids, OSS Control/Emissions Diagnosis (PC/ED) manual for

diagnosis and testing of the Powertrain Control
System. GO to Pinpoint Test A or GO to Pinpoint
Test E. Repair as required. Clear DTCs, road test
and repeat Self-Test.

• Poor engine driveability concerns • Refer to Routine 253.

320 — HYDRAULIC/MECHANICAL ROUTINE

Shift Linkage, Digital TR Sensor

• Damaged or incorrectly adjusted • Inspect and repair as required. Verify transmission
shift cable adjustment. Refer to Section 307-05 in this
section. Adjust transmission shift cable as necessary.
After repairing  transmission shift cable, verify that
the digital TR sensor is correctly adjusted. Adjust the
digital TR sensor as necessary. Refer to Transmission
Range (TR) Sensor Adjustment in this section.

Incorrect Pressures
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307-01B-17 307-01B-17Automatic Transmission — 4R70W/4R75W

DIAGNOSIS AND TESTING (Continued)

Shift Concerns: 1-2 Shift (Automatic) (Continued)

Possible Component Reference/Action

• Intermediate clutch pressure, line pressure • Check pressure at line and intermediate clutch taps.
Refer to the Line Pressure Chart and the Clutch
Pressure Chart for specifications. Refer to Special
Testing Procedures in this section. If not OK, check
the main controls.

Main Controls

• 1-2 shift valve, stuck or damaged • Inspect for damage. Repair as required.

• Bolts not tightened to specifications • Tighten bolts to specification.

• Shift solenoid SSA malfunction • Activate solenoid using diagnostic tool. If solenoid
operation cannot be felt when placing hand on
solenoid, install a new solenoid. Inspect O-rings for
damage. Repair as required.

• Gasket damaged • Inspect for damage and install a new gasket.

• No. 8 ball not seating • Inspect for damage. Repair as required.

Case

• 1-2 accumulator stuck or damaged • Inspect for damage. Repair as required.

Pump

• Porosity/cross leaks, balls missing, damaged or • Inspect for porosity/leaks, balls missing. Install a new
leaking pump as required.

• Gasket damaged • Inspect for damage and install a new gasket.

Intermediate Clutch Assembly

• Seals damaged • Inspect for damage. Repair as required.

• Piston damaged • Inspect for damage. Repair as required.

• Friction elements damaged or worn • Inspect for damage. Repair as required.

Intermediate One-Way Clutch Assembly

• Not holding or damaged • Inspect for damage. Repair as required.

Planetary One-Way Clutch Assembly

• Not overrunning or damaged • Inspect for damage. Repair as required.

1-2 Accumulator

• Damaged accumulator piston • Inspect for damage. Repair as required.

• Springs damaged or broken • Inspect for damage. Repair as required.

• Case bore scored • Inspect for damage. Repair as required.

Shift Concerns: 2-3 Shift (Automatic)

Possible Component Reference/Action

221 — ELECTRICAL ROUTINE

Powertrain Control System

• Electrical inputs/outputs, vehicle wiring harnesses, • Carry out Self-Test. Refer to the Powertrain
PCM, shift solenoids, OSS Control/Emissions Diagnosis (PC/ED) manual for

diagnosis and testing of the Powertrain Control
System. GO to Pinpoint Test A or GO to Pinpoint
Test E. Repair as required. Clear DTCs, road test
and repeat the Self-Test.
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307-01B-18 307-01B-18Automatic Transmission — 4R70W/4R75W

DIAGNOSIS AND TESTING (Continued)

Shift Concerns: 2-3 Shift (Automatic) (Continued)

Possible Component Reference/Action

• Engine driveability concerns • Refer to Routine 253.

321 — HYDRAULIC/MECHANICAL ROUTINE

Shift Linkage

• Damaged or incorrectly adjusted • Inspect and repair as required. Verify transmission
shift cable adjustment. Refer to Section 307-05 in this
section. Adjust transmission shift cable as necessary.
After repairing  transmission shift cable, verify that
the digital TR sensor is correctly adjusted. Adjust the
digital TR sensor as necessary. Refer to Transmission
Range (TR) Sensor Adjustment in this section.

Incorrect Pressures

• Direct clutch pressure • Check pressure at direct clutch tap. Refer to the
Clutch Pressure Chart for specifications. Refer to
Special Testing Procedures in this section. If not OK,
check the main controls.

Main Controls

• 2-3 shift valve, check ball No. 9 or No. 3, solenoid • Inspect for damage. Repair as required.
pressure regulator valve, damaged or assembled
incorrectly

• Bolts not tightened to specifications • Tighten bolts to specifications.

• Shift solenoid SSB malfunction • Activate solenoid using diagnostic tool. If solenoid
operation cannot be felt when placing hand on
solenoid, install a new solenoid. Inspect O-rings for
damage. Repair as required.

• Gaskets damaged • Inspect for damage and install a new gasket.

• Output shaft seals damaged or cup plug leaking or • Inspect for damage and repair as required.
missing

• 2-3 accumulator damaged or stuck • Inspect piston seal and bore for damage. Repair as
required.

• Solenoid screen (in main control) blocked or damaged • Clean or install a new screen.

Intermediate One-Way Clutch Assembly

• Not overrunning or damaged • Inspect for damage. Repair as required.

Output Shaft

• Seal rings damaged • Inspect for damage. Repair as required.

• Cup plug damaged or missing

Direct Clutch Assembly

• Seals or piston damaged • Inspect for damage. Repair as required.

• Friction elements worn or damaged • Inspect for damage. Repair as required.

• Check ball not seating • Inspect for damage. Repair as required.

• Return spring assembly damaged • Inspect for damage. Repair as required.

Case

• Output shaft rear seals leaking or damaged • Inspect for damage. Repair as required. Inspect case
for damaged seal area. If damaged, install a new case.

2-3 Accumulator

• Damaged accumulator piston • Inspect for damage. Repair as required.
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307-01B-19 307-01B-19Automatic Transmission — 4R70W/4R75W

DIAGNOSIS AND TESTING (Continued)

Shift Concerns: 2-3 Shift (Automatic) (Continued)

Possible Component Reference/Action

• Springs damaged or broken • Inspect for damage. Repair as required.

• Case bore scored • Inspect for damage. Repair as required.

Shift Concerns: 3-4 Shift (Automatic)

Possible Component Reference/Action

222 — ELECTRICAL ROUTINE

Powertrain Control System

• Electrical inputs/outputs, vehicle wiring harnesses, • Carry out Self-Test. Refer to the Powertrain
PCM, shift solenoids, OSS, transmission control Control/Emissions Diagnosis (PC/ED) manual for
switch (TCS) diagnosis and testing of the Powertrain Control

System. GO to Pinpoint Test A or GO to Pinpoint
Test E. Repair as required. Clear DTCs, road test
and repeat Self-Test.

• Engine driveability concerns • Refer to Routine 253.

322 — HYDRAULIC/MECHANICAL ROUTINE

Shift Linkage, Digital TR Sensor

• Damaged or incorrectly adjusted • Inspect and repair as required. Verify transmission
shift cable adjustment. Refer to Section 307-05 in this
section. Adjust transmission shift cable as necessary.
After repairing  transmission shift cable, verify that
the digital TR sensor is correctly adjusted. Adjust the
digital TR sensor as necessary. Refer to Transmission
Range (TR) Sensor Adjustment in this section.

Incorrect Pressures

• Forward clutch pressure, direct clutch pressure, line • Check line, direct and forward clutch pressures at
pressure appropriate taps. Refer to the Clutch Pressure Chart

for specifications. Refer to Special Testing Procedures
in this section. If pressures are out of  specification,
check main controls.

Main Controls

• 3-4 shift valve, solenoid pressure regulator valve, OD • Inspect for damage. Repair as required.
servo regulator, 3-4 capacity modulator valve, 1-2 and
2-3 shift valves stuck, damaged or assembled
incorrectly

• Bolts not tightened to specifications • Tighten bolts to specifications.

• SSA or SSB malfunction • Activate solenoid using diagnostic tool. If solenoid
operation cannot be felt when placing hand on
solenoid, install a new solenoid. Inspect O-rings for
damage. Repair as required.

• Gaskets damaged • Inspect for damage and install a new gasket.

• OD servo rod and piston cushion spring or seals • Inspect for damage. Repair as required.
damaged

• Worn or damaged OD servo anchor pins • Inspect for damage. Repair as required.

• No. 2, No. 4, No. 7 and No. 9 check balls damaged • Inspect for damage. Repair as required.
or missing

• Solenoid screen blocked or damaged • Clean or install a new screen.
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307-01B-20 307-01B-20Automatic Transmission — 4R70W/4R75W

DIAGNOSIS AND TESTING (Continued)

Shift Concerns: 3-4 Shift (Automatic) (Continued)

Possible Component Reference/Action

Pump

• Porosity/cross leaks, balls missing, damaged or • Inspect for porosity/leaks, balls missing. Install a new
leaking pump as required.

• Gaskets damaged • Inspect for damage. Install new gaskets as required.

OD Band

• OD band and reverse clutch drum assembly damaged, • Inspect for damage. Repair as required.
worn or assembled incorrectly

• Intermediate one-way clutch assembly damaged • Inspect for damage. Repair as required.

Forward Clutch Assembly

• Seals or piston damaged • Inspect for damage. Repair as required.

• Friction elements worn or damaged • Inspect for damage. Repair as required.

• Check ball stuck, damaged or not seating correctly • Inspect for damage. Repair as required.

Input Shaft

• Seals damaged • Inspect for damage. Repair as required.

Shift Concerns: 4-3 Shift (Automatic)

Possible Component Reference/Action

223 — ELECTRICAL ROUTINE

Powertrain Control System

• Electrical inputs/outputs, vehicle wiring harnesses, • Carry out Self-Test. Refer to the Powertrain
PCM, shift solenoids, transmission control switch Control/Emissions Diagnosis (PC/ED) manual for
(TCS) diagnosis and testing of the Powertrain Control

System. GO to Pinpoint Test A. Repair as required.
Clear DTCs, road test and repeat Self-Test.

323 — HYDRAULIC/MECHANICAL ROUTINE

Incorrect Pressures

• Forward clutch pressure, line pressure • Check line and forward clutch at pressure taps. Refer
to the Clutch Pressure Chart for specifications. Refer
to Special Testing Procedures in this section. If out of
specification, check the main controls.

Main Controls

• 3-4 shift valve, solenoid pressure regulator valve, OD • Inspect for damage. Repair as required.
servo regulator, 3-4 capacity modulator, 1-2 and 2-3
shift valves stuck, damaged or assembled incorrectly

• Check balls No. 2, No. 7, No. 9 damaged, missing or • Inspect for damage. Repair as required.
not seating correctly

• Bolts not tightened to specifications • Tighten bolts to specification.

• SSA malfunction • Activate solenoid using diagnostic tool. If solenoid
operation cannot be felt when placing hand on
solenoid, install a new solenoid. Inspect O-rings for
damage. Repair as required.

• Gaskets damaged • Inspect for damage and install a new gasket.

• OD servo, seal, rod damaged • Inspect for damage. Repair as required.

• Solenoid screen blocked or damaged • Clean or install a new screen.
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307-01B-21 307-01B-21Automatic Transmission — 4R70W/4R75W

DIAGNOSIS AND TESTING (Continued)

Shift Concerns: 4-3 Shift (Automatic) (Continued)

Possible Component Reference/Action

Pump

• Porosity/cross leaks, balls missing, damaged or • Inspect for porosity/leaks, balls missing. Install a new
leaking pump as required.

• Seal rings damaged • Inspect for damage. Repair as required.

• Gaskets damaged • Inspect for damage and install a new gasket.

Overdrive Band

• OD band and reverse clutch assembly damaged, worn • Inspect for damage. Repair as required.
or assembled incorrectly

• Intermediate one-way clutch assembly damaged • Inspect for damage. Repair as required.

Forward Clutch Assembly

• Seals or piston damaged • Inspect for damage. Repair as required.

• Friction elements damaged, worn • Inspect for damage. Repair as required.

• Check ball stuck, damaged or not seating correctly • Inspect for damage. Repair as required.

• Forward clutch piston and return spring damaged • Inspect for damage. Repair as required.

Input Shaft

• Seals damaged • Inspect for damage. Repair as required.

Shift Concerns: 3-2 Shift (Automatic)

Possible Component Reference/Action

224 — ELECTRICAL ROUTINE

Powertrain Control System

• Electrical inputs/outputs, vehicle wiring harnesses, • Carry out Self-Test. Refer to the Powertrain
PCM, shift solenoids Control/Emissions Diagnosis (PC/ED) manual for

diagnosis and testing of the Powertrain Control
System. GO to Pinpoint Test A. Repair as required.
Clear DTCs, road test and repeat Self-Test.

324 — HYDRAULIC/MECHANICAL ROUTINE

Incorrect Pressures

• Direct clutch • Check pressure at direct clutch tap. Refer to the
Clutch Pressure Chart for specifications. Refer to
Special Testing Procedures in this section. If not
within specification, check the main controls.

Main Controls

• 2-3 shift valve stuck or damaged • Inspect for damage. Repair as required.

• Check balls damaged or missing • Inspect for damage. Repair as required.

• Bolts not tightened to specifications • Tighten bolts to specifications.

• SSB malfunction • Activate solenoid using diagnostic tool. If solenoid
operation cannot be felt when placing hand on
solenoid, install a new solenoid. Inspect O-rings for
damage. Repair as required.

• Gaskets damaged • Inspect for damage and install a new gasket.

Intermediate One-Way Clutch

• Not holding or damaged • Inspect for damage. Repair as required.
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307-01B-22 307-01B-22Automatic Transmission — 4R70W/4R75W

DIAGNOSIS AND TESTING (Continued)

Shift Concerns: 3-2 Shift (Automatic) (Continued)

Possible Component Reference/Action

• Intermediate one-way retaining clutch snap ring not • Inspect for damage. Repair as required.
seated

Direct Clutch Assembly

• Seals or piston damaged • Inspect for damage. Repair as required.

• Friction element damaged, worn • Inspect for damage. Repair as required.

• Check ball stuck, damaged or not seating correctly • Inspect for damage. Repair as required.

Shift Concerns: 2-1 Shift (Automatic)

Possible Component Reference/Action

225 — ELECTRICAL ROUTINE

Powertrain Control System

• Electrical inputs/outputs, vehicle wiring harnesses, • Carry out Self-Test. Refer to the Powertrain
PCM, shift solenoids Control/Emissions Diagnosis (PC/ED) manual for

diagnosis and testing of the Powertrain Control
System. GO to Pinpoint Test A. Repair as required.
Clear DTCs, road test and repeat Self-Test.

325 — HYDRAULIC/MECHANICAL ROUTINE

Incorrect Pressures

• Intermediate clutch • Check pressure at intermediate clutch tap. Refer to the
Clutch Pressure Chart for specifications. Refer to
Special Testing Procedures in this section. If not
within specifications, check main controls and  pump.

Main Controls

• 1-2 shift valve, 1-2 accumulator solenoid pressure • Inspect for damage. Repair as required.
regulator valve stuck, damaged or assembled wrong

• Bolts not tightened to specifications • Tighten bolts to specifications.

• SSA malfunction • Activate solenoid using diagnostic tool. If solenoid
operation cannot be felt when placing hand on
solenoid, install a new solenoid. Inspect O-rings for
damage; repair as required.

• Gaskets damaged • Inspect for damage and install a new gasket.

Pump

• Gaskets damaged • Inspect for damage and install a new gasket.

• Porosity/cross leaks • Inspect for leak/porosity. Install a new pump as
required.

Intermediate Clutch Assembly

• Piston damaged • Inspect for damage. Repair as required.

• Friction elements damaged, worn • Inspect for damage. Repair as required.

• End clearance incorrect • Inspect and correct. Refer to Transmission Assembly
in this section.

Intermediate One-Way Clutch

• Damaged • Inspect for damage. Repair as required.

• Intermediate one-way clutch retaining snap ring not • Inspect for damage. Repair as required.
seated
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307-01B-23 307-01B-23Automatic Transmission — 4R70W/4R75W

DIAGNOSIS AND TESTING (Continued)

Shift Concerns: 2-1 Shift (Automatic) (Continued)

Possible Component Reference/Action

Planetary One-Way Clutch

• Not holding or damaged • Inspect for damage. Repair as required.

Torque Converter Clutch Operation Concerns: No Apply

Possible Component Reference/Action

240 — ELECTRICAL ROUTINE

Powertrain Control System

• Electrical inputs/outputs, vehicle wiring harnesses, • Carry out Self-Test. Refer to the Powertrain
PCM, torque converter clutch (TCC) solenoid, TFT Control/Emissions Diagnosis (PC/ED) manual for
sensor, OSS diagnosis and testing of the Powertrain Control

System. GO to Pinpoint Test B or GO to Pinpoint
Test E. Repair as required. Clear codes, road test  and
repeat Self-Test.

340 — HYDRAULIC/MECHANICAL ROUTINE

Shift Linkage

• Damaged or incorrectly adjusted • Inspect and repair as required. Verify transmission
shift cable adjustment. Refer to Section 307-05 in this
section. Adjust transmission shift cable as necessary.
After repairing  transmission shift cable, verify that
the digital TR sensor is correctly adjusted. Adjust the
digital TR sensor as necessary. Refer to Transmission
Range (TR) Sensor Adjustment in this section.

Incorrect Pressures

• Low line pressure, low EPC pressure • Check pressure at line and EPC taps. Refer to the
Line Pressure Chart for specifications. Refer to
Special Testing Procedures in this section. If pressure
is low, check EPC and main regulator valve. If
within specifications, check the main controls.

Main Controls

• Solenoid pressure regulator valve, manual valve, • Inspect for damage. Repair as required.
bypass clutch control valve and plunger, converter
pressure limit valve, drain back valve stuck, damaged
or assembled incorrectly

• Bolts not tightened to specifications • Tighten bolts to specifications.

• Solenoid screen blocked or damaged • Clean or install a new screen.

• TCC solenoid malfunction • Activate solenoid using diagnostic tool. If solenoid
operation cannot be felt when placing hand on
solenoid, install a new solenoid. Inspect O-rings for
damage. Repair as required.

• Gaskets damaged • Inspect for damage and install a new gasket.

Pump Assembly

• Bolts not tightened to specifications • Tighten bolts to specifications.

• Porosity/cross leaks, balls leaking • Inspect for porosity/leaks, ball missing. Install a new
pump as required.

• Gaskets damaged • Inspect for damage and install a new gasket.

Input Shaft
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307-01B-24 307-01B-24Automatic Transmission — 4R70W/4R75W

DIAGNOSIS AND TESTING (Continued)

Torque Converter Clutch Operation Concerns: No Apply (Continued)

Possible Component Reference/Action

• Seals damaged • Inspect for damage. Repair as necessary.

Torque Converter Assembly

• Leakage, friction material damaged, internal seals • Inspect torque converter. Repair or install a new or
damaged remanufactured torque converter as required.

Torque Converter Clutch Operation Concerns: Always Applied/Stalls Vehicle

Possible Component Reference/Action

241 — ELECTRICAL ROUTINE

Powertrain Control System

• Electrical inputs/outputs, vehicle wiring harnesses, • Carry out Self-Test. Refer to the Powertrain
PCM, torque converter clutch (TCC) solenoid, TFT Control/Emissions Diagnosis (PC/ED) manual for
sensor diagnosis and testing of the Powertrain Control

System. GO to Pinpoint Test B or GO to Pinpoint
Test A. Repair as required. Clear DTCs, road test
and repeat Self-Test.

341 — HYDRAULIC/MECHANICAL ROUTINE

Main Control

• Drain back valve, torque converter clutch (TCC) and • Inspect for damage. Repair as required.
plunger stuck, damaged or assembled incorrectly

• Bolts not tightened to specifications • Tighten bolts to specifications.

• TCC solenoid malfunction • Activate solenoid using diagnostic tool. If solenoid
operation cannot be felt when placing hand on
solenoid, install a new solenoid. Inspect O-rings for
damage. Repair as required.

• No. 7 ball incorrect seating • Inspect for damage. Repair as required.

• Gaskets damaged • Inspect for damage and install a new gasket.

Pump Assembly

• Bolts not tightened to specifications • Tighten bolts to specifications.

• Ball missing, leaking, porosity/cross leaks • Inspect for porosity/leaks, balls missing. Install a new
pump as required.

• Gaskets damaged • Inspect for damage and install a new gasket.

Input Shaft

• Seals damaged • Inspect for damage. Repair as required.

Torque Converter Assembly

• No end clearance • Inspect converter and install a new or remanufactured
torque converter as required.

• Piston plate damaged or stuck to cover • If cover is heat-stained, install a new converter and
determine the cause of the overheat condition.

Torque Converter Clutch Operation Concerns: Cycling/Shudder/Chatter

Possible Component Reference/Action

242 — ELECTRICAL ROUTINE

Powertrain Control System
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307-01B-25 307-01B-25Automatic Transmission — 4R70W/4R75W

DIAGNOSIS AND TESTING (Continued)

Torque Converter Clutch Operation Concerns: Cycling/Shudder/Chatter (Continued)

Possible Component Reference/Action

• Electrical inputs/outputs, vehicle wiring harnesses, • Carry out Self-Test. Refer to the Powertrain
PCM, torque converter clutch (TCC) solenoid, OSS Control/Emissions Diagnosis (PC/ED) manual for

diagnosis and testing of the Powertrain Control
System. GO to Pinpoint Test E. Repair as required.
Clear DTCs, road test and repeat Self-Test.

• Speed control equipped vehicles • Evaluate with speed control off.

342 — HYDRAULIC/MECHANICAL ROUTINE

Fluid

• Condition • Inspect fluid condition. If burnt, drain fluid and
converter. Install a new fluid and filter assembly.
Bring vehicle to normal operating temperature. Carry
out the Transmission Drive Cycle Test. Refer to
Transmission Drive Cycle Test in this section. Carry
out Transmission Self-Test. If condition still exists,
continue diagnostics.

Main Controls

• Solenoid pressure regulator valve, No. 7 check ball, • Inspect for damage. Repair as required.
bypass clutch control valve and plunger, converter
pressure limit valve stuck, damaged or assembled
incorrectly

• Bolts not tightened to specifications • Tighten bolts to specifications.

• Solenoid screen blocked or damaged • Clean or install a new screen.

• TCC solenoid malfunction • Activate solenoid using diagnostic tool. If solenoid
operation cannot be felt when placing hand on
solenoid, install a new solenoid. Inspect O-rings for
damage. Repair as required.

• Gaskets damaged • Inspect for damage and install a new gasket.

Pump Assembly

• Bolts not tightened to specification • Tighten bolts to specification.

• Porosity/cross leaks, missing balls or leaking • Inspect for porosity/leaks or missing balls. Install a
new pump as required.

• Gaskets damaged • Inspect for damage and install a new gasket.

Input Shaft

• Seals damaged • Inspect for damage. Repair as required.

Torque Converter

• Excessive end clearance • Inspect converter. Install a new or remanufactured
torque converter as required.

Other Concerns: No Engine Braking In Manual 2nd Or Manual 1st Position

Possible Component Reference/Action

250 — ELECTRICAL ROUTINE

• No Electrical Concerns

350 — HYDRAULIC/MECHANICAL ROUTINE

Shift Linkage
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307-01B-26 307-01B-26Automatic Transmission — 4R70W/4R75W

DIAGNOSIS AND TESTING (Continued)

Other Concerns: No Engine Braking In Manual 2nd Or Manual 1st Position (Continued)

Possible Component Reference/Action

• Damaged or incorrectly adjusted • Inspect and repair as required. Verify transmission
shift cable adjustment. Refer to Section 307-05 in this
section. Adjust transmission shift cable as necessary.
After repairing  transmission shift cable, verify that
the digital TR sensor is correctly adjusted. Adjust the
digital TR sensor as necessary. Refer to Transmission
Range (TR) Sensor Adjustment in this section.

Main Controls

• 3-4 shift valve, 1-2 and 2-3 shift valve, gaskets, 3-4 • Inspect for damage. Repair as required.
capacity modulator valve, stuck or damaged or
assembled incorrectly

• OD servo assembly damaged or stuck in manual 2nd • Inspect cover, piston and seal for damage. Repair as
only. required.

• Low/Reverse servo assembly damaged or stuck in • Inspect cover, piston and seal for damage. Repair as
manual 1st only required.

Overdrive

• Reverse band, manual 1st (only) damaged • Inspect for damage. Repair as required.

• OD band, reverse clutch drum assembly worn or • Inspect for damage. Repair as required.
damaged (manual 2nd only)

Reverse Band (Manual 1st Only)

• Damaged or incorrectly adjusted • Inspect for damage. Repair as required.

Other Concerns: Shift Lever Efforts High

Possible Component Reference/Action

251 — ELECTRICAL ROUTINE

• No Electrical Concerns

351 — HYDRAULIC/MECHANICAL ROUTINE

Shift Linkage, Digital TR Sensor

• Damaged or incorrectly adjusted • Inspect and repair as required. Verify transmission
shift cable adjustment. Refer to Section 307-05 in this
section. Adjust transmission shift cable as necessary.
After repairing  transmission shift cable, verify that
the digital TR sensor is correctly adjusted. Adjust the
digital TR sensor as necessary. Refer to Transmission
Range (TR) Sensor Adjustment in this section.

• Brake shift interlock system, solenoid damaged • Refer to Section 307-05.

Manual Lever

• Retaining pin damaged, nut loose, detent spring bent • Inspect for damage. Repair as required.
or damaged or Park mechanism damaged

Main Controls

• Manual valve stuck or damaged • Inspect for damage. Repair as required.

• Bolts not tightened to specifications • Tighten bolts to specifications.
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307-01B-27 307-01B-27Automatic Transmission — 4R70W/4R75W

DIAGNOSIS AND TESTING (Continued)

Other Concerns: External Leaks

Possible Component Reference/Action

252 — ELECTRICAL ROUTINE

Powertrain Control System

• Electrical inputs/outputs, sensor seals leaking (digital • Inspect for leakage and repair as required.
TR, OSS, vehicle speed sensor VSS, if equipped, or
transmission connector)

352 — HYDRAULIC/MECHANICAL ROUTINE

Case

• Case vent, case porosity, case cracked • Check the vent for free breathing. Check the fluid
level. Check the transmission for overheat conditions.
Repair as required.

Seals/Gaskets

• Leakage at gaskets, seals, etc. (refer to external • Remove all traces of lubricant on exposed surfaces of
sealing illustration for potential leak locations) the transmission. Check the vent for free breathing.

Operate the transmission at normal temperatures and
perform fluid leakage check. Repair as required.

Other

• Cooler fitting, cooler lines pressure tap, converter • Locate the source of the leak. Repair as required.
drain plug, band anchor pins

Other Concerns: Poor Vehicle Performance

Possible Component Reference/Action

253 — ELECTRICAL ROUTINE

Powertrain Control System

• Electrical inputs/outputs, vehicle wiring harnesses, • Carry out Self-Test. Refer to the Powertrain
shift solenoids, digital TR sensor, torque converter Control/Emissions Diagnosis (PC/ED) manual for
clutch (TCC) solenoid, transmission fluid temperature diagnosis and testing of the Powertrain Control
(TFT) sensor System. GO to Pinpoint Test A, GO to Pinpoint Test

B or GO to Pinpoint Test C. Repair as required.
Clear codes, road test and repeat Self-Test. Also refer
to Routines 241/341 Torque Converter Operation
Concern: Always Applied.

• Engine driveability concerns • Inspect air intake/air filter system. Check the fuel
system and fuel pressure. Refer to the Powertrain
Control/Emissions Diagnosis (PC/ED) manual. Inspect
the exhaust system for restriction. Refer to Section
309-00.

353 — HYDRAULIC/MECHANICAL ROUTINE

Shift Linkage, Digital TR Sensor

• Damaged or incorrectly adjusted • Inspect and repair as required. Verify transmission
shift cable adjustment. Refer to Section 307-05 in this
section. Adjust transmission shift cable as necessary.
After repairing  transmission shift cable, verify that
the digital TR sensor is correctly adjusted. Adjust the
digital TR sensor as necessary. Refer to Transmission
Range (TR) Sensor Adjustment in this section.

Verify Correct Shift Scheduling and Engagements

• See Reference/Action • Go to the appropriate diagnostic routines.
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DIAGNOSIS AND TESTING (Continued)

Other Concerns: Poor Vehicle Performance (Continued)

Possible Component Reference/Action

Torque Converter Clutch Always Applied

• See Reference/Action • Go to Hydraulic/Mechanical Routine 241/341.

Torque Converter Clutch

• Damaged • Inspect torque converter. Install a new or
remanufactured torque converter as outlined.

Other Concerns: Noise/Vibration — Forward Or Reverse

Possible Component Reference/Action

254 — ELECTRICAL ROUTINE

• No Electrical Concerns

354 — HYDRAULIC/MECHANICAL ROUTINE

For Noises/Vibrations That Change With Engine Speed

• Converter components/balance weight • Locate source of disturbance. Repair as required.

• Fluid level (low) pump cavitation

• Pump assembly

• Engine drive accessories

• Cooler lines grounding out

• Flexplate

For Noises/Vibrations That Change With Vehicle Speed

• Engine mounts loose or damaged • Locate source of disturbance and repair as required.

• Driveline concerns: • Refer to the following shift routine(s) for further
— U-joints diagnosis:
— Rear axle — Shift 1-2, Routine 320
— Suspension — Shift 2-3, Routine 321
— Modifications — Shift 3-4, Routine 322
1st Gear: — Shift 4-3, Routine 323
— Low one-way clutch — Shift 3-2, Routine 324
— Gearset — Shift 2-1, Routine 325
— Friction elements — Torque Converter Cycling 242/342

• 2nd Gear:
— Intermediate one-way clutch
— Intermediate clutch piston bleed hole out of 12

o’clock position
— Friction elements

• 3rd Gear:
— Torque converter
— Case to planet support spring
— Friction elements

• 4th Gear:
— Gear set
— Friction elements
— Torque converter

• Reverse:
— Gear set
— Friction elements

• Output shaft splines worn or damaged
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DIAGNOSIS AND TESTING (Continued)

Other Concerns: Noise/Vibration — Forward Or Reverse (Continued)

Possible Component Reference/Action

Other Noises/Vibrations

• Main controls, valve resonance

• Shift cable: • Locate source of disturbance and repair as required.
— Vibration
— Grounding
— Cooler lines
— Grounding

Other Concerns: Engine Will Not Crank

Possible Component Reference/Action

255 — ELECTRICAL ROUTINE

Powertrain Control System

• Electrical inputs/outputs, vehicle wiring harnesses, • Carry out Self-Test. Refer to the Powertrain
engine starting system hardware, digital TR sensor Control/Emissions Diagnosis (PC/ED) manual for

diagnosis and testing of the Powertrain Control
System. GO to Pinpoint Test C. Repair and adjust as
required.

355 — HYDRAULIC/MECHANICAL ROUTINE

Shift Linkage, Digital TR Sensor

• Damaged or incorrectly adjusted • Inspect and repair as required. Verify transmission
shift cable adjustment. Refer to Section 307-05 in this
section. Adjust transmission shift cable as necessary.
After repairing  transmission shift cable, verify that
the digital TR sensor is correctly adjusted. Adjust the
digital TR sensor as necessary. Refer to Transmission
Range (TR) Sensor Adjustment in this section.

Other Concerns: No Park (P) Range

Possible Component Reference/Action

256 — ELECTRICAL ROUTINE

• No Electrical Concerns

356 — HYDRAULIC/MECHANICAL ROUTINE

Shift Linkage, Digital TR Sensor

• Damaged or incorrectly adjusted • Inspect and repair as required. Verify transmission
shift cable adjustment. Refer to Section 307-05 in this
section. Adjust transmission shift cable as necessary.
After repairing  transmission shift cable, verify that
the digital TR sensor is correctly adjusted. Adjust the
digital TR sensor as necessary. Refer to Transmission
Range (TR) Sensor Adjustment in this section.

Park Mechanism

• Output shaft ring, parking brake pawl, parking pawl • Inspect for damage or incorrect assembly and repair
return spring, park rod guide cup, parking pawl shaft, as required.
parking pawl actuating rod, manual lever detent
spring damaged or assembled incorrectly
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DIAGNOSIS AND TESTING (Continued)

Other Concerns: Overheating

Possible Component Reference/Action

257 — ELECTRICAL ROUTINE

Refer to Routine 240/340, Torque Converter Operation Concern: No Apply

357 — HYDRAULIC/MECHANICAL ROUTINE

Fluid

• Incorrect level • Adjust fluid to correct level.

• Condition • Inspect condition of fluid.

Other

• Damaged, blocked or reversed cooler lines or • Inspect for damage and correct installation. Repair as
restriction in the transmission oil cooler required.

Vehicle Concerns Causing Engine Overheating

• Refer to the appropriate engine cooling section.

Main Controls

• Drain back valve, torque clutch control valve, • Inspect for damage and repair as required.
converter limit valve stuck, damaged or assembled
incorrectly

Torque Converter Clutch

• No apply • Refer to Routine 240/340.
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GENERAL PROCEDURES

3. To aid in attaching the cleaner to theTransmission Fluid Cooler —
transmission steel cooler lines, connect twoBackflushing and Cleaning
additional rubber hoses to the transmission end
of the steel transmission cooler lines as

Material
described below.

Item Specification • Connect the cleaner tank pressure line to the
MERCON V Automatic MERCON V transmission fluid cooler return tube.
Transmission Fluid

• Connect a tank return hose to theXT-5-QM
transmission fluid cooler return tube. Place
the outlet end of this hose in the reservoir.1. CAUTION: Use only clean automatic

transmission fluid specified for this
4. Remove the cooler bypass valve from thetransmission. Do not use any supplemental

cooler tubes. Install rubber hoses in place of thetransmission fluid additives or cleaning
cooler bypass valve while flushing the cooleragents. The use of these products could cause
and lines.internal transmission components to fail; this

will  affect the operation of the transmission.
5. Turn on the pump and allow the fluid to

Conduct backflushing with a suitable torque circulate a minimum of 5 minutes (cycling
converter/fluid cooler cleaner. Test your switch on and off will help dislodge
equipment to make sure that a vigorous fluid contaminants in cooler system).
flow is present before proceeding. Install a new
filter in the flush equipment if flow is weak or 6. Switch off the pump and disconnect the
contaminated. pressure hose from the transmission cooler

return tube.
2. If equipped, remove and discard the

transmission fluid in-line filter. 7. Use compressed air to blow out the cooler(s)
and tubes (blow air into the transmission cooler
return tube) until all fluid is removed.

8. Remove the rubber return hose from the
remaining steel cooler tube.

9. Remove the rubber hoses and install the bypass
valve.
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GENERAL PROCEDURES

Transmission Fluid In-Line Filter 3. CAUTION: The filter has a bypass
valve in it. The red arrow on the filter
indicates the direction of fluid flow throughMaterial
the filter. The filter must be installed in the

Item Specification
fluid cooler return line with the red arrow

MERCON V Automatic MERCON V on the filter pointing away from the
Transmission Fluid transmission fluid cooler and toward theXT-5-QM

transmission (the return line has fluid
coming out of the cooler going to theNOTE: Use the following guidelines for installing
transmission). If the fluid filter is notthe transmission fluid in-line filter.
installed correctly, it will cause internal

• If the transmission was overhauled and the vehicle transmission damage. 
was equipped with an in-line fluid filter, install a

CAUTION: Do not install any rubbernew in-line fluid filter.
hoses or steel tubing with a bend entering• If the transmission was overhauled and the vehicle
the filter greater than 60 degrees.was not equipped with an in-line fluid filter,
Install the filter and tighten the clamps.install a new in-line fluid filter kit.

• If the transmission is being installed for a
non-internal repair, do not install an in-line filter
or filter kit.

• If installing a new or a Ford-authorized
remanufactured transmission, install the in-line
transmission fluid filter that is supplied.

1. With the vehicle in NEUTRAL, position it on a
hoist. For additional information, refer to
Section 100-02.

2. Remove the section of the rubber hose as
illustrated.

4. Clean a section of the transmission fluid pan
and install the sticker.

Copyright  2003, Ford Motor Company
Last updated: 08/27/2003 2004 E-Series, 12/2003 



307-01B-2 307-01B-2Automatic Transmission — 4R70W/4R75W

GENERAL PROCEDURES (Continued)

5. Fill the transmission with clean automatic
transmission fluid.

• Verify for correct operation.

• Check the filter for leaks.
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GENERAL PROCEDURES

4. Remove the manual control lever.Transmission Range (TR) Sensor
Adjustment 1 Remove the manual control lever nut.

2 Remove the manual control lever.
Special Tool(s)

Alignment Gauge, TR Sensor
307-351 (T97L-70010-A)

CAUTION: Do not pry on the swivel tube
to disconnect the transmission shift linkage.

NOTE: Manual shift lever must be in the
NEUTRAL position.

5. Loosen but do not remove the digital TR sensor
bolts.1. With the vehicle in NEUTRAL, position it on a

hoist. For additional information, refer to
Section 100-02.

2. Disconnect the digital TR electrical connector.

6. NOTE: The manual lever must be in the
NEUTRAL position.

Using the special tool, align the digital TR
sensor slots. The tool is designed to fit snug.

3. Disconnect the manual lever shift control cable.
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GENERAL PROCEDURES (Continued)

9. With the manual lever in overdrive, connect the7. CAUTION: Tightening one screw
shift lever control cable.before tightening the other may cause the

sensor to bind or become damaged.

Using the special tool, align the digital TR
sensor and tighten the screws in an alternating
sequence.

10. Install the digital TR sensor electrical
connector.

8. Install the manual control lever.

1 Position the manual control lever.

2 Install a new manual lever shaft outer nut.
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GENERAL PROCEDURES
All vehicles using a suitable flush and fillTransmission Fluid Drain and Refill
machine

Special Tool(s)
1. With the vehicle in NEUTRAL, position it on a

Automatic Transmission Flush hoist. For additional information, refer to
and Fill Machine Section 100-02.211-00018

Automatic Transmission Flush 2. Use a suitable flush and fill machine to changeand Fill Machine
the fluid.199-00010 or equivalent

3. When connecting the flush and fill machine,
connect the machine to the fluid cooler tube

Material after the fluid cooler on the cooler return tube.
This will help remove any foreign materialItem Specification
trapped in the fluid coolers.MERCON V Automatic MERCONV

Transmission Fluid
RefillXT-5-QM

Draining 4. Use only clean automatic transmission fluid.

CAUTION: Use only clean transmission 5. Once the fluid exchange has been completed,
fluid specified for this transmission. Do not use disconnect the flush and fill machine.
any supplemental transmission fluid additives or Reconnect any disconnected fluid cooler tubes.
cleaning agents. The use of these products could

6. With the engine running and the transmission atcause internal transmission components to fail;
normal operating temperature 66-77°Cthis will affect the  operation of the transmission.
(150-170°F), check and adjust the transmission
fluid level, and check for any leaks. If fluid isCAUTION: Always refer to the
needed, add fluid in increments of 0.24-literinstructions supplied with the flush and fill
(0.5-pint) until the correct level is achievedmachine.
(fluid should be in the cross-hatched area of the

NOTE: Draining fluid from the transmission by fluid level indicator).
removing only the fluid pan is acceptable for

Drainingvehicles that do not have a torque converter drain
plug, for normal or severe duty fluid maintenance.

Vehicles without a torque converter drain
NOTE: A new procedure for draining and adding plug
transmission fluid using a suitable transmission
flush and fill machine has been added. The 1. With the vehicle in NEUTRAL, position it on a
following procedure has different methods for hoist. For additional information, refer to
draining and refilling the listed vehicles: Section 100-02.

• All vehicles using a suitable flush and fill
machine.

• Vehicles equipped with a torque converter drain
plug.

• Vehicles without a torque converter drain plug.

Use the method that is applicable to your vehicle.
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GENERAL PROCEDURES (Continued)

2. Loosen the transmission fluid pan bolts and 6. Thoroughly flush the cooler tubes. For
allow the fluid to drain. additional information, refer to Transmission

Fluid Cooler — Backflushing and Cleaning in
this section.

Refill

7. Position the magnet into the transmission fluid
pan.

3. After the fluid has drained, remove the
transmission fluid pan.

8. NOTE: The fluid pan gasket is reusable. Clean
and inspect for damage. If not damaged, the
gasket should be reused.

Install the fluid pan and gasket.

1 Position the fluid pan with the gasket in
place.

2 Install the bolts.

4. Do not remove the fluid filter. It is not
necessary to change the fluid filter during a
normal maintenance fluid change.

5. Clean and inspect the transmission fluid pan,
transmission fluid pan gasket and magnet.
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GENERAL PROCEDURES (Continued)

3. After the fluid has drained, remove the9. CAUTION: The use of any other
transmission fluid pan.transmission fluid can result in the

transmission failing to operate in a normal
manner or transmission failure.

Fill the transmission.

• Add 4.7 liters (5 qts) of clean automatic
transmission fluid to the transmission
through the fluid filler tube.

10. Start the engine. Move the transmission range
selector lever through all the gear ranges,
checking for engagements.

11. With the engine running and the transmission at
normal operating temperature 66-77°C
(150-170°F), check and adjust the transmission 4. Do not remove the fluid filter. It is not
fluid level, and check for any leaks. If fluid is necessary to change the fluid filter during a
needed, add fluid in increments of 0.24-liter normal maintenance fluid change.
(0.5-pint) until the correct level is achieved
(fluid should be in the cross-hatched area of the 5. Clean and inspect the transmission fluid pan,
fluid level indicator). transmission fluid pan gasket and magnet.

Draining

Vehicles without a torque converter drain
plug

1. With the vehicle in NEUTRAL, position on a
hoist. For additional information, refer to
Section 100-02.

2. Loosen the transmission fluid pan bolts and
allow the fluid to drain.

6. Thoroughly flush the cooler tubes. For
additional information, refer to Transmission
Fluid Cooler — Backflushing and Cleaning in
this section.
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GENERAL PROCEDURES (Continued)

Refill

7. Position the magnet into the transmission fluid
pan.

9. CAUTION: The use of any other
transmission fluid can result in the
transmission failing to operate in a normal
manner or transmission failure.

Fill the transmission.
8. NOTE: The fluid pan gasket is reusable, clean

• Add 4.7 liters (5 qts) of clean automaticand inspect for damage. If not damaged, the
transmission fluid to the transmissiongasket should be reused.
through the fluid filler tube.

Install the fluid pan and gasket.

1 Position the fluid pan with the gasket in 10. Start the engine. Move the transmission range
place. selector lever through all the gear ranges,

checking for engagements.2 Install the bolts.

11. With the engine running and the transmission at
normal operating temperature 66-77°C
(150-170°F), check and adjust the transmission
fluid level, and check for any leaks. If fluid is
needed, add fluid in increments of 0.24-liter
(0.5-pint) until the correct level is achieved
(fluid should be in the cross-hatched area of the
fluid level indicator).
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GENERAL PROCEDURES

Torque Converter

1. A new or remanufactured torque converter must
be installed if one or more of the following
statements is true:

• A torque converter malfunction has been
determined based on complete diagnostic
procedures.

• Converter stud or studs, impeller hub or
bushing are damaged.

• Discoloration (due to overheating).

• Evidence of transmission assembly or fluid
contamination due to the following
transmission or converter failure Modes:

X Major metallic failure.

X Multiple clutches or clutch plate failures.

X Sufficient component wear which results
in metallic contamination.

X Internal torque converter contamination
present. For additional information, refer
to Torque Converter Contamination
Inspection in this section.
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GENERAL PROCEDURES

3. Observe the color and odor of the fluid. TheTorque Converter Contamination
fluid should be red, not brown or black. OdorInspection
may indicate an overheating condition such as
clutch disc or band failure.

CAUTION: Do not use water-based
cleaners or mineral spirits to clean or flush the 4. Examine the stain on the tissue for evidence of
torque converter or transmission damage will particles (spec of any kind). Examine the fluid
occur. Use only clean automatic transmission level indicator for signs of antifreeze (gum or
fluid designated for the transmission and varnish). If particles are present in the fluid or
converter being serviced. there is evidence of engine coolant or water, a

new torque converter must be installed.
CAUTION: The torque converter drain

plug and seal are not reusable. If equipped, 5. If there are no particles or contamination
discard the drain plug and seal, then install a present, drain the remainder of the transmission
new drain plug assembly. fluid from the torque converter.

1. If a new or remanufactured torque converter is 6. Add 1.9L (2 qt) of clean automatic transmission
not being installed, the following steps must be fluid into the converter and agitate by hand.
completed.

7. Thoroughly drain the fluid.
2. With the torque converter on a bench, pour a

small amount of transmission fluid from the
torque converter onto an absorbent white tissue
or through a paper filter and examine the fluid.
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IN-VEHICLE REPAIR

3. Remove the transmission fluid pan andFluid Pan, Gasket and Filter
transmission fluid pan gasket.

Material

Item Specification

MERCON V Automatic MERCON V
Transmission Fluid
XT-5-QM,

Removal

1. CAUTION: Do not use any
supplemental transmission fluid additives or
cleaning agents. The use of these products
could cause internal transmission components
to fail; this will effect the operation of the
transmission. 4. Pull down evenly and remove the transmission

fluid filter and seal.
CAUTION: Use of a fluid other than

specified could result in transmission failure.

NOTE: Normal maintenance requires periodic
automatic transmission fluid changes. If a major
repair, such as a clutch, band, bearing, etc., is
required, the automatic transmission will also
have to be removed for repair. At this time, the
torque  converter, transmission cooler and tubes
must be thoroughly flushed to remove any dirt.
The transmission fluid needs to be changed if
evidence of fluid contamination is found. When
used under continuous or severe conditions, the
transmission and  torque converter should be
drained and refilled with fluid as specified.

5. Clean and inspect the transmission fluid pan,With the vehicle in NEUTRAL, position it on a
gasket and magnet.hoist. For additional information, refer to

Section 100-02.

2. Loosen but do not remove the transmission
fluid pan bolts and allow fluid to drain. Once
the fluid is drained remove the bolts.
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IN-VEHICLE REPAIR (Continued)

Installation 3. NOTE: The transmission fluid pan gasket is
reusable. Clean and inspect for damage. If not
damaged, the gasket should be reused.1. NOTE: If the transmission is being repaired for

a contamination related failure, use a new fluid Install the transmission fluid pan and gasket.
filter and seal assembly. The fluid filter can be 1 Position the transmission fluid pan gasket.
reused if no excessive contamination is present.

2 Position the transmission fluid pan.
Install a new fluid filter and seal.

4. Install the transmission fluid pan bolts.
2. Position the pan magnet into the transmission

fluid pan.

5. NOTE: Start by filling the transmission with
4.7 liters (5 quarts) of clean automatic
transmission fluid.

Fill the transmission to the correct level with
clean automatic transmission fluid.
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IN-VEHICLE REPAIR

Main Control Valve Body

Special Tool(s)

Gauge, Transmission Solenoid
Connectors
307-426

Removal

4. Pull down evenly and remove the transmission
CAUTION: Do not pull on the molded lead fluid filter and seal.

frame. This may cause damage to the connector
ends. Carefully pry up on the locking tabs to
disconnect the solenoids. Disconnect the molded
lead frame from the solenoids.

1. With the vehicle in NEUTRAL, position it on a
hoist. For additional information, refer to
Section 100-02.

2. Loosen, but do not remove the transmission
fluid pan bolts and allow the fluid to drain.
Once the fluid has drained, remove the bolts.

5. Clean and inspect the transmission fluid pan,
gasket and magnet.

3. Remove the transmission fluid pan and gasket.
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IN-VEHICLE REPAIR (Continued)

6. Disconnect the molded lead frame from the
solenoids.

1 Disconnect the shift solenoid SSA and SSB.

2 Disconnect the torque converter clutch
(TCC).

3 Disconnect the electronic pressure control
(EPC) solenoid.

4 Disconnect the bulkhead interconnector.

8. Remove the 24 valve body-to-case bolts.

9. Remove the main control valve body and
discard the pump outlet screen.

7. Remove the manual control valve detent lever
spring.

1 Remove the manual control valve detent
lever spring bolt.

2 Remove the manual control valve detent
lever spring.
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IN-VEHICLE REPAIR (Continued)

Installation

1. NOTE: Make sure that the drive pin of the
manual valve detent lever assembly engages the
manual valve in the correct location prior to
installing the bolts.

Position the main control valve body gasket and
main control valve body onto the transmission
case using two of the retaining bolts as a guide.

2. NOTE: The main control valve body bolts will
be tightened in later steps.

Loosely install the main control valve body
bolts.
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IN-VEHICLE REPAIR (Continued)

3. NOTE: The main control valve body bolts will 5. Tighten the main control valve body bolts in
be tightened in later steps. the sequence shown.

Loosely install the main control valve body
bolts.

6. Inspect the lead frame for damage.

• Using the special tool, check all lead frame
4. Install the manual control valve detent lever solenoid connections. The gauge should fit

spring. tightly and not fall out after being inserted.

1 Position the manual control valve detent • If the special tool passes through any lead
lever spring. frame connector pins or does not feel like it

makes a good contact, install a new lead2 Install the manual control valve detent lever
frame.bolt.
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IN-VEHICLE REPAIR (Continued)

7. Connect the molded lead frame to the 8. NOTE: If the transmission is being repaired for
solenoids. a contamination related failure, use a new fluid

filter and seal assembly. The fluid filter can be• Connect the bulkhead interconnector by
reused if no excessive contamination is present.pressing it in place by hand and fully

seating the connector in place. Install a new fluid filter and seal.

• Connect the EPC solenoid by pressing it in
place by hand and fully seating the
connector in place. Make sure that the
terminals pass fully through the connector
slots.

• Connect the TCC by pressing it in place by
hand and fully seating the connector in
place. Make sure that the terminals pass
fully through the connector slots.

• Connect the shift solenoid SSA and SSB by
pressing it in place by hand and fully
seating the connector in place. Make sure
that the terminals pass fully through the

9. Position the pan magnet into the transmissionconnector slots.
fluid pan.
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IN-VEHICLE REPAIR (Continued)

10. NOTE: The transmission fluid pan gasket is 11. Install the transmission fluid pan bolts.
reusable. Clean and inspect for damage. If not
damaged, the gasket should be reused.

Install the transmission fluid pan and gasket.

1 Position the transmission fluid pan gasket.

2 Position the transmission fluid pan.

12. NOTE: Start by filling the transmission with
4.7 liters (5 quarts) of clean automatic
transmission fluid.

Fill the transmission to the correct level with
clean automatic transmission fluid.
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IN-VEHICLE REPAIR

Extension Housing Seal

Special Tool(s)

Installer, Transmission
Extension Housing Fluid Seal
308-002 (T61L-7657-A)

Slide Hammer
100-001 (T50T-100-A)

4. Remove the driveshaft.

Remover, Transmission Fluid
Seal
307-048 (T74P-77248-A)

Removal

1. With the vehicle in NEUTRAL, position it on a 5. Use the special tools, remove the extension
hoist. For additional information, refer to housing seal.
Section 100-02.

2. NOTE: The output shaft and driveshaft are a
balanced assembly.

Mark the driveshaft flange and the rear pinion
flange for correct alignment during assembly.

3. Remove the four bolts.
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IN-VEHICLE REPAIR (Continued)

Installation

1. NOTE: If the extension housing seal is
equipped with a drain hole, the hole must be
pointing down during installation.

Using the special tool, install the new extension
housing seal.

3. NOTE: To maintain driveshaft balance, install
the driveshaft yoke and flange in the original
position that was marked during removal.

Install the driveshaft.

1 Install the driveshaft.

2 Install the bolts.

2. NOTE: The output shaft and the driveshaft are
a balanced assembly.

Install the driveshaft.

• Align the index marks and position the
driveshaft on the transmission.

• Position the driveshaft to the rear
differential.
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IN-VEHICLE REPAIR

Extension Housing Gasket

Removal

1. With the vehicle in NEUTRAL, position it on a
hoist. For additional information, refer to
Section 100-02.

2. NOTE: The output shaft and driveshaft are a
balanced assembly.

Mark the driveshaft flange and the rear pinion
flange for correct alignment during assembly.

5. Disconnect the catalyst monitoring sensor
harness connectors. Remove the harness
bracket.

3. Remove the four bolts.

6. Remove the two nuts, one bolt and position the
hanger aside.

4. Remove the driveshaft.

7. Install a suitable high lift transmission jack.
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IN-VEHICLE REPAIR (Continued)

8. Raise the transmission to gain access to the 2. Install the rear mount and loosely install the
support insulator retainer bolt, remove the bolt bolt.
and the support insulator.

3. Install the exhaust hanger and tighten the bolts.
9. Remove the extension housing and gasket.

1 Remove the bolts and nuts.

2 Remove the extension housing and gasket.

4. Lower the transmission onto the rear
crossmember and tighten the bolts.

Installation

1. Install the extension housing and gasket.

1 Install the extension housing and gasket.

2 Install the bolts.
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IN-VEHICLE REPAIR (Continued)

5. NOTE: The output shaft and the driveshaft are 6. NOTE: To maintain driveshaft balance, install
a balanced assembly. the driveshaft yoke and flange in the original

position that was marked during removal.Install the driveshaft.
Install the driveshaft.• Align the index marks and position the

driveshaft on the transmission. 1 Install the driveshaft.

• Position the driveshaft to the rear 2 Install the bolts.
differential.
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IN-VEHICLE REPAIR

Electronic Pressure Control (EPC)
Solenoid

Special Tool(s)

Gauge, Transmission Solenoid
Connectors
307-426

Removal

1. Remove the manual control lever. For
additional information, refer to Manual Control
Lever Shaft and Seal in this section.

2. CAUTION: Do not pull on the molded
lead frame. This may cause damage to the
connector ends. Carefully pry up on the
locking tabs to disconnect the solenoids.
Disconnect the molded lead frame from the
solenoids.

Disconnect the molded lead frame from the
solenoids. 3. Remove the EPC solenoid.

1 Disconnect the shift solenoid SSA and SSB. 1 Remove the bolt and EPC solenoid bracket.

2 Disconnect the torque converter clutch 2 Remove the EPC solenoid.
(TCC).

3 Disconnect the electronic pressure control
(EPC) solenoid.

4 Disconnect the bulkhead inter-connector.
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IN-VEHICLE REPAIR (Continued)

Installation 3. Connect the molded lead frame to the
solenoids.

1. Install the EPC solenoid. • Connect the bulkhead inter-connector by
pressing it in place by hand and fully1 Install the EPC solenoid.
seating the connector in place.2 Install the EPC solenoid bracket and bolt.

• Connect the EPC solenoid by pressing it in
place by hand and fully seating the
connector in place. Make sure that the
terminals pass fully through the connector
slots.

• Connect the TCC by pressing it in place by
hand and fully seating the connector in
place. Make sure that the terminals pass
fully through the connector slots.

• Connect the shift solenoid SSA and SSB by
pressing it in place by hand and fully
seating the connector in place. Make sure
that the terminals pass fully through the
connector slots.2. Inspect the lead frame for damage.

• Using the special tool, check all lead frame
solenoid connections. The gauge should fit
tightly and not fall out after being inserted.

• If the special tool passes through any lead
frame connector pins or does not feel like it
makes a good contact, install a new lead
frame.

2004 E-Series, 12/2003 



307-01B-3 307-01B-3Automatic Transmission — 4R70W/4R75W

IN-VEHICLE REPAIR (Continued)

4. Install the manual control lever. For additional
information, refer to Manual Control Lever
Shaft and Seal in this section.
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IN-VEHICLE REPAIR

3. Remove the transmission fluid pan and gasket.Manual Control Lever Shaft and Seal

Special Tool(s)

Alignment Gauge, TR Sensor
307-351 (T97L-70010-A)

Installer, Shift Shaft Fluid Seal
307-050 (T74P-77498-A)

4. Disconnect the digital transmission range (TR)
electrical connector.

5. Disconnect the shift cable end.
Removal and Installation

CAUTION: Use care not to damage the
manual control lever shaft bore. The new seal
can leak.

CAUTION: Discard the outer manual
control lever nut.

NOTE: When removing the manual control lever
shaft retaining pin, use a soft cloth to protect the
surface of the case.

1. With the vehicle in NEUTRAL, position it on a
hoist. For additional information, refer to 6. Remove the manual control lever.
Section 100-02. 1 Remove the manual control lever nut.

2 Remove the manual control lever.2. Loosen, but do not remove the transmission
fluid pan bolts and allow the fluid to drain.
Once the fluid has drained, remove the bolts.
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IN-VEHICLE REPAIR (Continued)

7. Remove the digital TR sensor. 10. Remove the inner manual control lever shaft
nut and slide the manual control lever shaft out1 Remove the two retaining bolts.
of the case.

2 Remove the TR sensor.

11. Remove the parking lever actuating rod.
8. Remove the manual control valve detent lever

1 Remove the manual valve detent lever.spring.
2 Remove the parking lever actuating rod.1 Remove the manual control valve detent

lever spring bolt.

2 Remove the manual control valve detent
lever spring.

12. Remove the manual control lever shaft seal.

9. Remove the manual shaft retaining pin.
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IN-VEHICLE REPAIR (Continued)

Installation 4. Install the digital TR sensor.

1 Install the digital TR sensor.
1. Using the special tool, install the manual 2 Loosely install the bolts.

control lever seal.

5. NOTE: The manual lever must be in the
2. Install the parking lever actuating rod. NEUTRAL position.

1 Install the parking lever actuating rod. Using the special tool, align the digital TR
2 Install the manual valve detent lever. sensor slots. The tool is designed to fit snug.

3. Install the manual valve detent lever spring. 6. CAUTION: Tightening one screw
1 Install the manual valve detent lever spring. before tightening the other may cause the

sensor to bind or become damaged.2 Install the manual valve detent lever spring
bolt. Tighten the digital TR sensor bolts.
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IN-VEHICLE REPAIR (Continued)

7. Install the manual control lever. 11. NOTE: The transmission fluid pan gasket is
reusable. Clean and inspect for damage. If not1 Position the manual control lever.
damaged, the gasket should be reused.

2 Install a new manual control lever nut.
Install the transmission fluid pan and gasket.

1 Position the transmission fluid pan gasket.

2 Position the transmission fluid pan.

8. Connect the shift cable end to the manual lever
with the lever in the (D) position.

12. Install the transmission fluid pan bolts.

9. Install the digital TR sensor electrical
connector.

10. Position the pan magnet into the transmission
fluid pan.
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IN-VEHICLE REPAIR (Continued)

13. NOTE: Start by filling the transmission with
4.7 liters (5 quarts) of clean automatic
transmission fluid.

Fill the transmission to the correct level with
clean automatic transmission fluid.
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IN-VEHICLE REPAIR

5. Remove the digital TR sensor.Digital Transmission Range (TR)
Sensor 1 Remove the two retaining bolts.

2 Remove the TR sensor.
Special Tool(s)

Alignment Gauge, TR Sensor
307-351 (T97L-70010-A)

Removal

1. With the vehicle in NEUTRAL, position it on a
hoist. For additional information, refer to
Section 100-02. Installation

2. Disconnect the digital TR electrical connector.
1. Install the digital TR sensor.

3. Disconnect the shift cable end. 1 Install the digital TR sensor.

2 Loosely install the bolts.

4. Remove the manual control lever.

1 Remove the manual control lever nut.

2 Remove the manual control lever.
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IN-VEHICLE REPAIR (Continued)

2. NOTE: The manual lever must be in the 4. Install the manual control lever.
NEUTRAL position. 1 Position the manual control lever.
Using the special tool, align the digital TR 2 Install a new manual control lever nut.
sensor slots. The tool is designed to fit snug.

5. Connect the shift cable end to the manual lever
3. CAUTION: Tightening one screw with the lever in the (D) position.

before tightening the other may cause the
sensor to bind or become damaged.

Tighten the digital TR sensor bolts.

6. Install the digital TR sensor electrical
connector.
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IN-VEHICLE REPAIR

3. Remove the reverse servo assembly.Reverse Servo Assembly
1 Remove the reverse band servo cover.

Special Tool(s) 2 Remove the reverse band servo piston and
rod.Dial Indicator Gauge with

Holding Fixture 3 Remove the reverse band servo spring.
100-002 (TOOL-4201-C)

Remover/Installer, Servo Piston
307-251 (T92P-70023-A)

Installer, Servo Piston
307-073 (T80L-77030-A)

Installation

NOTE: This is not an ordinary installation
procedure and does not compensate for band wear.

1. NOTE: Lubricate the reverse piston seal to
Removal facilitate assembly and prevent damage to the

seal.

1. Remove the main control valve body. For Install the reverse servo return spring and
additional information, refer to Main Control piston.
Valve Body in this section. • Do not install the piston cover.

2. Using the special tool, remove the reverse band
servo retaining ring.

1 Compress the servo spring.

2 Remove the reverse band servo retaining
ring.
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IN-VEHICLE REPAIR (Continued)

2. Install the special tool and tighten the band
apply bolt.

6. If piston travel is not within specification, select
and install the correct servo piston assembly to
bring the servo piston travel within

3. Attach the special tool to the transmission. specification.

• Position the indicator stem on the flat 1 One groove
portion of the reverse servo piston and zero 2 Two groove
the dial indicator.

3 Three groove

4. Loosen the bolt until the piston stops against
7. Remove the dial indicator and servo selectionthe tool.

tool.

5. Verify that the amount of piston travel on the
dial indicator is within specification.
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IN-VEHICLE REPAIR (Continued)

8. Install the correct reverse servo assembly. 9. Using the special tool, install the reverse servo
retaining ring.1 Install the reverse band servo spring.
1 Compress the servo spring.2 Install the reverse band servo piston and

rod. 2 Install the reverse band servo retaining ring.

3 Install the reverse band servo cover.

10. Install the main control valve body. For
additional information, refer to Main Control
Valve Body in this section.
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IN-VEHICLE REPAIR

Overdrive Servo

Special Tool(s)

Remover/Installer, Servo Piston
307-251 (T92P-70023-A)

Removal
Installation

1. Remove the main control valve body. For
additional information, refer to Main Control 1. Install the overdrive servo piston assembly.
Valve Body in this section.

1 Install the overdrive servo piston return
spring.2. NOTE: If the tool is not available, extreme

care must be taken. Spring pressure will force 2 Install the overdrive servo piston assembly.
overdrive servo piston assembly out of case.
Case bore damage may result from trying to pry
on overdrive servo internal retaining ring.

Using the special tool, compress the servo
spring to remove the overdrive servo retaining
ring.

2. Use the special tool to install the overdrive
servo piston retaining ring.

3. Remove the overdrive servo piston and return
spring.
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IN-VEHICLE REPAIR (Continued)

3. Install the main control valve body. For
additional information, refer to Main Control
Valve Body in this section.
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IN-VEHICLE REPAIR
Installation1-2 Accumulator

1. Install the 1-2 accumulator.Removal
1 Install the 1-2 accumulator upper spring.

1. Compress the 1-2 accumulator cover and 2 Install the accumulator piston.
remove the accumulator piston retaining ring.

3 Install the inner and outer 1-2 accumulator
springs.

4 Install the cover and seal assembly.

2. NOTE: Note the location of the 1-2
accumulator springs for reference during
assembly.

2. Compress the 1-2 accumulator springs andRemove the 1-2 accumulator.
install the accumulator piston retaining ring.

1 Remove the 1-2 accumulator cover.

2 Remove the inner and outer 1-2
accumulator springs.

3 Remove the accumulator piston.

4 Remove the upper 1-2 accumulator spring.
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IN-VEHICLE REPAIR
Installation2-3 Accumulator

1. Install the 2-3 accumulator assembly.Removal
1 Install the accumulator piston.

1. Remove the main control valve body. For 2 Install the accumulator piston spring.
additional information, refer to Main Control

3 Install the accumulator spring retainer.Valve Body in this section.

2. Remove the 2-3 accumulator piston retainer.

2. Install the main control valve body. For
additional information, refer to Main Control
Valve Body in this section.3. Remove the accumulator piston and spring.
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IN-VEHICLE REPAIR

Transmission Insulator and Retainer

Removal

1. Raise and support the vehicle. For additional
information, refer to Section 100-02.

2. Remove the two nuts, one bolt, and position the
hanger aside.

Installation

1. Install the retainer and the one bolt hand-tight.

3. Position a high lift transmission jack under the
transmission.

4. Raise the transmission until the retainer studs
are separated from the transmission support
crossmember.

2. Lower the transmission while aligning the
retainer studs with the holes in the
crossmember. Allow the full weight of the
transmission to rest on the crossmember.

5. Remove the one bolt and the retainer.

3. Remove the high lift transmission jack.
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IN-VEHICLE REPAIR (Continued)

4. Install the hanger and install the bolt. Tighten 5. Install the nuts.
the retainer-to-extension housing bolts.

6. Remove the supports and lower the vehicle.
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REMOVAL

Transmission

Special Tool(s)

Retainer, Torque Converter
307-346 (T97T-7902-A)

Removal

All applications
All applications

6. Disconnect the electrical harness connectors.
1. Disconnect the battery. For additional

information, refer to Section 414-01.

2. Remove the air cleaner air intake duct
assembly. For additional information, refer to
Section 303-12.

3. Remove the transmission fluid level indicator.

4.6L and 5.4L engines

7. Remove the torque converter housing-to-engine
retaining bolts. Position the fuel and electrical
harness brackets aside.

4. Remove the engine cover. For additional
information, refer to Section 501-05.

4.6L and 5.4L engines

5. NOTE: Also refer to the two following
illustrations.

Remove the fluid filler tube.

• Remove the bolt.
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REMOVAL (Continued)

All applications

8. NOTE: The case fittings must be held in place
to prevent them from moving.

Disconnect the fluid cooler tubes. Plug all
fittings and position the tubes aside.

12. Remove the driveshaft.

9. With the vehicle in NEUTRAL, position it on a
hoist. For additional information, refer to
Section 100-02.

10. NOTE: The output shaft and driveshaft are a
balanced assembly.

Mark the driveshaft flange and the rear pinion
flange for correct alignment during assembly. 4.6L and 5.4L engines

13. Remove the shift cable and bracket.

1 Disconnect the clip.

2 Remove the bolts.

11. Remove the four bolts.
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REMOVAL (Continued)

4.6L and 5.4L engines

14. Remove the access plugs.

4.6L engines

18. Disconnect the catalyst monitoring sensor
harness connectors.

All applications

15. Remove the starter motor. For additional
information, refer to Section 303-06A.

16. If so equipped, remove the fasteners and the
front A/C deflector assembly.

All applications

19. Remove the bolts.

4.6L and 5.4L engines

17. Remove and discard the four torque
converter-to-flexplate retaining nuts.
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REMOVAL (Continued)

5.4L engine All applications

20. Remove the top bolt for the RH heat shield. 23. Secure the high lift transmission jack to the
transmission.

21. NOTE: The nut is welded to the heat shield.
Do not attempt to remove the nut. 24. Remove the crossmember.

Remove the bolt for the RH heat shield. 1 Remove the crossmember-to-frame retaining
nuts.

2 Remove the stud brackets.

3 Support the transmission support
crossmember.

4 Remove the transmission insulator and
retainer-to-crossmember retaining nuts and
the transmission support crossmember.

22. Remove the bolt for the RH heat shield.
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REMOVAL (Continued)

4.6L engines

25. Remove the clamp and hanger assembly.

1 Remove the bolt.

2 Loosen the clamp.

3 Remove the bracket and position the hanger
aside.

4.6L and 5.4L engines

28. Remove the flexplate inspection plate.

1 Remove the bolts.

2 Remove the flexplate inspection plate.

3 Remove the bolt.

All applications

26. Disconnect the electrical connectors and remove
the wire harness from the transmission.

1 Disconnect the digital TR sensor electrical
connector.

2 Disconnect the OSS and TSS sensor
electrical connectors.

3 Remove the catalyst monitor connector
retainer from the stud.

29. Remove the bolts.

27. Disconnect the solenoid body connector.
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REMOVAL (Continued)

All applications 31. Install the special tool.

• WARNING: The torque converter
30. Remove the transmission from the vehicle. must be held firmly in its installed

position.• CAUTION: Watch for clearance
between the transmission and the right CAUTION: Watch for clearance
side heat shield retaining bracket as well between the transmission and the engine.
as other obstructions.

Carefully tilt the front of the transmission
Separate and back the transmission away downward.
from the engine, positioning the extension

• CAUTION: Watch for clearancehousing above the exhaust crossover pipe.
between the transmission and the exhaust
crossover pipe.

Lower the transmission enough to clear the
engine. Then, carefully pull the jack with
the transmission toward the front of the
vehicle, lowering the transmission as
required until it is clear of the exhaust
crossover pipe.

• Tilt the front of the transmission upward
until level.

• Remove the transmission with the jack from
under the vehicle.
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DISASSEMBLY
Special Tool(s)Transmission

Remover/Installer, Servo Piston
307-251 (T92P-70023-A)Special Tool(s)

Slide Hammer
100-001 (T50T-100-A)

Remover, Torque Converter
Fluid Seal
307-309 (T94P-77001-BH)

Holding Fixture, Transmission
307-003 (T57L-500-B)

Remover, Bearing Cup
308-047 (T77F-1102-A)

Slide Hammer
307-005 (T59L-100-B)

1. If equipped, remove the vent tube.

Remover, Transmission Fluid 2. Remove the special tool.
Seal
307-048 (T74P-77248-A)

Handle, Torque Converter
307-091 (T81P-7902-C)

Remover, Transmission Fluid
Pump
307-221 (T89T-70010-A)

(Continued)
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DISASSEMBLY (Continued)

3. Using the special tools, remove torque 6. Clean the transmission fluid pan and pan
converter. magnet.

4. Using the special tool, mount the transmission 7. CAUTION: If installing a new filter,
to the bench. and the grommet remains in the main

control bore, carefully use a small
screwdriver to remove the grommet. Use
care not to damage the main control bore.

NOTE: If the transmission is being repaired for
a contamination-related failure, use a new filter
and seal. The filter can be reused if no
excessive contamination is present.

Remove the fluid filter and grommet.

5. NOTE: If the transmission fluid pan gasket is
not damaged, it can be reused.

Remove the transmission fluid pan and
transmission fluid pan gasket.

1 Remove the bolts.

2 Remove the transmission fluid pan and
transmission fluid pan-to-case gasket.
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DISASSEMBLY (Continued)

8. CAUTION: Do not pull on the plastic
lead frame. This may cause damage to the
connector ends. Carefully pry up on the
locking tabs to disconnect the solenoids.
Disconnect the molded lead frame from the
solenoids.

Disconnect the molded lead frame from the
solenoids.

1 Disconnect the shift solenoid SSA and SSB.

2 Disconnect the torque converter clutch
(TCC).

3 Disconnect the electronic pressure control
10. CAUTION: Discard the manual lever(EPC) solenoid.

shaft outer nut. Do not reuse.
4 Disconnect the bulkhead inter-connector.

Remove the outer manual control lever.

1 Remove the manual lever shaft outer nut.

2 Remove the outer manual control lever.

11. Remove the digital transmission range (TR)
sensor.

1 Remove the digital TR sensor bolts.

2 Remove the digital TR sensor.

9. Remove the speed sensors.

1 Remove the output shaft speed (OSS)
sensor bolt.

2 Remove the OSS sensor.

3 Remove the turbine shaft speed (TSS)
sensor plug bolt.

4 Remove the TSS sensor plug.
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DISASSEMBLY (Continued)

12. Remove the manual control valve detent lever 15. NOTE: Use a shop cloth to protect the
spring. transmission case surface.

1 Remove the manual control valve detent Remove the manual lever shaft retaining pin.
lever spring bolt.

2 Remove the manual control valve detent
lever spring.

16. Remove the manual lever shaft inner nut.

• Slide the manual control lever shaft out of
the case while removing the inner nut.

13. Remove the 24 main control valve body bolts
and the main control valve body.

17. Remove the parking lever actuating rod.

1 Remove the manual valve detent.
14. Remove and discard the pump outlet screen.

2 Remove the parking lever actuating rod.
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DISASSEMBLY (Continued)

21. Remove the 2-3 accumulator piston.18. CAUTION: Use care not to damage
the manual control lever shaft bore. If the 1 Remove the 2-3 accumulator spring.
bore is damaged the new seal may leak. 2 Remove the 2-3 accumulator piston.
Remove the manual control lever shaft seal.

22. Using the special tool, remove the reverse band
19. Remove the EPC solenoid. servo retaining ring.

1 Remove the bolt and EPC solenoid bracket.

2 Remove the EPC solenoid.

23. Remove the reverse band servo.

1 Remove the reverse band servo cover.

20. Remove the 2-3 accumulator spring retainer. 2 Remove the reverse band servo piston and
rod assembly.

3 Remove the reverse band servo spring.
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DISASSEMBLY (Continued)

24. CAUTION: If the tool is not available,
extreme care must be taken. Spring pressure
will force the overdrive servo piston
assembly out of the case. Case bore damage
may result from trying to pry on the internal
retaining ring.

Using the special tool, compress the piston
spring, then remove the overdrive servo piston
retainer.

27. Remove the 1-2 accumulator upper spring.

1 Remove the 1-2 accumulator spring cover.

2 Remove the inner and outer 1-2
accumulator springs.

3 Remove the 1-2 accumulator.

4 Remove the 1-2 accumulator upper spring.

25. Remove the overdrive servo piston.

1 Remove the overdrive servo piston.

2 Remove the overdrive servo piston return
spring.

28. Using the special tools, remove the extension
housing seal.

26. Compress the 1-2 accumulator cover and
remove the 1-2 accumulator piston retaining
ring.
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DISASSEMBLY (Continued)

29. NOTE: The 4x2 extension is shown, the 4x4 31. Rotate the transmission to the vertical position
extension housing is similar. with the output shaft toward the floor.

NOTE: These bolts have been coated with a
32. CAUTION: Extreme care must besealant. High break torque may be required to

taken during transmission connectorremove these bolts.
removal. Do not pull on wires, or use aRemove the extension housing.
hammer on the connector body.

1 Remove the four bolts and two nuts.
Place a screwdriver on the flat portion of the

2 Remove the extension housing and the connector and push the connector out through
extension housing gasket. the bottom of the case.

30. Remove the parking pawl. 33. Using the special tools, remove the front pump
seal.1 Remove the parking pawl shaft.

2 Remove the parking pawl return spring.

3 Remove the parking pawl.
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DISASSEMBLY (Continued)

34. NOTE: These bolts have been coated with
sealant. High break torque may be required to
remove the bolts.

Remove the front bolts.

38. CAUTION: Remove the assembly
carefully to prevent damage to the overdrive
band friction material by the reverse clutch
drive lugs.

Remove the following components as an
35. Using the special tools, remove the front pump assembly:

support.
• intermediate clutch pack

• intermediate one-way clutch

• reverse clutch

• forward clutch assembly

36. Remove and discard the pump gasket.

• Remove the intermediate clutch piston return
spring.

• Remove the intermediate clutch piston return
39. Disengage and remove the overdrive band.spring support.

37. If equipped, remove the intermediate clutch
anti-rattle clip.
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307-01B-9 307-01B-9Automatic Transmission — 4R70W/4R75W

DISASSEMBLY (Continued)

40. Remove the forward clutch hub and the No. 3 43. Remove the following components as an
forward clutch hub front bearing. assembly:

• forward clutch sun gear

• No. 5 forward clutch sun gear bearing

• reverse clutch sun gear

• No. 4 forward clutch hub bearing

41. Remove the intermediate stub shaft.

44. Remove the center support retaining ring and
note location for assembly.

42. Align the reverse sun shell with the overdrive
band anchor pin for removal.

45. Remove the case-to-planet support spring.
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307-01B-10 307-01B-10Automatic Transmission — 4R70W/4R75W

DISASSEMBLY (Continued)

46. Remove the planetary gear support and 49. Remove the direct clutch pack.
planetary as an assembly.

50. Remove the No. 8 bearing.
47. Remove the reverse clutch band.

51. Remove the output shaft and output shaft ring
48. Remove the retaining ring. gear assembly.

2004 E-Series, 12/2003 



307-01B-11 307-01B-11Automatic Transmission — 4R70W/4R75W

DISASSEMBLY (Continued)

52. Remove the No. 9 case rear bearing. 53. Inspect and if necessary, using the special tools,
remove the rear case bushing.
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307-01B-1 307-01B-1Automatic Transmission — 4R70W/4R75W

DISASSEMBLY AND ASSEMBLY

OF SUBASSEMBLIES

Main Control Valve Body

Disassembly

Main Control Valve Body Disassembled View
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307-01B-2 307-01B-2Automatic Transmission — 4R70W/4R75W

DISASSEMBLY AND ASSEMBLY OF SUBASSEMBLIES (Continued)

Item Part Number Description Item Part Number Description

24 — 2-3 back out valve (part of1 — Valve plug retainer (part of
7A100)7A100)

25 — 2-3 back out valve spring2 — Main pressure booster valve
(part of 7A100)sleeve (part of 7A100)

26 — Spring retaining plate (part of3 — Main pressure booster valve
7A100)(part of 7A100)

27 — Spring retaining plate (part of4 — Main pressure regulator valve
7A100)spring (part of 7A100)

28 — Pressure regulator valve5 — Main regulator valve (part of
spring (part of 7A100)7A100)

29 — Pressure regulator valve (part6 7A100 Main control valve body
of 7A100)assembly

30 — Control manual valve (part of7 7E195 Check ball (8 req’d)
7A100)8 7H171 Converter drain back valve

31 — Retaining ring (part of9 — Pressure regulator valve (part
7A100)of 7A100)

32 — Solenoid screen10 — Pressure regulator valve
33 — 1-2 shift valve (part ofspring (part of 7A100)

7A100)11 — Regulator boost plunger (part
34 — 2-3 shift valve spring (part ofof 7A100)

7A100)12 — Regulator boost sleeve (part
35 — 2-3 valve (part of 7A100)of 7A100)

36 — Valve retaining plug (part of13 — Valve retainer (part of
7A100)7A100)

37 — Valve plug retainer (part of14 — Capacity modulator valve
7A100)(part of 7A100)

38 — Spring retaining plate (part of15 — Capacity modulator valve
7A100)spring (part of 7A100)

39 — Pressure regulator valve16 — Spring retaining plate (part of
spring (part of 7A100)7A100)

40 — Pressure regulator valve (part17 — Capacity modulator valve
of 7A100)(part of 7A100)

41 — Bypass clutch control valve18 — Capacity modulator valve
(part of 7A100)spring (part of 7A100)

42 — Bypass clutch control valve19 — Spring retaining plate (part of
spring (part of 7A100)7A100)

43 — Bypass clutch control valve20 — 3-4 shift valve (part of
plunger (part of 7A100)7A100)

44 — Bypass clutch control plunger21 — 3-4 shift valve spring (part of
sleeve (part of 7A100)7A100)

45 — Control valve plate (part of22 — Valve retainer plug (part of
7A100)7A100)

23 — Valve plug retainer (part of
7A100)

(Continued)
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307-01B-3 307-01B-3Automatic Transmission — 4R70W/4R75W

DISASSEMBLY AND ASSEMBLY OF SUBASSEMBLIES (Continued)

1. Remove the torque converter clutch (TCC) 3. Remove the separator plate and discard the
solenoid and the shift solenoid. gaskets.

1 Remove the retaining bolt.

2 Remove the shift solenoid.

3 Remove the TCC solenoid.

2. Remove the two reinforcement plates.

1 Remove the bolts.

2 Remove the plates.
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307-01B-4 307-01B-4Automatic Transmission — 4R70W/4R75W

DISASSEMBLY AND ASSEMBLY OF SUBASSEMBLIES (Continued)

4. NOTE: Note the location of the eight coasting
booster valve shuttle balls for assembly.

Remove the eight coasting booster valve shuttle
balls.
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307-01B-5 307-01B-5Automatic Transmission — 4R70W/4R75W

DISASSEMBLY AND ASSEMBLY OF SUBASSEMBLIES (Continued)

5. Remove the converter drain back valve and
solenoid pressure supply screen.

6. Remove the main control valve body cover
plate.

1 Remove the 13 main control valve body
cover plate bolts.

2 Remove the main control valve body cover
plate.

2004 E-Series, 12/2003 



307-01B-6 307-01B-6Automatic Transmission — 4R70W/4R75W

DISASSEMBLY AND ASSEMBLY OF SUBASSEMBLIES (Continued)

Assembly

CAUTION: Before beginning assembly,
carry out and inspect the following:

When building up subassemblies and assembling
the transmission, ALWAYS use new gaskets and
seals.

All fasteners must be tightened to the torque
specification indicated. In addition to appearing
in the section, the necessary torque
measurements can be found in the General
Specifications Chart.

2. Tighten all the bolts in the sequence shown.When building up subassemblies, each
component part should be lubricated with clean
transmission fluid. It is also good practice to
lubricate the subassemblies as they are installed
in the case.

Needle bearings, thrust washers and seals should
be lightly coated with petroleum jelly during
subassembly buildup or transmission assembly.

Many components and surfaces in the
transmission are precision machined. Careful
handling during disassembly, cleaning, inspection
and assembly can prevent unnecessary damage to
machined surfaces. 

NOTE: Inspect the shift solenoid O-rings and TCC
solenoid O-rings for damage.

1. Install the valve body cover plate.

1 Position the valve body cover plate gasket
and cover plate.

2 Loosely install the two guide pin bolts.

3 Loosely install the remaining bolts.
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307-01B-7 307-01B-7Automatic Transmission — 4R70W/4R75W

DISASSEMBLY AND ASSEMBLY OF SUBASSEMBLIES (Continued)

3. Install the eight coasting booster valve shuttle
balls.
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307-01B-8 307-01B-8Automatic Transmission — 4R70W/4R75W

DISASSEMBLY AND ASSEMBLY OF SUBASSEMBLIES (Continued)

4. Install the converter drain back valve and
solenoid pressure supply screen.

5. Install the separator plate and gaskets.

6. Install the two reinforcement plates.

1 Position the plates.

2 Install the reinforcement plate bolts.
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307-01B-9 307-01B-9Automatic Transmission — 4R70W/4R75W

DISASSEMBLY AND ASSEMBLY OF SUBASSEMBLIES (Continued)

7. Install the shift solenoid.

1 Position the TCC solenoid.

2 Position the shift solenoid.

3 Install the bolt.
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307-01B-1 307-01B-1Automatic Transmission — 4R70W/4R75W

DISASSEMBLY AND ASSEMBLY

OF SUBASSEMBLIES

Pump and Intermediate Clutch Piston

Special Tool(s)

Installer, Front Pump Fluid Seal
307-014 (T63L-77837-A)

Pump and Intermediate Clutch Spring and Support — Disassembled View

Item Part Number Description Item Part Number Description

9 7B070 Intermediate clutch piston1 7902 Torque converter
return2 7A248 Front pump O-ring

10 7G154 Intermediate clutch piston3 N605789-S101 Bolt
wave spring

4 — Pump body assembly
11 7A108 Pump support

5 N605787-S1000 Front pump support bolt
12 — Pump outer gerotor gear

6 7D014 No. 1 pump support thrust
13 — Pump inner gerotor gearwasher
14 7A136 Pump gasket7 7D020 Reverse clutch cylinder seal
15 — Pump bushing8 7D019 Forward clutch cylinder seal
16 7A248 Pump inner seal(Continued)
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307-01B-2 307-01B-2Automatic Transmission — 4R70W/4R75W

DISASSEMBLY AND ASSEMBLY OF SUBASSEMBLIES (Continued)

Disassembly 4. NOTE: Note that the new seals on this pump
are square cut on the ends.

1. Remove the No. 1 selective pump support Remove the seal rings.
thrust washer.

5. Remove the inner and outer pump gerotor
2. NOTE: Note the location of the bleed hole gears.

during disassembly for assembly.

Remove the intermediate clutch piston.

6. Remove and discard the front pump seal.

3. Remove the bolts, and remove the front pump
support.
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307-01B-3 307-01B-3Automatic Transmission — 4R70W/4R75W

DISASSEMBLY AND ASSEMBLY OF SUBASSEMBLIES (Continued)

Assembly

1. Using the special tool, install the front pump
seal assembly.

4. Install a new front pump seal.

2. NOTE: The flats on the inner fluid pump gear
have steps that must face the pump body or
damage will result.

Install the inner and outer fluid pump gerotor
gears.

5. Assemble the front pump.

1 Position the pump support to the pump
body assembly.

2 Install the bolts.

3. NOTE: The reverse clutch cylinder seal rings
are larger than the forward clutch cylinder
seals.

NOTE: Note that the new seals are square cut
on the ends.

Install the seal rings.
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307-01B-4 307-01B-4Automatic Transmission — 4R70W/4R75W

DISASSEMBLY AND ASSEMBLY OF SUBASSEMBLIES (Continued)

7. Once the pump is installed correctly, the bleed6. CAUTION: The piston bleed hole must
hole will be aligned with the pump body asbe aligned with the half moon shape in the
shown.pump body. Shift problems may occur if

installed incorrectly.

NOTE: The piston bleed hole is the only round
hole in the pump body.

Install the intermediate clutch.
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307-01B-1 307-01B-1Automatic Transmission — 4R70W/4R75W

DISASSEMBLY AND ASSEMBLY

OF SUBASSEMBLIES

Intermediate One-Way Clutch
Intermediate Clutch Cylinder Disassembled View

Assembly

1. NOTE: The intermediate one-way clutch mustItem Part Number Description
rotate counterclockwise when installed on the

1 391267-S Retaining ring reverse clutch drum and will make a ratchet
2 7A089 Intermediate one-way clutch sound.

assembly
Install the intermediate one-way clutch.

3 7D044 Reverse clutch drum
1 Install the intermediate one-way clutch.

Disassembly 2 Install the snap ring.

1. NOTE: One tab that locks the reverse clutch
drum into the reverse sun shell may be
removed. This is done for balancing purposes.

Remove the intermediate one-way clutch.

1 Remove the snap ring.

2 Remove the intermediate one-way clutch.
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307-01B-1 307-01B-1Automatic Transmission — 4R70W/4R75W

DISASSEMBLY AND ASSEMBLY

OF SUBASSEMBLIES
Special Tool(s)Reverse Clutch

Protector, Transmission Reverse
Clutch Inner Fluid SealSpecial Tool(s)
307-425

Dial Indicator Gauge with
Holding Fixture
100-002 (TOOL-4201-C)

Compressor, Clutch Spring
307-086 (T80L-77405-A)

Compressor, Clutch Spring
307-015 (T65L-77515-A)

Material

Item Specification
Protector, Transmission Reverse

MERCON V Automatic MERCON VClutch Outer Fluid Seal
Transmission Fluid307-424
XT-5-QM

(Continued)

Reverse Clutch Disassembled View
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307-01B-2 307-01B-2Automatic Transmission — 4R70W/4R75W

DISASSEMBLY AND ASSEMBLY OF SUBASSEMBLIES (Continued)

6. Check clutch hub thrust surfaces for scores andItem Part Number Description
clutch hub splines for wear.1 7D044 Reverse clutch drum

2 7D403 Reverse clutch piston outer 7. Remove the No. 2 forward clutch bearing.
seal

3 7D402 Reverse clutch piston

4 7D404 Reverse clutch piston inner
seal

5 7D256 Reverse clutch piston spring
pressure ring

6 7B070 Reverse clutch piston spring

7 7A577 Reverse clutch piston spring
ring

8 7B066 Reverse clutch front pressure
plate

9 7B442 Reverse clutch external spline
plates (steel)

10 7B164 Reverse clutch internal spline
plates (friction) 8. Remove the reverse clutch selective retaining

ring.11 7B066 Reverse clutch rear pressure
plate

12 7D483 Reverse clutch retaining ring
(select fit)

Disassembly

1. Inspect the clutch cylinder thrust surfaces,
piston bore and clutch plate serrations for
scores or burrs. Minor scores or burrs may be
removed with a crocus cloth. Install a new
clutch cylinder if badly scored or damaged.

2. Check fluid passage in the clutch cylinder for
obstructions. Clean out all fluid passages.

9. Remove the reverse clutch pack.Inspect the clutch piston for scores and install
new if necessary. Inspect check balls for
freedom of movement and correct seating.

3. Check clutch release spring for distortion and
cracks. Install a new spring (including the wave
spring) if distorted or cracked.

4. Inspect the composition clutch plates, steel
clutch plates and clutch pressure plate for worn
or scored bearing surfaces. Install new parts if
they are deeply scored or burred.

5. Check the clutch plates for flatness and fit on
clutch hub serrations. Discard any plate that
does not slide freely on serrations or that is not
flat.
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307-01B-3 307-01B-3Automatic Transmission — 4R70W/4R75W

DISASSEMBLY AND ASSEMBLY OF SUBASSEMBLIES (Continued)

10. Using the special tools, compress the reverse
clutch piston spring.

13. NOTE: To ease reverse clutch piston removal,
it may be necessary to apply air pressure to the
reverse clutch drum. Block the opposite hole.

Remove the reverse clutch piston.

11. Remove the reverse clutch piston spring
retaining ring.

14. Remove the reverse clutch piston inner and
outer seals.

12. Remove the reverse clutch piston spring
pressure ring.

1 Remove the reverse clutch piston spring.

2 Remove the reverse clutch piston spring
pressure ring.
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307-01B-4 307-01B-4Automatic Transmission — 4R70W/4R75W

DISASSEMBLY AND ASSEMBLY OF SUBASSEMBLIES (Continued)

Assembly 8. NOTE: Coat the reverse clutch piston inner
seal, outer seal, drum sealing area and special
tools with petroleum jelly.1. NOTE: One tab that locks the reverse clutch

drum into the reverse sun shell may be Using the special tools, install the reverse
removed. This is done for balancing purposes. clutch piston using even pressure to push it to

the bottom of the reverse clutch drum.Inspect the clutch cylinder thrust surfaces,
piston bore and clutch plate serrations for
scores or burrs. Minor scores or burrs may be
removed with crocus cloth. Install a new clutch
cylinder if badly scored or damaged.

2. Check the fluid passage in the clutch cylinder
for obstructions. Clean out all fluid passages.
Inspect clutch piston for scores and install new
if necessary. Inspect the check balls for
freedom of movement and correct seating.

3. Check the clutch release spring for distortion
and cracks. Install a new spring (including
wave spring) if distorted or cracked.

9. NOTE: The dished side of the reverse clutch
piston spring must face the reverse clutch4. Inspect the composition clutch plates, steel
piston.clutch plates and clutch pressure plate for worn

or scored bearing surfaces. Install new parts if Install the reverse clutch piston spring.
they are deeply scored or burred.

1 Install the reverse clutch piston spring
pressure ring.5. Check the clutch plates for flatness and fit on

2 Install the reverse clutch piston spring.the clutch hub serrations. Discard any plate that
does not slide freely on serrations or that is not
flat.

6. Check the clutch hub thrust surfaces for scores
and clutch hub splines for wear.

7. NOTE: The piston check ball must be present
and moving freely.

Install a new reverse clutch piston inner and
outer seals.
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307-01B-5 307-01B-5Automatic Transmission — 4R70W/4R75W

DISASSEMBLY AND ASSEMBLY OF SUBASSEMBLIES (Continued)

10. Using the special tools, compress the reverse 12. Remove the special tool.
clutch piston spring.

13. CAUTION: Install the pressure plates
with the flat sides facing the clutch pack.

NOTE: Soak the new clutch discs in clean
automatic transmission fluid.

Install the reverse clutch front pressure plate,
clutch pack and reverse clutch rear pressure
plate.

14. Install the reverse clutch pressure plate retainer
snap ring.

11. Install the reverse clutch piston spring retaining
ring.
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307-01B-6 307-01B-6Automatic Transmission — 4R70W/4R75W

DISASSEMBLY AND ASSEMBLY OF SUBASSEMBLIES (Continued)

15. Install the special tool on the reverse clutch
pack.

• Push downward on the clutch pack.

• Release pressure and zero the dial indicator.

17. Check the clutch for correct operation.

• Apply air pressure to the reverse clutch
drum. The clutch should be heard and felt to
work without leakage.

16. Using the special tool check the reverse clutch
pack clearance.

1 Lift up on the clutch pack until it fully seats
against the reverse clutch pressure plate
retainer.

2 Read the dial indicator.

X If clearance is not within specifications,
install the correct size retaining ring.

Selective Retaining Rings

Specification

1.52-1.62 mm (0.060-0.064 inch)

1.87-1.98 mm (0.074-0.078 inch)

2.23-2.33 mm (0.088-0.092 inch)

2.59-2.69 mm (0.102-0.106 inch)

2004 E-Series, 12/2003 



307-01B-1 307-01B-1Automatic Transmission — 4R70W/4R75W

DISASSEMBLY AND ASSEMBLY

OF SUBASSEMBLIES
Special Tool(s)Forward Clutch Cylinder

Protector, Piston Seal
307-078 (T80L-77140-A)Special Tool(s)

Dial Indicator Gauge with
Holding Fixture
100-002 (TOOL-4201-C) or
equivalent

Compressor, Clutch Spring
307-096 (T81P-70235-A)

Protector, Piston Seal
307-020 (T68P-7D158-A2)

Material

Item Specification
(Continued)

MERCON V Automatic MERCON V
Transmission Fluid
XT-5-QM

Forward Clutch — Disassembled View

Item Part Number Description Item Part Number Description

3 7A480 Forward clutch piston return1 7F207 Forward clutch cylinder and
springshaft

4 7A527 Forward clutch retainer return2 7A548 Forward clutch piston outer
springseal

(Continued)(Continued)
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307-01B-2 307-01B-2Automatic Transmission — 4R70W/4R75W

DISASSEMBLY AND ASSEMBLY OF SUBASSEMBLIES (Continued)

6. Check the clutch hub thrust surfaces for scoresItem Part Number Description
and clutch hub splines for wear.5 7B442 Forward clutch external spline

plate (steel)
7. NOTE: The forward clutch hub may remain in6 7D483 Retaining snap ring

the shell during disassembly.
7 7B067 Forward clutch hub

Remove the forward clutch hub and the No. 38 7F231 No. 3 forward clutch hub
forward clutch hub front bearing.front bearing

9 7B066 Forward clutch pressure plate

10 7B164 Forward clutch internal spline
plates (friction)

11 7E085 Forward clutch pressure
spring

12 388099-S Retaining snap ring

13 7A262 Forward clutch piston

14 7C099 Forward clutch piston inner
seal

15 7A166 No. 2 forward clutch bearing

16 7B497 Input shaft seal

Disassembly
8. NOTE: To aid handling, the forward clutch

assembly may be set in the extension housing1. Inspect the clutch cylinder thrust surfaces,
or a hole in the work bench.piston bore and clutch plate serrations for
Remove the clutch pack selective retaining ring.scores or burrs. Minor scores or burrs may be

removed with crocus cloth. Install a new clutch
cylinder if badly scored or damaged.

2. Check the fluid passage in the clutch cylinder
for obstructions. Clean out all the fluid
passages. Inspect the clutch piston for scores
and install new if necessary. Inspect check balls
for freedom of movement and correct seating.

3. Check the clutch release spring for distortion
and cracks. Install a new spring (including
wave spring) if distorted or cracked.

4. Inspect the composition clutch plates, steel
clutch plates and clutch pressure plate for worn
or scored bearing surfaces. Install new parts if
deeply scored or burred.

5. Check the clutch plates for flatness and fit on
clutch hub serrations. Discard any plate that
does not slide freely on serrations or that is not
flat.
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307-01B-3 307-01B-3Automatic Transmission — 4R70W/4R75W

DISASSEMBLY AND ASSEMBLY OF SUBASSEMBLIES (Continued)

9. Remove the following components.

1 Remove the pressure plate.

2 Remove the clutch pack.

3 Remove the pressure spring.

13. NOTE: Air pressure may be required to
remove the forward clutch piston.

Remove the forward clutch piston.

10. CAUTION: Apply only enough
pressure to release pressure on the retaining
ring. If too much pressure is applied, the
spring may break.

Using the special tool, remove the forward
clutch retaining ring.

14. Remove the inner and outer forward clutch
piston seals.

11. Slowly release the press and remove the
forward clutch from the press.

12. Remove the forward clutch retainer and the
return spring.
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307-01B-4 307-01B-4Automatic Transmission — 4R70W/4R75W

DISASSEMBLY AND ASSEMBLY OF SUBASSEMBLIES (Continued)

15. NOTE: The seals are solid seals but will be 4. Inspect composition clutch plates, steel clutch
replaced with scarf cut seals. plates and clutch pressure plate for worn or

scored bearing surfaces. Install new parts ifRemove the forward clutch input shaft seals.
deeply scored or burred.

5. Check the clutch plates for flatness and fit on
the clutch hub serrations. Discard any plate that
does not slide freely on serrations or that is not
flat.

6. Check the clutch hub thrust surfaces for scores
and the clutch hub splines for wear.

7. NOTE: To aid handling, the forward clutch
assembly may be set in the extension housing
or a hole in the work bench.

Install the inner and outer forward clutch piston
seals. Note the direction of the sealing rings16. Make sure the check ball in the clutch cylinder
before installation.is free and clean. Check for correct seating.

Assembly 8. NOTE: Coat the piston seals and clutch drum
sealing area with petroleum jelly.

1. Inspect the clutch cylinder thrust surfaces, Position the special tools on the clutch piston.
piston bore and clutch plate serrations for
scores or burrs. Minor scores or burrs may be
removed with crocus cloth. Install a new clutch
cylinder if badly scored or damaged.

2. Check the fluid passage in the clutch cylinder
for obstructions. Clean out all fluid passages.
Inspect the clutch piston for scores and replace
if necessary. Inspect check balls for freedom of
movement and correct seating.

3. Check the clutch release spring for distortion
and cracks. Install a new spring (including the
wave spring) if distorted or cracked.
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307-01B-5 307-01B-5Automatic Transmission — 4R70W/4R75W

DISASSEMBLY AND ASSEMBLY OF SUBASSEMBLIES (Continued)

9. Using the special tools, install the forward
clutch piston into the clutch drum.

• Push the piston to the bottom of the drum
using even pressure.

13. Install the clutch pack retaining ring.

10. Using the special tool, compress the piston
return spring and install the retaining ring.

14. Install the special tool on the forward clutch
pack.

• Push downward on the clutch pack.

• Release pressure and zero the dial indicator.

11. Slowly release the press pressure and remove
the forward clutch.

12. NOTE: Before assembly, soak the new clutch
discs in clean automatic transmission fluid.

Install the clutch pack assembly.

1 Install the pressure ring.

2 Install the clutch pack.

3 Install the pressure plate.
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307-01B-6 307-01B-6Automatic Transmission — 4R70W/4R75W

DISASSEMBLY AND ASSEMBLY OF SUBASSEMBLIES (Continued)

15. Check the clutch pack clearance.

1 Lift up on the clutch pack until it fully seats
against the clutch pressure plate retainer.

2 Read the dial indicator.

X If the clearance is not within
specifications, install the correct size
retaining ring.

Selective Retaining Ring

Specification

 1.52-1.62 mm (0.060-0.064 inch)

 1.87-1.98 mm (0.074-0.078 inch) 17. Install the two scarf-cut seals on input shaft.
 2.23-2.69 mm (0.086-0.106 inch)

 2.59-2.69 mm (0.102-0.106 inch)

18. Install the No. 3 forward clutch hub front
bearing and the forward clutch hub.

16. NOTE: Make sure the scarf-cut seals are mated
correctly.

Slide the two scarf-cut seals on the input shaft.
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307-01B-1 307-01B-1Automatic Transmission — 4R70W/4R75W

DISASSEMBLY AND ASSEMBLY

OF SUBASSEMBLIES

Planetary Gear Support Assembly
and Planetary One-Way Clutch

2. Remove the planetary one-way clutch.

Item Part Number Description

1 7A130 Planetary gear support

2 7A089 Planetary one-way clutch

3 7A398 Planetary assembly

Disassembly and Assembly

1. NOTE: Inspect the outer and inner races for
scores or damaged surface areas where rollers
contact the races. Inspect the rollers and springs
for excessive wear or damage. Inspect the

3. To assemble, reverse the disassembly procedure.spring and cage for bent or damaged spring
retainers.

Rotate the center support counterclockwise and
lift to remove the planetary gear support.
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307-01B-1 307-01B-1Automatic Transmission — 4R70W/4R75W

DISASSEMBLY AND ASSEMBLY

OF SUBASSEMBLIES

Reverse Sun Gear

Disassembly

2. Remove the forward clutch sun gear assembly
and the No. 5 forward clutch sun gear bearing
and race.

Item Part Number Description

1 7C096 Forward clutch hub bearing
No. 4

2 7F244 Forward clutch sun gear
bearing No. 5 (two piece
bearing)

3 7A399 Forward clutch sun gear

4 7A019 Reverse sun gear assembly

1. Remove the reverse clutch sun gear assembly
and the No. 4 forward clutch hub bearing and
race. Assembly

1. The forward clutch sun gear and reverse sun
gear assembly are assembled as part of the
transmission assembly procedure.
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307-01B-1 307-01B-1Automatic Transmission — 4R70W/4R75W

DISASSEMBLY AND ASSEMBLY

OF SUBASSEMBLIES
Special Tool(s)Output Shaft and Direct Clutch

Assembly PusherCylinder
307-516-3

Special Tool(s)

Compressor, Clutch Spring
307-015 (T65L-77515-A)

Sizer, Seal
307-516-4

Protector, Piston Seal
307-080 (T80L-77234-A)

Material

Item Specification

MERCON V Automatic MERCON V
Protector, Transmission Direct Transmission Fluid
Clutch Outer Fluid Seal XT-5-QM
307-422

Teflon Seal Installer
307-516 (kit consists of
307-516-1, 307-516-2,
307-516-3 and 307-516-4)

Protector Pilot, Seal
307-516-1

Protector, Seal
307-516-2

(Continued)
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DISASSEMBLY AND ASSEMBLY OF SUBASSEMBLIES (Continued)

Output Shaft and Hub Disassembled View

Item Part Number Description Item Part Number Description

5 87054-S94 O-ring seal1 7F274 Output shaft to direct clutch
cylinder seal (2 req’d) 6 7A233 Output shaft ring gear

assembly2 7F240 Direct clutch outer bearing
and race assembly No. 8 7 7D164 Output shaft hub

3 7060 Output shaft 8 97713-S Retaining snap ring
4 7F273 Output shaft-to-case seal (3 9 7C122 Snap ring

req’d)
(Continued)

Direct Clutch Disassembled View
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DISASSEMBLY AND ASSEMBLY OF SUBASSEMBLIES (Continued)

Item Part Number Description

1 7F236 Direct clutch hub

2 7F243 No. 7 direct clutch bearing

3 7D483 Direct clutch pressure plate
retaining ring

4 7F237 Direct clutch inner bearing
support

5 7B066 Direct clutch pressure plate

6 7B442 Direct clutch external spline
plates (steel)

7 7B164 Direct clutch internal spline
plates (friction)

8 388104-S2 Retaining ring 

9 7F235 Direct clutch retainer and
spring assembly

10 7A262 Direct clutch piston

11 7C099 Direct clutch piston inner seal

12 7A548 Direct clutch piston outer seal

13 7F283 Direct clutch cylinder

Disassembly

1. NOTE: The index mark on the output shaft
must be aligned with the index mark on the
output shaft ring gear during the assembly

2. Separate the ring gear and output shaft.procedure.

Remove the ring gear snap ring.
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DISASSEMBLY AND ASSEMBLY OF SUBASSEMBLIES (Continued)

3. Remove the three output shaft seal rings.

7. Inspect the clutch cylinder thrust surfaces,
piston bore and clutch plate serrations for

4. Remove the output shaft hub snap ring and the scores or burrs. Minor scores or burrs may be
output shaft hub. removed with a crocus cloth. Install a new

clutch cylinder if badly scored or damaged.

8. Check the fluid passages in the clutch cylinder
for obstructions. Clean out all fluid passages.
Inspect the clutch piston for scores and install
new if necessary. Inspect the check balls for
freedom of movement and correct seating.

9. Check clutch release spring for distortion and
cracks. Install a new spring (including wave
spring) if distorted or cracked.

10. Inspect composition clutch plates, steel clutch
plates and clutch pressure plate for worn or

5. Remove the two direct clutch seal rings. scored bearing surfaces. Install new parts if
they are deeply scored or burred.

11. Check the clutch plates for flatness and fit on
the clutch hub serrations. Discard any plate that
does not slide freely on the serrations or that is
not flat.

12. Check the clutch hub thrust surfaces for scores
and clutch hub splines for wear.

6. Remove the No. 7 direct clutch inner bearing
support.

1 Remove the direct clutch hub.

2 Remove the No. 7 direct clutch inner
bearing support.
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DISASSEMBLY AND ASSEMBLY OF SUBASSEMBLIES (Continued)

13. Remove the direct clutch pack. 15. WARNING: Wear safety glasses when
using compressed air.1 Remove the selective retaining ring.

NOTE: If necessary, use regulated compressed2 Remove the direct clutch pack.
air 207 kPa (30 psi) maximum pressure to
remove the clutch piston.

Remove the support and spring assembly and
piston.

16. Remove the inner piston seal.

14. Using the special tool, compress the piston
return spring and remove the snap ring.

17. Remove the outer piston seal.
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DISASSEMBLY AND ASSEMBLY OF SUBASSEMBLIES (Continued)

Assembly 3. NOTE: Coat the inner and outer direct clutch
piston seals, clutch cylinder sealing area and
piston inner sealing area with petroleum jelly.1. NOTE: Lubricate the direct clutch piston inner

seal and seal protector with petroleum jelly. Using the special tool, install the direct clutch
piston.Using the special tool, install the inner piston

seal.

• Install the seal with sealing lip facing down.

4. Install the piston return spring and retainer
assembly.

2. Install the clutch piston outer seal so that when 5. Using the special tool, compress the piston
the piston is installed the sealing lip points return spring and install the retaining ring.
toward the bottom of the cylinder.
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DISASSEMBLY AND ASSEMBLY OF SUBASSEMBLIES (Continued)

6. NOTE: Before assembly, soak new clutch discs
in clean automatic transmission fluid.

Install the clutch pack retaining ring.

1 Alternate external spline (steel) plates and
internal spline (friction) plates, starting with
a steel plate and ending with the friction
plate.

2 Install the clutch pack retaining ring.

8. Install the direct clutch hub.

1 Install the No. 7 direct clutch inner bearing
support.

2 Install the direct clutch hub.

NOTE: Inspect the output shaft bearing surfaces for
scores. Inspect the output shaft splines for wear.
Inspect all bushings.

9. Using the special tools, install the first direct
7. Use a feeler gauge to check the clearance clutch seal ring.

between the clutch pack selective retaining ring
and the pressure plate.

• If the clearance is not within specifications,
install the correct size retaining ring and
recheck the clearance.

Selective Retaining Ring

Specification

1.270-1.372 mm (0.050-0.054 inch)

1.625-1.727 mm (0.064-0.068 inch)

1.981-2.083 mm (0.078-0.082 inch)

2.337-2.438 mm (0.092-0.096 inch)
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307-01B-8 307-01B-8Automatic Transmission — 4R70W/4R75W

DISASSEMBLY AND ASSEMBLY OF SUBASSEMBLIES (Continued)

10. Using the special tools, install the second direct 13. Install the three output shaft seal rings.
clutch seal ring.

14. Install the No. 8 needle bearing on the direct
11. After both new seals have been installed, use clutch cylinder.

the special tool to size the seals.

15. NOTE: Direct clutch cylinder may be installed
12. Install the output shaft hub. after the output shaft ring gear is installed to

the output shaft hub.• Position the output shaft hub.
Assemble the direct clutch on the output shaft.• Install the retaining ring.

2004 E-Series, 12/2003 



307-01B-9 307-01B-9Automatic Transmission — 4R70W/4R75W

DISASSEMBLY AND ASSEMBLY OF SUBASSEMBLIES (Continued)

16. CAUTION: The index mark on the
output shaft must be aligned with the index
mark on the output shaft ring gear.

Align the index marks on output shaft and the
output shaft ring gear and install the ring gear
on the output shaft.
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ASSEMBLY
Special Tool(s)Transmission

Installer, Servo Piston
307-073 (T80L-77030-A)Special Tool(s)

Dial Indicator Gauge with
Holding Fixture
100-002 (TOOL-4201-C)

Remover/Installer, Transmission
Extension Housing
307-077 (T80L-77110-A)

Rubber Tip Air Nozzle
100-D009 (D93L-7000-A)

Handle, Torque Converter
307-091 (T81P-7902-C)

Alignment Gauge, TR Sensor
307-351 (T97L-70010-A)

Test Plate Screw Set,
Transmission
307-126 (T82P-7006-C)

Slide Hammer
100-001 (T50T-100-A)

Air Test Plate, Transmission
307-246 (T92P-7006-A)

Installer, Shift Shaft Fluid Seal
307-050 (T74P-77498-A)

Remover/Installer, Servo Piston
307-251 (T92P-70023-A)

Shim Selection Gauge
307-072 (T80L-77003-A)

(Continued)

(Continued)
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307-01B-2 307-01B-2Automatic Transmission — 4R70W/4R75W

ASSEMBLY (Continued)

Special Tool(s) CAUTION: Before beginning assembly,
Installer, Transmission carry out and inspect the following:
Extension Housing Oil Seal

When building up subassemblies and assembling308-002 (T61L-7657-A)
the transmission, ALWAYS use new gaskets and
seals.

All fasteners must be tightened to the torque
specification indicated. In addition to appearing
in the section, the necessary torqueGauge, Transmission Solenoid
measurements can be found in the GeneralConnectors
Specifications Chart.307-426

When building up subassemblies, each
component part should be lubricated with clean
transmission fluid. It is also good practice to
lubricate the subassemblies as they are installed
in the case.

Material
Needle bearings, thrust washers and seals should

Item Specification be lightly coated with petroleum jelly during
MERCON V Automatic MERCON V subassembly buildup or transmission assembly.
Transmission Fluid Many components and surfaces in theXT-5-QM

transmission are precision machined. Careful
Multi-Purpose Grease ESR-M1C159-A handling during disassembly, cleaning, inspectionXG-4

and assembly can prevent unnecessary damage to
machined surfaces.

1. Use the special tools to install the rear case
bushing if removed.

1 Position the rear case bushing and the
special tool inside the case.

2 Assemble the special tools through the back
of the case.

2. Place the transmission in the vertical position.

2004 E-Series, 12/2003 



307-01B-3 307-01B-3Automatic Transmission — 4R70W/4R75W

ASSEMBLY (Continued)

3. Coat the No. 9 case rear bearing with petroleum
jelly and install on the case boss.

7. NOTE: The reverse band support retaining ring
is used for assembly purposes during
production. The reverse band support retaining
ring is not required during assembly, it will not4. CAUTION: Be sure the No. 7 needle
affect the operation of the transmission.bearing and direct clutch hub are installed as

shown in the Subassembly section. Internal Install the reverse band support retaining ring.
damage and shift problems may occur.

Install the output shaft and output shaft ring
gear.

8. NOTE: Make sure the band is seated on the
anchor pins.

Install the reverse band.
5. Install the No. 8 bearing.

6. Install the direct clutch.
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ASSEMBLY (Continued)

9. NOTE: The planetary assembly and planetary
gear support cannot be installed unless the
notch cut in the planetary gear support is
aligned with the overdrive band anchor pin.

NOTE: The top of the planetary gear support
must be below the snap ring groove.

Install the planetary assembly and planetary
gear support as a unit.

• Rotate the output shaft to fully seat the
planetary assembly.

12. Install the forward clutch sun gear, No. 5
forward clutch sun gear bearing and the reverse
sun gear.

10. NOTE: The planet support spring must be
compressed and installed below the snap ring
groove. When the planet support spring is
installed correctly both ends of the spring will
be visible.

13. Install the No. 4 forward clutch hub bearing.Install the case to planet support spring located
at the 1 o’clock position.

11. NOTE: When installing the center support
retaining ring, the opening should be toward the
hole in the case where the turbine shaft speed
(TSS) sensor would go.

Install the center support retaining ring.
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ASSEMBLY (Continued)

14. Install the intermediate stub shaft.

18. Install the overdrive band.

• Position the overdrive band pocket onto the
15. Install the forward clutch hub and the No. 3 anchor pin.

forward clutch hub front bearing.

19. Install the overdrive servo spring.
16. Install the forward clutch assembly.

1 Install the overdrive servo piston return
spring.

2 Install the overdrive servo piston.

17. NOTE: Make sure the reverse clutch cylinder
lugs are completely seated in the notches of the
reverse sun gear.

Install the reverse clutch cylinder assembly.

1 Install the reverse clutch cylinder assembly.

2 Install the No. 2 forward clutch bearing.
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ASSEMBLY (Continued)

20. Verify the tip of the piston assembly engages
the pocket of the overdrive band.

24. Using the special tool, check the intermediate
clutch clearance.

1 Position the special tool on the pump case
21. Using the special tool, compress the overdrive mounting surface.

servo assembly and install the overdrive servo
2 Maintaining downward pressure, use a depthretaining ring.

micrometer to measure and verify
intermediate clutch clearance is within
specification.

If the intermediate clutch is not within
specification, install a correct selective
plate.

Selective Steel Plates

Specification

1.80-1.7 mm (0.071-0.067 inch)

2.05-1.95 mm (0.081-0.077 inch)

2.31-2.20 mm (0.091-0.087 inch)

2.56-2.46 mm (0.101-0.097 inch)
22. Install the intermediate clutch pressure plate.

23. NOTE: Before assembly, soak the new clutch
discs in clean automatic transmission fluid.

Install the intermediate clutch pack and
selective steel plate.
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ASSEMBLY (Continued)

25. Using the special tool, measure end clearance
for the No. 1 front pump thrust washer.

1 Position the special tool on the pump case
mounting surface.

2 Maintaining downward pressure, use a depth
micrometer to measure end play clearance.

Use the No. 1 thrust washer chart to select
the correct washer.

No.1 Thrust Washer Chart

Depth Thickness Color Code

37.706-38.184 1.270-1.372 mm Green
27. Install the intermediate clutch return springmm (0.050-0.054

support with the lip facing upward and the(1.485-1.503 inch)
inch) wave spring.

38.185-38.641 1.727-1.829 mm Yellow 1 Install the intermediate clutch return spring
mm (0.068-0.072 support.

(1.504-1.521 inch)
2 Install the wave spring.inch)

38.642-39.073 2.159-2.261 mm Natural
mm (0.085-0.089

(1.522-1.538 inch)
inch)

39.074-39.505 2.591-2.692 mm Red
mm (0.102-0.106

(1.539-1.555 inch)
inch)

39.506-40.165 3.023-3.124 mm Blue
mm (0.119-0.123

(1.556-1.581 inch)
inch)

28. Install the No. 1 front pump support thrust
washer.

• Use petroleum jelly to hold the washer in
place.

26. If equipped, install the intermediate clutch
anti-rattle clip.
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ASSEMBLY (Continued)

29. NOTE: The alignment pin is a fabricated M8 x
1.25 mm (0.05 in) bolt with the head removed.

Install an alignment pin at the top of the case.

33. Rotate the transmission to the horizontal
position.

34. Install the parking pawl.

30. NOTE: Make sure the gasket is positioned 1 Position the parking pawl return spring.
correctly and the case passages are not covered. 2 Position the parking pawl.
Install the pump gasket. 3 Install the parking pawl shaft.

31. NOTE: To aid assembly, shake the input shaft
while pushing down on the pump.

Install the pump assembly.

35. Install a new extension housing gasket and the
extension housing.

1 Position the extension housing.

2 Install the four bolts and two nuts.32. Remove the alignment pin and install the front
pump bolts.

• Alternate bolt tightening to set the pump.
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ASSEMBLY (Continued)

36. NOTE: If the extension housing seal is
equipped with a drain hole, the hole must be
pointing down during installation.

Using the special tool, install a new extension
housing seal.

39. NOTE: Lubricate the electric pressure control
(EPC) solenoid O-rings with clean automatic
transmission fluid.

Lubricate the EPC solenoid and install it into
the case.

37. Install the speed sensors.

1 Install the output shaft speed (OSS) sensor.

2 Install the OSS sensor bolt.

3 Install the turbine shaft speed (TSS) sensor
plug.

4 Install the TSS sensor plug bolt.

40. Install the manual valve detent lever and
parking lever actuating rod.

38. Using the special tool, install the manual
control lever seal.
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ASSEMBLY (Continued)

41. Install the manual control lever shaft.

1 Slide the manual control shaft into the case.

2 Install the manual lever shaft inner nut.

3 Install the manual lever shaft retaining pin.

44. NOTE: This is not an ordinary installation
procedure and does not compensate for band
wear. When a new piston and rod assembly
becomes necessary, or when a new reverse band
has been installed, the reverse piston and rod
length must be adjusted.

42. Install the 1-2 accumulator piston assembly. NOTE: Lubricate the reverse piston seal to
1 Install the 1-2 accumulator spring. facilitate assembly and prevent damage to the

seal.2 Install the 1-2 accumulator.
Install the reverse servo piston and return3 Install the inner and outer 1-2 accumulator
spring.springs.

4 Install the 1-2 accumulator cover and seal.

43. Install the 1-2 accumulator springs and install
the accumulator piston retaining ring.
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ASSEMBLY (Continued)

45. Install the special tool.

• Tighten the bolt.

49. If piston travel is not within specification, select
and install the correct servo assembly to bring
the servo piston travel within specification.

46. Install the special tool. 1 One groove

• Position the indicator stem on the flat 2 Two grooves
portion of the reverse servo piston and zero 3 Three grooves
the dial indicator.

50. Remove the special tools.
47. Loosen the bolt until the piston stops against

the tool.

48. Verify the amount of piston travel on the dial
indicator is within specification.
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ASSEMBLY (Continued)

51. Install the reverse servo assembly.

1 Install the rod.

2 Install the piston assembly.

3 Install the reverse servo piston cover and
seal.

54. Using the special tools, apply regulated air
pressure to the test ports. Verify that the
components are applied and released.

52. Using the special tool, install the reverse servo
retaining ring.

1 Compress the reverse band servo.

2 Install the reverse band servo retaining ring.

55. NOTE: The tab on the electrical connector is
secured by the main control valve body.

Install the electrical connector into the case.

53. Install the 2-3 accumulator assembly.

1 Install the accumulator piston.

2 Install the accumulator piston spring.

3 Install the accumulator spring retainer.
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ASSEMBLY (Continued)

56. NOTE: The alignment bolts are valve body
assembly bolts and are in the valve body.

Align the main control valve body alignment
bolts and position the main control valve body.

59. Install the EPC solenoid bracket and loosely
install the bolt.

57. NOTE: The main control valve body bolts will
be tightened in later steps.

Loosely install the 11 long main control valve
body bolts.

60. Install the manual control valve detent lever
spring and loosely install the bolt.

58. NOTE: The main control valve body bolts will
be tightened in later steps.

Loosely install the 12 short main control valve
body bolts.
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ASSEMBLY (Continued)

61. Tighten the bolts in the sequence shown. 63. Connect the molded lead frame to the
solenoids.

• Connect the bulkhead inter-connector by
pressing it in place by hand and fully
seating the connector in place.

• Connect the EPC solenoid by pressing it in
place by hand and fully seating the
connector in place. Make sure that the
terminals pass fully through the connector
slots.

• Connect the TCC by pressing it in place by
hand and fully seating the connector in
place. Make sure that the terminals pass
fully through the connector slots.

• Connect the shift solenoid SSA and SSB by
pressing it in place by hand and fully
seating the connector in place. Make sure
that the terminals pass fully through the
connector slots.

62. Inspect the lead frame for damage.

• Using the special tool, check all lead frame
solenoid connections. The gauge should fit
tightly and not fall out after being inserted.

• If the special tool passes through any lead
frame connector pins or does not feel like it
makes a good contact, install a new lead
frame.
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ASSEMBLY (Continued)

64. Install the fluid filter and seal assembly. 67. Install the digital transmission range (TR)
sensor.

1 Install the digital TR sensor.

2 Loosely install the digital TR bolts.

65. Position the pan magnet onto the fluid pan.

68. NOTE: The tool is designed to fit snug.

NOTE: Manual shift lever must be in the
neutral position.

Using the special tool, align the digital TR
sensor slots.

66. NOTE: The pan gasket is reusable; clean and
inspect for damage. If not damaged, the gasket
should be reused.

Install the fluid pan and gasket.

1 Position the transmission fluid pan with the
gasket in place.

2 Install the bolts.
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ASSEMBLY (Continued)

69. CAUTION: Tightening one screw
before tightening the other may cause the
sensor to bind or become damaged.

Tighten the bolts.

73. WARNING: The torque converter can
fall out if the transmission is tipped.

CAUTION: Make sure the converter
hub is fully engaged in the front pump
support and gear and rotates freely. Do not

70. Install the manual control lever. damage the hub seal.
1 Install the manual control lever.

CAUTION: If the torque converter
2 Install the nut. slides out, the hub seal may be damaged.

Using special tools, install the torque converter.

71. Install the transmission vent tube, if equipped.

72. Lightly lubricate the converter hub with clean
automatic transmission fluid.
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ASSEMBLY (Continued)

74. Lubricate the torque converter pilot hub with
multi-purpose grease.
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INSTALLATION

Transmission

Special Tool(s)

Retainer, Torque Converter
307-346 (T97T-7902-A)

Material

Item Specification

MERCON V Automatic MERCON V
Transmission Fluid
XT-5-QM

Installation

All applications

1. Inspect the wiring harness and connectors for
damage, condition of terminals, corrosion and
seal integrity. Repair or install new as required.

Copyright  2003, Ford Motor Company
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INSTALLATION (Continued)

2. Position, then raise the transmission into the 3. Remove the special tool.
vehicle.

• WARNING: The torque converter
must be held firmly in its installed
position.

While holding the torque converter, carefully
tilt the front of the transmission downward.

• CAUTION: Do not allow the torque
converter drive flats to disengage from
the pump gear.

While continuing to hold the torque
converter raise the transmission downward.

• CAUTION: Watch for obstruction.
4. CAUTION: Use care not to damageWhile continuing to hold the torque

the flexplate and the converter pilot. Theconverter raise the transmission positioning
torque converter must rest squarely againstthe extension housing above the exhaust
the flexplate, indicating the converter pilot iscrossover pipe.
not binding in the crankshaft.

• CAUTION: Watch for clearance Align the torque converter studs with the
between the transmission and engine and mounting holes in the flexplate. Install the
the transmission and exhaust crossover transmission to the engine.
pipe.

Tilt the front of the transmission upward
until level.
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INSTALLATION (Continued)

4.6L and 5.4L engines 4.6L and 5.4L engines

5. Install and alternately tighten the torque 8. Install the access plugs.
converter housing-to-engine retaining bolts.

All applications
4.6L and 5.4L engines

9. Connect the electrical connectors and install the
6. Install four new torque converter nuts. wire harness on the transmission.

1 Connect the digital TR sensor electrical
connector.

2 Connect the OSS sensor electrical
connector.

3 Install the TSS sensor electrical connector.

7. Install the flexplate inspection plate and the
bolts. Install the rear engine plate-to-torque
converter housing retaining bolt.
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INSTALLATION (Continued)

All applications10. Connect the solenoid body connector.

13. Install the transmission support crossmember.

1 Install the transmission support
crossmember onto the retainer and insulator
studs. Install the retaining nuts hand-tight.

2 Raise the transmission, aligning the
transmission support crossmember to the
frame.

3 Install the stud brackets and the retaining
nuts.

4 Tighten the retainer and
insulator-to-crossmember retaining nuts.

11. If so equipped, install the front A/C deflector
assembly with the fasteners.

14. Remove the high-lift transmission jack.

 4.6L engines

12. Install the bracket onto the hanger and position
it to the transmission insulator and retainer.
Install the bolt.

2004 E-Series, 12/2003 



307-01B-5 307-01B-5Automatic Transmission — 4R70W/4R75W

INSTALLATION (Continued)

4.6L engines All applications

15. Connect the catalyst monitoring sensor harness 18. Install the starter motor. For additional
connectors. information, refer to Section 303-06A.

19. NOTE: The output shaft and the driveshaft are
a balanced assembly.

Install the driveshaft.

• Align the index marks and position the
driveshaft on the transmission.

• Position the driveshaft to the rear
differential.

16. Tighten the clamp.

20. NOTE: To maintain initial driveshaft balance,
align the index marks made during removal.

Install the driveshaft.

1 Install the driveshaft.

2 Install the bolts.
All applications

17. Install the exhaust heat shield-to-crossmember
retaining bolts.
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INSTALLATION (Continued)

4.6L and 5.4L engines

21. Install the shift cable and bracket.

1 Install the bolts.

2 Connect the clip.

4.6L and 5.4L engines

24. Install the bolts and position fuel line in place.

4.6L and 5.4L engines

22. NOTE: Prior to installation, check the
condition of the transmission fluid filler tube
O-ring. If damaged, install a new O-ring.

Install the fluid filler tube into the transmission.
Position the retaining brackets. Install the bolt
and nut.

All applications

25. Connect the electrical harness connectors.

All applications

23. With a drain pan correctly positioned, remove
the plugs and connect the fluid cooler tubes.

2004 E-Series, 12/2003 



307-01B-7 307-01B-7Automatic Transmission — 4R70W/4R75W

INSTALLATION (Continued)

26. Use the following guidelines for the in-line 27. Install the engine cover. For additional
transmission fluid filter: information, refer to Section 501-05.

• If the transmission was overhauled and the
28. Install the air cleaner air intake duct assembly.vehicle was equipped with an in-line fluid

For additional information, refer to Sectionfilter, install a new in-line fluid filter.
303-12.

•  If the transmission was overhauled and the
vehicle was not equipped with an in-line 29. NOTE: When the battery is disconnected and
fluid filter, install a new in-line fluid filter reconnected, some abnormal drive symptoms
kit. may occur while the vehicle relearns its

adaptive strategy. The vehicle may need to be• If the transmission is being installed for a
driven 16 km (10 miles) or more to relearn thenon-internal repair, do not install an in-line
strategy.filter or filter kit.

Connect the battery ground cable.• If installing a new or a Ford authorized
remanufactured transmission, install the

30. Fill the transmission to the specified level within-line transmission fluid filter that is
clean automatic transmission fluid.supplied.

Prior to lowering the vehicle, install a new
in-line transmission filter or a filter kit. For
additional information, refer to Transmission
Fluid In-Line Filter in this section.
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General Specifications (Continued)
SPECIFICATIONS

Item Specification
General Specifications

Transmission Fluid 18.0L (19.2 quarts)
Item Specification

Fluid Filter
Fluid

In-Line Transmission —
CAUTION: MERCON, MERCONV and Fluid Filter Kit
MERCONSP are not interchangeable transmission 2W4Z-7B155-AA
fluids.

In-Line Transmission —• Use of any fluid other than the recommended fluid
Fluid Filtermay cause transmission damage. 
2W4Z-7B155-BA• Refer to the fluid level indicator for the type of

transmission fluid required. Lubricants
• The transmission fluid should be changed every Silicone Brake Caliper ESE-M1C171-A

48,000 km (30,000 miles) regardless of normal or Grease and Dielectric
special operating conditions. Compound

Motorcraft MERCONSP XT-6-QSP XG-3 (Motorcraft WA-10)
Multi-Purpose (ATF) Multi-Purpose Grease ESB-M1C93-B
Transmission Fluid D0AZ-19584-AA
Fluid Capacity Premium Long Life ESA-M1C75-B
• The fluid capacities are approximate dry fill Grease

capacities and include the fluid coolers, fluid filter
and fluid cooler tubes. 

• Fluid should be checked with the vehicle on a level
surface and at normal operating temperature.

Band, Clutch, Solenoid, Application Chart (A)

Range
Selector Line SSPC-A

Lever Engine Pressure Forward Coast Coast
Position Gear Braking PC-A (I) Clutch Clutch Clutch (I)

P P — HP/LA (a) — — LP/HA

N N — HP/LA (a) — — LP/HA

R R — HP/LA (a) — A HP/LA

OD 1 — HP/LA (a) A — LP/HA

OD 2 — HP/LA (a) A — LP/HA

OD 3 — HP/LA (a) A — LP/HA

OD 4 (b) Yes HP/LA (a) A — LP/HA

OD 5 — HP/LA (a) A — LP/HA

OD 6 Yes HP/LA (a) A — LP/HA

(a) PCM Calibration Controlled

(b) Cold Strategy

HP = High Pressure

LP = Low Pressure

HA = High Current

LA = Low Current

A = Applied

(I) Inversely Proportional

Copyright  2003, Ford Motor Company
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SPECIFICATIONS (Continued)

Band, Clutch, Solenoid, Application Chart (B)

Range
Selector Lever SSPC-B OD SSPC-C Int.

Position Gear OD Clutch Clutch (D) Int. Clutch Clutch (D)

P P — LP/LA — LP/LA

N N — LP/LA — LP/LA

R R — LP/LA — LP/LA

OD 1 — LP/LA — LP/LA

OD 2 A HP/HA — LP/LA

OD 3 — LP/LA A HP/HA

OD 4 (a) A HP/HA A HP/HA

OD 5 — LP/LA — LP/LA

OD 6 A HP/HA — LP/LA

(a) Cold Strategy

HP = High Pressure

LP = Low Pressure

HA = High Current

LA = Low Current

A = Applied

(D) Directly Proportional

Band, Clutch, Solenoid, Application Chart (C)

Range SSPC-E Low
Selector Lever SSPC-D Direct Low Reverse Reverse

Position Gear Direct Clutch Clutch (I) Clutch Clutch (D)

P P — LP/HA A (a) (c) (a)

N N — LP/HA A (a) (c) (a)

R R A (d) LP/HA (d) A (a) HP/HA (a)

OD 1 — LP/HA A (a) (c) (a)

OD 2 — LP/HA — LP/LA

OD 3 — LP/HA — LP/LA

OD 4 (b) — LP/HA — LP/LA

OD 5 A HP/LA — LP/LA

OD 6 A HP/LA — LP/LA
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SPECIFICATIONS (Continued)

(a) PCM Calibration Controlled

(b) Cold Strategy

(c) 207 kPa (30 psi) until mph reaches 5 km/h (3 mph)

(d) Clutch Applied Through Manual Valve Position

HP = High Pressure

LP = Low Pressure

HA = High Current

LA = Low Current

A = Applied

(D) = Directly Proportional

(I) Inversely Proportional

Band, Clutch, Solenoid, Application Chart (D)

Range Selector TCC Torque
Lever Position Gear Converter (D) OD OWC L/R OWC

P P LP/LA X X

N N LP/LA X X

R R LP/LA X —

OD 1 (a) X X

OD 2 (a) O/R X

OD 3 (a) X O/R

OD 4 (b) (a) O/R O/R

OD 5 (a) X O/R

OD 6 (a) O/R O/R

(a) PCM Calibration Controlled

(b) Cold Strategy

O/R = Overrunning

LP = Low Pressure

LA = Low Current

X = Holding

(D) = Directly Proportional

Band, Clutch, Solenoid, Application Chart (E)

Range
Selector Line SSPC-A

Lever Engine Pressure Forward Coast Coast
Position Gear Braking PC-A (I) Clutch Clutch Clutch (I)

P P — HP/LA (a) — — LP/HA

N N — HP/LA (a) — — LP/HA

R R — HP/LA (a) — A HP/LA

OD OFF 1 Yes HP/LA (a) A A HP/LA

OD OFF 2 Yes HP/LA (a) A — LP/HA

OD OFF 3 Yes HP/LA (a) A A HP/LA

OD OFF 4 (b) Yes HP/LA (a) A — LP/HA
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SPECIFICATIONS (Continued)

Band, Clutch, Solenoid, Application Chart (E) (Continued)

Range
Selector Line SSPC-A

Lever Engine Pressure Forward Coast Coast
Position Gear Braking PC-A (I) Clutch Clutch Clutch (I)

OD OFF 5 Yes HP/LA (a) A A HP/LA

OD OFF 6 Yes HP/LA (a) A — LP/HA

(a) PCM Calibration Controlled

(b) Cold Strategy

HP = High Pressure

LP = Low Pressure

HA = High Current

LA = Low Current

A = Applied

(I) Inversely Proportional

Band, Clutch, Solenoid, Application Chart (F)

Range
Selector Lever SSPC-B OD SSPC-C Int.

Position Gear OD Clutch Clutch (D) Int. Clutch Clutch (D)

P P — LP/LA — LP/LA

N N — LP/LA — LP/LA

R R — LP/LA — LP/LA

OD OFF 1 — LP/LA — LP/LA

OD OFF 2 A HP/HA — LP/LA

OD OFF 3 — LP/LA A HP/HA

OD OFF 4 (a) A HP/HA A HP/HA

OD OFF 5 — LP/LA — LP/LA

OD ON 6 A HP/HA — LP/LA

(a) Cold Strategy

HP = High Pressure

LP = Low Pressure

HA = High Current

LA = Low Current

A = Applied

(D) Directly Proportional

Band, Clutch, Solenoid, Application Chart (G)

Range SSPC-E Low
Selector Lever SSPC-D Direct Low Reverse Reverse

Position Gear Direct Clutch Clutch (I) Clutch Clutch (D)

P P — LP/HA A (a) (c) (a)

N N — LP/HA A (a) (c) (a)

R R A (d) LP/HA (d) A (a) HP/HA (a)

OD OFF 1 — LP/HA A (a) (a)
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SPECIFICATIONS (Continued)

Band, Clutch, Solenoid, Application Chart (G) (Continued)

Range SSPC-E Low
Selector Lever SSPC-D Direct Low Reverse Reverse

Position Gear Direct Clutch Clutch (I) Clutch Clutch (D)

OD OFF 2 — LP/HA A (a) HP/HA

OD OFF 3 — LP/HA — LP/LA

OD OFF 4 (b) — LP/HA — LP/LA

OD OFF 5 A HP/LA — LP/LA

OD ON 6 A HP/LA — LP/LA

(a) PCM Calibration Controlled

(b) Cold Strategy

(c) 207 kPa (30 psi) Until mph Reaches 5 km/h (3 mph)

(d) Clutch Applied Through Manual Valve Position

HP = High Pressure

LP = Low Pressure

HA = High Current

LA = Low Current

A = Applied

(D) = Directly Proportional

(I) Inversely Proportional

Band, Clutch, Solenoid, Application Chart (H)

Range Selector TCC Torque
Lever Position Gear Converter (D) OD OWC L/R OWC

P P LP/LA X X

N N LP/LA X X

R R LP/LA X —

OD OFF 1 (a) X X

OD OFF 2 (a) O/R X

OD OFF 3 (a) X O/R

OD OFF 4 (b) (a) O/R O/R

OD OFF 5 (a) X O/R

OD OFF 6 (a) O/R O/R

(a) PCM Calibration Controlled

(b) Cold Strategy

O/R = Overrunning

LP = Low Pressure

LA = Low Current

X = Holding

(D) = Directly Proportional
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SPECIFICATIONS (Continued)

Band, Clutch, Solenoid, Application Chart (I)

Range
Selector Line SSPC-A

Lever Engine Pressure Forward Coast Coast
Position Gear Braking PC-A (I) Clutch Clutch Clutch (I)

Manual Third 3 Yes HP/LA (a) A A HP/LA

Manual 2 Yes HP/LA (a) A — LP/HA
Second

Manual First 1 Yes HP/LA (a) A A HP/LA

(a) PCM Calibration Controlled

HP = High Pressure

LA = Low Current

LP = Low Pressure

HA= High Current

A = Applied

(I) Inversely Proportional

Band, Clutch, Solenoid, Application Chart (J)

Range
Selector Lever SSPC-B OD SSPC-C Int.

Position Gear OD Clutch Clutch (D) Int. Clutch Clutch (D)

Manual Third 3 — LP/LA A HP/HA

Manual Second 2 A HP/HA — LP/LA

Manual First 1 — LP/LA — LP/LA

(a) PCM Calibration Controlled

HP = High Pressure

LP = Low Pressure

HA = High Current

LA = Low Current

A = Applied

(D) Directly Proportional

Band, Clutch, Solenoid, Application Chart (K)

Range SSPC-E Low
Selector Lever SSPC-D Direct Low Reverse Reverse

Position Gear Direct Clutch Clutch (I) Clutch Clutch (D)

Manual Third 3 — LP/HA — LP/LA

Manual Second 2 — LP/HA A HP/HA

Manual First 1 — LP/HA A HP/HA

HP = High Pressure

LP = Low Pressure

HA = High Current

LA = Low Current

A = Applied

(D) = Directly Proportional

(I) Inversely Proportional
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SPECIFICATIONS (Continued)

Band, Clutch, Solenoid, Application Chart (L)

Range Selector TCC Torque
Lever Position Gear Converter (D) OD OWC L/R OWC

Manual Third 3 (a) X O/R

Manual Second 2 (a) X O/R

Manual First 1 (a) X X

(a) PCM Calibration Controlled

O/R = Overrunning

X = Holding

(D) = Directly Proportional

Pressure Chart A

NOTE: Actual and Commanded pressures will vary based on calibration and transmission
adaptive strategies. All pressures listed are approximate.

Commanded (a) — PC A pressure kPa
Line Pressure — kPa (psi) (psi)

Idle Speed WOT Stall Idle Speed WOT StallGear

P, N 345 (50) — 172 (25) —

R 758 (110) 1,930 (280) 448 (65) 1,275 (185)

(D) 620 (90) 1,668 (242) 414 (60) 1,069 (155)

3 655 (95) 1,620 (235) 414 (60) 1,034 (150)

2 586 (85) 1,310 (190) 345 (50) 827 (120)

1 586 (85) 1,620 (235) 345 (50) 1,034 (150)

(a) = commanded pressure as viewed on diagnostic
equipment.

Pressure Chart B

NOTE: Actual and Commanded pressures will vary based on calibration and transmission
adaptive strategies. All pressures listed are approximate.

Commanded (a) — SSPC-A pressure Commanded (a) — SSPC-B pressure
kPa (psi) kPa (psi)

Idle Speed WOT Stall Idle Speed WOT StallGear

P, N 0 — 0 —

R 745 (108) 1,848 (268) 0 0

(D) 0 0 0 0

3 572 (83) 1,551 (225) 0 0

2 0 0 586 (85) 1,241 (180)

1 572 (83) 1,551 (225) 0 0

(a) = commanded pressure as viewed on diagnostic
equipment.
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SPECIFICATIONS (Continued)

Pressure Chart C

NOTE: Actual and Commanded pressures will vary based on calibration and transmission
adaptive strategies. All pressures listed are approximate.

Commanded (a) — SSPC-C pressure Commanded (a) — SSPC-D pressure
kPa (psi) kPa (psi)

Idle Speed WOT Stall Idle Speed WOT StallGear

P, N 0 — 0 —

R 0 0 0 (b) 0 (b)

(D) 0 0 0 0

3 689 (100) 1,551 (225) 0 0

2 0 0 0 0

1 0 0 0 0

(a) = commanded pressure as viewed on diagnostic
equipment.

(b) = SSPC-D commanded pressure as viewed on
diagnostic equipment will be zero. The manual valve
controls pressure to the direct clutch in the R detent
position.

Pressure Chart D

NOTE: Actual and Commanded pressures will vary based on calibration and transmission
adaptive strategies. All pressures listed are approximate.

Commanded (a) — SSPC-E pressure kPa (psi)

Idle Speed WOT StallGear

P, N 207 (30) —

R 745 (108) 1,848 (268)

(D) 207 (30) 0

3 0 0

2 586 (85) 1,241 (180)

1 572 (83) 1,551 (225)

Stall Speed Chart(a) = commanded pressure as viewed on diagnostic
equipment.

Engine Min. Max.

6.0L Diesel 1,977 2,277

 Shift Speeds

NOTE: All shift speeds are for overdrive position.

Throttle Position (D)Position Shift MPH Km/H

Closed 6-5 23-28 37-45

5-3 16-19 26-31

3-1 6-7 10-11

Minimum 1-2 9-10 14-17

Throttle 2-3 13-15 20-24

APP3 Voltage 3-4 (a) 19-23 30-36

1.6 Volts 3-5 19-23 30-36
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SPECIFICATIONS (Continued)

 Shift Speeds (Continued)

Throttle Position (D)Position Shift MPH Km/H

4-6 (a) 26-31 41-50

5-6 26-31 41-50

Wide Open 1-2 23-27 37-44

2-3 32-39 52-63

3-4 (a) 45-55 73-89

3-5 45-55 73-89

4-6 (a) 72-87 117-140

5-6 72-87 117-140

(a) indicates cold strategy

Forward Clutch Pack

Selective Snap RingsClearance mm
Part Number Thickness mm (Inch)Clutch Steel Friction (Inch)

All 4 4 1.65-1.15 3C3P-7G367-FA 3.22-3.12 (0.127-0.123)
(0.065-0.045) 3C3P-7G367-GA  2.92-2.82 (0.115-0.111)

3C3P-7G367-HA  2.61-2.51 (0.103-0.099)
 3C3P-7G367-JA  2.30-2.20 (0.091-0.087)
3C3P-7G367-KA  2.00-1.90 (0.079-0.075)

Direct Clutch Pack

Selective Snap RingsClearance mm
Part Number Thickness mm (Inch)Application Steel Friction (Inch)

All 4 4 1.2-0.16 (0.05-0.03) 377444-S 2.44-2.34 (0.096-0.092)
 377128-S  2.21-2.11 (0.087-0.083)
 377127-S  1.98-1.88 (0.078-0.074)
 377126-S  1.75-1.65 (0.069-0.065)
 377437-S  1.52-1.42 (0.060-0.056)

Intermediate Clutch Pack

Selective Snap RingsClearance mm
Part Number Thickness mm (Inch)Application Steel Friction (Inch)

All 3 3 1.81-0.88 — —
(0.071-0.035)

Coast Clutch Pack

Selective Snap RingsClearance mm
Part Number Thickness mm (Inch)Application Steel Friction (Inch)

All 3 3 1.71-0.81 3C3P-7N169-AF 1.65-1.55 (0.065-0.061)
(0.067-0.032)
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SPECIFICATIONS (Continued)

Reverse Clutch Pack

Selective Snap RingsClearance mm
Part Number Thickness mm (Inch)Application Steel Friction (Inch)

All 6 6 3.01-1.81 N805207-S 1.88-1.98 (0.074-0.078)
(0.119-0.071)

Overdrive Clutch Pack

Selective Snap RingsClearance mm
Part Number Thickness mm (Inch)Application Steel Friction (Inch)

All 3 3 1.79-0.78 E9TP-7B421-CA 2.6-2.5 (0.102-0.098)
(0.070-0.031)  2.05-1.95 (0.081-0.077)

Torque Specifications (Continued)Gear Ratio

1st 3.09 to 1 Description Nm lb-ft lb-in
2nd 2.2 to 1 Parking pawl 25 18 —

abutment-to-case3rd 1.538 to 1
Pump body-to-case 27 20 —4th 1.096 to 1
Power take off 41 30 —5th 1 to 1
plate-to-case

6th 0.712 to 1
Solenoid body and 10 — 89

Reverse 2.88 to 1 ditch plate-to-case

Transmission range 10 — 89
sensor-to-caseTorque Specifications
Output shaft speed 9 — 80

Description Nm lb-ft lb-in (OSS) sensor
Center support fluid 33 24 — Turbine shaft speed 9 — 80
feed bolts (TSS) and intermediate
Front support-to-fluid 29 21 — shaft speed sensor
pump Transmission fluid 40 30 —
Coast clutch 25a 18 a — cooler tube nut (case)
hub-to-overdrive carrier Transmission fluid 50 37 —
Cooler line 48 35 — remote filter housing
fitting-to-case Transmission flexplate 35 26 —
Extension housing fill 20 15 — cover
plug Torque 35 26 —
Extension 47 35 — converter-to-flexplate
housing-to-case nut

Parking rod guide 25 18 — Output shaft flange bolt 150 110 —
plate-to-case Shift cable bracket 25 18 —
Line pressure 12 9 — Remote fluid filter to 25 18 —
plug-to-case case bracket
Solenoid body-to-case 10 — 89 Oil filter housing to 25 18 —
Fluid pan drain plug 18 13 — bracket

Transmission 15 11 — Transmission to engine 47 35 —
pan-to-case Fill tube to engine 10 — 89
Output shaft retaining 200 148 —
nut
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SPECIFICATIONS (Continued)

Torque Specifications (Continued)

Description Nm lb-ft lb-in

Transmission rear 94 69 —
mount

Transmission support 81 60 —
crossmember to frame

a Plus 90 degrees.

2004 E-Series, 12/2003 



307-01C-1 307-01C-1Automatic Transmission — TorqShift

DESCRIPTION AND OPERATION

Transmission Description
The transmission features include:

• Six speed

• Fully automatic

• Direct electronic shift control.

• Optional power take-off

The main operating components include:

• A torque converter clutch

• Six multiple-disc friction clutches

• Two mechanical diode one-way clutches (OWC)

• Three planetary gear sets

Copyright  2003, Ford Motor Company
Last updated: 4/8/2005 2004 E-Series, 12/2003 
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DESCRIPTION AND OPERATION
Item DescriptionIdentification Tags

1 Assembly part number prefix and suffixAn identification tag is located on the left side of
2 Transmission modelthe transmission, rearward of the manual control

lever. 3 Serial number

4 Build date (year, month and day)

Copyright  2003, Ford Motor Company
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DESCRIPTION AND OPERATION
Overdrive OFF (Cancelled) (Not shown onRange Selection
display) (6.0L engine)

The transmission has 7 range positions: P, R, N,
Overdrive OFF mode is activated by pressing the(D), 3, 2 and 1.
transmission control (TC) switch at the end of the
selector lever while the vehicle is in the (D)
position.

The OVERDRIVE cancelled mode provides:

• automatic shifts 1st through 5th gears.

• traction and engine braking.

• additional power while towing or hauling heavy
loads.

Tow/Haul (6.8L and 5.4L engines)

The tow/haul feature was designed to assist the
driver when towing a trailer or a heavy load. All
transmission gear ranges, including all 5 forwardPark
gears, are available when using the tow/haul feature.

In the PARK position:
The tow/haul function is activated and deactivated

• there is no powerflow through the transmission. through a switch located on the end of the selector
lever. The indicator light that is located at the end• the parking pawl locks the output shaft to the
of the selector lever will illuminate when thecase.
tow/haul feature is activated and will  go off when

• the engine can be started. deactivated. On some models, the indicator light is
• the ignition key can be removed. located on the instrument panel.

With tow/haul activated, the transmission will haveReverse
the following features:

In the REVERSE position:
• Shifts will occur at higher vehicle speeds for a

• the vehicle can be operated in a rearward given accelerator pedal position to improve
direction, at a reduced gear ratio. vehicle acceleration, reduce excessive shifting and

increase the coast braking capability.Neutral
• The torque converter will lock up at lower vehicleIn the NEUTRAL position:

speeds than normal with a given accelerator pedal
• there is no powerflow through the transmission. position to improve transmission cooling and

efficiency.• the output shaft is not held and is free to turn.
• Upshifts are temporarily delayed while decreasing• the engine can be started.

accelerator position during hill cresting to reduce
Overdrive excessive transmission shifting and to prepare for

a possible grade braking downshift event.Overdrive is the normal position for most forward
driving. • Engine braking is provided in all forward gears

without the requirement of moving the selectorThe OVERDRIVE position provides:
lever.

• automatic shifts 1st through 6th gears.
• Manual 1, 2 or 3 will still be available.

• apply and release of the torque converter clutch.

• maximum fuel economy during normal operation.

Copyright  2003, Ford Motor Company
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DESCRIPTION AND OPERATION (Continued)

Second Position — 2nd Gear• Grade braking downshift feature provides
increased coast braking automatically to assist the If this position is selected at higher speeds, the
driver in maintaining the desired speed while transmission will downshift into a lower gear, and
descending a grade. This reduces duty cycle on will downshift into 2nd gear after the vehicle
the brake system and increases brake pad decelerates to the correct speed. The transmission
longevity. will not downshift if it will cause an  engine over

speed condition.• Grade braking downshifts are automatically
commanded when: This position provides:
— positive vehicle acceleration is sensed (natural • second gear start and hold.

acceleration from grade descent).
• improved traction and engine braking on slippery

— a near zero accelerator pedal position is roads.
obtained.

First Position — Manual Low Gear— a minimum amount of time has expired since
the last grade braking downshift. If this position is selected at higher speeds, the

transmission will downshift into a lower gear, and• Grade braking downshift mode is immediately
will downshift into 1st gear after the vehicleexited should the tow/haul mode be deactivated or
decelerates to the correct speed. The transmissionif the accelerator pedal is depressed beyond a
will not downshift if it will cause an  engineminimum threshold.
over-speed condition.

Third Position — 3rd Gear This position provides:
This position provides:

• first gear operation only.
• third gear start and hold. • engine braking for descending steep grades.
• improved traction and engine braking on slippery

roads.
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DESCRIPTION AND OPERATION
DownshiftsShift Patterns
Under certain conditions the transmission willThis vehicle is equipped with adaptive shift strategy.
downshift automatically to a lower gear rangeWhenever the battery has been disconnected for any
(without moving the transmission range selectortype of service or repair, the strategy parameters
lever). There are 4 categories of automaticthat are stored in keep alive memory (KAM) will be
downshifts; Coastdown, Torque Demand, Forced orlost. The strategy will start or  relearn once the
Kickdown  shifts and grade braking.battery is reconnected and the vehicle is driven.

This is a temporary condition and normal operating Coastdown
mode will be resumed once the powertrain control

The coastdown downshift occurs when the vehiclemodule (PCM) relearns all the parameters from the
is coasting down to a stop.driving conditions. There is no  set time frame for

this process. Torque Demand
The customer needs to be notified that they may The torque demand downshift occurs (automatically)
experience slightly firm shifts, delayed or early during part throttle acceleration when the demand
shifts. This operation is considered normal and will for torque is greater than the engine can provide at
not affect the function or durability of the that gear ratio.
transmission. As the PCM relearns, this  temporary
condition will be replaced by normal operating Kickdown
condition. For maximum acceleration, the driver can force a

downshift by pressing the accelerator pedal to theUpshifts
floor. A forced downshift into a lower gear is

Transmission upshifting is controlled by the possible below calibrated speeds. Specifications for
powertrain control module (PCM). The PCM downshift speeds are subject to variations  due to
receives inputs from various engine or vehicle tire size, engine and transmission calibration
sensors and driver demands to control shift requirements.
scheduling, shift feel and torque converter clutch
(TCC) operation.
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DESCRIPTION AND OPERATION

Disassembled Views
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DESCRIPTION AND OPERATION (Continued)

Transmission, Disassembled View
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DESCRIPTION AND OPERATION (Continued)

Transmission, Disassembled View
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DESCRIPTION AND OPERATION (Continued)

Item Part Number Description Item Part Number Description

29 W708120-S300 Bolt — coast clutch hub (41 6441 Flexplate-to-torque converter
req’d)nut

30 7H501 Hub assembly — input coast2 7902 Torque converter assembly
clutch(model dependent)

31 7B446 Gear assembly — overdrive3 7017 Shaft — input
planetary4 7L323 Seal — stator support

32 7F240 Bearing and race assembly —5 7A248 Seal — front pump support
direct clutch No. 4B

6 7A248 Seal — front pump
33 7A153 Gear — overdrive ring

7 7N134 Bolt — M8 x 70 hex flange
34 7A658 Shaft — overdrive centerhead
35 7G375 Ring — center support8 7A103 Pump assembly — front

retaining
9 N606042-S2 Bolt — M8 x 1.25 x 45 —

36 7G178 Bearing and race assembly —front pump
sun gear thrust No. 5B

10 7D014 Washer — front pump
37 7D483 Ring — overdrive ring gearsupport No. 1T

retaining
11 7A136 Gasket — front pump

38 7A130 Support assembly — center
12 7G402 Seal — coast clutch (2 req’d)

39 7D376 Forward clutch orifice
13 7C096 Race and bearing assembly

40 7N134 Bolt — M12 x 1.75 x 31 hex— sun gear thrust No. 2B
flange head (2 req’d)and 3B

41 7D025 Seals — Teflon14 7A262 Piston — overdrive clutch
42 7L326 Washer — center support15 7F222 Spring — overdrive clutch

thrust No. 6Tpiston return
43 7E005 Piston — intermediate clutch16 7B164 Plate — overdrive clutch
44 7F222 Support and spring assemblyinternal spline — friction

— intermediate clutch17 7B442 Plate — overdrive clutch
45 7D483 Ring — intermediate clutchexternal spline — steel

spring18 7B066 Plate — overdrive clutch
46 7B164 Plate — intermediate clutchpressure

internal spline (friction)19 7D483 Ring — overdrive clutch
47 7B442 Plate — intermediate clutchpress plate retaining

external spline (steel)20 7G387 Cylinder and bushing
48 7B066 Plate — intermediate clutchassembly — coast clutch

pressure21 7A262 Piston — coast clutch
49 7F283 Cylinder and hub assembly22 7G299 Spring — coast clutch return

— direct clutch
23 7A527 Ring — coast clutch spring

50 7A262 Piston assembly — directretaining
clutch

24 7B164 Plate — coast clutch internal
51 7B070 Spring — direct clutch pistonspline — friction (model

returndependent)
52 7H359 Piston — direct clutch25 7B442 Plate — coast clutch external

balancespline — steel (model
53 7C122 Ring — direct clutch balancedependent)

piston retaining26 7A089 Clutch assembly — coast
54 7B164 Plate — direct clutch internalone-way

spline — friction27 7D063 Gear — overdrive sun
55 7B442 Plate — direct clutch external28 7A577 Ring — 172.5 retainer

spline — steelinternal style No. 2
56 7B066 Plate — direct clutch pressure(Continued)

(Continued)
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DESCRIPTION AND OPERATION (Continued)

Item Part Number Description Item Part Number Description

57 377127-S Ring — direct clutch plate 84 7B164 Plate — reverse clutch
retaining (selective fit) internal spline — friction

58 7C096 Washer — intermediate brake 85 7B442 Plate — reverse clutch
thrust No. 7T external spline — steel

59 7F374 Bearing assembly — 86 7A166 Washer — planet carrier
intermediate clutch No. 8B thrust No. 13T/14T

60 7D019 Seal — forward clutch 87 7D006 Planet assembly — reverse
cylinder (2 req’d) 88 7A153 Gear — output shaft ring

61 7A360 Cylinder assembly — forward 89 7D164 Hub — output shaft ring gear
clutch

90 7G375 Ring — retaining (reverse
62 7A262 Piston assembly — forward ring gear)

clutch
91 7G178 Bearing and race assembly

63 7B070 Spring — forward clutch No. 16B
piston return

92 7D483 Ring — reverse clutch spring
64 7H360 Piston assembly — forward retaining

clutch balance
93 7D406 Retainer and spring assembly

65 7H365 Ring — forward clutch — reverse clutch
balance piston retaining

94 7D402 Piston — reverse clutch
66 7B070 Spring — forward clutch

95 7D019 Seal — Tefloncushion
96 7R411 Seal assembly — intermediate67 7B164 Plate — forward clutch

brake druminternal spline — friction
97 7A020 Indicator — fluid level68 7D483 Ring — forward clutch plate

retaining (selective fit) 98 7A228 Tube assembly — fluid fill

69 7D090 Washer — forward clutch 99 391308-S O-ring
hub thrust No. 9T 100 7A160 Tube — fluid inlet short

70 377132-S Ring — retaining (forward 101 7005 Case assembly
ring gear)

102 7034 Vent assembly — case
71 7D234 Bearing and race assembly —

103 7D273 Cooler line — case fittingsun gear thrust No. 10B, 12B,
15B 104 W708418-S300 O-ring — cooler connector

72 7B067 Hub and bushing assembly — 105 7Z101 O-ring — sensor
forward ring gear

106 7M101 Sensor — turbine shaft speed
73 7D392 Gear — forward ring (TSS)
74 7A166 Bearing and race assembly — 107 N805503-S100 Bolt — M6 x 1 x 15.2

forward carrier No. 11B
108 7J122 Valve — air bleed check

75 7A398 Planet assembly — forward
109 7025 Snubber — output shaft

76 7L339 Lube dam — forward carrier
110 7E380 Plug — case oil filler

77 7D063 Gear assembly —
111 7B368 Bearing assembly — parkingforward/reverse sun

gear needle thrust (slip yoke)
78 7D064 Shell — input No. 17B
79 7L270 Ring — forward/reverse sun 112 7A233 Gear — output shaft parking

shell retaining
113 378259-S Plug cup

80 7C167 Spacer — sun gear shell
114 7060 Shaft — output (slip yoke)

81 7A019 Shell and sun gear assembly
115 7086 Gasket — extension housing

82 7D483 Ring — reverse clutch
116 7A039 Extension assembly — slippressure plate — retaining

yoke
83 7A089 Clutch assembly — low one

117 7Z101 O-ring — output shaft speedway
sensor

(Continued)
(Continued)
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DESCRIPTION AND OPERATION (Continued)

Item Part Number Description Item Part Number Description

118 7H103 Sensor — output shaft 147 7G100 Pin — shaft retaining

119 N811294-S36 Stud — M6 x 1 1-M10 x 148 7B498 Seal — manual lever
1.563 extension housing 149 7B210 Roll pin — manual control

120 N606569-S36 Bolt — M10 x 1.5 x 93.5 lever to case
extension housing 150 390685-S Plug — line pressure

121 N605803-S36 Bolt — M10 x 1.5 x 40 151 7Z302 Seal — filter
extension housing

152 7A098 Filter and seal assembly
122 7A292 Seal — output shaft spline

153 7A191 Gasket — fluid pan
123 7052 Seal assembly — extension

154 7A194 Fluid panhousing (4x2)
155 7L027 Ceramic magnet — fluid pan124 7B368 Washer — parking gear thrust

fixed yoke No. 17T 156 6730 Plug — fluid pan drain

125 7060 Shaft — output fixed yoke 157 N811266-S36 Bolt — fluid pan

126 7A039 Extension assembly — fixed 158 7J149 O-ring — bulkhead connector
yoke 159 7C155 Gasket — control valve body

127 7052 Seal assembly — extension 160 — Ditch plate
housing (4x4)

161 7H200 Gasket — filter plate
128 7085 Retainer assembly —

162 — Manifold bodytransmission output shaft
163 7E335 W-clip — pressure switch129 4K177 Flange — drive shaft (4x4)
164 — Plug — direct clutch plug130 7N134 Bolt — M12 x 55 drive

flange 165 7H141 Sensor — Transmission fluid
temperature (TFT)131 7223 PTO — cover gasket

166 7H038 Gasket — backing plate132 7222 PTO — case cover
167 — Backing plate133 N605799-S101 Bolt — M10 1.5 x 24 hex

flange head 168 7D376 Valve — manual
134 N805232-S Screw and washer — M8 x 169 W500100-S300 Bolt — M6 x 1 x 30 hex

1.25 x 23.5 hex (2 req’d) head (5 req’d)
135 7D419 Plate — parking rod guide 170 W300512 Bolt — M6 x 15.2 solenoid

backing plate-to-ditch plate (5136 7D070 Spring — parking pawl return
req’d)

137 7D071 Pin — 0.5 x 1.91 dowel
171 W300513 Bolt — M6 x 27.5 solenoidground hardened

manifold-to-ditch plate (3
138 7A441 Pawl — parking req’d)
139 N805261-S191 Screw — M8 x 1.25 x 25 172 N805326-S Bolt — M6 x 1.0 x 42.5 hex

pan head flange head (3 req’d)
140 7G101 Abutment — parking pawl 173 W300511 Bolt — M6 x 55 solenoid
141 372552-S2 Spring nut manifold-to-ditch plate (1

req’d)142 7B148 Tag — transmission service
identification 174 W708500 Bolt — M6 x 68 hex flange

(13 req’d)143 7A232 Rod assembly — parking
pawl actuating 175 7G383 Solenoid — line pressure

(VFS)144 7A256 Lever assembly — manual
control (model dependent) 176 7J136 Solenoid — directly

proportional (VFS) (4 req’d)145 7H557 Transmission range detent
assembly 177 7J136 Solenoid — inversely

proportional (VFS) (2 req’d)146 N805503-S Bolt — M6 x 1.0 x 15.2 hex
flange head transmission 178 7J137 E-clip — VFS (7 req’d)
range 179 7G276 Wiring harness

(Continued)
(Continued)
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DESCRIPTION AND OPERATION (Continued)

Item Part Number Description Item Part Number Description

180 — Bolt — T25 holds wire 185 — Forward clutch assembly
harness to manifold (2 req’d) 186 — Reverse clutch assembly

181 — Overdrive clutch assembly 187 — Extension housing 4x2 (slip
182 — Coast clutch assembly yoke)

182 — Intermediate clutch assembly 188 — Extension housing 4x4 (fixed
yoke)184 — Direct clutch assembly

(Continued)
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DESCRIPTION AND OPERATION

Bushings, Bearing and Thrust Washer
Locator

Bushings, Bearing and Thrust Washer Locator

Item Part Number Description Item Part Number Description

10 7D090 Forward clutch hub thrust1 7D014 Front pump support washer
washer No. 9TNo. 1T

11 7H334 Forward carrier bearing and2 7C096 Sun gear thrust bearing and
race assembly No 11Brace assembly No. 2B and 3B

12 7D234 Sun gear thrust bearing and3 7E486 Part of the overdrive carrier
race assembly No 10B, 12B,(7E031)
15B4 7F240 Direct clutch bearing and race

13 7L339 Forward carrier lube damassembly No. 4B

14 7A166 Planetary carrier thrust5 7G178 Sun gear thrust bearing and
washerrace assembly No 5B

15 7D234 Sun gear thrust bearing and6 7L326 Center support thrust washer
race assembly No 10B, 12B,7 7F374 Intermediate clutch thrust
15Bbearing No. 8B

16 7G178 Bearing and race assembly8 7C096 Intermediate brake thrust
No. 16Bwasher

17 7B368 Park gear thrust washer (fixed9 7D234 Sun gear thrust bearing and
yoke)race assembly No 10B, 12B,

18 7B368 Park gear thrust bearing (slip15B
yoke)(Continued)
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DESCRIPTION AND OPERATION

Seals, Rings and Gasket Locator

Seals, Rings and Gasket Locator

Item Part Number Description Item Part Number Description

16 7D019 Case seal pack Teflon seals1 7L323 Stator support seal

17 N805503-S100 Sensor-to-case retaining bolt2 7A248 Front pump support seal
assembly 18 7Z101 Output shaft speed (OSS)

sensor O-ring3 7N134 Pump-to-case bolts

19 7052 Fixed yoke extension housing4 7A248 Front pump seal-to-case
seal5 7A136 Front pump-to-case gasket

20 7052 Slip yoke extension housing6 7A262 Overdrive clutch piston
seal

7 7A262 Coast clutch piston
21 7086 Extension housing-to-case

8 N805503-S100 Sensor-to-case retaining bolt gasket
9 7Z101 Turbine shaft speed (TSS) 22 7D019 Forward clutch piston

and intermediate shaft speed Teflon seals
sensor O-ring

23 7B498 Manual lever-to-case
10 7E005 Intermediate clutch piston

24 7C155 Solenoid body to case gasket
11 7G262 Direct clutch piston

25 6730 Transmission fluid pan drain
12 7H359 Direct clutch balance piston plug
13 7G262 Forward clutch piston 26 7H200 Manifold-to-ditch plate filter

and gasket14 7H360 Forward clutch balance piston
27 7G402 Coast clutch Teflon seals15 7D402 Reverse clutch piston

(Continued)(Continued)
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DESCRIPTION AND OPERATION (Continued)

Item Part Number Description Item Part Number Description

28 7A191 Transmission fluid 31 7J149 Solenoid body bulkhead
pan-to-case gasket electrical connector

29 7Z302 Transmission fluid 32 390685-S Line pressure pipe plug
filter-to-case seal 33 W708418-S300 Cooler line connector O-ring

30 7223 Power take off (PTO) cover 34 391308-S Fluid fill tube-to-stub seal
gasket

(Continued)
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DESCRIPTION AND OPERATION

Main Components and Functions

Automatic Transmission — Sectional View

Item Part Number Description Item Part Number Description

10 7A398 Forward planet assembly1 7902 Torque converter

11 — Reverse clutch assembly2 7A103 Pump assembly

12 7D006 Reverse planet assembly3 — Overdrive clutch assembly

13 7H103 Output shaft speed (OSS)4 — Coast clutch assembly
sensor5 7M101 Turbine shaft speed (TSS)

14 7060 Output shaft assemblyintermediate shaft speed
sensor 15 7A089 Low/reverse mechanical diode

one-way clutch (OWC)6 7B446 Overdrive planet assembly

16 7A658 Center shaft assembly7 — Intermediate clutch assembly

17 7A089 Coast mechanical diode/OWC8 — Direct clutch assembly

18 7017 Input shaft9 — Forward clutch assembly
(Continued)
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DESCRIPTION AND OPERATION

Torque Converter
The torque converter transmits and multiplies
torque. The torque converter is a device which
includes four elements:

• The impeller assembly

• The turbine assembly

• The reactor assembly

• The clutch and damper assembly

The standard torque converter components operate
as follows:

• Rotation of the converter housing and impeller set
the fluid in motion.

• The turbine reacts to the fluid motion from the
impeller, transferring rotation to the geartrain
through the input shaft.

• The reactor redirects fluid going back into the
impeller, providing for torque multiplication.

• The clutch and damper assembly dampens
powertrain torsional vibration and provides a
direct mechanical connection for improved
efficiency.

• Power is transmitted from the torque converter to
the planetary gearsets and other components Item Part Number Description
through the input shaft. 1 — Converter clutch and damper

(part of 7902)

2 — Reactor (part of 7902)

3 — Turbine (part of 7902)

4 — Impeller (part of 7902)

5 — Fluid motion

6 — Transmission input rotation

7 — Input shaft

8 — Engine rotation
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DESCRIPTION AND OPERATION

The OD clutch piston has bonded lip seals. It isGeartrain
installed into the piston bore, cast into the pump,Power is transmitted from the torque converter to
and held in place by the return spring. The returnthe geartrain components through the input shaft
spring is attached to the pump with three bolts. Theand forward clutch cylinder.
OD clutch separator plates and pressure  plate are

• By holding or driving certain members of the splined to the case. The three OD friction plates are
gearset, five forward ratios and one reverse ratio splined to the coast clutch cylinder. The OD clutch
are obtained and transmitted to the output shaft. assembly is positioned between the pump face and a
The ratios are as follows: snap ring, and installed into the case adjacent to the

OD pressure plate. The OD  sun gear is pressed into
Gear Ratio the coast clutch cylinder.

FIRST 3.09 TO 1 The coast clutch piston is also a bonded lip seal
SECOND 2.2 TO 1 type. The coast clutch piston is installed into the

coast clutch cylinder and held to the cylinder alongTHIRD 1.538 TO 1
with the clutch return spring by a snap ring. TheFOURTH a 1.096 TO 1
separator plates are splined to the  case.

FIFTHa 1 TO 1
The coast clutch pressure plate is a mechanical

SIXTHa 0.712 TO 1 diode one-way clutch (OWC) assembly. The OWC
REVERSE 2.88 to 1 is splined to the coast clutch cylinder and held in

with a snap ring. The coast clutch friction plates area Special operating strategy is enabled when
internally splined to the coast clutch hub,  which istransmission temperature is less than -15°C (5°F)
held to the OD carrier by four bolts. Absorbing the
load between the OD carrier and the OD sun gear is

Input Shaft the ‘‘captured’’ thrust bearing, part of the OD
The input shaft is supported by two bushings in the planet assembly.
stator support. End positioning of the input shaft is On the opposite side of the OD planet is a thrust
controlled by the splines in the converter turbine bearing positioned between the carrier and the shaft.
and the overdrive planet assembly. Splined to the center shaft and retained by a snap

ring is the OD ring gear. On the opposite side ofOutput Shaft
the center shaft is a thrust bearing  that separates it

The output shaft is supported by a press fit radial from the center support. The overdrive/coast clutch
bearing in the extension housing. It is positioned by system is driven clockwise by the input shaft, one
a bushing in the forward clutch cylinder, which in end of which is splined to the torque converter
turn is positioned by the case center support and the cover, and the other end is splined to the OD
center shaft. carrier.

Overdrive and Coast Clutch System Center Support and Intermediate Clutch
The overdrive (OD) and coast clutch system The center support is rigidly held to the case by a
consists of the following: tapered snap ring. The flat side faces toward the

center support and the gap at 6 o’clock. The center• OD friction clutch assembly
support is also retained to the case by two hollow• Coast clutch cylinder
feed bolts. Both the forward clutch  feed bolt and

• Overdrive sun gear the intermediate clutch feed bolt are installed
through the solenoid body worm trail of the case.• Coast clutch input hub
The forward feed bolt has an orifice spacer installed• Coast clutch friction clutch assembly
on top of the bolt head.

• OD planetary

• OD ring gear

• Center shaft
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DESCRIPTION AND OPERATION (Continued)

The center support acts as the intermediate clutch The forward clutch cushion wave spring is splined
cylinder piston bore, and also provides the snap ring to the cylinder, as are the separator plates and
groove to retain the bonded seal type intermediate pressure plate and are held together with a selective
clutch piston and the return spring. A black snap ring. The forward clutch friction is splined to
phenolic thrust washer is positioned by its  two tabs the forward ring gear.
into two holes in the center support. A seal pack Positioned on the center support hub is a thrust
containing two Teflon seals is pressed onto the bearing to locate the forward clutch cylinder. There
center support hub below a pressed-on steel sleeve. is a thrust bearing positioned between the direct
The sleeve acts as the journal for the direct clutch clutch cylinder and the forward clutch cylinder.
cylinder bushings. There is also a thrust bearing positioned  between
The intermediate clutch separator plates and the forward clutch cylinder and the forward ring
pressure plate are externally splined to the case and gear; and between the forward planet and the
the friction is internally splined to the direct clutch forward clutch cylinder. There is a thrust washer
cylinder. The case and the center support define and separating the forward carrier from the forward ring
limit the stroke of the intermediate  clutch. gear hub. The six gear forward planet has a  black,

phenolic lube dam which snaps onto the rear of the
Forward Drive System carrier body. Into the center of the input shell is the
The forward drive system consists of the following: forward/reverse sun gear positioned by a spacer and

held in by a retaining ring.• Direct clutch assembly

Low and Reverse Drive System• Forward clutch assembly

The low and reverse drive system consists of the• Forward ring gear
following:• Forward planetary assembly
• Reverse side of the forward/reverse sun gear• Forward/reverse input shell assembly
• Reverse planet assemblyThe direct clutch grobbed cylinder contains the

following: • Reverse ring gear and hub assembly

The reverse ring gear and output shaft hub• A bonded lip seal piston
assemblies are splined to the output shaft. The• A direct clutch return spring
reverse bonded lip seal piston installs into the case.

• A direct clutch bonded lip seal balance piston The return spring is held to the case by a snap ring.
These components are held in by a snap ring to the The reverse separator plates are splined to the case,
direct clutch cylinder. and the friction plates are splined to the reverse
The direct clutch separator plates and pressure plate carrier. The pressure plate is combined with a
are splined to the direct clutch cylinder and held by mechanical diode one-way clutch, which is splined
a snap ring. The direct clutch friction internally to the case and held in with a snap ring.  There is a
splined plates mate with the grobbed splines on the thrust bearing located between the case and the
forward clutch cylinder. The  forward clutch has a output shaft hub; and between the output shaft hub
bonded lip seal piston, a beveled design return and the reverse sun gear. Located on both sides of
spring, and a bonded lip seal balance piston which the reverse carrier are white, phenolic thrust washers
are held to the cylinder with a snap ring. (four-tabbed).
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DESCRIPTION AND OPERATION
Low/Reverse Mechanical DiodeApply Components
The low/reverse clutch mechanical diode is aThe following information describes the operation of
one-way clutch which also functions as thethe two one-way clutches.
low/reverse clutch pressure plate. The low/reverse

Overdrive One Way Clutch (OWC) mechanical diode has fewer external splines than the
Mechanical Diode coast clutch mechanical diode. The low/reverse

mechanical diode external splines mate with theThe overdrive OWC mechanical diode is a one-way
case and the internal splines mate with the reverseclutch which also acts as the coast clutch pressure
ring gear/reverse planet assembly.plate. It provides direct drive through the overdrive

gearset when in power on mode. It overruns in In first and second, the center shaft drives the
power off mode or when the overdrive clutch  is forward cylinder clockwise. The forward clutch is
applied. applied and holds the forward ring gear, driving it

clockwise. The forward planet provides aEngine torque is transmitted in first, third, and fifth
counterclockwise resisting torque and thegears while the range selector lever is in the (D)
forward/reverse sun gear is driven counterclockwise.position. The input shaft drives the overdrive carrier
The low reverse clutch is off. The low/reverseclockwise. The overdrive carrier has the coast clutch
mechanical diode holds the reverse planet carrierhub bolted to it which  also turns clockwise. The
body and allows the forward/reverse sun gear tooverdrive sun gear would turn counterclockwise, but
drive the reverse planet gears which in turn driveis held from turning by the coast clutch mechanical
the output shaft ring gear and hub assembly. Thediode. The input shaft turns the same speed as the
forward planet and output shaft hub are both splinedcenter shaft and transmits torque through it.
to the output shaft.In second, fourth and sixth gears the overdrive

clutch is applied, the mechanical diode overruns and Low/Reverse Mechanical Diode — One-Way Clutch
holds the overdrive sun gear fixed to the case. This
causes the overdrive planet to walk around the sun
gear and over-drive the overdrive ring  gear.

Overdrive One-Way Clutch Mechanical Diode

Item Part Number Description

1 — Low reverse one-way clutch
inner race (over running)

2 — Low reverse one-way outer
race (stationary)Item Part Number Description

(Continued)
1 — Overdrive one-way clutch

inner race (over running)

2 — Overdrive one-way outer race
(stationary)

3 — Counterclockwise rotation

4 — Julian date
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DESCRIPTION AND OPERATION (Continued)

Item Part Number Description

3 — Clockwise rotation

4 — Julian date
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DESCRIPTION AND OPERATION

• Exhaust gas recirculation (EGR) valveTransmission Electronic Control
System • Injection pressure regulator (IPR)

• Manifold air temperature (MAT) sensorElectronic System Description
Any concerns with the engine sensors must beTransmission shift scheduling relies on the
diagnosed and repaired before proceeding withfollowing:
diagnosis of the transmission components. Refer to

• Accelerator pedal position the Powertrain Control/Emissions Diagnosis
(PC/ED) manual for engine component diagnosis.• Engine speed and acceleration
Using all of these input signals, the PCM can• Vehicle speed and acceleration
determine when the time and conditions are right

• Engine torque for a shift, or when to apply or release the torque
• Converter state as defined by engine speed converter clutch. It will also determine the best line

pressure needed to optimize shift feel. To• Turbine speed
accomplish this, the PCM uses output solenoids to• Transmission range sensor position
control transmission operation.

• Brake status
The following provides a brief description of each

• Speed control status of the sensors and actuators used by the PCM for
transmission operation.• Transmission fluid temperature

• Engine coolant temperature Remote Filter
The powertrain control module (PCM) and its This transmission is equipped with a remote
input/output network control the following transmission fluid filter. This filter passes 10 percent
transmission operations: of the transmission fluid from the transmission

through a small orifice into a serviceable filter• VFS (shift feel)
element. The filtered fluid is then directed  back

• Shift timing into the rear lube circuit through the large opening
• Line pressure (engagement feel) in the remote manifold.
• Torque converter clutch operation Transmission Output Shaft Speed (OSS)
The transmission control is separate from the engine Sensor
control strategy in the PCM, although some of the The transmission output shaft speed (OSS) sensor is
input signals are shared. When determining the best located on the extension housing. The OSS is a
operating strategy for transmission operation, the Hall-effect type sensor. The OSS reads the gear
PCM uses input information from  certain teeth on the park gear, different than the teeth used
engine-related and driver demand-related sensors for park function. The OSS input to the  powertrain
and switches. control module (PCM) is used for shift scheduling,
The following components are used to determine timing and TCC operation vehicle speed. The OSS
engine torque information for the transmission has bi-directional capability and has a digital output.
control strategies:

Engine Coolant Temperature (ECT)
• Crankshaft position (CKP) sensor Sensor
• Camshaft position (CMP) sensor The engine coolant temperature (ECT) sensor is a 2

wire thermistor sensor which changes resistance as• Barometric pressure (BARO) sensor
temperature changes. The resistance of the sensor• Mass air flow (MAF) sensor
increases as engine temperature decreases and the

• Manifold absolute pressure (MAP) sensor voltage sent to the powertrain control  module
• Engine oil temperature (EOT) sensor (PCM) increases. The PCM uses this information to

help determine TCC operation.• Air conditioning pressure (ACP) switch
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DESCRIPTION AND OPERATION (Continued)

Intake Air Temperature Sensor (IAT) Powertrain Control Module (PCM)
The intake air temperature (IAT) sensor is a The operation of the transmission is controlled by
thermistor in which resistance changes with the powertrain control module (PCM). Many input
temperature. The electrical resistance decreases as sensors provide information to the PCM. The PCM
the temperature increases. The IAT provides air then controls actuators which determine transmission
temperature information to the powertrain control operation.
module (PCM) which is used to help determine

Transmission Control (TC) Switch,transmission line pressure and shift scheduling.
Transmission Control Indicator Lamp
(TCIL)Accelerator Pedal Position (APP) Sensor
The transmission control (TC) switch is aThe accelerator pedal position (APP) sensor is
momentary control switch. When the switch ismounted on the accelerator pedal on diesel
pressed, a signal is sent to the powertrain controlapplications. The APP detects the position of the
module (PCM) to allow automatic shifts from 1staccelerator pedal and inputs this information as a
through 6th gears or 1st through 5th gears only. Thevoltage to the powertrain control module (PCM).
PCM  energizes the transmission control indicatorThe  PCM uses APP sensor information to aid in
lamp (TCIL) when the switch is OFF. The TCILdetermining line pressure, shift scheduling and TCC
light ON indicates that the overdrive cancel mode isoperation. Failure of this sensor will cause the
activated. The TCIL light FLASHING indicatestransmission to operate at higher line pressure to
monitored sensors, solenoids or other transmissionavoid damage to the transmission. This higher line
components  have failed.pressure causes harsh upshifts and harsh

engagements. To return to the overdrive mode press the TC
switch. The (D) OFF indicator light will beTurbine Shaft Speed (TSS) Sensor and illuminated. Each time the vehicle is started, theIntermediate Shaft Speed Sensor
transmission will automatically return to the

The turbine shaft speed (TSS) and intermediate overdrive mode. Each time the vehicle is shut OFF
shaft speed sensors are a Hall-effect sensor and restarted, the TCIL switch will need to be
requiring a 12-volt power and a ground. The other 2 pressed to cancel the overdrive mode if it is not
terminals at the sensor are for TSS/intermediate desired.
shaft speed sensors output. The sensor detects  teeth

Transmission Solenoid Body Assemblyon the coast clutch input hub TSS and the adjacent
overdrive ring gear intermediate shaft speed sensors. The powertrain control module (PCM) controls the
Both read 30 teeth per revolution. The TSS and transmission operation through:
intermediate shaft speed sensors are mounted

• seven variable force solenoids (VFS).externally on the transmission case toward the  top
of the driver’s side. The TSS and intermediate shaft • a transmission fluid temperature (TFT) sensor.
speed sensors input to the PCM is digital and used • a manual valve.
to determine line pressure, shift scheduling, timing

• an over-pressurization relief valve.and TCC operation.
All the above components are located on the

Brake Pedal Position (BPP) Switch solenoid body.
Brake status comes from brake pedal position (BPP) There is a solenoid dedicated to the function of each
switch. The BPP sensor supplies battery voltage to clutch. Line pressure and the torque converter clutch
the powertrain control module (PCM) that the brake each have their own solenoid. Four solenoids are
pedal is applied. The PCM uses this input to directly proportional; the pressure output is directly
disengage the converter clutch, speed control  and proportional to the applied DC  amps. Three
auxiliary idle (if equipped). solenoids are inversely proportional; the pressure

output is inversely proportional to the applied DC
current.
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DESCRIPTION AND OPERATION (Continued)

Shift Solenoid Pressure ControlSolenoids are keyed to prevent misassembly. The
Solenoids (SSPC-A, SSPC-B, SSPC-C,tan wire connectors connect to the solenoids. There
SSPC-D, SSPC-E)are separate connectors for the TFT sensor and for

the transmission range (TR) position sensor. The The intermediate (SSPC-C), low/reverse (SSPC-E),
24-pin bulkhead connector completes the and overdrive (SSPC-B) clutches are each controlled
serviceable harness assembly and has serviceable by a directly proportional variable force shift (VFS)
O-ring seals. The 24-pin connector uses gold plated solenoid. The coast (SSPC-A) and the direct clutch
pins. (SSPC-D) are each controlled by an  inversely

proportional VFS. All shift pressure solenoids areAll the solenoids except the line pressure solenoid
electronically controlled by the powertrain controlcan be serviced without removing the solenoid
module (PCM) which varies the current from 0 to 1assembly from the transmission case. The solenoid
amp (direct proportional) or 1 to 0 amp (indirectlyassembly, which holds the solenoids is aligned to
proportional).the transmission case with permanent dowel  pins.

There is a filter-type gasket between the solenoid Line Pressure Relief Valve
assembly and the transmission case.

The solenoid body assembly contains an
Transmission Fluid Temperature (TFT) over-pressurization relief valve that will limit the
Sensor line pressure through the (PC-A) solenoid and

feedback to the pump main regulator valve. TheThe transmission fluid temperature (TFT) sensor
LPC relief valve controls line pressure spikes whentwist-locks into the solenoid body. The TFT is a
cold.  If this valve fails you may see concerns withtemperature-sensitive device called a thermistor. As
the filter found in the solenoid body assembly.the transmission fluid temperature rises, the TFT

resistance decreases. The powertrain control Transmission Range (TR) Positionmodule (PCM) monitors the voltage across the TFT Sensor Assembly
sensor to determine transmission fluid temperature.

The transmission range (TR) position sensorThe PCM uses the TFT signal as an input to
assembly is an internally mounted sensor thatdetermine cold and hot temperature shift and TCC
includes the detent spring, rooster comb andscheduling.
bracket, located next to the solenoid body. The

Line Pressure Control Solenoid (PC-A) sensor is non adjustable and is not serviced
independently.  The components of the TR positionThe line pressure control (PC-A) solenoid is an
sensor are factory adjusted to each other and a newinversely proportional 3-port device. The pressure
sensor must be installed as a calibrated assembly.output is inversely proportional to the applied DC
The TR position sensor contains electronic circuitrycurrent supplied through an electronically controlled
that provides the PCM a fixed frequency at a dutydriver, which varies the current between  0 and 1
cycle for  each of the various positions of theamp from the powertrain control module (PCM).
manual lever (PARK, REVERSE, NEUTRAL,The PC-A solenoid controls the line pressure
DRIVE, M3, M2 and M1) to the PCM. The PCMcircuits.
uses the TR position sensor signal for engine

Torque Converter Clutch (TCC) Solenoid functions (start, reverse lamps) and for line pressure
control, shift scheduling and  TCC operation.The torque converter clutch (TCC) solenoid is a

directly proportional VFS. The pressure output of
this 3-port device is proportional to the applied DC
current supplied through an electronically controlled
driver which varies the current between  0 and 1
amp from the powertrain control module (PCM).
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DIAGNOSIS AND TESTING

• Noise/vibration — check for dependencies, eitherPreliminary Inspection
rpm dependent, vehicle speed dependent, shiftThe following items must be checked prior to
dependent, gear dependent, range dependent, orbeginning the diagnostic procedure:
temperature dependent.

Know/Understand the Concern Check Fluid Level and Condition
In order to diagnose a concern correctly, you must

Fluid Level Checkfirst understand the customer complaint or
condition. Customer contact may be required in CAUTION: The vehicle should not be
order for the technician to begin to verify the driven if the fluid level indicator shows the fluid
concern. You must also understand the conditions below the DO NOT DRIVE mark or internal
when  the concern occurs, for example: failure could result.
• Hot or cold vehicle temperature NOTE: If the vehicle has been operated for an

extended period of time at highway speeds, in city• Hot or cold ambient temperature
traffic, in hot weather, or while pulling a trailer, the• Vehicle driving conditions
fluid needs to cool down to obtain an accurate

After understanding when and how the concern reading.
occurs, proceed to Verify the Condition.

NOTE: The fluid level reading on the indicator will
differ depending on operating and ambientVerify the Condition
temperatures. The correct reading should be withinThis section provides information that must be used
the normal operating temperature range.in both determining the actual cause of customer
Under normal circumstances the fluid level shouldconcerns and carrying out the appropriate
be checked during normal maintenance. If theprocedures.
transmission starts to slip, shifts slowly, or showsThe following procedures must be used when
signs of leaking, the fluid level should be checked.verifying customer concerns for the transmission:
1. With the transmission in (P) PARK, the engine

Determine Customer Concern at idle and foot pressed on the brake, move the
range selector lever through each gear andNOTE: Some transmission conditions can cause
allow engagement of each gear. Place the rangeengine concerns. An electronic pressure control
selector lever in the PARK position.short circuit can cause engine misfiring. The torque

converter clutch not disengaging will stall the 2. Wipe the fluid level indicator cap and remove
engine. the indicator.
Determine customer concerns relative to vehicle use 3. Wipe the indicator with a clean cloth.
and dependent driving conditions, paying attention

4. Install the indicator back in the filler tube untilto the following items:
it is fully seated, then remove the indicator. The

• Hot or cold vehicle operating temperature. fluid level should be within the normal
operating temperature range.• Hot or cold ambient temperatures.

• Type of terrain.

• Vehicle loaded/unloaded.

• City/highway driving.

• Upshift.

• Downshift.

• Coasting.

• Engagement.
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DIAGNOSIS AND TESTING (Continued)

Item Description Adding Fluid
1 Cold Temperature Range CAUTION: The use of any other type of
2 Normal Operating Temperature Range transmission fluid than specified could result in

transmission malfunction and/or damage.3 DO NOT DRIVE IF BELOW THIS
LEVEL AND OUTSIDE If fluid needs to be added, add fluid in 0.25 L (1/2
TEMPERATURE IS ABOVE 10°C

pint) increments through the filler tube. Do not(50°F) (Underfill). Recheck fluid level
overfill the fluid. For fluid type refer to the Fluidat normal operating temperature and

adjust as required. Type specification chart.

4 DO NOT DRIVE LEVEL (Overfill). Fluid Condition CheckRemove excess fluid. Recheck fluid
level at normal operating temperature 1. Check the fluid level.
and adjust as required.

2. Observe the color and the odor. The color
under normal circumstances should be dark
reddish, not brown or black or have a burntHigh Fluid Level
odor.

A fluid level that is too high may cause the fluid to
3. Hold the fluid level indicator over a whitebecome aerated due to the churning action of the

facial tissue and allow the fluid to drop ontorotating internal parts. This will cause erratic control
the facial tissue and examine the stain.pressure, foaming, loss of fluid from the vent tube,

and possible transmission  malfunction or damage. 4. If evidence of solid material is found, the
If an overfill reading is indicated, refer to transmission fluid pan should be removed for
Transmission Fluid Drain and Refill — Without further inspection.
Torque Converter Drain Plug and With Fluid Pan 5. If the stain is a foamy pink color, this may
Drain Plug in this section. indicate coolant in the transmission. The engine

cooling system should also be inspected at thisLow Fluid Level
time.

A low fluid level could result in poor transmission
6. If fluid contamination or transmission failure isengagement, slipping, malfunction and/or damage.

confirmed by the sediment in the bottom of theThis could also indicate a leak in one of the
fluid pan, the transmission must betransmission seals or gaskets.
disassembled and completely cleaned. This
includes the torque converter, coolers, cooler
lines and remote  filter.

7. Carry out diagnostic checks and adjustments.
Refer to Diagnosis By Symptom in this section.
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DIAGNOSIS AND TESTING

Road Testing Vehicle
The following Shift Point Road Test and Torque
Converter Clutch Operation Test provide diagnostic
information on transmission shift controls and
torque converter operation.
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DIAGNOSIS AND TESTING

4. Press the accelerator pedal to the floor (wideShift Point Road Test
open throttle). The transmission should shiftNOTE: Always drive the vehicle in a safe manner
from 6th to 5th gear or 5th to 3rd, dependingaccording to driving conditions and obey all traffic
on vehicle speed. Torque converter clutchlaws.
should disengage and then reapply.

This test verifies that the shift control system is
5. With the vehicle speed above 48 km/h (30operating correctly.

mph), move the transmission range selector
1. Bring engine and transmission up to normal lever to manual 3rd gear. The transmission

operating temperature. should immediately have a 5th to 3rd shift.
When the vehicle speed drops to 32 km/h (202. Operate the vehicle with the transmission range
mph) a 3 to 1 shift should  occur.selector lever in (D) range.

6. If transmission fails to upshift/downshift or if3. Apply minimum throttle and observe the speeds
at which the upshift occurs and the torque the torque converter clutch does not apply and
converter engages. (Refer to the shift speed release, refer to Diagnosis By Symptom in this
chart.) section for concern diagnosis.

Shift Speeds

 Shift Speeds

NOTE: All shift speeds are for D position (O/D not cancelled on diesel models and Tow/Haul not
activated on gasoline models).
NOTE: All shift speeds listed are nominal and vary with calibration, model, axle ratio and tire
size.

Throttle Position (D) Position Shift Gasoline km/h (mph) Diesel km/h (mph)

Closed 6-5 32-48 (20-31) 37-45 (23-28)

5-3 20-33 (13-21) 24-29 (15-18)

3-1 6-16 (4-10) 11-14 (7-9)

Minimum 1-3 11-20 (7-15) 13-24 (8-15)

Throttle 3-4 (a) 24-39 (15-24) 26-34 (16-21)

APP3 Voltage 3-5 24-39 (15-24) 26-34 (16-21)

1.6 Volts 4-6 (a) 45-66 (28-41) 40-48 (25-30)

5-6 42-60 (26-37) 40-48 (25-30)

Wide Open 1-2 43-61 (27-41) 35-45 (22-28)

2-3 61-85 (35-55) 51-64 (32-40)

3-4 (a) 85-121 (55-75) 72-85 (45-55)

3-5 85-121 (55-75) 72-85 (45-55)

4-6 (a) 109-148 (68-92) 106-129 (66-80)

5-6 137-180 (85-112) 113-137 (70-85)

(a) indicates cold strategy
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DIAGNOSIS AND TESTING

• Carry out Diagnostic Routines in thisTorque Converter Diagnosis
section.Prior to torque converter replacement, all diagnostic
X Use the Diagnosis by Symptom Index toprocedures must be followed. This is to prevent the

locate the appropriate routine that bestunnecessary installation of new or remanufactured
describes the symptom(s). The routinetorque converters. Only after a complete diagnostic
will list all possible components that mayevaluation can the decision be made  to install new
cause or contribute to the symptom.or remanufactured torque converters.
Check each component listed. DiagnoseBegin with the normal diagnostic procedures as
and repair  as required, before repairingfollows:
the torque converter.

1. Preliminary Inspection.
Torque Converter Operation Test2. Know and Understand the Customer’s Concern.
This test verifies that the torque converter clutch3. Verify the Concern — Carry out the Torque
control system and the torque converter areConverter Clutch Operation Test in this section.
operating correctly.

4. Carry out Diagnostic Procedures.
1. Carry out Quick Test, refer to On-Board

• Run on-board diagnostics. Refer to Diagnostics with diagnostic tool in this section.
On-Board Diagnostics with diagnostic tool Check for DTCs. Refer to the Diagnostic
in this section. Trouble Code Chart in this section.
X Repair all non-transmission-related DTCs 2. Connect a tachometer to the engine.

first.
3. Bring the engine to normal operating

X Repair all transmission DTCs. temperature by driving the vehicle at highway
X Rerun on-board diagnostics to verify speeds for approximately 15 minutes in (D)

repair. position.

• Carry out Line Pressure Test in this section. 4. After normal operating temperature is reached,
maintain a constant vehicle speed of about 80• Carry out Stall Speed Test in this section.
km/h (50 mph) and tap brake pedal with the
left foot.

5. Engine rpm should increase when brake pedal
is tapped and decrease about 5 seconds after
pedal is released. If this does not occur, refer to
Diagnosis By Symptom — Torque Converter
Clutch Operation  Concerns in this section.
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DIAGNOSIS AND TESTING
Shift Linkage CheckVisual Inspection
Check for a misadjustment in shift linkage byThis inspection will identify modifications or
matching the detents in the transmission rangeadditions to the vehicle operating system that may
selector lever with those in the transmission. If theyaffect diagnosis.
match, the misadjustment is in the indicator. Do not

Inspect vehicle for non-Ford approved add-on adjust the shift linkage.
devices such as:

Hydraulic leakage at the manual control valve can
• Electronic add-on items: cause delay in engagements and/or slipping while

operating if the linkage is not correctly adjusted.— powertrain control module enhancements
Refer to Section 307-05 for  selector lever cable— turbo boost enhancements
adjustment.

— sensor modifications
Check TSBs and OASIS— air conditioning
Refer to all Technical Service Bulletins (TSBs) and— generators (alternators)
OASIS messages that pertain to the transmission

— engine turbos concerns, and follow the procedure outlined.
— cellular telephones

Carry out On-Board Diagnostics
— cruise controls

After a road test, with the vehicle warm and before
— turbo engine brake disconnecting any connectors, carry out the Quick
— CB radios Test using the diagnostic tool. Refer to the

Powertrain Control/Emissions Diagnosis (PC/ED)— linear amplifiers
manual for diagnosis and testing of the powertrain— backup alarm signals
control system.

— electronic brakes for trailer towing

— computers

• Vehicle modifications.

These items, if not installed correctly, will affect
powertrain control module (PCM) or transmission
function. Pay particular attention to add-on wiring
splices in the PCM harness or transmission wiring
harness, abnormal tire size or axle ratio  changes.

Leaks; refer to Leakage Inspection in this section.
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DIAGNOSIS AND TESTING
On-Board Diagnostics with DiagnosticDiagnostics
Tool

Special Tool(s) NOTE: For detailed instruction and other diagnostic
methods using the diagnostic tool, refer to the testerUV Leak Detector Kit

164-R0756 or equivalent manual and the Powertrain Control/Emissions
Diagnosis (PC/ED) manual 

These quick tests should be used to diagnose the
powertrain control module (PCM) and should be
carried out in order.

• Quick Test 1.0-Visual InspectionTransmission Fluid Pressure
Gauge • Quick Test 2.0-Set Up
307-004 (T57L-77820-A)

• Quick Test 3.0-Key On, Engine Off

• Quick Test 4.0-Continuous Memory

• Quick Test 5.0-Key On, Engine Running

• Special Test Mode
Automotive Meter 73 III — Wiggle Test
105-R0057 or equivalent

— Output Test Mode

• PCM Reset Mode

• Clearing DTCs

• OBD II Drive Cycle

• Other NGS FeaturesWorldwide Diagnostic System
(WDS) • For further information on other diagnostic testing
Vehicle Communication Module features using the diagnostic tool, refer to the
(VCM) with appropriate Powertrain Control/Emissions Diagnosis (PC/ED)
adapters, or equivalent

manual. Other diagnostic methods include thediagnostic tool
following.

— Parameter Identification (PID) Access Mode
Diagnosing an electronically controlled automatic — Freeze Frame Data Access Mode
transmission is simplified by using the following

— Oxygen Sensor Monitor Modeprocedures. One of the most important things to
remember is that there is a definite procedure to
follow. DO NOT TAKE SHORT CUTS OR
ASSUME THAT  CRITICAL CHECKS OR
ADJUSTMENTS HAVE ALREADY BEEN
MADE. Follow the procedures as written to avoid
missing critical components or steps. By following
the diagnostic sequence, the technician will be able
to diagnose and repair the concern the first  time.
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DIAGNOSIS AND TESTING
After On-Board DiagnosticsTransmission Drive Cycle Test
NOTE: The vehicle wiring harness, powertrainNOTE: Always drive the vehicle in a safe manner
control module (PCM) and non-transmission sensorsaccording to driving conditions and obey all traffic
can affect transmission operations. Repair theselaws.
concerns first.

NOTE: The Transmission Drive Cycle Test must be
After the On-Board Diagnostics procedures arefollowed exactly. Malfunctions must occur 4 times
completed, repair all DTCs.consecutively for the shift error DTC to be set.

Torque converter clutch (TCC) failures must occur Always repair all non-transmission-related DTCs
5 times consecutively for a continuous TCC DTC to first, then repair any transmission-related DTCs.
be  set. Refer to the Diagnostic Trouble Code Chart for

information on condition and symptoms. This chartNOTE: When carrying out the Transmission Drive
will be helpful in referring to the correct  manual(s)Cycle Test, refer to the Solenoid Operation Chart
and to aid in diagnosing internal transmissionfor correct solenoid operation.
concerns and external non-transmission inputs. The

After carrying out the Quick Test, use the pinpoint tests are used in diagnosing electrical
Transmission Drive Cycle Test for checking concerns of the transmission. Make sure the vehicle
continuous codes. wiring harness and the PCM are diagnosed  as well.
1. Record and then erase the Quick Test codes. The Powertrain Control/Emissions Diagnosis

(PC/ED) manual will aid in diagnosing2. Warm the engine to normal operating
non-transmission-related electronic components.temperature.

3. Make sure the transmission fluid level is Before Pinpoint Tests
correct.

NOTE: Prior to entering pinpoint tests, check the
4. With the transmission range selector lever in powertrain control module (PCM) wiring harness for

(D), moderately accelerate from stop to 80 correct connections, bent or broken pins, corrosion,
km/h (50 mph). This allows the transmission to loose wires, correct routing, correct seals and their
shift into 5th gear. Hold the vehicle speed and condition. Check the PCM, sensors and  actuators
throttle position steady for a minimum of 15 for damage. Refer to the Powertrain
seconds. Control/Emissions Diagnosis (PC/ED) manual.

5. With the transmission in 5th gear and a steady NOTE: If a concern still exists after electrical
vehicle speed and throttle position, lightly apply diagnosis has been carried out, refer to Diagnosis
and release the brake pedal enough to operate By Symptom in this section.
the stop lamps. Hold the vehicle speed and

If DTCs appear while carrying out the on-boardthrottle position steady for a minimum of 15
diagnostics, refer to the Diagnostic Trouble Codeseconds.
Chart for the appropriate procedure. Prior to

6. Brake to a stop and remain stopped for a entering pinpoint tests, refer to any TSBs and
minimum of 20 seconds. OASIS messages for transmission concerns.

7. Repeat Steps 4 through 6 at least 5 times.

8. Carry out Quick Test and record continuous
codes.
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DIAGNOSIS AND TESTING
Vehicle State No. 1Output State Control (OSC) Mode
• The Vehicle State No. 1 requirements for sending

Description an OSC value as follows:
Output state control (OSC) on a service scan tool •Key ON
allows the technician to control the main functions

•Engine not runningof the transmission such as gear shifts, torque
converter clutch or the shift solenoids quickly and •Gear selector in PARK or NEUTRAL
easily. For example, the OSC allows the  technician Vehicle State No. 1 is used when carrying out
to command the torque converter clutch to engage electrical pinpoint tests. The following transmission
while monitoring the actual converter slip, or components may be controlled using the OSC in
disengage the torque converter clutch while testing Vehicle State No. 1:
the transmission upshifts or downshifts. The

• SSE AMP — Controls the current to thetechnician may command a shift solenoid to  turn
SSPC-E (low and reverse clutch) solenoid.ON or OFF while carrying out the electrical tests,

while measuring voltage or current with an • SSD AMP — Controls the current to the
inductive pickup. SSPC-D (direct clutch) solenoid.

• SSC AMP — Controls the current to theProcedure
SSPC-C (intermediate clutch) solenoid.

The OSC has 2 modes of operation for the
• SSB AMP — Controls the current to thetransmission:

SSPC-B (overdrive clutch) solenoid.
• Service Bay Mode

• SSA AMP — Controls the current to the
• Drive Mode SSPD-A (coast clutch) solenoid.
In order to operate the OSC in the Drive Mode, no • TCC AMP — Controls the current to the torque
diagnostic trouble codes (DTCs) related to the converter (TCC) clutch solenoid.
transmission range (TR) position sensor, turbine

• LINEDSD — Controls the commanded pressure,shaft speed (TSS) sensor, output shaft speed (OSS)
which in turn controls the current to the PC-Asensor or the SSPC-A (coast clutch), SSPC-B
(line pressure control) solenoid.(overdrive clutch), SSPC-C (intermediate clutch),

The vehicle requirements must be met when sendingSSPC-D (direct clutch), SSPC-E (low reverse) and
the OSC value for SSPC-E, SSPC-D, SSPC-C,PC-A (line pressure) solenoids may be present.
SSPC-B, SSPC-A, TCC and PC-A solenoids. If theCarry out the KOEO on-demand self test and
vehicle requirements are not met when sending theretrieve continuous codes to identify any codes that
OSC value, an error message may appear. When theare  present.
error  message is received, the OSC is aborted and

OSC For Transmission — Service Bay must be restarted. After sending the OSC value, if
Mode the vehicle requirements are no longer met, the

error message will not appear but the OSC valueThe Service Bay Mode is used to test various
will be canceled by the PCM (monitortransmission components and functions when the
corresponding PID).  The OSC value XXX may bevehicle is in the service bay. The Service Bay Mode
sent anytime to cancel the OSC.is used when carrying out electrical pinpoint tests

and hydraulic pressure tests. Each OSC function Vehicle State No. 2
has a unique set of vehicle operating requirements

• The Vehicle State No. 2 requirements for sendingor vehicle states that the technician is required to
an OSC value are as follows:meet before the powertrain control module (PCM)

will allow the OSC to operate. The Service Bay •Engine running
Mode is used in the following 3 vehicle states: •Exception: Engine running greater than 1,000

rpm to control LINEDSD

•Gear selector in PARK or NEUTRAL
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DIAGNOSIS AND TESTING (Continued)

Vehicle State No. 2 is used when carrying out The vehicle requirements must be met when sending
electronic pressure control tests and electrical the OSC value for SSPC-D and SSPC-C solenoids.
pinpoint tests. The following transmission If the vehicle requirements are not met when
components may be controlled using the OSC in sending the OSC value, an error message may
Vehicle State No. 2: appear. When the error message is received, the

OSC is  aborted and must be restarted. After
• SSE AMP — Controls the current to the

sending the OSC value, if the vehicle requirements
SSPC-E (low and reverse clutch) VFS solenoid.

are no longer met, the error message will not
• SSB AMP — Controls the current to the appear, but the OSC value will be canceled by the

SSPC-B (overdrive clutch) solenoid. PCM (monitor corresponding PID). The OSC value
XXX may be sent  anytime to cancel OSC.• SSA AMP — Controls the current to the

SSPC-A (coast clutch) solenoid. The OSC options to control SSA AMP,
SSB AMP, SSC AMP, SSD AMP,• TCC AMP — Controls the current to the torque
SSE AMP, TCC AMP for solenoids in Serviceconverter (TCC) clutch solenoid.
Bay Mode are as follows:• LINEDSD — Controls the commanded pressure,

which in turn controls the current to the PC-A • 0 — Commands PCM to control current to zero
(line pressure control) solenoid. amps.

The vehicle requirements must be met when sending • 0.25 — Commands PCM to control current to 1/4
the OSC value for SSPC-E, SSPC-B, SSPC-A, TCC amp to 250 milliamps.
and PC-A solenoids. If the vehicle requirements are

• 0.50 — Commands PCM to control current to 1/2
not met when sending the OSC value, an error

amp or 500 milliamps.
message may appear. When the error message is

• 0.75 — Commands PCM to control current to 3/4received, the OSC is aborted and must be restarted.
amp or 750 milliamps.After sending the OSC value, if the vehicle

requirements are no longer met, the error message • 1.0 — Commands PCM to control current to 1
will not appear but the OSC value will be canceled amp or 1,000 milliamps.
by the PCM (monitor corresponding PID). The OSC • XXX — Cancels OSC and allows the PCM
value XXX may be sent anytime to cancel OSC. normal control of the VFS solenoids.
Vehicle State No. 3 Controlling the solenoids allows the technicians to

measure the circuit current using an inductive• Vehicle State No. 3 requirements for sending an
pickup or to measure the circuit voltage whenOSC value are as follows:
carrying out electrical tests.•Engine running
The OSC options to control LINEDSD for line•Gear selector in overdrive
pressure in Service Bay Mode are as follows:

•Vehicle not moving
• 20 — Commands PCM to control line pressure toVehicle State No. 3 is used when carrying out

20 psi.electronic pressure control tests and electrical
• 60 — Commands PCM to control line pressure topinpoint tests. The following transmission

60 psi.components may be controlled using the OSC in
Vehicle State No. 3: • 100 — Commands PCM to control line pressure

to 100 psi.• SSD AMP — Controls the current to the
SSPC-D (direct clutch) solenoid. • 140 — Commands PCM to control line pressure

to 140 psi.• SSC AMP — Controls the current to the
SSPC-C (intermediate clutch) solenoid. • 180 — Commands PCM to control line pressure

to 180 psi.

• 220 — Commands PCM to control line pressure
to 220 psi.

• 260 — Commands PCM to control line pressure
to 260 psi.
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DIAGNOSIS AND TESTING (Continued)

• 300 — Commands PCM to control line pressure The vehicle requirements must be met when sending
to 300 psi. the OSC value for TCC OSC. If the vehicle

requirements are not met when sending the OSC• XXX — Cancels OSC and allows the PCM
value, an error message may appear. When the errornormal control of the line pressure.
message is received, the OSC is aborted and must

The OSC allows the technician to control the be restarted. After the OSC value for TCC OSC is
commanded line pressure instead of the PC-A sent, if the vehicle requirements are no longer met,
current. The PCM will command a specific current the error message will not appear but the OSC value
to the PC-A solenoid when requesting a particular will be canceled by the PCM (monitor
OSC line pressure. Using OSC to control the line corresponding PID). The OSC value XXX may be
pressure allows the technician to accurately test the sent  anytime to cancel OSC.
electronic pressure control system by comparing the

The vehicle requirements for sending theOSC command line pressure to the actual line
TCC OSC value OFF are as follows:pressure indicated on the gauge. This will aid in

testing for pump capacity and the ability of the • Engine running
PCM to electronically control the pressure. The

• Gear selector in overdrivetechnician may also measure the circuit current
• Vehicle speed greater than 5 km/h (3 mph)using an inductive pickup or to measure the circuit

voltage when carrying out an electrical test on the The vehicle requirements for sending the
line pressure (PC-A) solenoid. TCC OSC value ON are as follows:

OSC For Transmission — Drive Mode • Engine running

The Drive Mode allows control of 3 transmission • Gear selector in overdrive
functions. Each function has a unique set of vehicle • Vehicle speed greater than 5 km/h (3 mph)
operating requirements that the technician is

• Transmission fluid temperature (TFT) betweenrequired to meet before the PCM will allow OSC to
17°C and 135°C (60°F and 275°F)operate. The Drive Mode allows the technician  to

• Brake is off when vehicle speed is below 32 km/hcarry out the following functions:
(20 mph)

• TCC OSC — Commands the PCM to engage or
• Not an excessive load on the enginedisengage the torque converter clutch.
• Engine speed greater than 1,300 rpm• GEAR OSC — Commands the PCM to upshift

or downshift. The OSC options to control GEAR OSC to shift
the transmission in Drive Mode are as follows:• HRSH SFT — Commands a higher pressure

value during an upshift. • 1 — Commands PCM to shift to 1st gear auto.
The OSC options to control TCC OSC to engage • 2 — Commands PCM to shift to 2nd gear auto.
or disengage the torque converter clutch in Drive

• 3 — Commands PCM to shift to 3rd gear auto.Mode are as follows:
• 5 — Commands PCM to shift to 5th gear auto.

• OFF — Commands the PCM to keep the torque
• 6 — Commands PCM to shift to 6th gear auto.converter clutch from engaging.
• XXX — Cancels OSC and allows PCM normal• ON — Commands the PCM to engage the torque

control of upshifts and downshifts.converter clutch.
Controlling the gear changes will assist the• XXX — Cancels OSC and allows PCM normal
technician in testing the various clutches and bandscontrol of the torque converter clutch.
and determine whether the transmission is slipping

Controlling the torque converter clutch will assist in any particular gear. The OSC will command the
the technician in testing the torque converter for PCM to upshift or downshift depending on the  gear
engagements and disengagements. Also, the the technician selects. The transmission will remain
technician is better able to evaluate upshifts and in the OSC gear selected until another OSC gear is
downshifts by using the OSC to keep the torque selected or until OSC is cancelled.
converter clutch from engaging.
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DIAGNOSIS AND TESTING (Continued)

NOTE: Fourth gear is not allowed to be Setting HRSH SFT allows the technician to
commanded when using OSC. moderately increase the pressure when carrying out

engagements such as park-to-reverse,The vehicle requirements must be met when sending
neutral-to-reverse, etc., and when carrying outthe OSC value for GEAR OSC. If the vehicle
automatic upshifts. This will provide additionalrequirements are not met when sending the OSC
diagnostic  information to help the technicianvalue, an error message may appear. When the error
determine whether the electronic pressure controlmessage is received, the OSC is aborted and  must
system is providing at least limited control (abe restarted. After the OSC value for GEAR OSC
normal shift would become firmer) and/or whether ais sent, if the vehicle requirements are no longer
hydraulic circuit that may have abnormally lowmet, the error message will not appear but the OSC
pressure (due to  such things as low fluid level,value will be canceled by the PCM (monitor
leaky clutch, etc.) resulting in a soft shift, becomescorresponding PID). The OSC value XXX may be
normal when increasing the pressure.sent anytime to cancel OSC.
The vehicle requirements must be met when sendingIt is recommended to use TCC OSC to first turn
the OSC value for HRSH SFT. If the vehicleoff the torque converter clutch before testing the
requirements are not met when sending the OSCtransmission gear changes. This will allow the
value, an error message may appear. When the errortechnician to evaluate only the gear changes. If the
message is received, the OSC is aborted and  musttorque converter clutch is NOT turned  OFF, the
be restarted. After the OSC value for HRSH SFTPCM will command the torque converter clutch to
is sent, if the vehicle requirements are no longerengage. This could make it difficult for the
met, the error message will not appear but the OSCtechnician to determine whether an abnormal shift is
value will be canceled but the PCM (monitorthe result of the torque converter clutch or the
corresponding PID). The OSC value XXX may beactual gear change.
sent anytime to cancel OSC.

The vehicle requirements for sending a
GEAR OSC value are as follows: Using Output State Control (OSC) and

Monitoring PIDs
• Engine running

To confirm that the OSC value was sent by the scan
• Gear selector in overdrive tool and the PCM has accepted the OSC command,
• Vehicle speed greater than 5 km/h (3 mph) a corresponding PID for each OSC parameter must

be monitored. After sending the OSC value, theThe OSC options to control HRSH SFT to
corresponding PID value should be the same as themoderately increase line pressure to test for firmer
OSC value. Additional PIDs should be monitored toengagements and shifts in Drive Mode are as
help the technician accurately diagnose thefollows:
transmission. The following is a list of PIDs to

• OFF — Commands PCM to use normal pressure monitor while using OSC.
and not to increase hydraulic pressure.

• ON — Commands PCM to moderately increase
the hydraulic pressure.

• XXX — Cancels OSC.

PID Chart

PID Name PID Description Value Range

TCCPC Commanded pressure for PSI 0-2,069 kPa (0-300 psi)
the TCC solenoid

TCC AMP Commanded current for the Amps 0-1.0 Amp
TCC solenoid

TCCPC F Fault status for the TCC — Open or short to power or
solenoid ground
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DIAGNOSIS AND TESTING (Continued)

PID Chart (Continued)

PID Name PID Description Value Range

GEAR Commanded transmission Gear 1-6
gear

LINEDSD Commanded line pressure PSI 0-2,069 kPa (0-300 psi)

PCA Commanded pressure for PSI 0-2,069 kPa (0-300 psi)
the PC-A solenoid

PCA AMP Commanded current for the Amps 0-1.0 Amp
PC-A solenoid

PCA F Fault status for the PC-A — Open or short to power or
solenoid ground

SSPCA Commanded pressure for PSI 0-2,069 kPa (0-300 psi)
the SSPC-A solenoid

SSA AMP Commanded current for the Amps 0-1.0 Amp
SSPC-A solenoid

SSPCA F Fault status for the SSPC-A — Open or short to power or
solenoid ground

SSPCB Commanded pressure for PSI 0-2,069 kPa (0-300 psi)
the SSPC-B solenoid

SSB AMP Commanded current for the Amps 0-1.0 Amp
SSPC-B solenoid

SSPCB F Fault status for the SSPC-B — Open or short to power or
solenoid ground

SSPCC Commanded pressure for PSI 0-2,069 kPa (0-300 psi)
the SSPC-C solenoid

SSC AMP Commanded current for the Amps 0-1.0 Amp
SSPC-C solenoid

SSPCC F Fault status for the SSPC-C — Open or short to power or
solenoid ground

SSPCD Commanded pressure for PSI 0-2,069 kPa (0-300 psi)
the SSPC-D solenoid

SSD AMP Commanded current for the Amps 0-1.0 Amp
SSPC-D solenoid

SSPCD F Fault status for the SSPC-D — Open or short to power or
solenoid ground

SSPCE Commanded pressure for PSI 0-2,069 kPa (0-300 psi)
the SSPC-E solenoid

SSE AMP Commanded current for the Amps 0-1.0 Amp
SSPC-E solenoid

SSPCE F Fault status for the SSPC-E — Open or short to power or
solenoid ground

TCCRAT Actual speed ratio of Ratio Ratio
torque converter (1.0 =
fully engaged)

TSLIP Actual difference between RPM RPM
engine speed and turbine
speed

TRANRAT Actual transmission gear Ratio Ratio
ratio
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DIAGNOSIS AND TESTING (Continued)

PID Chart (Continued)

PID Name PID Description Value Range

ISS SRC Actual speed of the RPM RPM
intermediate shaft speed
sensor

TSS SRC Actual speed of the TSS RPM RPM
sensor

OSS SRC Actual speed of the OSS RPM RPM
sensor

TR Transmission range (TR) Detents P, R, N, D, 3, 2, 1
position sensor

TR FREQ TR sensor carrier frequency Frequency (Hz) Frequency (Hz)

TR DC TR sensor duty cycle Frequency (Hz) Frequency (Hz)

TFT Transmission fluid °F °F
temperature sensor

TFT V Transmission fluid Volts Volts
temperature sensor voltage

TSC Transmission control Not Depressed, Depressed Not Depressed, Depressed
switch

RLC F Reverse lamp control fault — Open or short to power or
ground

SHFT TYP Type of shift Auto/Manual Auto/Manual

HRSH SFT HRSH SFT Output state See OSC —
control for firm shifts

LINEDSD Output state control for See OSC —
PCA

APP3 Accelerator position sensor Volts 0-5 volts
3

TCC OSC Output state control for See OSC —
torque converter

GEAR OSC Output state control for 1, 2, 3, 4, 5, 6 1, 2, 3, 4, 5, 6
upshift/downshifts

TSPC TSPC FLG = fault flag 1 = ON 0 = OFF 1 or 0

P0730 Status P0730 Status (Continued)

PID Acronym PID Description PID Acronym PID Description

P730 00 P0730 Overdrive one-way P730 10 P0730 Low/reverse clutch
clutch system failed OFF system failed OFF

P730 01 P0730 Coast clutch P730 11 P0730 Low/reverse clutch
system failed OFF system failed ON

P730 02 P0730 Coast clutch failed P730 12 P0730 Intermediate clutch
ON system failed OFF

P730 03 P0730 Overdrive clutch P730 13 P0730 Intermediate clutch
system failed OFF system failed ON

P730 04 P0730 Overdrive clutch
system failed ON

P730 09 P0730 Low/reverse
one-way clutch system

failed OFF
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DIAGNOSIS AND TESTING (Continued)

P0730 Status (Continued)

PID Acronym PID Description

P730 14 P0730 Direct clutch
system failed OFF

P730 15 P0730 Direct clutch
system failed ON
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DIAGNOSIS AND TESTING

Diagnostic Trouble Code (DTC)
Charts

Diagnostic Trouble Code Chart

Compo- Descrip-
DTC nent tion Condition Symptom Action

P0102, MAF MAF MAF system inoperative High/low line pressure, REFER to the Powertrain
P0103, Sensor concerns may cause a transmission incorrect shift schedule, Control/Emissions
P1100, concern. incorrect TCC, Diagnosis (PC/ED)
P1101 engagement scheduling. manual a .

Symptoms similar to TP
failure.

P0112 IAT IAT Voltage drops across IAT High/low line pressure REFER to the Powertrain
Sensor indicates exceeds scale set for resulting in harsh or soft Control/Emissions

125°C temperature 125°C shifts. Diagnosis (PC/ED)
(254°F) (254°F). manuala.

P0113 IAT IAT Voltage drop across IAT High/low line pressure, REFER to the Powertrain
Sensor indicates exceeds scale set for resulting in harsh or soft Control/Emissions

-40°C temperature -40°C (-40°F) shifts. Diagnosis (PC/ED)
(-40°F) manuala.

P0114 IAT IAT out IAT temperature higher or Rerun on-board diagnostic REFER to the Powertrain
Sensor of lower than expected at normal operating Control/Emissions

on-board during KOEO and KOER. temperature. Diagnosis (PC/ED)
diagnostic manuala.

range

P0116 ECT ECT out ECT temperature higher Rerun on-board diagnostic REFER to the Powertrain
Sensor of of lower than expected at normal operating Control/Emissions

on-board during KOEO and KOER. temperature. Diagnosis (PC/ED)
diagnostic manual.

range

P0117 ECT ECT Voltage drop across ECT TCC will always be off, REFER to the Powertrain
Sensor indicates exceeds scale set for resulting in reduced fuel Control/Emissions

125°C temperature 125°C economy. Diagnosis (PC/ED)
(254°F) (254°F). manual.

P0118 ECT ECT Voltage drop across ECT TCC will always be off, REFER to the Powertrain
Sensor indicates exceeds scale set for resulting in reduced fuel Control/Emissions

-40°C temperature -40°C (-40°F) economy. Diagnosis (PC/ED)
(-40°F) manual.

P0121, TP TP PCM has detected an Harsh engagements, firm REFER to the Powertrain
P0122, Sensor concern error. This error may shift feel, abnormal shift Control/Emissions
P0123, cause a transmission schedule, TCC does not Diagnosis (PC/ED)
P1120, concern. engage, TCC cycling. manuala.
P1121,
P1124,
P1125

P0300, EI EI EI system is inoperative, Harsh engagements, and REFER to the Powertrain
P0308, System concerns which may cause a shifts, late WOT shifts, Control/Emissions
P0320, transmission concern. no TCC engagement. Diagnosis (PC/ED)
P0340, manuala.
P1351-
 1364
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DIAGNOSIS AND TESTING (Continued)

Diagnostic Trouble Code Chart (Continued)

Compo- Descrip-
DTC nent tion Condition Symptom Action

P0500 ABS Insuff- PCM detected a loss of No transmission REFER to the Powertrain
icient VSS signal through SCP symptom, instrument Control/Emissions
VSS link from ABS. panel, speedometer may Diagnosis (PC/ED)
input be affected. manuala.
from
ABS

through
SCP
link.

P0503 ABS Intermitt- PCM detected an No transmission REFER to the Powertrain
ent VSS intermittent loss of VSS symptom, instrument Control/Emissions

input signal through SCP link panel, speedometer may Diagnosis (PC/ED)
from from ABS. be affected. manuala.
ABS

through
SCP
link.

P0706 TR TR TR position sensor signal Increase in control GO to Pinpoint Test C.
Position position frequency is out of pressure (harsh shifts and
Sensor sensor normal range. engagements). No engine

frequency cranking.
fault

detected.

P0707 TR TR TR position sensor signal Increase in control GO to Pinpoint Test C.
Position position duty cycle is below pressure (harsh shifts and
Sensor sensor threshold, sensor/circuit engagements). No engine

circuit electrical malfunction. cranking.
duty
cycle
low

input.

P0708 TR TR TR position sensor signal Increase in control GO to Pinpoint Test C.
Position position duty cycle is above pressure (harsh shifts and
Sensor sensor threshold, sensor/circuit engagements.) No engine

circuit electrical malfunction. cranking.
duty
cycle
high

input.

P1702 TR TR TR position sensor error Only REVERSE, GO to Pinpoint Test C.
Position position detected NEUTRAL and fifth gear
Sensor sensor detected

error.

P1705 TR TR KOEO or KOER not run DTC is set. RERUN KOEO and
Position position in P or N positions, or KOER in P or N position.
Sensor sensor TR position sensor circuit GO to Pinpoint Test C.

not in P failure.
or N

positions
during
KOEO

or
KOER.
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DIAGNOSIS AND TESTING (Continued)

Diagnostic Trouble Code Chart (Continued)

Compo- Descrip-
DTC nent tion Condition Symptom Action

P0711 TFT No PCM has detected no No fifth or sixth gears. GO to Pinpoint Test B.
Sensor change TFT change during

in TFT operation. TFT value
during stuck at some normal

operation. reading.

P0712, TFT 157°C Voltage drop across TFT No fifth or sixth gears. GO to Pinpoint Test B.
P0710 Sensor (315°F) sensor exceeds scale set

indicated, for temperature of 157°C
TFT (315°F).

sensor
circuit

grounded.

P0713, TFT -40°C Voltage drop across TFT No fifth or sixth gears. GO to Pinpoint Test B.
P0710 Sensor (-40°F) sensor exceeds scale set

indicated, for temperature of -40°C
TFT (-40°F).

sensor
circuit

grounded.

P1711 TFT TFT out Transmission not DTC set: engine cold or Warm or cool engine to
Sensor of range operating at temperature overheated. normal operating

during during on-board temperature. GO to
on-board diagnostics. Pinpoint Test B.
diagnos-

tics.

P1783 TFT Trans- Transmission fluid Torque converter engages GO to Pinpoint Test B.
Sensor mission temperature exceeded earlier than expected

overtemp 127°C (270°F).
condition
indicated.

P0715 TSS Insuff- PCM detected a loss of Harsh shifts and GO to Pinpoint Test D.
Sensor icient TSS signal during engagements, engine rpm

input operation. higher or lower than
from expected. No first, third
TSS. or fifth gear.

P0717 TSS No TSS PCM has not detected a Harsh shifts and GO to Pinpoint Test D.
Sensor signal. TSS signal. engagements, engine rpm

higher or lower than
expected. No first, third
or fifth gear.

P0718 TSS TSS PCM has detected a noisy — GO to Pinpoint Test D.
Sensor signal TSS signal.

noisy.

P0720 OSS Insuff- PCM detected a loss of No first, second, third, GO to Pinpoint Test D.
Sensor icient OSS signal during fourth or sixth gear.

input operation.
from
OSS.

P0721 OSS OSS PCM has detected a noisy — GO to Pinpoint Test D.
Sensor signal OSS signal.

noisy.
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DIAGNOSIS AND TESTING (Continued)

Diagnostic Trouble Code Chart (Continued)

Compo- Descrip-
DTC nent tion Condition Symptom Action

P0722 OSS No OSS PCM has detected no No first, second, third, GO to Pinpoint Test D.
Sensor signal. OSS signal. fourth or sixth gear.

P0730 Clutch Gear PCM has detected a gear Incorrect gear selection REFER to PID
Control ratio ratio error. OWC clutch depending on failure or P0730 Status Chart,
Solenoid error. or clutches may have mode and manual lever found immediately after

or failed. position. Shift errors may Output State Control
Internal also be due to other (OSC) Mode in this

Parts internal transmission section, for a specific
concerns (stuck valves, failure. REFER to the
damaged friction Solenoid Application
material). Engine rpm charts located at the
could be higher or lower beginning  of Pinpoint
than expected.  May flash Tests — OSC Equipped
TCIL. Vehicles. If other

solenoids DTCs are
present GO to Pinpoint
Test A. If only P0730
and/or 2700 series DTCs
are present, INSTALL the
appropriate clutch
solenoid. CLEAR DTCs,
road test. If the concern is
still  present,
REPAIR/INSTALL new
internal transmission
components.

P0740a TCC TCC TCC solenoid circuit fails Open circuit: TCC never GO to Pinpoint Test A.
Solenoid solenoid to provide voltage drop engages. Engine speed

open across solenoid. Circuit may be higher or lower
circuit open. than expected.
failure.

P0741 TCC TCC Torque converter slippage TCC slippage when REFER to Diagnosis By
Solenoid solenoid detected during commanded on indicating Symptom.

circuit engagement command a concern with the
perform- indicating a concern with mechanical or hydraulic

ance mechanical or hydraulic TCC operation. No TCC
error. operation of the converter engagements.

clutch.

P0742 TCC TCC TCC solenoid circuit fails Short circuit: Only fifth GO to Pinpoint Test A.
Solenoid solenoid to provide voltage drop gear at low vehicle

circuit across solenoid. Shorted speeds.
shorted to ground.

to
ground.

P0743 TCC TCC TCC solenoid circuit fails Open circuit: TCC never GO to Pinpoint Test A.
Solenoid solenoid to provide voltage drop engages. Engine speed

circuit across solenoid. Circuit may be higher or lower
failure open, shorted or PCM than expected. Maximum

driver failure during PC-A pressure, harsh
on-board diagnostics. engagement and shifts.

Short circuit: Only fifth
gear.
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DIAGNOSIS AND TESTING (Continued)

Diagnostic Trouble Code Chart (Continued)

Compo- Descrip-
DTC nent tion Condition Symptom Action

P0744 TCC TCC TCC solenoid circuit fails No torque converter GO to Pinpoint Test A.
Solenoid solenoid to provide voltage drop engagements.

circuit across solenoid. Circuit
shorted shorted to power.

to
power.

P1744 TCC TCC Torque converter slippage TCC slippage when REFER to Diagnosis By
Solenoid solenoid detected during commanded on indicating Symptom.

circuit engagement command a concern with the
perform- indicating a concern with mechanical or hydraulic

ance mechanical or hydraulic TCC operation. No TCC
error. operation of the converter engagements.

clutch.

P0748 b PC-A PC-A Voltage through PC-A Open circuit: maximum GO to Pinpoint Test E.
Line solenoid solenoid is checked. An PC-A pressure, harsh

Pressure circuit error will be noted if engagements and shifts.
Control failure. tolerance is exceeded. Engine rpm higher than
Solenoid expected. Short circuit:

Only fifth gear present.
Maximum PC-A pressure,
harsh engagements and
shifts. Engine rpm higher
than expected.

P0960b PC-A PC-A Voltage through PC-A Open circuit: maximum GO to Pinpoint Test E.
Line solenoid solenoid is checked. An PC-A pressure, harsh

Pressure circuit error will be noted if engagements and shifts.
Control open tolerance is exceeded. Engine rpm higher than
Solenoid failure. expected.

P0962b PC-A PC-A Voltage through PC-A Short circuit: Only fifth GO to Pinpoint Test E.
Line solenoid solenoid is checked. An gear present.

Pressure short to error will be noted if
Control ground tolerance is exceeded.
Solenoid circuit

failure.

P0963 PC-A PC-A Voltage through PC-A Maximum PC-A pressure, GO to Pinpoint Test E.
Line solenoid solenoid is checked. An harsh engagements and

Pressure short to error will be noted if shifts. Engine rpm higher
Control power tolerance is exceeded. than expected.
Solenoid circuit

failure.

P0750a SSPC-A SSPC-A SSPC-A circuit failed to No second, fourth, or GO to Pinpoint Test A.
Coast solenoid provide voltage drop sixth gear.
Clutch circuit across solenoid. Circuit

open. open or PCM driver
failure during on-board
diagnostics.

P0751 SSPC-A SSPC-A SSPC-A circuit, clutch or Overdrive Cancel OFF: GO to Pinpoint Test A.
Coast circuit, solenoid failed in the OFF Normal driving mode.
Clutch clutch or position during operation • No first gear available.

solenoid resulting in HIGH Overdrive Cancel ON:
failure pressure in the hydraulic • No first, third or fifth

— OFF. circuit. gears available.
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DIAGNOSIS AND TESTING (Continued)

Diagnostic Trouble Code Chart (Continued)

Compo- Descrip-
DTC nent tion Condition Symptom Action

P0752 SSPC-A SSPC-A SSPC-A circuit, clutch or Overdrive Cancel OFF: GO to Pinpoint Test A.
Coast circuit, solenoid failed in the ON Normal driving mode.
Clutch clutch or position during operation • Temperature below

solenoid resulting in LOW -15°C (4°F) only fourth
failure pressure in the hydraulic gear is operative.
— ON. circuit. • Temperature below

-15°C (4°F) only sixth
gear is operative.

Overdrive Cancel ON:
• No second or fourth

gears available.

P0753a SSPC-A SSPC-A SSPC-A circuit failed to Overdrive Mode: GO to Pinpoint Test A.
Coast solenoid provide voltage drop • No second, fourth, fifth
Clutch circuit across solenoid. Circuit or sixth gears available.

failure. failure or PCM driver • No gears available.
failure. Overdrive Cancelled

• No first, second, third,
fourth or sixth gears
available.

P0973 SSPC-A SSPC-A Voltage through SSPC-A Overdrive Mode: GO to Pinpoint Test A.
Coast solenoid solenoid circuit is • No second, forth, fifth
Circuit or checked. An error will be or sixth gears available.

circuit noted if tolerance is Overdrive Cancelled
shorted exceeded. Short to ground • No first, second, third,

to failure detected. fourth or sixth gears
ground. available.

P0974 SSPC-A SSPC-A Voltage through SSPC-A Overdrive Mode: GO to Pinpoint Test A.
Coast solenoid solenoid circuit is • No gears available.
Clutch or checked. An error will be Overdrive Cancelled:

circuit noted if tolerance is • No second, fourth or
shorted exceeded. Short to power sixth gears available.

to failure detected.
power.

P0755a SSPC-B SSPC-B SSPC-B circuit failed to Overdrive Mode: GO to Pinpoint Test A.
Overdrive solenoid provide voltage drop • Only first or third gears
Clutch circuit across solenoid. Circuit available.

open. open or PCM driver Overdrive Cancelled:
failure during on-board • Only fifth gear
diagnostics. available.

P0756 SSPC-B SSPC-B SSPC-B circuit, clutch or Overdrive Mode: GO to Pinpoint Test A.
Overdrive circuit, solenoid failed in the OFF • No second gear
Clutch clutch or position during operation available.

solenoid resulting in LOW Overdrive Cancelled:
— OFF. pressure in the hydraulic • No second, fourth or

circuit. sixth gears available.

P0757 SSPC-B SSPC-B SSPC-B circuit, clutch or No first, third or fifth GO to Pinpoint Test A.
Overdrive circuit, solenoid failed in the ON gears available.
Clutch clutch or position during operation

solenoid resulting in LOW
failure pressure in the hydraulic
— ON. circuit.

2004 E-Series, 12/2003 



307-01C-7 307-01C-7Automatic Transmission — TorqShift

DIAGNOSIS AND TESTING (Continued)

Diagnostic Trouble Code Chart (Continued)

Compo- Descrip-
DTC nent tion Condition Symptom Action

P0758a SSPC-B SSPC-B SSPC-B circuit failed to Overdrive Mode: GO to Pinpoint Test A.
Overdrive solenoid provide voltage drop • No first, second or third
Clutch circuit across solenoid. Circuit gears available.

failure. failure or PCM driver Overdrive Cancelled:
failure. • Only fourth, fifth and

sixth gears available.

P0976 SSPC-B SSPC-B Voltage through SSPC-B Overdrive Mode: GO to Pinpoint Test A.
Overdrive solenoid solenoid circuit is • No second gear
Clutch or checked. An error will be available.

circuit noted if tolerance is Overdrive Cancelled:
shorted exceeded. Short to ground • Only fourth and sixth

to failure detected. gears available.
ground.

P0977b SSPC-B SSPC-B Voltage through SSPC-B Overdrive Mode: GO to Pinpoint Test A.
Overdrive solenoid solenoid circuit is • Only first and third
Clutch or checked. An error will be gears available.

circuit noted if tolerance is Overdrive Cancelled
shorted exceeded. Short to power • Only fifth gear

to failure detected. available.
power.

P0760a SSPC-C SSPC-C SSPC-C circuit failed to Overdrive Mode: GO to Pinpoint Test A.
Intermed- solenoid provide voltage drop • Only first and second

iate circuit across solenoid. Circuit gears available.
Clutch open. open or PCM drive Overdrive Cancelled:

failure during on-board • Only fifth gear
diagnostics. available.

P0761 SSPC-C SSPC-C SSPC-C circuit, clutch or No third and fourth gear GO to Pinpoint Test A.
Intermed- circuit, solenoid failed in the OFF available.

iate clutch or position during operation
Clutch solenoid resulting in LOW

failure pressure in the hydraulic
— OFF. circuit.

P0762 SSPC-C SSPC-C SSPC-C circuit, clutch or Only third and fourth GO to Pinpoint Test A.
Intermed- circuit, solenoid failed in the ON gears available.

iate clutch or position during operation
Clutch solenoid resulting in HIGH

failure pressure in the hydraulic
— ON. circuit.

P0763a SSPC-C SSPC-C SSPC-C circuit failed to Overdrive Mode: May have additional fault
Intermed- solenoid provide voltage drop • Only first, second and codes. Possible codes

iate circuit across solenoid. Circuit third gears available. P0760, P0979 or P0980.
Clutch failure. failure or PCM driver Overdrive Cancelled: GO to Pinpoint Test A.

failure. • Only fourth and fifth
gears available.

P0979 SSPC-C SSPC-C Voltage through SSPC-C Overdrive Mode: GO to Pinpoint Test A.
Intermed- solenoid solenoid circuit is • Only third gear

iate or checked. An error will be available.
Clutch circuit noted if tolerance is Overdrive Cancelled:

shorted exceeded. Short to ground • Only fourth gear
to failure detected. available.

ground.
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DIAGNOSIS AND TESTING (Continued)

Diagnostic Trouble Code Chart (Continued)

Compo- Descrip-
DTC nent tion Condition Symptom Action

P0980b SSPC-C SSPC-C Voltage through SSPC-C Overdrive Mode: GO to Pinpoint Test A.
Intermed- solenoid solenoid circuit is • Only first and second

iate or checked. An error will be gears available.
Clutch circuit noted if tolerance is Overdrive Cancelled:

shorted exceeded. Short to power • Only fifth gear
to failure detected. available.

power.

P0765 SSPC-D SSPC-D SSPC-D circuit failed to Overdrive Mode: GO to Pinpoint Test A.
Direct solenoid provide voltage drop • Only fifth gear
Clutch circuit across solenoid. Circuit available.

open. open or PCM driver Overdrive Cancelled:
failure during on-board • Only sixth gears
diagnostics. available.

P0766 SSPC-D SSPC-D SSPC-D circuit, clutch or Overdrive Mode: GO to Pinpoint Test A.
Direct circuit, solenoid failed in the OFF • No fifth gear available.
Clutch clutch or position during operation Overdrive Cancelled:

solenoid resulting in HIGH • No fifth or sixth gears
failure pressure in the hydraulic available.

— OFF. circuit.

P0767 SSPC-D SSPC-D SSPC-D circuit, clutch or No first, second, third or GO to Pinpoint Test A.
Direct circuit, solenoid failed in the ON fourth gears available.
Clutch clutch or position during operation

solenoid resulting in LOW
failure pressure in the hydraulic
— ON. circuit.

P0768 SSPC-D SSPC-D SSPC-D circuit failed to Overdrive Mode: GO to Pinpoint Test A.
Direct solenoid provide voltage drop • Only first, second and
Clutch circuit across solenoid. Circuit fifth gears available.

failure. failure or PCM driver Overdrive Cancelled:
failure. • Only fifth and sixth

gears available.

P0982b SSPC-D SSPC-D Voltage through SSPC-D Overdrive Mode: GO to Pinpoint Test A.
Direct solenoid solenoid circuit is • Only first and second
Clutch or checked. An error will be gears available.

circuit noted if tolerance is Overdrive Cancelled:
shorted exceeded. Short to ground • Only fifth gear

to failure detected. available.
ground.

P0983b SSPC-D SSPC-D Voltage through SSPC-D Overdrive Mode: GO to Pinpoint Test A.
Direct solenoid solenoid circuit is • Only fifth gear
Clutch or checked. An error will be available.

circuit noted if tolerance is Overdrive Cancelled:
shorted exceeded. Short to power • Only sixth gear

to failure detected. available.
power.

P0770 SSPC-E SSPC-E SSPC-E circuit failed to Overdrive Mode: GO to Pinpoint Test A.
Low/ solenoid provide voltage drop • Only first and second

Reverse circuit across solenoid. Circuit gears available.
Clutch open. open or PCM drive Overdrive Cancelled:

failure during on-board • Only fifth gear
diagnostics. available.
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DIAGNOSIS AND TESTING (Continued)

Diagnostic Trouble Code Chart (Continued)

Compo- Descrip-
DTC nent tion Condition Symptom Action

P0771 SSPC-E SSPC-E SSPC-E circuit, clutch or Overdrive Mode: GO to Pinpoint Test A.
Low/ circuit, solenoid failed in the OFF • No first gear available.

Reverse clutch or position during operation Overdrive Cancelled:
Clutch solenoid resulting in HIGH • No first or second gears

failure pressure in the hydraulic available.
— OFF. circuit.

P0772 SSPC-E SSPC-E SSPC-E circuit, clutch or Overdrive Mode: GO to Pinpoint Test A.
Low/ circuit, solenoid failed in the ON • Only first gear

Reverse clutch or position during operation available.
Clutch solenoid resulting in LOW Overdrive Cancelled:

failure pressure in the hydraulic • Only first or second
— ON. circuit. gears available.

P0773 SSPC-E SSPC-E SSPC-E circuit failed to Overdrive Mode: GO to Pinpoint Test A.
Low/ solenoid provide voltage drop • Only first, second and

Reverse circuit across solenoid. Circuit fifth gears available.
Clutch failure. failure or PCM driver Overdrive Cancelled:

failure. • Only fifth gear
available.

P0985b SSPC-E SSPC-E Voltage through SSPC-E Overdrive Mode: GO to Pinpoint Test A.
Low/ solenoid solenoid circuit is • Only fifth gear

Reverse or checked. An error will be available.
Clutch circuit noted if tolerance is

shorted exceeded. Short to ground
to failure detected.

ground.

P0986b SSPC-E SSPC-E Voltage through SSPC-E Overdrive Mode: GO to Pinpoint Test A.
Low/ solenoid solenoid circuit is • Only first and second

Reverse or checked. An error will be gears available.
Clutch circuit noted if tolerance is Overdrive Cancelled

shorted exceeded. Short to power • Only fifth gear
to failure detected. available.

power.

P0791 Intermed- Insuff- PCM detected an Harsh shifts or GO to Pinpoint Test D.
iate icient insufficient signal from engagements, engine rpm

Shaft input the intermediate shaft higher or lower than
Speed from speed sensor during expected. No first, third
Sensor intermed- operation. or fifth gears.

iate
shaft
speed

sensor.

P0793 Intermed- No input PCM detected a loss of Harsh shifts or GO to Pinpoint Test D.
iate from intermediate shaft speed engagements, engine rpm

Shaft intermed- sensor signal during higher or lower than
Speed iate operation. expected. No first, third
Sensor shaft or fifth gears.

speed
sensor.
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DIAGNOSIS AND TESTING (Continued)

Diagnostic Trouble Code Chart (Continued)

Compo- Descrip-
DTC nent tion Condition Symptom Action

P0794 Intermed- Intermed- PCM has detected an — GO to Pinpoint Test D.
iate iate intermittent intermediate

Shaft shaft shaft speed sensor signal.
Speed speed
Sensor sensor

signal
intermitt-

ent

P0657 TSPC TSPC TSPC high side power Only reverse, neutral and Power to all solenoids has
high supply circuit failed open fifth gears available. been interrupted. Monitor
side or shorted to ground. Engine rpm at idle is PID tspc flg. If

power about 1,000 rpm when tspc flg = 1, then TSPC
supply TSPC is off as a FMEM is on. If tspc flg = 0,
circuit action. then TSPC is off. Check
failed. for opens, shorts to

ground or disconnected
harness. Repair as
required. When  TSPC is
commanded OFF as a
FMEM action, check all
solenoids for correct
function as listed in the
band, clutch, solenoid,
switch application charts.
For additional information
on diagnosing PCM
concerns, refer to the
Powertrain
Control/Emissions
Diagnosis (PC/ED)
manual.

P1910 Backup Backup Backup lamp driver No backup lamps in REFER to the Powertrain
lamp lamp control circuit failed. reverse. TR position Control/Emissions
driver driver sensor is OK. Diagnosis (PC/ED)
circuit control manual.

circuit
failed.

P1124 TP TP TP was not in the correct Rerun at appropriate REFER to the Powertrain
Sensor voltage position for on-board throttle position per Control/Emissions

high/low diagnostics. application. Diagnosis (PC/ED)
for manuala.

on-board
diagnos-

tics.

P1460 A/C A/C A/C or defrost ON DTC set during on-board REFER to the Powertrain
Switch pressure condition may result from diagnostics: rerun with Control/Emissions

cycling A/C clutch being ON A/C off. Diagnosis (PC/ED)
switch during on-board Failed ON: line pressure manuala.
error. diagnostics. slightly low with A/C off.
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DIAGNOSIS AND TESTING (Continued)

Diagnostic Trouble Code Chart (Continued)

Compo- Descrip-
DTC nent tion Condition Symptom Action

P1572 BPP BPP Brake ON circuit failure Failed ON or not REFER to the Powertrain
Switch switch during normal operation. connected: Control/Emissions

circuit • TCC will not engage at Diagnosis (PC/ED)
failed. less than 1/3 throttle. manuala.

Failed OFF or not
connected:
• TCC will not disengage

when the brake is
applied.

P1636 SSx SSx PCM has detected an None. INSTALL a new PCM.
ISIG error with the ISIG chip.

communi-
cation
error.

P1703 BPP Brake Brake not cycling during Failed ON or not REFER to the Powertrain
Switch not KOER or brake ON connected: Control/Emissions

actuated circuit failure during • TCC will not engage at Diagnosis (PC/ED)
during KOEO. less then 1/3 throttle. manuala.

on-board Failed OFF or none
diagnos- connected:

tics • TCC will not disengage
KOER when the brake is
or BPP applied.
switch
circuit
failed.

P1780 TCS TCS TCS switch voltage No tow/haul feature when RERUN on-board
Switch switch incorrect. TCS switch is pressed diagnostics and cycle

input during self-test. switch. If concern is still
incorrect present, REFER to

per Section 307-05.
selected
position.
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DIAGNOSIS AND TESTING (Continued)

Diagnostic Trouble Code Chart (Continued)

Compo- Descrip-
DTC nent tion Condition Symptom Action

P2700 Coast Coast The PCM has detected a Not all gears available. Coast Clutch failed on or
Clutch Clutch failure within the coast Overdrive Mode: off. REFER to PID

failed clutch system. • No first, second, third P0730 Status Chart,
ON or or fifth gears available. found immediately after
OFF. Overdrive Cancelled Output State Control

• No first, second, third, (OSC) Mode in this
fourth, fifth or sixth section, for a specific
gears available. failure. REFER to the

Solenoid Application
charts located at the
beginning of Pinpoint
Tests — OSC Equipped
Vehicles. If other solenoid
DTCs are present GO to
Pinpoint Test A. If only
P0730 and/or 2700 series
DTCs are present,
INSTALL the appropriate
clutch solenoid. CLEAR
DTCs, road  test. If the
concern is still present,
REPAIR/INSTALL new
internal transmission
components.

P2701 Overdrive Overdrive The PCM has detected a Not all gears available. Overdrive Clutch failed
Clutch Clutch failure within the Overdrive Mode: on or off. REFER to PID

failed overdrive clutch system. • No first, second, third, P0730 Status Chart,
ON or or fifth gears available. found immediately after
OFF. Overdrive Cancelled Output State Control

• No second, fourth or (OSC) Mode in this
sixth gears available. section, for a specific

failure. REFER to the
Solenoid  Application
charts located at the
beginning of Pinpoint
Tests — OSC Equipped
Vehicles. If other solenoid
DTCs are present GO to
Pinpoint Test A. If only
P0730 and/or 2700 series
DTCs are present,
INSTALL the appropriate
clutch solenoid. CLEAR
DTCs, road test. If the
concern is still present,
REPAIR/INSTALL new
internal transmission
components.
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DIAGNOSIS AND TESTING (Continued)

Diagnostic Trouble Code Chart (Continued)

Compo- Descrip-
DTC nent tion Condition Symptom Action

P2702 Intermed- Intermed- The PCM has detected a Not all gears available. Intermediate Clutch failed
iate iate failure within the • No third and fourth on or off. REFER to PID

Clutch Clutch intermediate clutch gears available. P0730 Status Chart,
failed system. • Only third and fourth found immediately after
ON or gears available. Output State Control
OFF. (OSC) Mode in this

section, for a specific
failure. REFER to the
Solenoid  Application
charts located at the
beginning of Pinpoint
Tests — OSC Equipped
Vehicles. If other solenoid
DTCs are present GO to
Pinpoint Test A. If only
P0730 and/or 2700 series
DTCs are present,
INSTALL the appropriate
clutch solenoid. CLEAR
DTCs, road test. If the
concern is still present,
REPAIR/INSTALL new
internal transmission
components.
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DIAGNOSIS AND TESTING (Continued)

Diagnostic Trouble Code Chart (Continued)

Compo- Descrip-
DTC nent tion Condition Symptom Action

P2703 Direct Direct The PCM has detected a Not all gears available. Direct Clutch failed on or
Clutch Clutch failure within the direct No first, second, third, or off. REFER to PID

failed clutch system. fourth gears available. P0730 Status Chart,
ON or Overdrive Mode: found immediately after
OFF. • No fifth gear available. Output State Control

Overdrive Cancelled (OSC) Mode in this
• No fifth or sixth gears section, for a specific

available. failure. REFER to the
Solenoid Application
charts located at the
beginning of Pinpoint
Tests — OSC Equipped
Vehicles. If other solenoid
DTCs are present GO to
Pinpoint Test A. If only
P0730 and/or 2700 series
DTCs are present,
INSTALL the appropriate
clutch solenoid. CLEAR
DTCs, road  test. If the
concern is still present,
REPAIR/INSTALL new
internal transmission
components.

P2704 Low Low The PCM has detected a Not all gears available. Low Reverse Clutch
Reverse Reverse failure within the low Overdrive Mode: failed on or off. REFER
Clutch Clutch reverse clutch system. • No first, gear available. to PID P0730 Status

failed Overdrive Cancelled Chart, found immediately
ON or • No first or second gears after Output State Control
OFF. available. (OSC) Mode in this

section, for a specific
failure. REFER to the
Solenoid  Application
charts located at the
beginning of Pinpoint
Tests — OSC Equipped
Vehicles. If other solenoid
DTCs are present GO to
Pinpoint Test A. If only
P0730 and/or 2700 series
DTCs are present,
INSTALL the appropriate
clutch solenoid. CLEAR
DTCs, road test. If the
concern is still present,
REPAIR/INSTALL new
internal transmission
components.

a Output circuit check, generated only by electrical symptoms.
b May also generate by some other non-electrical transmission hardware system.
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DIAGNOSIS AND TESTING

Transmission Connector Layouts

Internal Transmission Harness Connector/Component Locator

Transmission Vehicle Harness ConnectorItem Description

1 PC-A (line pressure control)

2 TCC (torque converter clutch)

3 SSPC-B (overdrive clutch)

4 SSPC-A (coast clutch)

5 SSPC-E (low/reverse clutch)

6 SSPC-D (direct clutch)

7 SSPC-C (intermediate clutch)

8 TFT (transmission fluid temperature)

9 TR position (transmission range sensor)

Pin PCM
Number Description Connector

1 SSPC-E 13

2 Not Used —

3 SSPC-B 10

4 SSPC-D 12

Copyright  2003, Ford Motor Company
Last updated: 4/8/2005 2004 E-Series, 12/2003 
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DIAGNOSIS AND TESTING (Continued)

Pin PCM Pin PCM
Number Description Connector Number Description Connector

5 SSPC-C 11 21 VPWR for TR position sensor 1
only6 Not Used —

22 SGNRTN 307 Solenoid VPWR 7
23 Not Used —8 TCC 14
24 Solenoid VPWR 79 Not Used —

10 PC-A 2
Transmission Internal Harness Connector11 Not Used —

12 SSPC-A 9

13 Not Used —

14 Not Used —

15 TR position signal 25

16 Not Used —

17 TR position ground 22

18 TFT signal 26

19 Not Used —

20 Solenoid VPWR 7

PCM Int. Wire Color Int. Wire Color Int. Wire Color
Pin Number Description Connector Pin No. 1 Pin No. 2 Pin No. 3

1 SSPC-E 13 Light green Gray —

2 Not Used — — — —

3 SSPC-B 10 Red Light green —

4 SSPC-D 12 Brown Pink —

5 SSPC-C 11 Yellow Purple —

6 Not Used — — — —

7 Solenoid VPWR 7 — — —
(a)

8 TCC 14 Dark Blue Orange —

9 Not Used — — — —

10 PC-A 17 Light Blue White —

11 Not Used — — — —

12 SSPC-A 9 Purple Yellow —

13 Not Used — — — —

14 Not Used — — — —

15 TR position 25 — Light Blue —
signal

16 Not Used — — — —

17 TR position 22 — — Tan
ground

18 TFT Signal 26 Tan Gray —

19 Not Used — — — —

2004 E-Series, 12/2003 



307-01C-3 307-01C-3Automatic Transmission — TorqShift

DIAGNOSIS AND TESTING (Continued)

PCM Int. Wire Color Int. Wire Color Int. Wire Color
Pin Number Description Connector Pin No. 1 Pin No. 2 Pin No. 3

20 Solenoid VPWR 7 — — —
(a)

21 VPWR for TR 1 Orange — —
position sensor

only

22 SGNRTN (b) 30 — — —

23 Not Used — — — —

24 VPWR (a) 7 — — —

(a) See negative pins for SSPC-x. Pin Number Circuit Function

(b) See negative pins for PS-x. 1 Common

2 Solenoid SignalInternal Harness TR position Sensor Connector —
Tan (3 Pin)

Output Shaft Speed (OSS) Sensor Harness Connector

Pin Number Circuit Function

1 Power Circuit
Pin Number PCM Pin Function2 Sensor Signal

1 1 Vehicle Power3 Ground
2 22 Signal Return

3 28 Output ShaftInternal Harness SSPC-x Solenoid Connector — Tan
Speed Sensor(2 Pin)

(OSS)

Intermediate Shaft Speed and Turbine Shaft Speed
(TSS) Sensor Harness Connector
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DIAGNOSIS AND TESTING (Continued)

Pin
Number PCM Pin Circuit Function

1 1 Vehicle Power

2 22 Signal Return

3 29 Turbine Shaft Speed (TSS)
Sensor

4 27 Intermediate Shaft Speed
Sensor

2004 E-Series, 12/2003 



307-01C-1 307-01C-1Automatic Transmission — TorqShift

DIAGNOSIS AND TESTING

Pinpoint Tests — OSC Equipped
Vehicle

Special Tool(s)

Transmission Fluid Pressure
Gauge
307-004 (T57L-77820-A)

Automotive Meter 73 III
105-R0057 or equivalent

Worldwide Diagnostic System
(WDS)
418-F224

New Generation STAR (NGS)
Tester
418-F052 or equivalent scan
tool

Any time an electrical connector or solenoid body is
disconnected, inspect the connector for terminal
condition, corrosion and contamination. Also inspect
the connector seal for damage. Clean, repair or
install a new connector as required.

Solenoid/Switch Pre-Diagnosis
Use the following charts when carrying out the
Pinpoint Tests.

Band, Clutch, Solenoid Application Chart (A)

Range
Selector Line SSPC-A

Lever Engine Pressure Forward Coast Coast
Position Gear Braking PC-A (I) Clutch Clutch Clutch (I)

P P — HP/LA (a) — — LP/HA

N N — HP/LA (a) — — LP/HA

R R — HP/LA (a) — A HP/LA

OD 1 — HP/LA (a) A — LP/HA

OD 2 — HP/LA (a) A — LP/HA

OD 3 — HP/LA (a) A — LP/HA

OD 4 (b) Yes HP/LA (a) A — LP/HA

Copyright  2003, Ford Motor Company
Last updated: 08/27/2003 2004 E-Series, 12/2003 
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DIAGNOSIS AND TESTING (Continued)

Band, Clutch, Solenoid Application Chart (A) (Continued)

Range
Selector Line SSPC-A

Lever Engine Pressure Forward Coast Coast
Position Gear Braking PC-A (I) Clutch Clutch Clutch (I)

OD 5 — HP/LA (a) A — LP/HA

OD 6 Yes HP/LA (a) A — LP/HA

(a) PCM Calibration Controlled

(b) Cold Strategy

HP = High Pressure

LP = Low Pressure

HA = High Current

LA = Low Current

A = Applied

(I) Inversely Proportional

Band, Clutch, Solenoid Application Chart (B)

Range
Selector Lever SSPC-B OD SSPC-C Int.

Position Gear OD Clutch Clutch (D) Int. Clutch Clutch (D)

P P — LP/LA — LP/LA

N N — LP/LA — LP/LA

R R — LP/LA — LP/LA

OD 1 — LP/LA — LP/LA

OD 2 A HP/HA — LP/LA

OD 3 — LP/LA A HP/HA

OD 4 (a) A HP/HA A HP/HA

OD 5 — LP/LA — LP/LA

OD 6 A HP/HA — LP/LA

(a) Cold Strategy

HP = High Pressure

LP = Low Pressure

HA = High Current

LA = Low Current

A = Applied

(D) Directly Proportional

Band, Clutch, Solenoid Application Chart (C)

Range SSPC-E Low
Selector Lever SSPC-D Direct Low Reverse Reverse

Position Gear Direct Clutch Clutch (I) Clutch Clutch (D)

P P — LP/HA A (a) (c) (a)

N N — LP/HA A (a) (c) (a)

R R A (d) LP/HA (d) A (a) HP/HA (a)

OD 1 — LP/HA A (a) (c) (a)
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DIAGNOSIS AND TESTING (Continued)

Band, Clutch, Solenoid Application Chart (C) (Continued)

Range SSPC-E Low
Selector Lever SSPC-D Direct Low Reverse Reverse

Position Gear Direct Clutch Clutch (I) Clutch Clutch (D)

OD 2 — LP/HA — LP/LA

OD 3 — LP/HA — LP/LA

OD 4 (b) — LP/HA — LP/LA

OD 5 A HP/LA — LP/LA

OD 6 A HP/LA — LP/LA

(a) PCM Calibration Controlled

(b) Cold Strategy

(c) 207 kPa (30 psi) until mph reaches 5 km/h (3 mph)

(d) Clutch Applied Through Manual Valve Position

HP = High Pressure

LP = Low Pressure

HA = High Current

LA = Low Current

A = Applied

(D) = Directly Proportional

(I) Inversely Proportional

Band, Clutch, Solenoid Application Chart (D)

Range Selector TCC Torque
Lever Position Gear Converter (D) OD OWC L/R OWC

P P LP/LA X X

N N LP/LA X X

R R LP/LA X —

OD 1 (a) X X

OD 2 (a) O/R X

OD 3 (a) X O/R

OD 4 (b) (a) O/R O/R

OD 5 (a) X O/R

OD 6 (a) O/R O/R

(a) PCM Calibration Controlled

(b) Cold Strategy

O/R = Overrunning

LP = Low Pressure

LA = Low Current

X = Holding

(D) = Directly Proportional
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DIAGNOSIS AND TESTING (Continued)

Band, Clutch, Solenoid Application Chart (E)

Range
Selector Line SSPC-A

Lever Engine Pressure Forward Coast Coast
Position Gear Braking PC-A (I) Clutch Clutch Clutch (I)

P P — HP/LA (a) — — LP/HA

N N — HP/LA (a) — — LP/HA

R R — HP/LA (a) — A HP/LA

OD OFF 1 Yes HP/LA (a) A A HP/LA

OD OFF 2 Yes HP/LA (a) A — LP/HA

OD OFF 3 Yes HP/LA (a) A A HP/LA

OD OFF 4 (b) Yes HP/LA (a) A — LP/HA

OD OFF 5 Yes HP/LA (a) A A HP/LA

OD OFF 6 Yes HP/LA (a) A — LP/HA

(a) PCM Calibration Controlled

(b) Cold Strategy

HP = High Pressure

LP = Low Pressure

HA = High Current

LA = Low Current

A = Applied

(I) Inversely Proportional

Band, Clutch, Solenoid Application Chart (F)

Range
Selector Lever SSPC-B OD SSPC-C Int.

Position Gear OD Clutch Clutch (D) Int. Clutch Clutch (D)

P P — LP/LA — LP/LA

N N — LP/LA — LP/LA

R R — LP/LA — LP/LA

OD OFF 1 — LP/LA — LP/LA

OD OFF 2 A HP/HA — LP/LA

OD OFF 3 — LP/LA A HP/HA

OD OFF 4 (a) A HP/HA A HP/HA

OD OFF 5 — LP/LA — LP/LA

OD ON 6 A HP/HA — LP/LA

(a) Cold Strategy

HP = High Pressure

LP = Low Pressure

HA = High Current

LA = Low Current

A = Applied

(D) Directly Proportional
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DIAGNOSIS AND TESTING (Continued)

Band, Clutch, Solenoid Application Chart (G)

Range SSPC-E Low
Selector Lever SSPC-D Direct Low Reverse Reverse

Position Gear Direct Clutch Clutch (I) Clutch Clutch (D)

P P — LP/HA A (a) (c) (a)

N N — LP/HA A (a) (c) (a)

R R A (d) LP/HA (d) A (a) HP/HA (a)

OD OFF 1 — LP/HA A (a) (a)

OD OFF 2 — LP/HA A (a) HP/HA

OD OFF 3 — LP/HA — LP/LA

OD OFF 4 (b) — LP/HA — LP/LA

OD OFF 5 A HP/LA — LP/LA

OD ON 6 A HP/LA — LP/LA

(a) PCM Calibration Controlled

(b) Cold Strategy

(c) 207 kPa (30 psi) Until mph Reaches 5 km/h (3 mph)

(d) Clutch Applied Through Manual Valve Position

HP = High Pressure

LP = Low Pressure

HA = High Current

LA = Low Current

A = Applied

(D) = Directly Proportional

(I) Inversely Proportional

Band, Clutch, Solenoid Application Chart (H)

Range Selector TCC Torque
Lever Position Gear Converter (D) OD OWC L/R OWC

P P LP/LA X X

N N LP/LA X X

R R LP/LA X —

OD OFF 1 (a) X X

OD OFF 2 (a) O/R X

OD OFF 3 (a) X O/R

OD OFF 4 (b) (a) O/R O/R

OD OFF 5 (a) X O/R

OD OFF 6 (a) O/R O/R

(a) PCM Calibration Controlled

(b) Cold Strategy

O/R = Overrunning

LP = Low Pressure

LA = Low Current

X = Holding

(D) = Directly Proportional
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DIAGNOSIS AND TESTING (Continued)

Band, Clutch, Solenoid Application Chart (I)

Range
Selector Line SSPC-A

Lever Engine Pressure Forward Coast Coast
Position Gear Braking PC-A (I) Clutch Clutch Clutch (I)

Manual Third 3 Yes HP/LA (a) A A HP/LA

Manual 2 Yes HP/LA (a) A — LP/HA
Second

Manual First 1 Yes HP/LA (a) A A HP/LA

(a) PCM Calibration Controlled

HP = High Pressure

LA = Low Current

LP = Low Pressure

HA= High Current

A = Applied

(I) Inversely Proportional

Band, Clutch, Solenoid Application Chart (J)

Range
Selector Lever SSPC-B OD SSPC-C Int.

Position Gear OD Clutch Clutch (D) Int. Clutch Clutch (D)

Manual Third 3 — LP/LA A HP/HA

Manual Second 2 A HP/HA — LP/LA

Manual First 1 — LP/LA — LP/LA

(a) PCM Calibration Controlled

HP = High Pressure

LP = Low Pressure

HA = High Current

LA = Low Current

A = Applied

(D) Directly Proportional

Band, Clutch, Solenoid Application Chart (K)

Range SSPC-E Low
Selector Lever SSPC-D Direct Low Reverse Reverse

Position Gear Direct Clutch Clutch (I) Clutch Clutch (D)

Manual Third 3 — LP/HA — LP/LA

Manual Second 2 — LP/HA A HP/HA

Manual First 1 — LP/HA A HP/HA

HP = High Pressure

LP = Low Pressure

HA = High Current

LA = Low Current

A = Applied

(D) = Directly Proportional

(I) Inversely Proportional
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DIAGNOSIS AND TESTING (Continued)

Band, Clutch, Solenoid Application Chart (L)

Range Selector TCC Torque
Lever Position Gear Converter (D) OD OWC L/R OWC

Manual Third 3 (a) X O/R

Manual Second 2 (a) X O/R

Manual First 1 (a) X X

(a) PCM Calibration Controlled

O/R = Overrunning

X = Holding

(D) = Directly Proportional

PINPOINT TEST A: CONTROL SOLENOIDS

NOTE: Refer to the Transmission Vehicle Harness Connector illustration preceding these
pinpoint tests.

NOTE: Refer to the Internal Harness Connector illustration preceding these pinpoint tests.

NOTE: Read and record all DTCs. All TR position Sensor and VSS DTCs must be repaired
before entering Output State Control (OSC) — Service Bay Mode.

NOTE: Use the PID Chart for available diagnostic PIDs. Refer to Output State Control (OSC)
Mode in this section.

Test Step Result / Action to Take
A1 ELECTRONIC DIAGNOSTICS

• Key in OFF position.
• Select PARK.
• Check to make sure the transmission harness connector is fully

seated, terminals are fully engaged in connector and in good Yescondition before proceeding. REMAIN in Active Command Diagnostic• Connect the scan tool. Mode. GO to A2.• Key in ON position.
• Enter the following diagnostic mode on the scan tool: TCM No

Module. REPEAT procedure to enter Active
• Enter the following diagnostic mode on the scan tool: Active Command Diagnostic Mode. If the vehicle

Command Modes. did not enter Active Command Diagnostic
• Monitor the appropriate PID for the solenoid SSPC-x or TCC Mode, REFER to the Powertrain

being tested, refer to the PID chart in Output State Control Control/Emissions Diagnosis (PC/ED)
(OSC) Mode. manual for diagnosis of the powertrain

• Can the PIDs be monitored or solenoids be commanded? control module  (PCM).
A2 SOLENOID FUNCTIONAL TEST

• Select the appropriate solenoid that is to be tested, SSx AMP
or TCC AMP.

• Select value: 0, 0.25, 0.50, 0.75 or 1.0 amp.
• Select another value: 0 - 1.0 amp. Yes• Cancel and return to normal operation. CLEAR DTCs.• Press ‘‘SEND’’.
• Does the pressure and current readings change and match No

the command? GO to A3.
A3 CHECK FOR BATTERY VOLTAGE

• Disconnect the transmission vehicle harness connector from the
transmission bulkhead connector. Yes• Inspect the harness connector for damaged pins. GO to A4.• Key in ON position.

• Measure the voltage between pins 7, 20 and 24 harness side No
and ground. REPAIR the circuit. TEST for normal

• Is the voltage greater than 10 volts? operation.
A4 ELECTRICAL SIGNAL CHECK

• Measure the voltage between pins 7, 20, 24 and pins 1, 3, 4, 5,
8, 10 and 12 harness side.

• Activate each of the pressure control solenoids while monitoring
the current (amps) readings.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST A: CONTROL SOLENOIDS (Continued)

Test Step Result / Action to Take
A4 ELECTRICAL SIGNAL CHECK (Continued)

• Select the appropriate solenoid that is to be tested, SSx AMP Yesor TCC AMP. GO to A5.• Select value: 0, 0.25, 0.50, 0.75 or 1.0 amp.
• Select another value: 0 - 1.0 amp. No
• Cancel and return to normal operation. REPAIR an open or short in the harness,
• Does the current and solenoid state change? or INSTALL a new PCM.

A5 CHECK THE INTERNAL HARNESS
• Drain the transmission fluid.
• Remove the transmission fluid pan.
• Disconnect: Affected Solenoid.
• Measure the resistance between pins 1, 3, 4, 5, 8, 10 and 12

transmission bulkhead side and pin 2 at each associated Yessolenoid connector. GO to A6.• Measure the resistance between pins 1, 20 and 24 transmission
bulkhead side and pin 1 at each associated solenoid connector. No

• Are the resistances less than 0.5 ohms? INSTALL a new harness. GO to A7.
A6 CHECK FOR A SHORT TO GROUND

• Measure the resistance between pins 1, 3, 4, 5, 8, 10 and 12 Yes
harness side and ground. INSTALL a new harness.

• Is the resistance greater than 10,000 ohms? No
GO to A7.

A7 CHECK THE SOLENOID RESISTANCE AT THE SOLENOID
• Measure the resistance between pins 1 and 2 at each solenoid. Yes
• Is the resistance between 4.1-4.7 ohms? GO to A8.

No
INSTALL a new solenoid if not within
specification. CLEAR the DTCs. TEST the
system for normal operation.

A8 CHECK THE SOLENOID FOR A SHORT TO GROUND
• Measure the resistance between pins 1 and 2 at each solenoid Yes

and ground. INSTALL a new solenoid body assembly.
• Is the resistance less than 10,000 ohms? No

INSTALL a new PCM. If the condition
persists, REFER to Diagnosis By
Symptom in this section for diagnosis of
pressure concerns. CLEAR the DTCs.
TEST the system for normal operation.

PINPOINT TEST B: TRANSMISSION FLUID TEMPERATURE (TFT) SENSOR

NOTE: Refer to the Transmission Vehicle Harness Connector illustration preceding these
pinpoint tests.

NOTE: Refer to the Internal Harness Connector illustration preceding these pinpoint tests.

NOTE: Read and record all DTCs.

NOTE: Use the PID Chart for available diagnostic PIDs. Refer to Output State Control (OSC)
Mode in this section.

Test Step Result / Action to Take
B1 ELECTRONIC DIAGNOSTICS

• Key in OFF position. Yes• Select PARK. REMAIN in PID/Data Control. GO to B2.• Check to make sure the transmission harness connector is fully
seated, terminals are fully engaged in connector and in good No
condition before proceeding. REPEAT procedure to enter PID. If vehicle

• Connect the scan tool. did not enter PID, REFER to
• Key in ON position. thePowertrain Control/Emissions Diagnosis
• Enter the following diagnostic mode on the scan tool: Monitor (PC/ED) manual for diagnosis of

PIDs For TFT. powertrain control module (PCM) and
• Does the vehicle enter PID/Data Monitor and Record? NGS.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST B: TRANSMISSION FLUID TEMPERATURE (TFT) SENSOR (Continued)

Test Step Result / Action to Take
B2 WARM-UP/COOL-DOWN CYCLE

• While monitoring the TFT PIDs, carry out the following test: If Yes
transmission is cold, operate to warm it up. If transmission is If the TFT PIDs increase as the
warm, allow transmission to cool down. transmission is warmed or decrease as

• Do the TFT PIDs increase as the transmission is warmed up the transmission is cooled, CLEAR all
or decrease as the transmission is cooled or does the TFT DTCs. CARRY OUT the road test to verify
drop in and out of range? if concern is still present. If concern is still

present, REFER to  Diagnosis By
Symptom in this section to diagnose
transmission overheating.
No
GO to B3.

B3 ELECTRICAL SIGNAL CHECK
• Disconnect: Transmission Harness Connector. Yes
• Visually inspect all wires and connectors for damage. GO to B4.
• Measure the voltage between pin 18 harness side and ground. No• Is the voltage between 4.5 and 5.5 volts? REPAIR the circuit. TEST the system for

normal operation.
B4 CHECK THE RESISTANCE OF THE TFT SENSOR

• Measure the resistance between pins 18 and 22 at the
transmission bulkhead body connector.

• Record the resistance.
• Resistance should be approximately in the following ranges:

Transmission Fluid Temperature

°C °F Resistance (Ohms)

-40 to -20 -40 to -4 967K - 284K

-19 to -1 -3 to 31 284K - 100K

0 to 20 32 to 68 100K - 37K

21 to 40 69 to 104 37K - 16K

41 to 70 105 to 158 16K - 5K

71 to 90 159 to 194 5K - 2.7K

91 to 110 195 to 230 2.7K - 1.5K Yes
REFER to Diagnosis By Symptom in this111 to 130 231 to 266 1.5K - 0.8K section to diagnose an overheating
concern.131 to 150 267 to 302 0.8K - 0.54K
No

• Is the resistance in range? GO to B5.
B5 CHECK THE INTERNAL HARNESS FOR AN OPEN

• Drain the transmission fluid.
• Remove the transmission fluid pan.
• Disconnect: TFT Sensor Connector.
• Measure the resistance between the TFT sensor connector pin 1 Yesand the transmission bulkhead connector pin 18. GO to B6.• Measure the resistance between the TFT sensor connector pin 2

and the transmission bulkhead connector pin 22. No
• Are the resistances less than 0.5 ohms? INSTALL a new harness. GO to B7.

B6 CHECK THE INTERNAL HARNESS FOR A SHORT TO GROUND
• Measure the resistance between the TFT sensor connector pins Yes

18 and 22, and ground. INSTALL a new internal harness.
• Is the resistance greater than 10,000 ohms? No

GO to B7.
B7 CHECK THE RESISTANCE AT THE SENSOR

• Measure the resistance between pins 1 and 2 at the TFT
sensor.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST B: TRANSMISSION FLUID TEMPERATURE (TFT) SENSOR (Continued)

Test Step Result / Action to Take
B7 CHECK THE RESISTANCE AT THE SENSOR (Continued)

Transmission Fluid Temperature

°C °F Resistance (Ohms)

-40 to -20 -40 to -4 967K - 284K

-19 to -1 -3 to 31 284K - 100K

0 to 20 32 to 68 100K - 37K

21 to 40 69 to 104 37K - 16K

41 to 70 105 to 158 16K - 5K

71 to 90 159 to 194 5K - 2.7K

91 to 110 195 to 230 2.7K - 1.5K Yes
GO to B8.111 to 130 231 to 266 1.5K - 0.8K
No

131 to 150 267 to 302 0.8K - 0.54K INSTALL a new TFT sensor. CLEAR the
DTCs. TEST the system for normal

• Is the resistance within specification? operation.
B8 CHECK THE SENSOR FOR A SHORT TO GROUND

• Measure the resistance between pins 1 and 2 at the TFT sensor Yes
connector and ground. INSTALL a new TFT sensor.

• Is the resistance less than 10,000 ohms? No
INSTALL a new PCM. CLEAR the DTCs.
If the DTCs return and an overtemp
condition exists, REFER to Diagnosis By
Symptom in this section.

PINPOINT TEST C: TRANSMISSION RANGE (TR ) POSITION SENSOR

NOTE: Refer to the Transmission Vehicle Harness Connector illustration preceding these
pinpoint tests.

NOTE: Refer to the Internal Harness Connector illustration preceding these pinpoint tests.

NOTE: Read and record all DTCs.

NOTE: Use the PID Chart for available diagnostic PIDs. Refer to Output State Control (OSC)
Mode in this section.

Test Step Result / Action to Take
C1 VERIFY THE DIAGNOSTIC TROUBLE CODES

• Key in OFF position. Yes
• Select PARK. GO to C3.
• Carry out On-Board Diagnostic Test. No• Are only TR position DTC codes present? GO to C2.

C2 VERIFY THE SHIFT CABLE/LINKAGE ADJUSTMENT
• Select DRIVE. Yes
• Connect the shift cable/linkage. GO to C3.
• Verify that the shift cable/linkage is correctly adjusted. REFER to NoSection 307-05. ADJUST the shift cable/linkage. REFER to• Is the shift cable/linkage correctly adjusted? Section 307-05. GO to C3.

C3 CHECK THE ELECTRICAL SYSTEM OPERATION (START AND
REVERSE)
• Select PARK.
• Key in START position.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST C: TRANSMISSION RANGE (TR ) POSITION SENSOR (Continued)

Test Step Result / Action to Take
C3 CHECK THE ELECTRICAL SYSTEM OPERATION (START AND

REVERSE) (Continued)

• Key in OFF position. Yes• Select NEUTRAL. The problem is not in the TR position.• Key in START position. REFER to Section 303-06B.• Select PARK.
REFER to the Powertrain• Key in OFF position.
Control/Emissions Diagnosis (PC/ED)• Select REVERSE.
manual for further diagnosis of the PCM,• Key in ON position.
starting system and reverse lamps.• Check the reverse lamp illumination.

• Does the engine crank in PARK and NEUTRAL? No
Do the reverse lamps illuminate? GO to C4.

C4 CHECK THE ELECTRICAL SYSTEM OPERATION (TR POSITION
AND PCM)
• Select PARK.
• Connect the scan tool.
• Key in ON position.
• Enter the following diagnostic mode on the scan tool: Diagnostic

Mode.
• Enter the following diagnostic mode on the scan tool: TR DC

and TR FREQ.
• Move transmission range selector lever into each gear and stop.
• Observe the PIDs: TR DC, and TR FREQ.
• Monitor PID: TR FREQ.
• Compare the PID: TR DC to the TR Position Duty Cycle Chart.

TR DC Duty Cycle Chart

Position Min % Duty Cycle Max % Duty Cycle

P 7.13 23.76

R 23.77 38.48

N 38.49 48.55

D 48.56 58.82
Yes3 58.83 68.08
The problem is not in the digital TR sensor
system. REFER to Diagnosis By Symptom2 68.09 77.96
for additional diagnosis.

1 77.97 90.34 No
If TR DC changes when wiggling the

• Is the PID: TR FREQ in the range of 100 to 150 Hz? harness, tapping on the sensor or driving
Is the PID: TR DC in the TR position Duty Cycle range? the vehicle, the problem may be

intermittent.Does PID: TR DC remain steady when the harness is
wiggled, the sensor is tapped, or the vehicle is driven? GO to C5.

C5 CHECK THE PCM HARNESS CIRCUITS FOR OPENS
• Key in OFF position.
• Disconnect: PCM Connector B.
• Disconnect: Transmission Bulkhead Connector.
• Measure the resistance between pin 15 of the transmission

bulkhead connector harness side and pin 25 of the PCM
connector B harness side.

• Measure the resistance between pin 17 of the transmission
bulkhead connector harness side and pin 22 of the PCM Yesconnector B harness side. GO to C6.• Measure the resistance between pin 21 of the transmission
bulkhead connector harness side and pin 1 of the PCM No
connector B harness side. REPAIR the circuits. CLEAR DTCs and

• Are the resistances less than 5 ohms? REPEAT Quick Tests.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST C: TRANSMISSION RANGE (TR ) POSITION SENSOR (Continued)

Test Step Result / Action to Take
C6 CHECK THE PCM HARNESS CIRCUIT FOR A SHORT TO

GROUND OR POWER
• Measure the resistance between pin 15 of the transmission

bulkhead connector harness side and pin 1 of the PCM
connector B harness side.

• Measure the resistance between pin 17 of the transmission
bulkhead connector harness side and pin 1 of the PCM
connector B harness side.

• Measure the resistance between pin 15 of the transmission
bulkhead connector harness side and pin 22 of the PCM Yesconnector B harness side. GO to C7.• Measure the resistance between pin 1 of the transmission
bulkhead connector harness side and pin 22 of the PCM No
connector B harness side. REPAIR the circuits. TEST the system for

• Are the resistances greater than 10,000 ohms? normal operation.
C7 CHECK THE INTERNAL HARNESS FOR AN OPEN

• Drain the transmission fluid
• Remove the transmission fluid pan.
• Remove the transmission fluid filter.
• Connect the scan tool.
• Measure the resistance between pin 21 transmission bulkhead

connector and pin 1 on the sensor.
• Measure the resistance between pin 15 transmission bulkhead Yesconnector and pin 2 on the sensor. INSTALL a new internal harness.• Measure the resistance between pin 17 transmission bulkhead

connector and pin 3 on the sensor and ground. No
• Are the resistances greater than 0.5 ohms? GO to C8.

C8 CHECK THE NON-PCM INTERNAL CIRCUITS OF THE SENSOR
• Measure the resistance between pins 1, 22 and 25 and ground. Yes
• Are the resistances greater than 10,000 ohms? INSTALL a new internal harness.

No
INSTALL a new TR position sensor
assembly. REFER to Digital Transmission
Range (TR) Sensor in this section. CLEAR
DTCs and RERUN OBD Tests.

PINPOINT TEST D: TURBINE SHAFT SPEED (TSS), INTERMEDIATE SHAFT SPEED, AND OUTPUT
SHAFT SPEED (OSS) SENSORS

NOTE: Refer to the Transmission Vehicle Harness Connector illustration preceding these
pinpoint tests.

NOTE: Refer to the Internal Harness Connector illustration preceding these pinpoint tests.

NOTE: Read and record all DTCs.

NOTE: Use the PID Chart for available diagnostic PIDs. Refer to Output State Control (OSC)
Mode in this section.

Test Step Result / Action to Take
D1 ELECTRONIC DIAGNOSTICS

• Check to make sure the transmission harness connectors are
fully seated, terminals are fully engaged in the connector and in
good condition before proceeding.

• Connect the scan tool.
• Key in ON position.
• Enter the following diagnostic mode on the scan tool: Data

Logger or Diagnostic Data Link.
• Select and monitor the appropriate PID for the suspected

sensor(s): turbine shaft speed (TSS), intermediate shaft speed
sensor, or output shaft speed (OSS).

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST D: TURBINE SHAFT SPEED (TSS), INTERMEDIATE SHAFT SPEED, AND OUTPUT

SHAFT SPEED (OSS) SENSORS (Continued)

Test Step Result / Action to Take
D1 ELECTRONIC DIAGNOSTICS (Continued)

Yes
Continue to monitor the suspect sensor(s).

PID Description Value GO to D2.
NoISS SRC Raw ISS signal RPM
REPEAT procedure to ENTER PID. If you

OSS SRC Raw OSS signal RPM cannot monitor the sensor(s) using the
diagnosis equipment. REFER to the

TSS SRC Raw TSS signal RPM Powertrain Control/Emissions Diagnosis
(PC/ED) manual for diagnosis of the

• Can you select and monitor the appropriate sensor(s)? powertrain control module (PCM).
D2 DRIVE CYCLE TEST

• While monitoring the appropriate sensor PID, drive the vehicle Yes
so that the transmission upshifts and downshifts through all GO to D3.
gears. No• Does the TSS, intermediate shaft speed sensor, or OSS PID If the TSS, intermediate shaft speedincrease and decrease with engine and vehicle speed? sensor, or OSS PID does not increase

and decrease with engine and vehicle
speed, the issue may be found with the
vehicle harness, PCM, sensor or internal
hardware.GO to D4.

D3 DRIVE CYCLE TEST ERRATIC
• While monitoring the appropriate sensor PID, drive the vehicle Yes

so that the transmission upshifts and downshifts through all If the sensor signal is erratic, there may
gears. be an intermittent concern in the vehicle

• Is the TSS, intermediate shaft speed sensor, or OSS speed harness, sensor or connector. GO to D4.
PID signal erratic (drop to zero or near zero and return to Nonormal operation)? CLEAR all DTCs. RERUN OBD Test.

D4 CHECK FOR SENSOR BATTERY VOLTAGE
• Key in OFF position.
• Disconnect: Speed Sensor.
• Inspect for damaged or pushed out pins, corrosion or loose

wires. Yes• Key in ON position. GO to D5.• For OSS, measure the voltage between sensor connector pin 1
and ground. No

• For TSS/Intermediate shaft speed sensor, measure the voltage REPAIR the circuit. TEST the system for
between sensor connector pin 1 and ground. normal operation. CLEAR all DTCs.

• Are the voltages greater than 10 volts? RERUN OBD Tests.
D5 CHECK THE PCM HARNESS CIRCUITS FOR AN OPEN

• Disconnect: Transmission PCM Connector From the PCM..
• For intermediate shaft speed sensor, measure the resistance

between the appropriate pin at the transmission PCM connector,
harness side and the sensor connector pin 4, harness side.

• For TSS, measure the resistance between the appropriate pin at
the transmission PCM connector, harness side and the sensor
connector pin 3, harness side.

• For intermediate shaft speed sensor/TSS, measure the
resistance between the appropriate pin at the PCM connector,
harness side and the sensor connector pin 1, harness side.

• For intermediate shaft speed sensor/TSS, measure the
resistance between the appropriate pin at the PCM connector,
harness side and the sensor connector pin 2, harness side.

• For OSS, mesure the resistance between the appropriate pin at Yesthe PCM connector, harness side and the sensor connector pin GO to D6.1, harness side.
• For OSS, measure the resistance between the appropriate pin at No

the PCM connector, harness side and sensor connector pin 2, REPAIR the circuit. TEST the system for
harness side and ground. normal operation. CLEAR all DTCs.

• Are the resistances less then 5 ohms? RERUN OBD Tests.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST D: TURBINE SHAFT SPEED (TSS), INTERMEDIATE SHAFT SPEED, AND OUTPUT

SHAFT SPEED (OSS) SENSORS (Continued)

Test Step Result / Action to Take
D6 CHECK THE PCM HARNESS CIRCUITS FOR A SHORT TO

GROUND
• Disconnect: Transmission PCM Connector From the PCM.. Yes
• Measure the resistance between TSS/intermediate shaft speed GO to D7.

sensor connector pins 1, 2, 3 and 4 and ground. No• Measure the resistance between OSS sensor connector pins 1, REPAIR the short circuits. TEST the2 and 3 and ground. system for normal operation. CLEAR all• Are the resistances greater than 10,000 ohms? DTCs. RERUN OBD Tests.
D7 CHECK THE SENSORS FOR A SHORT TO GROUND

• Measure the resistance between pins 2 and 1, 3 and ground for
the OSS sensor. Yes• Measure the resistance between pins 2 and 1, 4 and ground for INSTALL a new sensor. TEST the systemthe intermediate shaft speed sensor. for normal operation.• Measure the resistance between pins 2 and 1, 3 and ground for
the TSS sensor. No

• Is the resistance less than 10,000 ohms? INSTALL a new PCM.

PINPOINT TEST E: PC-A (LINE PRESSURE) SOLENOID

CAUTION: This test should only be used if DTCs P0748, P0960, P0962 or P0963
are present.

NOTE: Refer to the Transmission Vehicle Harness Connector illustration preceding these
pinpoint tests.

NOTE: Refer to the Internal Harness Connector illustration preceding these pinpoint tests.
Test Step Result / Action to Take

E1 CHECK VEHICLE HARNESS FOR CONTINUITY
• Key in OFF position.
• Disconnect powertrain control module (PCM), inspect for

damage or pushed out pins, corrosion, or loose wires.
• Disconnect vehicle harness from transmission, inspect for

damage or pushed out pins, corrosion, or loose wires. Yes• Measure resistance between PCM pin 2, and the signal pin 10 GO to E2.at transmission harness connector.
• Measure resistance between PCM pin 7 and the power pin 7 at No

the transmission harness connector. REPAIR an open. RECONNECT all
• Is each resistance less than 5.0 ohms? components. REPEAT Quick Test.

E2 CHECK VEHICLE HARNESS FOR SHORTS TO POWER AND
GROUND
• Measure resistance between PCM signal pin 2 and the power Yes

pin 7. GO to E3.
• Measure resistance between PCM pin 2 and 22 and chassis Noground. SERVICE short circuit. RECONNECT all• Is each resistance greater than 10,000 ohms? components. REPEAT Quick Test.

E3 CHECK THE TRANSMISSION INTERNAL HARNESS
• Drain the transmission fluid.
• Remove the transmission fluid pan.
• Disconnect: Affected Solenoid. Yes• Measure the resistance between pin 10 transmission bulkhead GO to E4.side and pin 2 at the solenoid connector.
• Measure the resistance between pins 7, 20 and 24 transmission No

bulkhead side and pin 1 at each associated solenoid connector. INSTALL a new harness. RECONNECT all
• Are the resistances less than 0.5 ohms? components. REPEAT Quick Test.

E4 CHECK FOR A SHORT TO GROUND
• Measure the resistance between pins 10 harness side and Yes

ground. GO to E5.
• Is the resistance greater than 10,000 ohms? No

INSTALL a new harness. RECONNECT all
components. REPEAT Quick Test.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST E: PC-A (LINE PRESSURE) SOLENOID (Continued)

Test Step Result / Action to Take
E5 CHECK THE SOLENOID RESISTANCE AT THE SOLENOID

NOTE: Early production transmissions will have a PCA solenoid
with a resistance value of 4.1-4.7 ohms. Late production
transmissions will have a resistance value of 5.08-5.80 ohms. Yes

GO to E6.• Measure the resistance between pins 1 and 2 at each solenoid.
• Is the resistance for PCA solenoid (late production) between No

5.08-5.80 ohms? INSTALL a new solenoid if not within
Is the resistance for PCA solenoid (early production) specification. CLEAR the DTCs. TEST the
between 4.1-4.7 ohms? system for normal operation.

E6 CHECK THE SOLENOID FOR A SHORT TO GROUND
• Measure the resistance between pins 1 and 2 at each solenoid Yes

and ground. INSTALL a new PCM. If the condition
• If the resistance greater than 10,000 ohms? persists, REFER to Diagnosis By

Symptom in this section for diagnosis of
pressure concerns. CLEAR the DTCs.
TEST the system for normal operation.
No
INSTALL a new solenoid assembly.
CLEAR the DTCs. TEST the system for
normal operation.
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DIAGNOSIS AND TESTING

Special Testing Procedures CAUTION: Carry out the Line Pressure
Test prior to carrying out the Stall Speed Test. If

Special Tool(s) line pressure is low at stall, do not carry out the
Stall Speed Test or additional transmissionAir Test Plate

307-457 damage will occur. Do not maintain wide-open
throttle (WOT) in any  transmission range for
more than 5 seconds or transmission damage
may occur.

CAUTION: Apply the parking brake and
block drive wheels during the line pressure test.

Test Plate Screw Set, Vehicle movement during the test may cause
Transmission

personal injury or damage to the vehicle and307-126 (T82P-7006-C)
equipment.

NOTE: Certain sensor failures may cause high
control pressure and failure mode effect
management (FMEM) actions. Make sure that
on-board diagnostic and electrical repairs have been

The special tests are designed to aid the technician carried out, or test results may be incorrect.
in diagnosing the hydraulic and mechanical portions

This test verifies the line pressure is withinof the transmission.
specifications.

Engine Idle Speed Check
Refer to the Powertrain Control/Emissions Diagnosis
(PC/ED) manual for diagnosis and testing of the
engine idle speed.

Line Pressure Test

1. Remove the remote filter bolts and position the
filter housing out of the way to gain access to
the line pressure tap.

2. Remove the line pressure tap and connect a
suitable pressure gauge to the line pressure tap
hole.

Item Part Number Description
3. Start the engine and check the line pressures at1 — Line pressure tap

idle speeds with the transmission in each gear
range. Refer to the following pressure charts to
determine if the line pressure is within
specification.

Copyright  2003, Ford Motor Company
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DIAGNOSIS AND TESTING (Continued)

5. If pressure is not within specification, refer to4. CAUTION: Do not immediately press
the Line Pressure Chart for further diagnosis.the throttle to the floor or allow the throttle

to immediately close, or internal damage to
the engine or transmission will occur.

Check line pressure at wide open throttle
(WOT) stall speed with the range selector lever
in all gear ranges. Slowly press the throttle to
WOT record the pressure reading. After
recording the pressure reading slowly release
the throttle until  closed throttle is obtained
(idle). Refer to the Line Pressure Chart to
determine if the line pressure is within
specification.

Pressure Chart A

NOTE: Actual and Commanded pressures will vary based on calibration and transmission
adaptive strategies. All pressures listed are approximate.

Commanded (a) — PC A pressure kPa
Line Pressure — kPa (psi) (psi)

Idle Speed WOT Stall Idle Speed WOT StallGear

P, N 345 (50) — 172 (25) —

R 758 (110) 1,930 (280) 448 (65) 1,275 (185)

(D) 620 (90) 1,668 (242) 414 (60) 1,069 (155)

3 655 (95) 1,620 (235) 414 (60) 1,034 (150)

2 586 (85) 1,310 (190) 345 (50) 827 (120)

1 586 (85) 1,620 (235) 345 (50) 1,034 (150)

(a) = commanded pressure as viewed on diagnostic
equipment.

Pressure Chart B

NOTE: Actual and Commanded pressures will vary based on calibration and transmission
adaptive strategies. All pressures listed are approximate.

Commanded (a) — SSPC-A pressure Commanded (a) — SSPC-B pressure
kPa (psi) kPa (psi)

Idle Speed WOT Stall Idle Speed WOT StallGear

P, N 0 — 0 —

R 745 (108) 1,848 (268) 0 0

(D) 0 0 0 0

3 572 (83) 1,551 (225) 0 0

2 0 0 586 (85) 1,241 (180)

1 572 (83) 1,551 (225) 0 0

(a) = commanded pressure as viewed on diagnostic
equipment.
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DIAGNOSIS AND TESTING (Continued)

Pressure Chart C

NOTE: Actual and Commanded pressures will vary based on calibration and transmission
adaptive strategies. All pressures listed are approximate.

Commanded (a) — SSPC-C pressure Commanded (a) — SSPC-D pressure
kPa (psi) kPa (psi)

Idle Speed WOT Stall Idle Speed WOT StallGear

P, N 0 — 0 —

R 0 0 0 (b) 0 (b)

(D) 0 0 0 0

3 689 (100) 1,551 (225) 0 0

2 0 0 0 0

1 0 0 0 0

(a) = commanded pressure as viewed on diagnostic
equipment.

(b) = SSPC-D commanded pressure as viewed on
diagnostic equipment will be zero. The manual valve
controls pressure to the direct clutch in the R detent
position. To confirm the presence of the direct clutch
pressure monitor the pressure switch  PS-D, PS-D should
be open in the R position.

Pressure Chart D

NOTE: Actual and Commanded pressures will vary based on calibration and transmission
adaptive strategies. All pressures listed are approximate.

Commanded (a) — SSPC-E pressure kPa (psi)

Idle Speed WOT StallGear

P, N 207 (30) —

R 745 (108) 1,848 (268)

(D) 207 (30) 0

3 0 0

2 586 (85) 1,241 (180)

1 572 (83) 1,551 (225)

(a) = commanded pressure as viewed on diagnostic
equipment.
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DIAGNOSIS AND TESTING (Continued)

Line Pressure Diagnostic Chart

Test Results Possible Source

High line pressure at idle all ranges • Wiring harness (external or internal).
• PC A solenoid.
• Main regulator valve in pump stuck.

Low line pressure at idle all ranges • PC A solenoid concerns.
• Low fluid level.
• Blown out solenoid gasket filter (7H200).

• Line pressure blow off valve stuck open (on solenoid
body assembly).

• Cross leaks due to loose bolts on the solenoid body.
• Line pressure skill valve in pump stuck open.
• Restricted or damage sump filter.
• Sticking pump regulator valve.

Low coast clutch pressure • Wiring harness (external or internal).
• SSPC-A solenoid.
• Coast clutch assembly.

Low overdrive clutch pressure • Wiring harness (external or internal).
• SSPC-B solenoid.
• Overdrive clutch assembly.

Low intermediate clutch pressure • Wiring harness (external or internal).
• SSPC-C solenoid.
• Intermediate clutch assembly.

Low direct clutch pressure • Wiring harness (external or internal).
• SSPC-D solenoid.
• Direct clutch assembly.

Low low/reverse clutch pressure • Wiring harness (external or internal).
• SSPC-E solenoid.
• Low/reverse clutch assembly.

Stall Speed Test NOTE: The stall test should only be carried out
with the engine and transmission at normalWARNING: Apply the service and parking
operating temperatures.brakes firmly while carrying out each stall test.
NOTE: Prolonged use of this procedure may set

CAUTION: Carry out the Line Pressure DTCs P0712 or P1783. After carrying out the stall
Test prior to carrying out the Stall Speed Test. If speed test, run on-board diagnostics and clear the
line pressure is low at stall, do not carry out the DTCs.
stall test or additional transmission damage will

The stall test checks the operation of the followingoccur. Do not maintain wide open throttle
items:(WOT) in any gear  range for more than five

seconds. • Torque converter clutch TCC

• Forward clutchCAUTION: After testing each of the
ranges, move the range selector into the • Low one-way clutch
NEUTRAL position and run the engine at 1,000

• Overdrive one-way clutchrpm for about 15 seconds to allow the torque
• Engine driveability concernsconverter to cool off before continuing onto the

next range. 1. Connect a tachometer to the engine.

2. Press the accelerator pedal to floor (WOT) inCAUTION: If the engine speed recorded
each range. Record the rpm reached in eachby the tachometer exceeds maximum specified
range. Stall speeds should be in the appropriaterpm, release the throttle immediately. Clutch or
range.band slippage is indicated.
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DIAGNOSIS AND TESTING (Continued)

Stall Speed Chart Stall Speed Diagnosis Chart (Continued)

Engine Min. Max. Test
Results Possible Source6.0L Diesel 1,977 2,277

Stall speed • Overdrive One-Way Clutch
high - • Forward Clutch

Stall Speed Diagnosis Chart Manual 2 • Low/reverse One-Way Clutch
only • Reverse Clutch

Test
Stall speed • Coast ClutchResults Possible Source

high - • Overdrive One-Way Clutch
Stall speed • General line pressure concerns Manual 1 • Forward Clutch
high - R • Overdrive One-Way Clutch only • Low/reverse One-Way Clutch

only • Direct Clutch • Reverse Clutch
• Reverse Clutch

Stall speed • Torque Converter Clutch TCC
Stall speed • General line pressure concerns low - (D), D, • Engine Driveability Concerns
high - (D) • Overdrive One-Way Clutch 3, 2, 1, and

• Forward Clutch R
• Low/reverse One-Way Clutch

Stall speed • Overdrive One-Way Clutch
high - • Coast Clutch

Manual 3 • Forward Clutch
only • Intermediate Clutch

Air Pressure Tests
Air Pressure Test Port Locations

A no-drive condition can exist, even with correctItem Part Number Description
transmission fluid pressure, because of inoperative1 — Coast clutch feed
clutches or bands. Refer to the Band/Clutch

2 — Intermediate clutch feed Application Chart to determine the appropriate
3 — Reverse clutch feed elements. A clutch concern can be located through a
4 — Forward clutch feed series of checks by substituting air pressure for fluid
5 — Direct clutch feed pressure to determine the location of the concern.
6 — Overdrive clutch feed

2004 E-Series, 12/2003 



307-01C-6 307-01C-6Automatic Transmission — TorqShift

DIAGNOSIS AND TESTING (Continued)

Example: When the transmission range selector 4. Apply air pressure to the appropriate clutch port
lever is in a forward gear range ((D), 2, 1), a (see the Air Pressure Test Port Locations
no-drive condition may be caused by an inoperative illustration). A dull thud may be heard or
forward clutch. movement felt when a clutch piston is applied.

If the clutch seals or check ball are leaking, a1. Drain the transmission fluid. Remove the
hissing may  be heard.transmission fluid pan.

5. If the clutches fail to operate during the air2. Remove the filter and seal assembly, the
check:solenoid body, the control assemblies and

separator plate, upper/lower gaskets. • inspect the fluid passages in the case.

3. The inoperative clutches can be located by • the piston seals are not seated, not installed
applying air pressure into the appropriate clutch or are damaged.
port. See the Air Pressure Test Port Locations • plugged feed holes for clutch apply in the
illustration for clutch port locations. case and/or clutch cylinder.

• damaged piston and/or clutch cylinder.

6. Repair as required and recheck.
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DIAGNOSIS AND TESTING

• O-ring sealsLeakage Inspection
• seal ringsThe transmission has the following parts to prevent

external fluid leakage: • seal grommets

• thread sealant• gaskets

• sealing washers• lip-type seals

External Sealing

Item Part Number Description Item Part Number Description

15 7086 Extension housing gasket1 7902 Torque converter assembly

16 7A039 Slip yoke extension assembly2 7A248 Front pump seal

17 7H103 Output shaft speed sensor3 7A248 Front pump seal

18 7Z101 O-ring seal4 7A136 Pump gasket

19 7052 Extension housing seal (4x2)5 7N134 Front pump sealing bolt

20 7085 Transmission output shaft6 7A020 Fluid level indicator
retainer7 7A228 Fluid filler tube assembly

21 7052 Extension housing seal (4x4)8 391308-S Filler tube O-ring
22 7A039 Fixed yoke extension housing9 7A160 Short fluid inlet tube
23 7222 PTO — case coverassembly

24 7223 PTO — cover gasket10 7005 Case

25 7B498 Manual control lever seal11 7J149 Bulkhead connector O-ring
seal 26 390685-S Plug — test port — 1/8-27

hex head12 7G276 Bulkhead connector and
harness 27 7A191 Transmission fluid pan gasket

13 7M101 Turbine shaft speed (TSS) 28 7A194 Transmission fluid pan
sensor (model-dependent)

29 6730 Fluid pan drain plug
14 7Z101 O-ring seal

(Continued)
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DIAGNOSIS AND TESTING (Continued)

Leakage at the transmission pan-to-case gasket often
can be stopped by tightening the retaining bolts to
specification. Refer to Torque Specifications in this
section. If necessary, install a new pan-to-case
gasket only if gasket is damaged.

If leakage is found by the solenoid body connector,
refer to Main Control Valve Body in this section.

When fluid is found to be leaking between the case
and the cooler line fitting, tighten the fitting to
maximum specification. Refer to Section 307-02.

CAUTION: Do not try to stop the fluid
leak by increasing the torque beyond 1. Fluid leaking by the front pump seal lip will
specification. This can cause damage to the case tend to move along the impeller hub and onto
threads and/or case fittings. the back of the impeller housing. Except in the

case of a total seal failure, fluid leakage by theIf the leak continues, install new cooler line fitting
lip of the seal will be deposited on the inside ofand tighten to specification. The same procedure
the  torque converter housing only, near theshould be followed for fluid leaks between the
outside diameter of the housing.oil-to-air cooler transmission remote filter and the

cooler line fittings. 2. Fluid leakage by the outside diameter of the
front pump seal and front pump body willIf leakage is found at the manual control lever shaft,
follow the same path as leaks by the insideinstall a new seal.
diameter.Check for fluid leaking from the end of the

3. Fluid leakage from the converter seal weld orextension housing. Leakage can result from a
converter to flexplate stud weld will appear atdamaged seal, missing garter spring, worn extension
the outside diameter of the torque converter, onbushing, damaged speed sensor plug, or the output
the back face of the flexplate, and in theshaft retainer (vehicles equipped with a fixed yoke).
converter housing only near the flexplate. FluidInstall a new seal assembly, bushing, or both, as
leaks  from the torque converter will leave anecessary.
ring of fluid around the inside of the torqueInspect the line pressure plug for leakage. Make
converter housing.sure it is tightened to specification. Refer to Torque

4.  Fluid that leaks by a front pump to case boltSpecifications in this section. If tightening the plug
or pump gasket will be deposited on the insidedoes not stop the leak, the case threads and/or plug
of the torque converter housing only. Fluid willcould be damaged. Remove the  plug and inspect
not be deposited on the back of the torquethe plug and case thread for damage. Repair as
converter.necessary.

5. NOTE: White facial tissue may aid inFluid Leakage in Torque Converter Area
determining the color (transmission fluid is red)

In diagnosing and correcting fluid leaks in the front and source of the leaking fluid.
pump assembly and torque converter area, use the

Engine oil leaks are sometimes incorrectlyfollowing procedures to locate the exact cause of
diagnosed as transmission pump gasket leaks.the leakage. Leakage at the front of the
The following areas of possible leakage shouldtransmission, as evidenced by fluid around the
also be checked to determine if engine oiltorque converter housing, may have several sources.
leakage is causing the concern.By careful observation it is possible, in many
• Leakage at the valve cover gasket mayinstances, to pinpoint the source of the leak before

allow oil to flow over the torque converterremoving the transmission from the vehicle. The
housing or seep down between the torquepaths which the fluid takes to reach the bottom  of
converter housing and cylinder block,the torque converter housing are shown in the
causing oil to be present in or at the bottomillustration. The following five steps correspond

with the numbers in the illustration. of the torque converter housing.
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DIAGNOSIS AND TESTING (Continued)

Leak Check Test with Black Light1 Oil galley plug leaks will allow oil to flow
down the rear face of the cylinder block to Oil soluble aniline or fluorescent dyes premixed at
the bottom of the torque converter housing. the rate of 1 ounce of dye to 3.8L (4 quarts) of

automatic transmission fluid have proven helpful in2 Leakage at the crankshaft rear oil seal will
locating the source of fluid leakage. Such dyes canwork back to the flexplate, and then into the
be used to determine whether an engine  fluid ortorque converter housing.
transmission fluid leak is present, or if the fluid in
the transmission fluid cooler hose leaks into the
engine coolant system. An ultraviolet light must be
used to detect the fluorescent dye solution.
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DIAGNOSIS AND TESTING

8. Start the engine and run at idle with theTransmission Fluid Cooler
transmission in the NEUTRAL range.

Special Tool(s) 9. Once a steady flow of fluid (without air
Worldwide Diagnostic System bubbles) is observed, remove the hose from the
(WDS) funnel and place the hose in a measuring
Vehicle Communication Module container for 15 seconds. After 15 seconds,
(VCM) with appropriate place the hose back into the funnel and turn the
adapters, or equivalent engine off. Measure  the amount of fluid in the
diagnostic tool

container.

Temperature Flow
NOTE: Cleaning and backflushing the transmission

44°C (112°F) 236.6 ml (8 oz) 15 secfluid cooling system along with following all the
78°C (172°F) 473.2 ml (16 oz) 15 secnormal cleaning and inspection procedures during

disassembly and reassembly will keep contamination 82°C (180°F) and up 1893 ml (64 oz) 15 sec
from entering the transmission, causing a repeat
repair. There is a temperature valve in the pump. Cooler

flow rates will vary according to automaticWhen internal wear or damage has occurred in the transmission fluid temperature. The use of a
transmission, metal particles or clutch plate material diagnostic tool will determine the actual fluid
may have been carried into the torque converter and temperature. If adequate flow is observed into the

container, the test is now complete.transmission fluid cooler. These contaminants are a
major cause of recurring  transmission troubles and

10. If adequate flow is not observed, turn off themust be removed from the system before the
engine. Disconnect the hose from the coolertransmission is put back into use.
return line (transmission inlet).

Transmission Fluid Cooler Flow Test 11. Disconnect the fluid cooler line from the front
case fitting and connect the hose to the caseNOTE: The transmission linkage/cable adjustment,
fitting (converter out) and repeat Steps 7, 8 andfluid level and line pressure must be within
9.specification before carrying out this test. Refer to

Fluid Level Check under Verification of Condition 12. If adequate flow is not observed from the
in this section. Refer to Line Pressure Test under transmission, look for a plugged or crushed
Special Testing Procedures in this section. For shift cooler line, plugged remote filter manifold
linkage/cable adjustment procedures, refer to Section orifice, and/or fluid cooler. Refer to  Section
307-05. 307-02 for diagnosis of the transmission fluid

cooler.1. Remove the fluid level indicator from the fluid
filler tube. 13. If adequate flow is still not observed, repair

and/or installation of a new pump and/or torque2. Place a funnel in the fluid filler tube.
converter may be required.3. Raise and support the vehicle.

For the installation of new transmission fluid cooler4. Disconnect the cooler return tube (rear fitting)
tubes, refer to Section 307-02.from the transmission case.

5. Connect one end of a hose to the cooler return
tube and route the other end of the hose up to a
point where it can be inserted into the funnel at
the fluid filler tube.

6. Remove the supports and lower the vehicle.

7. Insert the end of a hose into the funnel.
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DIAGNOSIS AND TESTING

4. NOTE: Not all concerns and conditions withDiagnosis By Symptom
electrical components will set a DiagnosticThe Diagnosis By Symptom Index gives the
Trouble Code (DTC). Be aware that thetechnician diagnostic information and direction. It
components listed may still be the cause. Verifysuggests possible components, using a symptom as a
correct function of these components prior tostarting point. All routines start out with any
proceeding to the  hydraulic/mechanicalpotential electrical components that can cause or
components listed.contribute to the symptom described. The routines
NOTE: When the battery is disconnected or athen list all possible hydraulic or mechanical
new battery is installed, certain transmissioncomponents that can cause or contribute to the
operating parameters can be lost. Thesymptom described.
Powertrain Control Module (PCM) must relearn

Diagnosis By Symptom Index Directions these parameters. During this learning process,
you may experience slightly  firm shifts,1. Use the Symptom Index to select the
delayed or early shifts. This operation isConcern/Symptom that best describes the
considered normal and will not affect thecondition.
function of the transmission. Normal operation2. Refer to the routine indicated in the Diagnosis
will return once these parameters are stored byBy Symptom Index.
the PCM.

3. Always begin diagnosis of a symptom with:
Follow the reference or action statements.

1 preliminary inspections. Always carry out the on-board diagnostic tests
as necessary. Never skip steps. Repair as2 verification of conditions.
necessary. If the concern is still present after3 checking fluid levels.
the electrical components have been diagnosed,

4 carrying out other test procedures as proceed to the  hydraulic/mechanical
directed. components listed.

5. The list contains only possible hydraulic or
mechanical components that may cause or
contribute to the concern. These components are
listed in the removal sequence and by most
probable cause. All components listed must be
inspected to make sure  of correct repair.

Diagnosis by Symptom Index

Diagnosis by Symptom Index

Concerns and Symptoms Routines

Engagement Concerns

• No Forward ONLY 201

• No Reverse ONLY 202

• Harsh Reverse ONLY 203

• Harsh Forward ONLY 204

• Delayed/Soft Reverse ONLY 205

• Delayed/Soft Forward ONLY 206

• No Forward and No Reverse 207

• Harsh Forward and Harsh Reverse 208

• Delayed Forward and Delayed Reverse 209
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DIAGNOSIS AND TESTING (Continued)

Diagnosis by Symptom Index (Continued)

Concerns and Symptoms Routines

Shift Concerns

• Some/All Shifts Missing 210

• Timing Concern — Early/Late (Some/All) 211

• Timing Concern — Erratic/Hunting (Some/All) 212

• Feel Concern — Soft/Slipping (Some/All) 213

• Feel Concern — Harsh (Some/All) 214

• No 1st Gear in Drive, Engages in a Higher Gear 215

• No 1st Gear in Manual 1st 216

• No Manual 2nd Gear in Manual 2nd 217

• No Manual 3rd Gear in Manual 3rd 218

• Harsh 6-5 Coast Downshift with overdrive OFF 246

• Harsh 5-3 Coast Downshift with overdrive OFF or to Manual 3rd 247

• Harsh 3-2 Coast Downshift with overdrive OFF or to Manual 2nd 248

• Harsh 2-1 Coast Downshift with overdrive OFF or to Manual 1st 249

Torque Converter Clutch Operation Concerns:

• Does Not Apply 250

• Always Applied/Stalls Vehicle 251

• Cycling/Shudder/Chatter 252

• Erratic Scheduling 253

Other Concerns:

• Shift Lever Efforts High 254

• External Leaks 255

• Vehicle Driveability Concerns 256

• Noise/Vibration — Forward or Reverse 257

• Engine Will Not Crank 258

• No Park Range 259

• Transmission Overheating 260

• Fluid Venting or Foaming 261

• Unexpected Elevated Idle Speed 262

• No (D) OFF (cancelled) 263

• Reverse Lamps Do Not Illuminate 264

• FMEM 265

• Engagement Schedule Update 267
— Dead battery
— Battery disconnected
— Calibration updated

2004 E-Series, 12/2003 



307-01C-3 307-01C-3Automatic Transmission — TorqShift

DIAGNOSIS AND TESTING (Continued)

Diagnostic Routines

No Forward Only

Possible Component Reference/Action

201 — ROUTINE

Powertrain Control System

• PCM, external vehicle wiring harnesses, transmission • Carry out on-board diagnostic tests. Refer to the
internal harness, Line pressure control (PC-A) Powertrain Control/Emissions Diagnosis (PC/ED)
solenoid manual for diagnosis and testing of the PCM.

• GO to Pinpoint Test E.

• Repair as required. Clear DTCs, road test and carry
out on-board diagnostic test again.

External Selector Lever Cable

• Cable system damaged, misaligned • Inspect and repair as necessary.

Incorrect Pressure

• Low pressure • Check pressure at line tap.

• Carry out Line Pressure Test, refer to Special Testing
Procedures in this section. Follow the pressure
diagnosis test as required.

Solenoid Body Assembly

• Bolts not tightened to specification • Tighten to specification.

• Filter gasket damaged, blown out, leaking • Inspect for damage. If damaged, install a new filter
gasket.

• Contamination • Disassemble and clean.

• PC-A solenoid damaged, stuck or bore damaged. • If damaged or parts are missing, install a new PC-A
Manual valve damaged, stuck or bore damaged solenoid or solenoid body assembly. If misassembled,

reassemble correctly.

OD OWC

• Mechanical diode engaged in both directions, struts • Inspect for rotation in one direction only, mechanical
missing, OWC damaged diode should overrun in the opposite direction. Install

a new if damaged or fails inspection.

Center Support

• Feed bolt not tightened to specification • Tighten to specification.

• Forward clutch seal rings damaged • Inspect for damage. Repair as necessary.

• Support damaged or leaking • Inspect for damage. Repair as necessary.

Forward Clutch Assembly

• Seals, piston damaged • Inspect for damage. Repair as necessary.

• Friction elements damaged or worn • Inspect for damage. Repair as necessary.

• Return springs damaged • Inspect for damage. Repair as necessary.

Low/Reverse OWC

• Mechanical diode engaged in both directions, struts • Inspect for rotation in one direction only, mechanical
missing, OWC damaged diode should overrun in the opposite direction. Install

a new if damaged or fails inspection.
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DIAGNOSIS AND TESTING (Continued)

No Reverse Only

Possible Component Reference/Action

202 — ROUTINE

Powertrain Control System

• PCM, external vehicle wiring harnesses, transmission • Carry out on-board diagnostic tests. Refer to the
internal harness, line pressure control (PCA) solenoid Powertrain Control/Emissions Diagnosis (PC/ED)

manual for diagnosis and testing of the PCM.

• GO to Pinpoint Test E.

• Repair as required. Clear DTCs, road test and carry
out on-board diagnostic test.

External Selector Lever Cable

• Cable system damaged, misaligned • Inspect and repair as necessary.

Incorrect Pressure

• Low pressure • Check pressure at line tap.

• Carry out Line Pressure Test, refer to Special Testing
Procedures in this section. Follow the pressure
diagnosis test as required.

Solenoid Body Assembly

• Bolts not tightened to specification • Tighten to specification.

• Filter gasket damaged, blown out, leaking • Inspect for damage. If damaged, install a new filter
gasket.

• Contamination • Disassemble and clean.

• PC-A solenoid damaged, stuck or bore damaged. • If damaged or parts are missing, install a new PC-A
Manual valve damaged, stuck or bore damaged solenoid or solenoid body assembly. If misassembled,

reassemble correctly.

Center Support

• Feedbolt not tightened to specification • Tighten to specification.

• Direct clutch seal rings or bearing damaged • Inspect for damage. Repair as necessary.

• Support damaged or leaking • Inspect for damage. Repair as necessary.

Low/Reverse Clutch Assembly

• Seals, piston damaged • Inspect for damage. Repair as necessary.

• Filtered orifice damaged, missing, not seating, off • Inspect for mislocation, poor seating, damage. Install
location a new case if damaged.

• Friction elements damaged or worn • Inspect for damage. Repair as necessary.

• Return spring damaged • Inspect for damage. Repair as necessary.

• Snap ring for OWC and/or return spring not seated or • Inspect for damage. Repair as necessary.
damaged

Harsh Reverse Only

Possible Component Reference/Action

203 — ROUTINE

Powertrain Control System

• PCM, external vehicle wiring harnesses, transmission • Carry out on-board diagnostic tests. Refer to the
internal harness, line pressure solenoid (PC-A), Powertrain Control/Emissions Diagnosis (PC/ED)
low/reverse solenoid SSPC-E manual for diagnosis and testing of the PCM.
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DIAGNOSIS AND TESTING (Continued)

Harsh Reverse Only (Continued)

Possible Component Reference/Action

• GO to Pinpoint Test A and GO to Pinpoint Test E.

• Repair as required. Clear DTCs, road test and rerun
on-board diagnostic test.

External Selector Lever Cable

• Cable system damaged, misaligned • Inspect and repair as necessary.

Incorrect Pressure

• High pressure • Check pressure at line tap.

• Carry out Line Pressure Test, refer to Special Testing
Procedures in this section. Follow the pressure
diagnosis test as required.

Solenoid Body Assembly

• Bolts not tightened to specification • Tighten to specification.

• Filter gasket damaged • Inspect for damage. If damaged, install a new filter
gasket.

• Contamination • Disassemble and clean.

• PC-A, SSPC-E Solenoid damaged, stuck or bore • If damaged or parts are missing, install a new PC-A
damaged. Manual valve or solenoid damaged, stuck solenoid or solenoid body assembly. If misassembled,
or bore damaged reassemble correctly.

Fluid Pump Assembly

• Bolts not tightened to specification • Tighten to specification.

• Gasket damaged • Inspect for damage. Repair as necessary. If damaged,
install a new gasket.

• Porosity, cross leaks, cup plug missing, plugged hole • Inspect for damage. Repair as necessary.

• Pump gears and/or gear pocket damaged • Inspect for damage. Repair as necessary. If damaged,
install a new pump.

• Control valves, springs or seal damaged, stuck or not • Inspect for damage. Repair as necessary. If damaged,
assembled correctly install a new seal or pump assembly.

Center Support

• Feedbolt not tightened to specification • Tighten to specification.

• Forward clutch seal rings or damaged • Inspect for damage. Repair as necessary.

• Support damaged or leaking • Inspect for damage. Repair as necessary.

Direct Clutch Assembly

• Seals, piston damaged • Inspect for damage. Repair as necessary.

• Friction elements damaged or worn • Inspect for damage. Repair as necessary.

• Return springs damaged • Inspect for damage. Repair as necessary.

Low/Reverse Clutch Assembly

• Seals, piston damaged • Inspect for damage. Repair as necessary.

• Filtered orifice damaged, missing, not seating, off • Inspect for mislocation, poor seating, damage. Install
location a new case.

• Friction elements damaged or worn • Inspect for damage. Repair as necessary.

• Return springs damaged • Inspect for damage. Repair as necessary.

• Snap ring for OWC and/or return spring not seated or • Inspect for damage. Repair as necessary.
damaged
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DIAGNOSIS AND TESTING (Continued)

Harsh Forward Only

Possible Component Reference/Action

204 — ROUTINE

Powertrain Control System

• PCM, external vehicle wiring harnesses, transmission • Carry out on-board diagnostic tests. Refer to the
internal harness Powertrain Control/Emissions Diagnosis (PC/ED)

manual for diagnosis and testing of the PCM.

• Repair as required. Clear DTCs, road test and rerun
on-board diagnostic test.

External Selector Lever Cable

• Cable system damaged, misaligned • Inspect and repair as necessary.

Incorrect Pressure

• High pressure • Check pressure at line tap.

• Carry out Line Pressure Test, refer to Special Testing
Procedures in this section. Follow the pressure
diagnosis test as required.

Solenoid Body Assembly

• Bolts not tightened to specification • Tighten to specification.

• Filter gasket damaged • Inspect for damage. If damaged, install a new filter
gasket.

• Contamination • Disassemble and clean.

• Solenoids damaged, stuck or bore damaged. Manual • If damaged or parts are missing, install a new
valve or solenoid damaged, stuck or bore damaged solenoid body assembly. If misassembled, reassemble

correctly.

Fluid Pump Assembly

• Bolts not tightened to specification • Tighten to specification.

• Gasket damaged • Inspect for damage. Repair as necessary. If damaged,
install a new gasket.

• Porosity, cross leaks, cup plug missing, plugged hole • Inspect for damage. Repair as necessary.

• Pump gears and/or gear pocket damaged • Inspect for damage. Repair as necessary. If damaged,
install a new pump.

• Control valves, springs or seal damaged, stuck or not • Inspect for damage. Repair as necessary. If damaged,
assembled correctly install a new seal or pump assembly.

Forward Clutch Assembly

• Seals, piston damaged • Inspect for damage. Repair as necessary.

• Friction elements damaged or worn • Inspect for damage. Repair as necessary.

• Return springs damaged • Inspect for damage. Repair as necessary.

Low/Reverse Clutch Assembly

• Seals, piston damaged • Inspect for damage. Repair as necessary.

• Filtered orifice damaged, missing, not seating, off • Inspect for mislocation, poor seating, damage. Install
location a new case.

• Friction elements damaged or worn • Inspect for damage. Repair as necessary.

• Return springs damaged • Inspect for damage. Repair as necessary.

• Snap ring for OWC and/or return spring not seated or • Inspect for damage. Repair as necessary.
damaged

2004 E-Series, 12/2003 



307-01C-7 307-01C-7Automatic Transmission — TorqShift

DIAGNOSIS AND TESTING (Continued)

Delayed or Soft Reverse Only

Possible Component Reference/Action

205 — ROUTINE

Powertrain Control System

• PCM, external vehicle wiring harnesses, transmission • Carry out on-board diagnostic tests. Refer to the
internal harness, line pressure (PC-A) low/reverse Powertrain Control/Emissions Diagnosis (PC/ED)
solenoid SSPC-E manual for diagnosis and testing of the PCM.

• GO to Pinpoint Test A and GO to Pinpoint Test E.

• Repair as required. Clear DTCs, road test and rerun
on-board diagnostic test.

External Selector Lever Cable

• Cable system damaged, misaligned • Inspect and repair as necessary.

Incorrect Pressure

• Low pressure • Check pressure at line tap.

• Carry out Line Pressure Test, refer to Special Testing
Procedures in this section. Follow the pressure
diagnosis test as required.

Solenoid Body Assembly

• Bolts not tightened to specification • Tighten to specification.

• Filter gasket damaged • Inspect for damage. If damaged, install a new filter
gasket.

• Contamination • Disassemble and clean.

• PC-A, SSPC-E Solenoid damaged, stuck or bore • If damaged or parts are missing, install a new
damaged. Manual valve or solenoid damaged, stuck solenoid or solenoid body assembly. If misassembled,
or bore damaged reassemble correctly.

Fluid Pump Assembly

• Bolts not tightened to specification • Tighten to specification.

• Gasket damaged • Inspect for damage. Repair as necessary. If damaged,
install a new gasket.

• Porosity, cross leaks, cup plug missing, plugged hole • Inspect for damage. Repair as necessary.

• Pump gears and/or gear pocket damaged • Inspect for damage. Repair as necessary. If damaged,
install a new pump.

• Control valves, springs or seal damaged, stuck or not • Inspect for damage. Repair as necessary. If damaged,
assembled correctly install a new seal or pump assembly.

Center Support

• Feedbolt not tightened to specification • Tighten to specification.

• Forward clutch seal rings or damaged • Inspect for damage. Repair as necessary.

• Support damaged or leaking • Inspect for damage. Repair as necessary.

Direct Clutch Assembly

• Seals, piston damaged • Inspect for damage. Repair as necessary.

• Friction elements damaged or worn • Inspect for damage. Repair as necessary.

• Return springs damaged • Inspect for damage. Repair as necessary.

Low/Reverse Clutch Assembly

• Seals, piston damaged • Inspect for damage. Repair as necessary.
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307-01C-8 307-01C-8Automatic Transmission — TorqShift

DIAGNOSIS AND TESTING (Continued)

Delayed or Soft Reverse Only (Continued)

Possible Component Reference/Action

• Filtered orifice damaged, missing, not seating, off • Inspect for mislocation, poor seating, damage. Install
location a new case.

• Friction elements damaged or worn • Inspect for damage. Repair as necessary.

• Return springs damaged • Inspect for damage. Repair as necessary.

• Snap ring for OWC and/or return spring not seated or • Inspect for damage. Repair as necessary.
damaged

Delayed or Soft Forward Only

Possible Component Reference/Action

206 — ROUTINE

Powertrain Control System

• PCM, external vehicle wiring harnesses, transmission • Carry out on-board diagnostic tests. Refer to the
internal harness, line pressure solenoid (PC-A) Powertrain Control/Emissions Diagnosis (PC/ED)

manual for diagnosis and testing of the PCM.

• GO to Pinpoint Test E.

• Repair as necessary. Clear DTCs, road test and rerun
on-board diagnostic test.

External Selector Lever Cable

• Cable system damaged, misaligned • Inspect and repair as necessary.

Incorrect Pressures

• High pressures • Check pressure at line tap.

• Carry out Line Pressure Test. Refer to Special Testing
Procedures in this section.

Solenoid Body Assembly

• Bolts not tightened to specification • Tighten to specification.

• Filter gasket damaged • Inspect for damage. If damaged, install a new filter
gasket.

• Contamination • Disassemble and clean.

• PC-A, solenoid damaged, stuck or bore damaged. • If damaged or parts are missing, install a new PCA-A
Manual valve or solenoid damaged, stuck or bore solenoid or solenoid body assembly. If misassembled,
damaged reassemble correctly.

Fluid Pump Assembly

• Bolts not tightened to specification • Tighten to specification.

• Gasket damaged • Inspect for damage. Repair as necessary. If damaged,
install a new gasket.

• Porosity, cross leaks, cup plug missing, plugged hole • Inspect for damage. Repair as necessary.

• Pump gears and/or gear pocket damaged • Inspect for damage. Repair as necessary. If damaged,
install a new pump.

• Control valves, springs or seal damaged, stuck or not • Inspect for damage. Repair as necessary. If damaged,
assembled correctly install a new seal or pump assembly.

OD OWC

• Mechanical diode engaged in both directions, struts • Inspect for rotation in one direction only, mechanical
missing, OWC damaged diode should overrun in the opposite direction. Install

a new OWC if damaged or fails inspection.
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307-01C-9 307-01C-9Automatic Transmission — TorqShift

DIAGNOSIS AND TESTING (Continued)

Delayed or Soft Forward Only (Continued)

Possible Component Reference/Action

Forward Clutch Assembly

• Seals, piston damaged • Inspect for damage. Repair as necessary.

• Friction elements damaged or worn • Inspect for damage. Repair as necessary.

• Return springs damaged • Inspect for damage. Repair as necessary.

Low/Reverse OWC

• Mechanical diode engaged in both directions, struts • Inspect for rotation in one direction only, mechanical
missing, OWC damaged diode should overrun in the opposite direction. Install

a new OWC if damaged or fails inspection.

Low/Reverse Clutch Assembly

• Seals, piston damaged • Inspect for damage. Repair as necessary.

• Filtered orifice damaged, missing, not seating, off • Inspect for mislocation, poor seating, damage. Install
location a new case.

• Friction elements damaged or worn • Inspect for damage. Repair as necessary.

• Return springs damaged • Inspect for damage. Repair as necessary.

• Snap ring for OWC and/or return spring not seated or • Inspect for damage. Repair as necessary.
damaged

No Forward and No Reverse

Possible Component Reference/Action

207 — ROUTINE

Powertrain Control System

• PCM, external vehicle wiring harnesses, transmission • Carry out on-board diagnostic tests. Refer to the
internal harness, line pressure solenoid PC-A Powertrain Control/Emissions Diagnosis (PC/ED)

manual for diagnosis and testing of the PCM.

• GO to Pinpoint Test E.

• Repair as required. Clear DTCs, road test and rerun
on-board diagnostic test.

Fluid

• Incorrect level • Adjust to the correct level. Refer to Preliminary
Inspection in this section.

External Selector Lever Cable

• Cable system damaged, misaligned • Inspect and repair as necessary.

Incorrect Pressure

• Low pressure • Check pressure at line tap.

• Carry out Line Pressure Test, refer to Special Testing
Procedures in this section. Follow the pressure
diagnosis test as required.

Solenoid Body Assembly

• Bolts not tightened to specification • Tighten to specification.

• Filter gasket damaged • Inspect for damage. If damaged, install a new filter
gasket.

• Contamination • Disassemble and clean.
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307-01C-10 307-01C-10Automatic Transmission — TorqShift

DIAGNOSIS AND TESTING (Continued)

No Forward and No Reverse (Continued)

Possible Component Reference/Action

• PC-A solenoid damaged, stuck or bore damaged. • If damaged or parts are missing, install a new
Manual valve damaged, stuck or bore damaged. Line solenoid body assembly. If misassembled, reassemble
pressure blowoff valve damaged. correctly.

Input Shaft

• Shaft damaged • Inspect for damage. Repair as necessary.

Fluid Pump Assembly

• Bolts not tightened to specification • Tighten to specification.

• Gasket damaged • Inspect for damage. If damaged, install a new gasket.

• Porosity, cross leaks, cup plug missing, plugged hole • Inspect for damage. If damaged, repair as necessary.

• Pump gears and/or gear pocket damaged • Inspect for damage. If damaged, install a new pump.

• Control valves, springs, or seals damaged, stuck or • Inspect for damage. If damaged, install a new seal or
not assembled correctly, skill orifice plugged, LPC air pump assembly.
bleed plugged

Center Shaft Assembly

• Shaft damaged. • Inspect for damage. Repair as necessary.

• Overdrive one-way clutch damaged • Inspect for damage. Repair as necessary.

Center Support

• Feedbolt not tightened to specification • Tighten to specification.

• Forward clutch seal rings damaged • Inspect for damage. Repair as necessary.

• Support damaged or leaking • Inspect for damage. Repair as necessary.

Low/Reverse Clutch Assembly

• Seals, piston damaged • Inspect for damage. Repair as necessary.

• Filtered orifice damaged, missing, not seating, off • Inspect for mislocation, poor seating, damage. Install
location a new case.

• Friction elements damaged or worn • Inspect for damage. Repair as necessary.

• Return springs damaged • Inspect for damage. Repair as necessary.

• Snap ring for OWC and/or return spring not seated or • Inspect for damage. Repair as necessary.
damaged

Output Shaft

• Shaft damaged. • Inspect for damage. Repair as necessary.

Torque Converter

• Flexplate, adapter plate, turbine hub or impeller hub • Inspect for damage. Refer to Torque Converter
damaged Diagnosis in this section. Repair as necessary.

Harsh Forward and Harsh Reverse

Possible Component Reference/Action

208 — ROUTINE

Powertrain Control System
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307-01C-11 307-01C-11Automatic Transmission — TorqShift

DIAGNOSIS AND TESTING (Continued)

Harsh Forward and Harsh Reverse (Continued)

Possible Component Reference/Action

NOTE: The battery being disconnected or a PCM • Carry out on-board diagnostic tests. Refer to the
reflash will cause firm engagements. Powertrain Control/Emissions Diagnosis (PC/ED)
PCM, external vehicle wiring harnesses, transmission manual for diagnosis and testing of the PCM.
internal harness, line pressure solenoid PC-A, torque
converter clutch solenoid TCC, TSS/Intermediate shaft
speed sensor, TFT and TR position sensors, IAT, ECT

• If the battery has been disconnected or the PCM has
been reflashed, carry out the engagement schedule
update.

• GO to Pinpoint Test A, GO to Pinpoint Test B, GO
to Pinpoint Test C, GO to Pinpoint Test D, and GO
to Pinpoint Test E.

• Repair as necessary. Clear DTCs, road test and rerun
on-board diagnostic test.

Fluid

• Incorrect level • Adjust to the correct level. Refer to Preliminary
Inspection in this section.

• Condition • Carry out Fluid Condition Check. Refer to
Preliminary Inspection.

External Selector Lever Cable

• Cable system damaged, misaligned • Inspect and repair as necessary.

Incorrect Pressures

• High pressures • Check line pressure at line tap.

• Carry out Line Pressure Test, refer to Special Testing
Procedures in this section. Follow pressure diagnosis
and repair as required.

Solenoid Body Assembly

• Bolts not tightened to specification • Tighten to specification.

• Filter gasket damaged • Inspect for damage. If damaged, install a new filter
gasket.

• Contamination • Disassemble and clean.

• PC-A, TCC solenoid(s) damaged, stuck or bore • If damaged or parts are missing, install a new
damaged. Manual valve damaged, stuck or bore solenoid body assembly. If misassembled, reassemble
damaged. Blowoff valve damaged. correctly.

Fluid Pump Assembly

• Bolts not tightened to specification • Tighten to specification.

• Gasket damaged • Inspect for damage. If damaged, install a new gasket.

• Porosity, cross leaks, cup plug missing, plugged hole • Inspect for damage. If damaged, repair as necessary.

• Pump gears and/or gear pocket damaged • Inspect for damage. Install a new pump.

• Control valves, springs, or seals damaged, stuck or • Inspect for damage. Install a new seal or pump
not assembled correctly, blowoff valve damaged. assembly.

Low/Reverse Clutch Assembly

• Seals, piston damaged • Inspect for damage. Repair as necessary.

• Filtered orifice damaged, missing, not seating, off • Inspect for mislocation, poor seating, damage. Install
location a new case.
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307-01C-12 307-01C-12Automatic Transmission — TorqShift

DIAGNOSIS AND TESTING (Continued)

Harsh Forward and Harsh Reverse (Continued)

Possible Component Reference/Action

• Friction elements damaged or worn • Inspect for damage. Repair as necessary.

• Return springs damaged • Inspect for damage. Repair as necessary.

• Snap ring for OWC and/or return spring not seated or • Inspect for damage. Repair as necessary.
damaged

Delayed Forward and Delayed Reverse

Possible Component Reference/Action

209 — ROUTINE

Powertrain Control System

• PCM, external vehicle wiring harnesses, transmission • Carry out on-board diagnostic tests. Refer to the
internal harness, line pressure solenoid PC-A, IAT, Powertrain Control/Emissions Diagnosis (PC/ED)
ECT manual for diagnosis and testing of the PCM.

• GO to Pinpoint Test E.

• Repair as necessary. Clear DTCs, road test and rerun
on-board diagnostic test.

Fluid

• Incorrect level • Adjust to the correct level. Refer to Preliminary
Inspection in this section.

• Condition • Carry out Fluid Condition Check. Refer to
Preliminary Inspection.

External Selector Lever Cable

• Cable system damaged, misaligned • Inspect and repair as necessary.

Incorrect Pressures

• Low pressures • Check line pressure at line tap.

• Check pressure at line tap.

• Carry out Line Pressure Test, refer to Special Testing
Procedures in this section. Follow pressure diagnosis
and repair as required.

Solenoid Body Assembly

• Bolts not tightened to specification • Tighten to specification.

• Filter gasket damaged • Inspect for damage. If damaged, install a new filter
gasket.

• Contamination • Disassemble and clean.

• Solenoid damaged, stuck or bore damaged. Manual • If damaged or parts are missing, install a new
valve damaged, stuck, or bore damaged. solenoid body assembly. If misassembled, reassemble

correctly.

Fluid Pump Assembly

• Bolts not tightened to specification • Tighten to specification.

• Gasket damaged • Inspect for damage. If damaged, install a new gasket.

• Porosity, cross leaks, cup plug missing, plugged hole • Inspect for damage. If damaged, repair as necessary.

• Pump gears and/or gear pocket damaged • Inspect for damage. Install a new pump.

• Control valves, springs, or seals damaged, stuck or • Inspect for damage. Install a new seal or pump
not assembled correctly assembly.
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307-01C-13 307-01C-13Automatic Transmission — TorqShift

DIAGNOSIS AND TESTING (Continued)

Delayed Forward and Delayed Reverse (Continued)

Possible Component Reference/Action

Low/Reverse Clutch Assembly

• Seals, piston damaged • Inspect for damage. Repair as necessary.

• Filtered orifice damaged, missing, not seating, off • Inspect for mislocation, poor seating, damage. Install
location a new case.

• Friction elements damaged or worn • Inspect for damage. Repair as necessary.

• Return springs damaged • Inspect for damage. Repair as necessary.

• Snap ring for OWC and/or return spring not seated or • Inspect for damage. Repair as necessary.
damaged

Some/All Shifts Missing 

Possible Component Reference/Action

210 — ROUTINE

Powertrain Control System

• PCM, vehicle wiring harnesses, transmission internal • Carry out on-board diagnostic tests. Refer to the
harness, shift pressure control solenoids SSPC-A, Powertrain Control/Emissions Diagnosis (PC/ED)
SSPC-B, SSPC-C, SSPC-D ,SSPC-E, Torque manual for diagnosis and testing of the PCM.
Converter Clutch (TCC) solenoid, line pressure
control solenoids PC-A, TSS/Intermediate shaft speed
sensor, Output Shaft Speed (OSS) sensor,
Transmission Range (TR position) sensor,
Transmission Fluid Temperature (TFT) sensor,
Accelerator Pedal Position (APP) sensor

• GO to Pinpoint Test A, GO to Pinpoint Test B, GO
to Pinpoint Test C, GO to Pinpoint Test D and GO to
Pinpoint Test E.

• Repair as necessary. Clear DTCs, road test and rerun
on-board diagnostic test.

Some Shifts Missing Only

• If only some shifts are missing, determine which
shift(s) do not occur. Use the Band, Clutch, Solenoid,
Switch Application Chart and monitor the appropriate
PIDs, refer to Special Testing Procedures in  this
section.

Fluid

• Incorrect level • Adjust fluid to correct level, refer to Preliminary
Inspection in this section.

Incorrect Pressures

• High/low pressures • Check pressure at line tap.

• Carry out Line Pressure Test. Refer to Special Testing
Procedures in this section.

Solenoid Body Assembly

• Bolts not tightened to specification • Tighten to specification.

• Filter gasket damaged • Inspect for damage. If damaged, install a new filter
gasket.

• Contamination • Disassemble and clean.
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307-01C-14 307-01C-14Automatic Transmission — TorqShift

DIAGNOSIS AND TESTING (Continued)

Some/All Shifts Missing  (Continued)

Possible Component Reference/Action

• Solenoid damaged, stuck or bore damaged. Manual • If damaged or parts are missing, install a new
valve damaged, stuck, or bore damaged. solenoid body assembly. If misassembled, reassemble

correctly.

Fluid Pump Assembly

• Bolts not tightened to specification • Tighten to specification.

• Gasket damaged • Inspect for damage. If damaged, install a new gasket.

• Porosity, cross leaks, cup plug missing, plugged hole • Inspect for damage. If damaged, repair as necessary.

• Pump gears and/or gear pocket damaged • Inspect for damage. Install a new pump.

• Control valves, springs, or seals damaged, stuck or • Inspect for damage. Install a new seal or pump
not assembled correctly assembly.

Coast Clutch Assembly

• Seals, piston damaged • Inspect for damage. Repair as necessary.

• Check ball damaged, missing, not seating, off location • Inspect for mislocation, poor seating, damage. Install
a new drum.

• Friction elements damaged or worn • Inspect for damage. Repair as necessary.

• Return springs damaged • Inspect for damage. Repair as necessary.

OD OWC

• Mechanical diode engaged in both directions, struts • Inspect for rotation in one direction only, mechanical
missing, OWC damaged diode should overrun in the opposite direction. Install

a new OWC if damaged or fails inspection.

Overdrive Clutch Assembly

• Seals, piston damaged • Inspect for damage. Repair as necessary.

• Filtered orifice damaged, missing, not seating, off • Inspect for mislocation, poor seating, damage. Install
location a new pump assembly if damaged.

• Friction elements damaged or worn • Inspect for damage. Repair as necessary.

• Return springs damaged • Inspect for damage. Repair as necessary.

• Snap ring for OWC and/or return spring not seated or • Inspect for damage. Repair as necessary.
damaged.

Direct Clutch Assembly

• Seals, piston damaged • Inspect for damage. Repair as necessary.

• Cup plug missing, plugged or damaged • Inspect for damage. Repair as necessary.

• Friction elements damaged or worn • Inspect for damage. Repair as necessary.

• Return springs damaged • Inspect for damage. Repair as necessary.

Forward Clutch Assembly

• Seals, piston damaged • Inspect for damage. Repair as necessary.

• Friction elements damaged or worn • Inspect for damage. Repair as necessary.

• Return springs damaged • Inspect for damage. Repair as necessary.

Intermediate Clutch Assembly

• Seals, piston damaged • Inspect for damage. Repair as necessary.

• Filtered orifice damaged, missing, not seating, off • Inspect for mislocation, poor seating, damage. Install
location a center support assembly if damaged.

• Friction elements damaged or worn • Inspect for damage. Repair as necessary.
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307-01C-15 307-01C-15Automatic Transmission — TorqShift

DIAGNOSIS AND TESTING (Continued)

Some/All Shifts Missing  (Continued)

Possible Component Reference/Action

• Return springs damaged • Inspect for damage. Repair as necessary.

• Snap ring for OWC and/or return spring not seated or • Inspect for damage. Repair as necessary.
damaged.

Low/Reverse OWC

• Mechanical diode engaged in both directions, struts • Inspect for rotation in one direction only, mechanical
missing, OWC damaged diode should overrun in the opposite direction. Install

a new OWC if damaged or fails inspection.

Low/Reverse Clutch Assembly

• Seals, piston damaged • Inspect for damage. Repair as necessary.

• Filtered orifice damaged, missing, not seating, off • Inspect for mislocation, poor seating, damage. Install
location a new transmission case if damaged.

• Friction elements damaged or worn • Inspect for damage. Repair as necessary.

• Return springs damaged • Inspect for damage. Repair as necessary.

• Snap ring for OWC and/or return spring not seated or • Inspect for damage. Repair as necessary.
damaged.

Torque Converter

• Internal failure • Remove transmission. Inspect for damage. Carry out
torque converter checks, refer to Torque Converter in
this section. If torque converter fails to pass checks or
is damaged, install a new or  remanufactured torque
converter.

Timing Concerns — Early/Late

Possible Component Reference/Action

211— ROUTINE

Powertrain Control System

• PCM, vehicle wiring harnesses, transmission internal • Carry out on-board diagnostic tests. Refer to the
harness, Accelerator Pedal Position (APP) sensor, IAT Powertrain Control/Emissions Diagnosis (PC/ED)
sensor, ECT sensor manual for diagnosis and testing of the PCM.

• Repair as necessary. Clear DTCs, road test and rerun
on-board diagnostic test.

Some Shifts Early/Late Only

• If only some shifts are early/late, determine which
shift(s) is missing.

• Refer to the following routine(s) for further
Soft/Slipping Shift concerns:

— Soft/Slipping 1-2 Shift, Routine 226
— Soft/Slipping 2-3 Shift, Routine 227
— Soft/Slipping 3-5 Shift, Routine 228
— Soft/Slipping 4-6 Shift, Routine 229
— Soft/Slipping 5-6 Shift, Routine 230
— Soft/Slipping 6-5 Shift, Routine 231
— Soft/Slipping 6-4 Shift, Routine 232
— Soft/Slipping 5-3 Shift, Routine 233
— Soft/Slipping 3-2 Shift, Routine 234
— Soft/Slipping 2-1 Shift, Routine 235

Fluid
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307-01C-16 307-01C-16Automatic Transmission — TorqShift

DIAGNOSIS AND TESTING (Continued)

Timing Concerns — Early/Late (Continued)

Possible Component Reference/Action

• Incorrect level • Adjust to the correct level. Refer to Preliminary
Inspection in this section.

• Carry out Fluid Condition Check. Refer to
Preliminary Inspection in this section.

Incorrect Pressures

• High/low pressures • Check pressure at line tap.

• Carry out Line Pressure Test. Refer to Special Testing
Procedures in this section.

Solenoid Body Assembly

• Bolts not tightened to specification • Tighten to specification.

• Filter gasket damaged • Inspect for damage. If damaged, install a new filter
gasket.

• Contamination • Disassemble and clean.

• Solenoid damaged, stuck or bore damaged. Manual • If damaged or parts are missing, install a new
valve damaged, stuck or bore damaged solenoid body assembly. If misassembled, reassemble

correctly.

Fluid Pump Assembly

• Bolts not tightened to specification • Tighten to specification.

• Gasket damaged • Inspect for damage. If damaged, install a new gasket.

• Porosity, cross leaks, cup plug missing, plugged hole • Inspect for damage. If damaged, repair as necessary.

• Pump gears and/or gear pocket damaged • Inspect for damage. Install a new pump assembly.

• Control valves, springs, or seals damaged, stuck or • Inspect for damage. Install a new seal or pump
not assembled correctly assembly.

Overdrive Clutch Assembly

• Seals, piston damaged • Inspect for damage. Repair as necessary.

• Filtered orifice damaged, missing, not seating, off • Inspect for mislocation, poor seating, damage. Install
location a new pump assembly if damaged.

• Friction elements damaged or worn • Inspect for damage. Repair as necessary.

• Return springs damaged • Inspect for damage. Repair as necessary.

• Snap ring for OWC and/or return spring not seated or • Inspect for damage. Repair as necessary.
damaged.

Intermediate Clutch Assembly

• Seals, piston damaged • Inspect for damage. Repair as necessary.

• Filtered orifice damaged, missing, not seating, off • Inspect for mislocation, poor seating, damage. Install
location a center support assembly if damaged.

• Friction elements damaged or worn • Inspect for damage. Repair as necessary.

• Return springs damaged • Inspect for damage. Repair as necessary.

• Snap ring for OWC and/or return spring not seated or • Inspect for damage. Repair as necessary.
damaged.

Low/Reverse Clutch Assembly

• Seals, piston damaged • Inspect for damage. Repair as necessary.

• Filtered orifice damaged, missing, not seating, off • Inspect for mislocation, poor seating, damage. Install
location a new transmission case if damaged.
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307-01C-17 307-01C-17Automatic Transmission — TorqShift

DIAGNOSIS AND TESTING (Continued)

Timing Concerns — Early/Late (Continued)

Possible Component Reference/Action

• Friction elements damaged or worn • Inspect for damage. Repair as necessary.

• Return springs damaged • Inspect for damage. Repair as necessary.

• Snap ring for OWC and/or return spring not seated or • Inspect for damage. Repair as necessary.
damaged.

Timing Concerns — Erratic/Hunting (Some/All)

Possible Component Reference/Action

212 — ROUTINE

Powertrain Control System

• PCM, vehicle wiring harnesses, transmission internal • Carry out on-board diagnostic tests. Refer to the
harness, shift pressure control solenoids SSPC-A, Powertrain Control/Emissions Diagnosis (PC/ED)
SSPC-B, SSPC-C, SSPC-D, SSPC-E, line pressure manual for diagnosis and testing of the PCM, APP,
control solenoids PC-A, TSS/Intermediate shaft speed and BPP sensors.
sensor, Output Shaft Speed (OSS) sensor,
Transmission Range (TR position) sensor,
Transmission Fluid Temperature (TFT) sensor,
tow/haul switch. Accelerator Pedal Position (APP)
sensor, Brake Pedal Position (BPP) sensor

• FMEM enabled, refer to routine 265 • GO to Pinpoint Test A, GO to Pinpoint Test B, GO
to Pinpoint Test C, GO to Pinpoint Test D and GO to
Pinpoint Test E.

• Repair as necessary. Clear DTCs, road test and rerun
on-board diagnostic test.

Fluid

• Incorrect level • Adjust to the correct level. Refer to Preliminary
Inspection in this section.

• Carry out Fluid Condition Check. Refer to
Preliminary Inspection in this section.

Incorrect Pressures

• High/low pressures • Check pressure at line tap.

• Carry out Line Pressure Test. Refer to Special Testing
Procedures in this section.

Solenoid Body Assembly

• Bolts not tightened to specification • Tighten to specification.

• Filter gasket damaged • Inspect for damage. If damaged, install a new filter
gasket.

• Contamination • Disassemble and clean.

• Solenoid(s) damaged, stuck or bore damaged, manual • If damaged or parts are missing, install a new
valve damaged, stuck or bore damaged solenoid body assembly. If misassembled, reassemble

correctly.

Further Diagnosis
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307-01C-18 307-01C-18Automatic Transmission — TorqShift

DIAGNOSIS AND TESTING (Continued)

Timing Concerns — Erratic/Hunting (Some/All) (Continued)

Possible Component Reference/Action

• For further diagnosis for timing issues, refer to • Refer to the following routine(s) for specific
Reference/Actions diagnosis:

— Soft/Slipping 1-2 Shift, Routine 226
— Soft/Slipping 2-3 Shift, Routine 227
— Soft/Slipping 3-5 Shift, Routine 228
— Soft/Slipping 4-6 Shift, Routine 229
— Soft/Slipping 5-6 Shift, Routine 230
— Soft/Slipping 6-5 Shift, Routine 231
— Soft/Slipping 6-4 Shift, Routine 232
— Soft/Slipping 5-3 Shift, Routine 233
— Soft/Slipping 3-2 Shift, Routine 234
— Soft/Slipping 2-1 Shift, Routine 235
— Harsh 1-2 Shift, Routine 236
— Harsh 2-3 Shift, Routine 237
— Harsh 3-5 Shift, Routine 238
— Harsh 4-6 Shift, Routine 239
— Harsh 5-6 Shift, Routine 240
— Harsh 6-5 Shift, Routine 241
— Harsh 6-4 Shift, Routine 242
— Harsh 5-3 Shift, Routine 243
— Harsh 3-2 Shift, Routine 244
— Harsh 2-1 Shift, Routine 245

Fluid Pump Assembly

• Bolts not tightened to specification • Tighten to specification.

• Gasket damaged • Inspect for damage. If damaged, install a new gasket.

• Porosity, cross leaks, cup plug missing, plugged hole • Inspect for damage. If damaged, repair as necessary.

• Pump gears and/or pocket damaged • Inspect for damage. Install a new pump assembly.

• Control valves, springs, or seal damaged, stuck or not • Inspect for damage. Install a new seal or pump
assembled correctly assembly.

Coast Clutch Assembly

• Seals, piston damaged • Inspect for damage. Repair as necessary.

• Check ball damaged, missing, not seating, off location • Inspect for mislocation, poor seating, damage. Install
a new drum.

• Friction elements damaged or worn • Inspect for damage. Repair as necessary.

• Return springs damaged • Inspect for damage. Repair as necessary.

Overdrive Clutch Assembly

• Seals, piston damaged • Inspect for damage. Repair as necessary.

• Filtered orifice damaged, missing, not seating, off • Inspect for mislocation, poor seating, damage. Install
location a new pump assembly if damaged.

• Friction elements damaged or worn • Inspect for damage. Repair as necessary.

• Return springs damaged • Inspect for damage. Repair as necessary.

• Snap ring for OWC and/or return spring not seated or • Inspect for damage. Repair as necessary.
damaged.

Direct Clutch Assembly

• Seals, piston damaged • Inspect for damage. Repair as necessary.

• Friction elements damaged or worn • Inspect for damage. Repair as necessary.

• Return springs damaged • Inspect for damage. Repair as necessary.
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DIAGNOSIS AND TESTING (Continued)

Timing Concerns — Erratic/Hunting (Some/All) (Continued)

Possible Component Reference/Action

Forward Clutch Assembly

• Seals, piston damaged • Inspect for damage. Repair as necessary.

• Friction elements damaged or worn • Inspect for damage. Repair as necessary.

• Return springs damaged • Inspect for damage. Repair as necessary.

Intermediate Clutch Assembly

• Seals, piston damaged • Inspect for damage. Repair as necessary.

• Filtered orifice damaged, missing, not seating, off • Inspect for mislocation, poor seating, damage. Install
location a center support assembly if damaged.

• Friction elements damaged or worn • Inspect for damage. Repair as necessary.

• Return springs damaged • Inspect for damage. Repair as necessary.

• Snap ring for OWC and/or return spring not seated or • Inspect for damage. Repair as necessary.
damaged.

Low/Reverse Clutch Assembly

• Seals, piston damaged • Inspect for damage. Repair as necessary.

• Filtered orifice damaged, missing, not seating, off • Inspect for mislocation, poor seating, damage. Install
location a new transmission case if damaged.

• Friction elements damaged or worn • Inspect for damage. Repair as necessary.

• Return springs damaged • Inspect for damage. Repair as necessary.

• Snap ring for OWC and/or return spring not seated or • Inspect for damage. Repair as necessary.
damaged.

Feel — Soft/Slipping (Some/All)

Possible Component Reference/Action

213 — ROUTINE

Powertrain Control System

• PCM, vehicle wiring harnesses, transmission internal • Carry out on-board diagnostic tests. Refer to the
harness, shift pressure control solenoids, SSPC-B, line Powertrain Control/Emissions Diagnosis (PC/ED)
pressure control solenoids PC-A, TSS/Intermediate manual for diagnosis and testing of the PCM.
shaft speed sensor

• GO to Pinpoint Test A, GO to Pinpoint Test D and
GO to Pinpoint Test E.

• Repair as necessary. Clear DTCs, road test and rerun
on-board diagnostic test.

Some Shifts Soft/Slipping Only

• If only some of the shifts are soft/slipping, determine
which shift(s) is missing.
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307-01C-20 307-01C-20Automatic Transmission — TorqShift

DIAGNOSIS AND TESTING (Continued)

Feel — Soft/Slipping (Some/All) (Continued)

Possible Component Reference/Action

• Refer to the following routine(s) for further
Soft/Slipping concerns:

— Soft/Slipping 1-2 Shift, Routine 226
— Soft/Slipping 2-3 Shift, Routine 227
— Soft/Slipping 3-5 Shift, Routine 228
— Soft/Slipping 4-6 Shift, Routine 229
— Soft/Slipping 5-6 Shift, Routine 230
— Soft/Slipping 6-5 Shift, Routine 231
— Soft/Slipping 6-4 Shift, Routine 232
— Soft/Slipping 5-3 Shift, Routine 233
— Soft/Slipping 3-2 Shift, Routine 234
— Soft/Slipping 2-1 Shift, Routine 235

Fluid

• Incorrect level • Adjust to the correct level. Refer to Preliminary
Inspection in this section.

• Condition • Carry out Fluid Condition Check. Refer to
Preliminary Inspection in this section.

Incorrect Pressures

• High/low pressures • Check pressure at line tap.

• Carry out Line Pressure Test. Refer to Special Testing
Procedures in this section.

Solenoid Body Assembly

• Bolts not tightened to specification • Tighten to specification.

• Filter gasket damaged • Inspect for damage. If damaged, install a new filter
gasket.

• Contamination • Disassemble and clean.

• Solenoid damaged, stuck or bore damaged; manual • If damaged or parts are missing, install a new
valve damaged, stuck or bore damaged solenoid body assembly. If misassembled, reassemble

correctly.

Fluid Pump Assembly

• Bolts not tightened to specification • Tighten to specification.

• Gasket damaged • Inspect for damage. If damaged, install a new gasket.

• Porosity, cross leaks, cup plug missing, plugged hole • Inspect for damage. If damaged, repair as necessary.

• Pump gears and/or gear pocket damaged • Inspect for damage. Install a new pump assembly.

• Control valves, springs, or seals damaged, stuck or • Inspect for damage. Install a new seal or pump
not assembled correctly assembly.

Feel — Harsh (Some/All)

Possible Component Reference/Action

214— ROUTINE

Powertrain Control System

• PCM, vehicle wiring harnesses, transmission internal • Carry out on-board diagnostic tests. Refer to the
harness, shift pressure control solenoids SSPC-B, Powertrain Control/Emissions Diagnosis (PC/ED)
TSS/Intermediate shaft speed sensor, Output Shaft manual for diagnosis and testing of the PCM.
Speed (OSS) sensor, Transmission Fluid Temperature
(TFT) sensor
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307-01C-21 307-01C-21Automatic Transmission — TorqShift

DIAGNOSIS AND TESTING (Continued)

Feel — Harsh (Some/All) (Continued)

Possible Component Reference/Action

• GO to Pinpoint Test A, GO to Pinpoint Test B and
GO to Pinpoint Test E.

• Repair as necessary. Clear DTCs, road test and rerun
on-board diagnostic test.

Some Shifts Harsh Only

• If only some of the shifts are harsh, determine which
shift(s) is missing.

• Refer to the following routine(s) for further Harsh
Shift concerns:

— Harsh 1-2 Shift, Routine 236
— Harsh 2-3 Shift, Routine 237
— Harsh 3-5 Shift, Routine 238
— Harsh 4-6 Shift, Routine 239
— Harsh 5-6 Shift, Routine 240
— Harsh 6-5 Shift, Routine 241
— Harsh 6-4 Shift, Routine 242
— Harsh 5-3 Shift, Routine 243
— Harsh 3-2 Shift, Routine 244
— Harsh 2-1 Shift, Routine 245

Fluid

• Incorrect level • Adjust to the correct level. Refer to Preliminary
Inspection in this section.

• Condition • Carry out Fluid Condition Check. Refer to
Preliminary Inspection in this section.

Incorrect Pressures

• High/low pressures • Check pressure at line tap.

• Carry out Line Pressure Test. Refer to Special Testing
Procedures in this section.

Solenoid Body Assembly

• Bolts not tightened to specification • Tighten to specification.

• Filter gasket damaged • Inspect for damage. If damaged, install a new filter
gasket.

• Contamination • Disassemble and clean.

• Solenoid damaged, stuck or bore damaged, Manual • If damaged or parts are missing, install a new
valve damaged, stuck or bore damaged solenoid body assembly. If misassembled, reassemble

correctly.

Fluid Pump Assembly

• Bolts not tightened to specification • Tighten to specification.

• Gasket damaged • Inspect for damage. If damaged, install a new gasket.

• Porosity, cross leaks, cup plug missing, plugged hole • Inspect for damage. If damaged, repair as necessary.

• Pump gears and/or gear pocket damaged • Inspect for damage. Install a new pump.

• Control valves, springs, or seals damaged, stuck or • Inspect for damage. Install a new seal or pump
not assembled correctly assembly.

Torque Converter
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307-01C-22 307-01C-22Automatic Transmission — TorqShift

DIAGNOSIS AND TESTING (Continued)

Feel — Harsh (Some/All) (Continued)

Possible Component Reference/Action

• Internal failure • Remove transmission. Inspect for damage. Carry out
torque converter checks, refer to Torque Converter in
this section. If torque converter fails to pass checks or
is damaged, install a new or  remanufactured torque
converter.

• Refer to Routine 251: TCC always applied/stalls
vehicle.

No 1st Gear in Drive, Engages in a Higher Gear

Possible Component Reference/Action

215 — ROUTINE

Powertrain Control System

• PCM, vehicle wiring harnesses, transmission internal • Carry out on-board diagnostic tests. Refer to the
harness, shift pressure control solenoids SSPC-B, line Powertrain Control/Emissions Diagnosis (PC/ED)
pressure solenoid PC-A (shorted to ground), TCC manual for diagnosis and testing of the PCM.
solenoid (shorted to ground), TSS sensor

• GO to Pinpoint Test A, GO to Pinpoint Test D and
GO to Pinpoint Test E.

• Repair as necessary. Clear DTCs, road test and rerun
on-board diagnostic test.

Incorrect Pressures

• High/low pressures • Check pressure at line tap.

• Carry out Line Pressure Test. Refer to Special Testing
Procedures in this section.

Solenoid Body Assembly

• Bolts not tightened to specification • Tighten to specification.

• Filter gasket damaged • Inspect for damage. If damaged, install a new filter
gasket.

• Contamination • Disassemble and clean.

• Solenoid damaged, stuck or bore damaged, manual • If damaged or parts are missing, install a new
valve damaged, stuck or bore damaged solenoid body assembly. If misassembled, reassemble

correctly.

Overdrive Clutch Assembly

• Seals, piston damaged • Inspect for damage. Repair as necessary.

• Friction elements damaged or worn • Inspect for damage. Repair as necessary.

• Return springs damaged • Inspect for damage. Repair as necessary.

OD OWC

• Mechanical diode engaged in both directions, struts • Inspect for rotation in one direction only, mechanical
missing, OWC damaged diode should overrun in the opposite direction. Install

a new OWC if damaged or fails inspection.

Direct Clutch Assembly

• Seals, piston damaged • Inspect for damage. Repair as necessary.

• Friction elements damaged or worn • Inspect for damage. Repair as necessary.

• Return springs damaged • Inspect for damage. Repair as necessary.
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307-01C-23 307-01C-23Automatic Transmission — TorqShift

DIAGNOSIS AND TESTING (Continued)

No 1st Gear in Drive, Engages in a Higher Gear (Continued)

Possible Component Reference/Action

Low/Reverse OWC

• Mechanical diode engaged in both directions, struts • Inspect for rotation in one direction only, mechanical
missing, OWC damaged diode should overrun in the opposite direction. Install

a new OWC if damaged or fails inspection.

Reverse Clutch Assembly

• Seals, piston damaged • Inspect for damage. Repair as necessary.

• Filtered orifice damaged, missing, not seating, off • Inspect for mislocation, poor seating, damage. Install
location a case if damaged.

• Friction elements damaged or worn • Inspect for damage. Repair as necessary.

• Return springs damaged • Inspect for damage. Repair as necessary.

• Snap ring for OWC and/or return spring not seated or • Inspect for damage. Repair as necessary.
damaged.

Torque Converter

• FMEM default mode applying the torque converter • Refer to FMEM routine 265.
clutch

No 1st Gear in Manual 1 Position

Possible Component Reference/Action

216 — ROUTINE

Powertrain Control System

• PCM, vehicle wiring harnesses, transmission internal • Carry out on-board diagnostic tests. Refer to the
harness Powertrain Control/Emissions Diagnosis (PC/ED)

manual for diagnosis and testing of the PCM.

• Repair as necessary. Clear DTCs, road test and rerun
on-board diagnostic test.

External Selector Lever Cable

• Cable system damaged, misaligned • Inspect and repair as necessary.

Incorrect Pressures

• High/low pressures • Check pressure at line tap.

• Carry out Line Pressure Test. Refer to Special Testing
Procedures in this section.

Solenoid Body Assembly

• Bolts not tightened to specification • Tighten to specification.

• Filter gasket damaged • Inspect for damage. If damaged, install a new filter
gasket.

• Contamination • Disassemble and clean.

• Solenoid damaged, stuck or bore damaged; manual • If damaged or parts are missing, install a new
valve damaged, stuck or bore damaged solenoid body assembly. If misassembled, reassemble

correctly.

Coast Clutch Assembly

• Seals, piston damaged • Inspect for damage. Repair as necessary.

• Friction elements damaged or worn • Inspect for damage. Repair as necessary.

• Return springs damaged • Inspect for damage. Repair as necessary.
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307-01C-24 307-01C-24Automatic Transmission — TorqShift

DIAGNOSIS AND TESTING (Continued)

No 1st Gear in Manual 1 Position (Continued)

Possible Component Reference/Action

Overdrive Clutch Assembly

• Seals, piston damaged • Inspect for damage. Repair as necessary.

• Friction elements damaged or worn • Inspect for damage. Repair as necessary.

• Return springs damaged • Inspect for damage. Repair as necessary.

Overdrive OWC Assembly

• Worn, damaged or not assembled correctly • Inspect for damage. Repair as necessary.

Reverse Clutch Assembly

• Seals, piston damaged • Inspect for damage. Repair as necessary.

• Filtered orifice damaged, missing, not seating, off • Inspect for mislocation, poor seating, damage. Install
location a new case if damaged.

• Friction elements damaged or worn • Inspect for damage. Repair as necessary.

• Return springs damaged • Inspect for damage. Repair as necessary.

• Snap ring for OWC and/or return spring not seated or • Inspect for damage. Repair as necessary.
damaged.

No 2nd Gear in Manual 2 Position

Possible Component Reference/Action

217 — ROUTINE

Powertrain Control System

• PCM, vehicle wiring harnesses, transmission internal • Carry out on-board diagnostic tests. Refer to the
harness Powertrain Control/Emissions Diagnosis (PC/ED)

manual for diagnosis and testing of the PCM.

• Repair as necessary. Clear DTCs, road test and rerun
on-board diagnostic test.

External Selector Lever Cable

• Cable system damaged, misaligned • Inspect and repair as necessary.

Incorrect Pressures

• High/low pressures • Check pressure at line tap.

• Carry out Line Pressure Test. Refer to Special Testing
Procedures in this section.

Solenoid Body Assembly

• Bolts not tightened to specification • Tighten to specification.

• Filter gasket damaged • Inspect for damage. If damaged, install a new filter
gasket.

• Contamination • Disassemble and clean.

• Solenoid damaged, stuck or bore damaged, manual • If damaged or parts are missing, install a new
valve damaged, stuck or bore damaged solenoid body assembly. If misassembled, reassemble

correctly.

Input Shaft

• Shaft damaged • Inspect for damage. Repair as necessary.

Overdrive Clutch Assembly (failed off)

• Seals, piston damaged • Inspect for damage. Repair as necessary.
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307-01C-25 307-01C-25Automatic Transmission — TorqShift

DIAGNOSIS AND TESTING (Continued)

No 2nd Gear in Manual 2 Position (Continued)

Possible Component Reference/Action

• Filtered orifice damaged, missing, not seating, off • Inspect for mislocation, poor seating, damage. Install
location a new pump.

• Friction elements damaged or worn • Inspect for damage. Repair as necessary.

• Return springs damaged • Inspect for damage. Repair as necessary.

• Snap ring for OWC and/or return spring not seated or • Inspect for damage. Repair as necessary.
damaged

No 3rd Gear in Manual 3 Position

Possible Component Reference/Action

218 — ROUTINE

Powertrain Control System

• PCM, vehicle wiring harnesses, transmission internal • Carry out on-board diagnostic tests. Refer to the
harness Powertrain Control/Emissions Diagnosis (PC/ED)

manual for diagnosis and testing of the PCM.

• Repair as necessary. Clear DTCs, road test and rerun
on-board diagnostic test.

External Selector Lever Cable

• Cable system damaged, misaligned • Inspect and repair as necessary.

Incorrect Pressures

• High/low pressures • Check pressure at line tap.

• Carry out Line Pressure Test. Refer to Special Testing
Procedures in this section.

Solenoid Body Assembly

• Bolts not tightened to specification • Tighten to specification.

• Filter gasket damaged • Inspect for damage. If damaged, install a new filter
gasket.

• Contamination • Disassemble and clean.

• Solenoid damaged, stuck or bore damaged, manual • If damaged or parts are missing, install a new
valve damaged, stuck or bore damaged solenoid body assembly. If misassembled, reassemble

correctly.

Coast Clutch Assembly

• Seals, piston damaged • Inspect for damage. Repair as necessary.

• Check ball damaged, missing, not seating, off location • Inspect for mislocation, poor seating, damage. Install
a new drum assembly.

• Friction elements damaged or worn • Inspect for damage. Repair as necessary.

• Return springs damaged • Inspect for damage. Repair as necessary.

Intermediate Clutch Assembly

• Seals, piston damaged • Inspect for damage. Repair as necessary.

• Filtered orifice damaged, missing, not seating, off • Inspect for mislocation, poor seating, damage. Install
location a new cylinder.

• Friction elements damaged or worn • Inspect for damage. Repair as necessary.

• Return springs damaged • Inspect for damage. Repair as necessary.

• Snap ring for OWC and/or return spring not seated or • Inspect for damage. Repair as necessary.
damaged
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307-01C-26 307-01C-26Automatic Transmission — TorqShift

DIAGNOSIS AND TESTING (Continued)

 Soft/Slipping 1-2 Shift

Possible Component Reference/Action

226 — ROUTINE

Powertrain Control System

• PCM, vehicle wiring harnesses, transmission internal • Carry out on-board diagnostic tests. Refer to the
harness, shift pressure control solenoids, SSPC-B Powertrain Control/Emissions Diagnosis (PC/ED)
(overdrive clutch control solenoid), TSS/Intermediate manual for diagnosis and testing of the PCM.
shaft speed sensor

• GO to Pinpoint Test A and GO to Pinpoint Test D.

• Repair as necessary. Clear DTCs, road test and rerun
on-board diagnostic test.

Fluid

• Incorrect level • Adjust to the correct level. Refer to Preliminary
Inspection in this section.

• Condition • Carry out Fluid Condition Check. Refer to
Preliminary Inspection in this section.

Incorrect Pressures

• Low pressures • Check pressure at line tap.

• Carry out Line Pressure Test. Refer to Special Testing
Procedures in this section.

Solenoid Body Assembly

• Bolts not tightened to specification • Tighten to specification.

• Filter gasket damaged • Inspect for damage. If damaged, install a new filter
gasket.

• Contamination • Disassemble and clean.

• SSP-C solenoid damaged, stuck or bore damaged, • If damaged or parts are missing, install a new
manual valve damaged, stuck or bore damaged solenoid body assembly. If misassembled, reassemble

correctly.

Fluid Pump Assembly

• Bolts not tightened to specification • Tighten to specification.

• Gasket damaged • Inspect for damage. If damaged, install a new gasket.

• Porosity, cross leaks, cup plug missing, plugged hole • Inspect for damage. If damaged, repair as necessary.

• Pump gears and/or gear pocket damaged • Inspect for damage. Install a new pump.

• Control valves, springs, or seals damaged, stuck or • Inspect for damage. Install a new seal or pump
not assembled correctly assembly.

Overdrive Clutch Assembly

• Seals, piston damaged • Inspect for damage. Repair as necessary.

• Filtered orifice damaged, missing, not seating, off • Inspect for mislocation, poor seating, damage. Install
location a new pump.

• Friction elements damaged or worn • Inspect for damage. Repair as necessary.

• Return springs damaged • Inspect for damage. Repair as necessary.

• Snap ring for OWC and/or return spring not seated or • Inspect for damage. Repair as necessary.
damaged
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307-01C-27 307-01C-27Automatic Transmission — TorqShift

DIAGNOSIS AND TESTING (Continued)

 Soft/Slipping 2-3 Shift

Possible Component Reference/Action

227 — ROUTINE

Powertrain Control System

• PCM, vehicle wiring harnesses, transmission internal • Carry out on-board diagnostic tests. Refer to the
harness, shift pressure control solenoids, SSPC-B, Powertrain Control/Emissions Diagnosis (PC/ED)
SSPC-C, TSS/Intermediate shaft speed sensor manual for diagnosis and testing of the PCM.

• GO to Pinpoint Test A and GO to Pinpoint Test D.

• Repair as necessary. Clear DTCs, road test and rerun
on-board diagnostic test.

Fluid

• Condition • Carry out Fluid Condition Check. Refer to
Preliminary Inspection in this section.

Incorrect Pressures

• Low pressures • Check pressure at line tap.

• Carry out Line Pressure Test. Refer to Special Testing
Procedures in this section.

Solenoid Body Assembly

• Bolts not tightened to specification • Tighten to specification.

• Filter gasket damaged • Inspect for damage. If damaged, install a new filter
gasket.

• Contamination • Disassemble and clean.

• SSPC-B, SSPC-C solenoid damaged, stuck or bore • If damaged or parts are missing, install a new
damaged, manual valve damaged, stuck or bore solenoid body assembly. If misassembled, reassemble
damaged correctly.

Fluid Pump Assembly

• Bolts not tightened to specification • Tighten to specification.

• Gasket damaged • Inspect for damage. If damaged, install a new gasket.

• Porosity, cross leaks, cup plug missing, plugged hole • Inspect for damage. If damaged, repair as necessary.

• Pump gears and/or gear pocket damaged • Inspect for damage. Install a new pump.

• Control valves, springs, or seals damaged, stuck or • Inspect for damage. Install a new seal or pump
not assembled correctly assembly.

Overdrive Clutch Assembly

• Seals, piston damaged • Inspect for damage. Repair as necessary.

• Filtered orifice damaged, missing, not seating, off • Inspect for mislocation, poor seating, damage. Install
location a new pump assembly if damaged.

• Friction elements damaged or worn • Inspect for damage. Repair as necessary.

• Return springs damaged • Inspect for damage. Repair as necessary.

• Snap ring for OWC and/or return spring not seated or • Inspect for damage. Repair as necessary.
damaged

Intermediate Clutch Assembly

• Seals, piston damaged • Inspect for damage. Repair as necessary.

• Filtered orifice damaged, missing, not seating, off • Inspect for mislocation, poor seating, damage. Install
location a new center support if damaged.

• Friction elements damaged or worn • Inspect for damage. Repair as necessary.
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307-01C-28 307-01C-28Automatic Transmission — TorqShift

DIAGNOSIS AND TESTING (Continued)

 Soft/Slipping 2-3 Shift (Continued)

Possible Component Reference/Action

• Return springs damaged • Inspect for damage. Repair as necessary.

• Snap ring for OWC and/or return spring not seated or • Inspect for damage. Repair as necessary.
damaged

 Soft/Slipping 3-5 Shift

Possible Component Reference/Action

228 — ROUTINE

Powertrain Control System

• PCM, vehicle wiring harnesses, transmission internal • Carry out on-board diagnostic tests. Refer to the
harness, shift pressure control solenoids, SSPC-C, Powertrain Control/Emissions Diagnosis (PC/ED)
SSPC-D, TSS/Intermediate shaft speed sensor manual for diagnosis and testing of the PCM.

• GO to Pinpoint Test A and GO to Pinpoint Test D.

• Repair as necessary. Clear DTCs, road test and rerun
on-board diagnostic test.

Fluid

• Condition • Carry out Fluid Condition Check. Refer to
Preliminary Inspection in this section.

Incorrect Pressures

• Low pressures • Check pressure at line tap.

• Carry out Line Pressure Test. Refer to Special Testing
Procedures in this section.

Solenoid Body Assembly

• Bolts not tightened to specification • Tighten to specification.

• Filter gasket damaged • Inspect for damage. If damaged, install a new filter
gasket.

• Contamination • Disassemble and clean.

• SSPC-C, SSPC-D Solenoid damaged, stuck or bore • If damaged or parts are missing, install a new
damaged, manual valve damaged, stuck or bore solenoid body assembly. If misassembled, reassemble
damaged correctly.

Fluid Pump Assembly

• Bolts not tightened to specification • Tighten to specification.

• Gasket damaged • Inspect for damage. If damaged, install a new gasket.

• Porosity, cross leaks, cup plug missing, plugged hole • Inspect for damage. If damaged, repair as necessary.

• Pump gears and/or gear pocket damaged • Inspect for damage. Install a new pump.

• Control valves, springs, or seals damaged, stuck or • Inspect for damage. Install a new seal or pump
not assembled correctly assembly.

Center Support

• Feedbolt not tightened to specification • Tighten to specification.

• Forward clutch seal rings or damaged • Inspect for damage. Repair as necessary.

• Support damaged or leaking • Inspect for damage. Repair as necessary.

Direct Clutch Assembly

• Seals, piston damaged • Inspect for damage. Repair as necessary.
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307-01C-29 307-01C-29Automatic Transmission — TorqShift

DIAGNOSIS AND TESTING (Continued)

 Soft/Slipping 3-5 Shift (Continued)

Possible Component Reference/Action

• Friction elements damaged or worn • Inspect for damage. Repair as necessary.

• Return springs damaged • Inspect for damage. Repair as necessary.

Intermediate Clutch Assembly

• Seals, piston damaged • Inspect for damage. Repair as necessary.

• Filtered orifice damaged, missing, not seating, off • Inspect for mislocation, poor seating, damage. Install
location a new cylinder.

• Friction elements damaged or worn • Inspect for damage. Repair as necessary.

• Return springs damaged • Inspect for damage. Repair as necessary.

• Snap ring for OWC and/or return spring not seated or • Inspect for damage. Repair as necessary.
damaged

 Soft/Slipping 4-6 Shift

Possible Component Reference/Action

229 — ROUTINE

Powertrain Control System

• PCM, vehicle wiring harnesses, transmission internal • Carry out on-board diagnostic tests. Refer to the
harness, pressure control solenoids, SSPC-C, SSPC-D, Powertrain Control/Emissions Diagnosis (PC/ED)
TSS/Intermediate shaft speed sensor manual for diagnosis and testing of the PCM.

• GO to Pinpoint Test A and GO to Pinpoint Test D.

• Repair as necessary. Clear DTCs, road test and rerun
on-board diagnostic test.

Fluid

• Condition • Carry out Fluid Condition Check. Refer to
Preliminary Inspection in this section.

Incorrect Pressures

• Low pressures • Check pressure at line tap.

• Carry out Line Pressure Test. Refer to Special Testing
Procedures in this section.

Solenoid Body Assembly

• Bolts not tightened to specification • Tighten to specification.

• Filter gasket damaged • Inspect for damage. If damaged, install a new filter
gasket.

• Contamination • Disassemble and clean.

• SSPC-C, SSPC-D, solenoid damaged, stuck or bore • If damaged or parts are missing, install a new
damaged, manual valve damaged, stuck or bore solenoid body assembly. If misassembled, reassemble
damaged correctly.

Fluid Pump Assembly

• Bolts not tightened to specification • Tighten to specification.

• Gasket damaged • Inspect for damage. If damaged, install a new gasket.

• Porosity, cross leaks, cup plug missing, plugged hole • Inspect for damage. If damaged, repair as necessary.

• Pump gears and/or gear pocket damaged • Inspect for damage. Install a new pump.

• Control valves, springs, or seals damaged, stuck or • Inspect for damage. Install a new seal or pump
not assembled correctly assembly.
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307-01C-30 307-01C-30Automatic Transmission — TorqShift

DIAGNOSIS AND TESTING (Continued)

 Soft/Slipping 4-6 Shift (Continued)

Possible Component Reference/Action

Overdrive Clutch Assembly

• Seals, piston damaged • Inspect for damage. Repair as necessary.

• Filtered orifice damaged, missing, not seating, off • Inspect for mislocation, poor seating, damage. Install
location a new pump if damaged.

• Friction elements damaged or worn • Inspect for damage. Repair as necessary.

• Return springs damaged • Inspect for damage. Repair as necessary.

• Snap ring for OWC and/or return spring not seated or • Inspect for damage. Repair as necessary.
damaged

Direct Clutch Assembly

• Seals, piston damaged • Inspect for damage. Repair as necessary.

• Friction elements damaged or worn • Inspect for damage. Repair as necessary.

• Return springs damaged • Inspect for damage. Repair as necessary.

Intermediate Clutch Assembly

• Seals, piston damaged • Inspect for damage. Repair as necessary.

• Filtered orifice damaged, missing, not seating, off • Inspect for mislocation, poor seating, damage. Install
location a new drum.

• Friction elements damaged or worn • Inspect for damage. Repair as necessary.

• Return springs damaged • Inspect for damage. Repair as necessary.

• Snap ring for OWC and/or return spring not seated or • Inspect for damage. Repair as necessary.
damaged

 Soft/Slipping 5-6 Shift

Possible Component Reference/Action

230 — ROUTINE

Powertrain Control System

• PCM, vehicle wiring harnesses, transmission internal • Carry out on-board diagnostic tests. Refer to the
harness, pressure control solenoid SSPC-B Powertrain Control/Emissions Diagnosis (PC/ED)

manual for diagnosis and testing of the PCM.

• GO to Pinpoint Test A.

• Repair as necessary. Clear DTCs, road test and rerun
on-board diagnostic test.

Fluid

• Incorrect level • Adjust to the correct level. Refer to Preliminary
Inspection in this section.

• Condition • Carry out Fluid Condition Check. Refer to
Preliminary Inspection in this section.

Incorrect Pressures

• Low pressures • Check pressure at line tap.

• Carry out Line Pressure Test. Refer to Special Testing
Procedures in this section.

Solenoid Body Assembly

• Bolts not tightened to specification • Tighten to specification.
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307-01C-31 307-01C-31Automatic Transmission — TorqShift

DIAGNOSIS AND TESTING (Continued)

 Soft/Slipping 5-6 Shift (Continued)

Possible Component Reference/Action

• Filter gasket damaged • Inspect for damage. If damaged, install a new filter
gasket.

• Contamination • Disassemble and clean.

• SSPC-B, solenoid damaged, stuck or bore damaged, • If damaged or parts are missing, install a new
manual valve damaged, stuck or bore damaged solenoid body assembly. If misassembled, reassemble

correctly.

Fluid Pump Assembly

• Bolts not tightened to specification • Tighten to specification.

• Gasket damaged • Inspect for damage. If damaged, install a new gasket.

• Porosity, cross leaks, cup plug missing, plugged hole • Inspect for damage. If damaged, repair as necessary.

• Pump gears and/or gear pocket damaged • Inspect for damage. Install a new pump.

• Control valves, springs, or seals damaged, stuck or • Inspect for damage. Install a new seal or pump
not assembled correctly assembly.

Overdrive Clutch Assembly

• Seals, piston damaged • Inspect for damage. Repair as necessary.

• Filtered orifice damaged, missing, not seating, off • Inspect for mislocation, poor seating, damage. Install
location a new pump if damaged.

• Friction elements damaged or worn • Inspect for damage. Repair as necessary.

• Return springs damaged • Inspect for damage. Repair as necessary.

• Snap ring for OWC and/or return spring not seated or • Inspect for damage. Repair as necessary.
damaged

 Soft/Slipping 6-5 Shift

Possible Component Reference/Action

231 — ROUTINE

Powertrain Control System

• PCM, vehicle wiring harnesses, transmission internal • Carry out on-board diagnostic tests. Refer to the
harness, transmission pressure control solenoid Powertrain Control/Emissions Diagnosis (PC/ED)
SSPC-B, TSS/Intermediate shaft speed sensor manual for diagnosis and testing of the PCM.

• GO to Pinpoint Test A and GO to Pinpoint Test D.

• Repair as necessary. Clear DTCs, road test and rerun
on-board diagnostic test.

Fluid

• Condition • Carry out Fluid Condition Check. Refer to
Preliminary Inspection in this section.

Incorrect Pressures

• Low pressures • Check pressure at line tap.

• Carry out Line Pressure Test. Refer to Special Testing
Procedures in this section.

Solenoid Body Assembly

• Bolts not tightened to specification • Tighten to specification.

• Filter gasket damaged • Inspect for damage. If damaged, install a new filter
gasket.
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307-01C-32 307-01C-32Automatic Transmission — TorqShift

DIAGNOSIS AND TESTING (Continued)

 Soft/Slipping 6-5 Shift (Continued)

Possible Component Reference/Action

• Contamination • Disassemble and clean.

• SSPC-B solenoid damaged, stuck or bore damaged, • If damaged or parts are missing, install a new
manual valve damaged, stuck or bore damaged solenoid body assembly. If misassembled, reassemble

correctly.

Fluid Pump Assembly

• Bolts not tightened to specification • Tighten to specification.

• Gasket damaged • Inspect for damage. If damaged, install a new gasket.

• Porosity, cross leaks, cup plug missing, plugged hole • Inspect for damage. If damaged, repair as necessary.

• Pump gears and/or gear pocket damaged • Inspect for damage. Install a new pump.

• Control valves, springs, or seals damaged, stuck or • Inspect for damage. Install a new seal or pump
not assembled correctly assembly.

Overdrive Clutch Assembly

• Seals, piston damaged • Inspect for damage. Repair as necessary.

• Filtered orifice damaged, missing, not seating, off • Inspect for mislocation, poor seating, damage. Install
location a new pump if damaged.

• Friction elements damaged or worn • Inspect for damage. Repair as necessary.

• Return springs damaged • Inspect for damage. Repair as necessary.

• Snap ring for OWC and/or return spring not seated or • Inspect for damage. Repair as necessary.
damaged

 Soft/Slipping 6-4 Shift

Possible Component Reference/Action

232 — ROUTINE

Powertrain Control System

• PCM, vehicle wiring harnesses, transmission internal • Carry out on-board diagnostic tests. Refer to the
harness, transmission pressure control solenoid Powertrain Control/Emissions Diagnosis (PC/ED)
SSPC-C, SSPC-D, TSS/Intermediate shaft speed manual for diagnosis and testing of the PCM.
sensor

• GO to Pinpoint Test A and GO to Pinpoint Test D.

• Repair as necessary. Clear DTCs, road test and rerun
on-board diagnostic test.

Fluid

• Condition • Carry out Fluid Condition Check. Refer to
Preliminary Inspection in this section.

Incorrect Pressures

• High/low pressures • Check pressure at line tap.

• Carry out Line Pressure Test. Refer to Special Testing
Procedures in this section.

Solenoid Body Assembly

• Bolts not tightened to specification • Tighten to specification.

• Filter gasket damaged • Inspect for damage. If damaged, install a new filter
gasket.

• Contamination • Disassemble and clean.
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307-01C-33 307-01C-33Automatic Transmission — TorqShift

DIAGNOSIS AND TESTING (Continued)

 Soft/Slipping 6-4 Shift (Continued)

Possible Component Reference/Action

• SSPC-C, SSPC-D, solenoid damaged, stuck or bore • If damaged or parts are missing, install a new
damaged, manual valve damaged, stuck or bore solenoid body assembly. If misassembled, reassemble
damaged correctly.

Fluid Pump Assembly

• Bolts not tightened to specification • Tighten to specification.

• Gasket damaged • Inspect for damage. If damaged, install a new gasket.

• Porosity, cross leaks, cup plug missing, plugged hole • Inspect for damage. If damaged, repair as necessary.

• Pump gears and/or gear pocket damaged • Inspect for damage. Install a new pump.

• Control valves, springs, or seals damaged, stuck or • Inspect for damage. Install a new seal or pump
not assembled correctly assembly.

Overdrive Clutch Assembly

• Seals, piston damaged • Inspect for damage. Repair as necessary.

• Filtered orifice damaged, missing, not seating, off • Inspect for mislocation, poor seating, damage. Install
location a new pump assembly if damaged.

• Friction elements damaged or worn • Inspect for damage. Repair as necessary.

• Return springs damaged • Inspect for damage. Repair as necessary.

• Snap ring for OWC and/or return spring not seated or • Inspect for damage. Repair as necessary.
damaged

Direct Clutch Assembly

• Seals, piston damaged • Inspect for damage. Repair as necessary.

• Friction elements damaged or worn • Inspect for damage. Repair as necessary.

• Return springs damaged • Inspect for damage. Repair as necessary.

Intermediate Clutch Assembly

• Seals, piston damaged • Inspect for damage. Repair as necessary.

• Filtered orifice damaged, missing, not seating, off • Inspect for mislocation, poor seating, damage. Install
location a new center support if damaged.

• Friction elements damaged or worn • Inspect for damage. Repair as necessary.

• Return springs damaged • Inspect for damage. Repair as necessary.

• Snap ring for OWC and/or return spring not seated or • Inspect for damage. Repair as necessary.
damaged

 Soft/Slipping 5-3 Shift

Possible Component Reference/Action

233 — ROUTINE

Powertrain Control System

• PCM, vehicle wiring harnesses, transmission internal • Carry out on-board diagnostic tests. Refer to the
harness, shift pressure control solenoid, SSPC-C, Powertrain Control/Emissions Diagnosis (PC/ED)
SSPC-D, TSS/Intermediate shaft speed sensor manual for diagnosis and testing of the PCM.

• GO to Pinpoint Test A and GO to Pinpoint Test D.

• Repair as necessary. Clear DTCs, road test and rerun
on-board diagnostic test.

Fluid
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307-01C-34 307-01C-34Automatic Transmission — TorqShift

DIAGNOSIS AND TESTING (Continued)

 Soft/Slipping 5-3 Shift (Continued)

Possible Component Reference/Action

• Condition • Carry out Fluid Condition Check. Refer to
Preliminary Inspection in this section.

Incorrect Pressures

• Low pressures • Check pressure at line tap.

• Carry out Line Pressure Test. Refer to Special Testing
Procedures in this section.

Solenoid Body Assembly

• Bolts not tightened to specification • Tighten to specification.

• Filter gasket damaged • Inspect for damage. If damaged, install a new filter
gasket.

• Contamination • Disassemble and clean.

• SSPC-C, SSPC-D, solenoid damaged, stuck or bore • If damaged or parts are missing, install a new
damaged; manual valve damaged, stuck or bore solenoid body assembly. If misassembled, reassemble
damaged correctly.

Fluid Pump Assembly

• Bolts not tightened to specification • Tighten to specification.

• Gasket damaged • Inspect for damage. If damaged, install a new gasket.

• Porosity, cross leaks, cup plug missing, plugged hole • Inspect for damage. If damaged, repair as necessary.

• Pump gears and/or gear pocket damaged • Inspect for damage. Install a new pump.

• Control valves, springs, or seals damaged, stuck or • Inspect for damage. Install a new seal or pump
not assembled correctly assembly.

Direct Clutch Assembly

• Seals, piston damaged • Inspect for damage. Repair as necessary.

• Friction elements damaged or worn • Inspect for damage. Repair as necessary.

• Return springs damaged • Inspect for damage. Repair as necessary.

Intermediate Clutch Assembly

• Seals, piston damaged • Inspect for damage. Repair as necessary.

• Filtered orifice damaged, missing, not seating, off • Inspect for mislocation, poor seating, damage. Install
location a new drum.

• Friction elements damaged or worn • Inspect for damage. Repair as necessary.

• Return springs damaged • Inspect for damage. Repair as necessary.

• Snap ring for OWC and/or return spring not seated or • Inspect for damage. Repair as necessary.
damaged

 Soft/Slipping 3-2 Shift

Possible Component Reference/Action

234 — ROUTINE

Powertrain Control System

• PCM, vehicle wiring harnesses, transmission internal • Carry out on-board diagnostic tests. Refer to the
harness, shift pressure control solenoid, SSPC-B, Powertrain Control/Emissions Diagnosis (PC/ED)
SSPC-C, TSS/Intermediate shaft speed sensor manual for diagnosis and testing of the PCM.

• GO to Pinpoint Test A and GO to Pinpoint Test D.
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307-01C-35 307-01C-35Automatic Transmission — TorqShift

DIAGNOSIS AND TESTING (Continued)

 Soft/Slipping 3-2 Shift (Continued)

Possible Component Reference/Action

• Repair as necessary. Clear DTCs, road test and rerun
on-board diagnostic test.

Fluid

• Condition • Carry out Fluid Condition Check. Refer to
Preliminary Inspection in this section.

Incorrect Pressures

• Low pressures • Check pressure at line tap.

• Carry out Line Pressure Test. Refer to Special Testing
Procedures in this section.

Solenoid Body Assembly

• Bolts not tightened to specification • Tighten to specification.

• Filter gasket damaged • Inspect for damage. If damaged, install a new filter
gasket.

• Contamination • Disassemble and clean.

• SSPC-B, SSPC-C, solenoid damaged, stuck or bore • If damaged or parts are missing, install a new
damaged; manual valve damaged, stuck or bore solenoid body assembly. If misassembled, reassemble
damaged correctly.

Fluid Pump Assembly

• Bolts not tightened to specification • Tighten to specification.

• Gasket damaged • Inspect for damage. If damaged, install a new gasket.

• Porosity, cross leaks, cup plug missing, plugged hole • Inspect for damage. If damaged, repair as necessary.

• Pump gears and/or gear pocket damaged • Inspect for damage. Install a new pump.

• Control valves, springs, or seals damaged, stuck or • Inspect for damage. Install a new seal or pump
not assembled correctly assembly.

Overdrive Clutch Assembly

• Seals, piston damaged • Inspect for damage. Repair as necessary.

• Filtered orifice damaged, missing, not seating, off • Inspect for mislocation, poor seating, damage. Install
location a new pump assembly if damaged.

• Friction elements damaged or worn • Inspect for damage. Repair as necessary.

• Return springs damaged • Inspect for damage. Repair as necessary.

• Snap ring for OWC and/or return spring not seated or • Inspect for damage. Repair as necessary.
damaged

Intermediate Clutch Assembly

• Seals, piston damaged • Inspect for damage. Repair as necessary.

• Filtered orifice damaged, missing, not seating, off • Inspect for mislocation, poor seating, damage. Install
location a new center support if damaged.

• Friction elements damaged or worn • Inspect for damage. Repair as necessary.

• Return springs damaged • Inspect for damage. Repair as necessary.

• Snap ring for OWC and/or return spring not seated or • Inspect for damage. Repair as necessary.
damaged
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307-01C-36 307-01C-36Automatic Transmission — TorqShift

DIAGNOSIS AND TESTING (Continued)

 Soft/Slipping 2-1 Shift

Possible Component Reference/Action

235 — ROUTINE

Powertrain Control System

• PCM, vehicle wiring harnesses, transmission internal • Carry out on-board diagnostic tests. Refer to the
harness, pressure control solenoid SSPC-B, Powertrain Control/Emissions Diagnosis (PC/ED)
TSS/Intermediate shaft speed sensor manual for diagnosis and testing of the PCM.

• GO to Pinpoint Test A and GO to Pinpoint Test D.

• Repair as necessary. Clear DTCs, road test and rerun
on-board diagnostic test.

Fluid

• Condition • Carry out Fluid Condition Check. Refer to
Preliminary Inspection in this section.

Incorrect Pressures

• Low pressures • Check pressure at line tap.

• Carry out Line Pressure Test. Refer to Special Testing
Procedures in this section.

Solenoid Body Assembly

• Bolts not tightened to specification • Tighten to specification.

• Filter gasket damaged • Inspect for damage. If damaged, install a new filter
gasket.

• Contamination • Disassemble and clean.

• SSPC-B solenoid damaged, stuck or bore damaged; • If damaged or parts are missing, install a new
manual valve damaged, stuck or bore damaged solenoid body assembly. If misassembled, reassemble

correctly.

Fluid Pump Assembly

• Bolts not tightened to specification • Tighten to specification.

• Gasket damaged • Inspect for damage. If damaged, install a new gasket.

• Porosity, cross leaks, cup plug missing, plugged hole • Inspect for damage. If damaged, repair as necessary.

• Pump gears and/or gear pocket damaged • Inspect for damage. Install a new pump.

• Control valves, springs, or seals damaged, stuck or • Inspect for damage. Install a new seal or pump
not assembled correctly assembly.

Overdrive Clutch Assembly

• Seals, piston damaged • Inspect for damage. Repair as necessary.

• Filtered orifice damaged, missing, not seating, off • Inspect for mislocation, poor seating, damage. Install
location a new pump assembly if damaged.

• Friction elements damaged or worn • Inspect for damage. Repair as necessary.

• Return springs damaged • Inspect for damage. Repair as necessary.

• Snap ring for OWC and/or return spring not seated or • Inspect for damage. Repair as necessary.
damaged

Harsh 1-2 Shift

Possible Component Reference/Action

236 — ROUTINE

Powertrain Control System
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307-01C-37 307-01C-37Automatic Transmission — TorqShift

DIAGNOSIS AND TESTING (Continued)

Harsh 1-2 Shift (Continued)

Possible Component Reference/Action

• PCM, vehicle wiring harnesses, transmission internal • Carry out on-board diagnostic tests. Refer to the
harness, transmission pressure control solenoid Powertrain Control/Emissions Diagnosis (PC/ED)
SSPC-B, TSS/Intermediate shaft speed sensor, OSS manual for diagnosis and testing of the PCM.
sensor, TFT sensor

• GO to Pinpoint Test A, GO to Pinpoint Test B and
GO to Pinpoint Test D.

• Repair as necessary. Clear DTCs, road test and rerun
on-board diagnostic test.

Fluid

• Condition • Carry out Fluid Condition Check. Refer to
Preliminary Inspection in this section.

Incorrect Pressures

• High pressures • Check pressure at line tap.

• Carry out Line Pressure Test. Refer to Special Testing
Procedures in this section.

Solenoid Body Assembly

• Bolts not tightened to specification • Tighten to specification.

• Filter gasket damaged • Inspect for damage. If damaged, install a new filter
gasket.

• Contamination • Disassemble and clean.

• SSPC-B solenoid damaged, stuck or bore damaged; • If damaged or parts are missing, install a new
manual valve damaged, stuck or bore damaged solenoid body assembly. If misassembled, reassemble

correctly.

Intermediate Clutch Assembly

• Seals, piston damaged • Inspect for damage. Repair as necessary.

• Filtered orifice damaged, missing, not seating, off • Inspect for mislocation, poor seating, damage. Install
location a pump if damaged.

• Friction elements damaged or worn • Inspect for damage. Repair as necessary.

• Return springs damaged • Inspect for damage. Repair as necessary.

• Snap ring for OWC and/or return spring not seated or • Inspect for damage. Repair as necessary.
damaged

Harsh 2-3 Shift

Possible Component Reference/Action

237 — ROUTINE

Powertrain Control System

• PCM, vehicle wiring harnesses, transmission internal • Carry out on-board diagnostic tests. Refer to the
harness, transmission pressure control solenoid Powertrain Control/Emissions Diagnosis (PC/ED)
SSPC-B, SSPC-C, TCC solenoid, TSS/Intermediate manual for diagnosis and testing of the PCM.
shaft speed sensor, OSS sensor, TFT sensor

• GO to Pinpoint Test A, GO to Pinpoint Test B and
GO to Pinpoint Test D.

• Repair as necessary. Clear DTCs, road test and rerun
on-board diagnostic test.

Fluid
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307-01C-38 307-01C-38Automatic Transmission — TorqShift

DIAGNOSIS AND TESTING (Continued)

Harsh 2-3 Shift (Continued)

Possible Component Reference/Action

• Condition • Carry out Fluid Condition Check. Refer to
Preliminary Inspection in this section.

Incorrect Pressures

• High pressures • Check pressure at line tap.

• Carry out Line Pressure Test. Refer to Special Testing
Procedures in this section.

Solenoid Body Assembly

• Bolts not tightened to specification • Tighten to specification.

• Filter gasket damaged • Inspect for damage. If damaged, install a new filter
gasket.

• Contamination • Disassemble and clean.

• SSPC-B, SSPC-C, TCC solenoid(s) damaged, stuck or • If damaged or parts are missing, install a new
bore damaged; manual valve damaged, stuck or bore solenoid body assembly. If misassembled, reassemble
damaged correctly.

Overdrive Clutch Assembly

• Seals, piston damaged • Inspect for damage. Repair as necessary.

• Filtered orifice damaged, missing, not seating, off • Inspect for mislocation, poor seating, damage. Install
location a new drum.

• Friction elements damaged or worn • Inspect for damage. Repair as necessary.

• Return springs damaged • Inspect for damage. Repair as necessary.

• Snap ring for OWC and/or return spring not seated or • Inspect for damage. Repair as necessary.
damaged

Intermediate Clutch Assembly

• Seals, piston damaged • Inspect for damage. Repair as necessary.

• Filtered orifice damaged, missing, not seating, off • Inspect for mislocation, poor seating, damage. Install
location a pump if damaged.

• Friction elements damaged or worn • Inspect for damage. Repair as necessary.

• Return springs damaged • Inspect for damage. Repair as necessary.

• Snap ring for OWC and/or return spring not seated or • Inspect for damage. Repair as necessary.
damaged

Harsh 3-5 Shift

Possible Component Reference/Action

238 — ROUTINE

Powertrain Control System

• PCM, vehicle wiring harnesses, transmission internal • Carry out on-board diagnostic tests. Refer to the
harness, transmission pressure control solenoid Powertrain Control/Emissions Diagnosis (PC/ED)
SSPC-C, SSPC-D, TCC solenoid, TSS/Intermediate manual for diagnosis and testing of the PCM.
shaft speed sensor, OSS sensor, TFT sensor

• GO to Pinpoint Test A, GO to Pinpoint Test B and
GO to Pinpoint Test D.

• Repair as necessary. Clear DTCs, road test and rerun
on-board diagnostic test.

Fluid
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307-01C-39 307-01C-39Automatic Transmission — TorqShift

DIAGNOSIS AND TESTING (Continued)

Harsh 3-5 Shift (Continued)

Possible Component Reference/Action

• Condition • Carry out Fluid Condition Check. Refer to
Preliminary Inspection in this section.

Incorrect Pressures

• High pressures • Check pressure at line tap.

• Carry out Line Pressure Test. Refer to Special Testing
Procedures in this section.

Solenoid Body Assembly

• Bolts not tightened to specification • Tighten to specification.

• Filter gasket damaged • Inspect for damage. If damaged, install a new filter
gasket.

• Contamination • Disassemble and clean.

• SSPC-C, SSPC-D, TCC solenoid damaged, stuck or • If damaged or parts are missing, install a new
bore damaged; manual valve damaged, stuck or bore solenoid body assembly. If misassembled, reassemble
damaged correctly.

Direct Clutch Assembly

• Seals, piston damaged • Inspect for damage. Repair as necessary.

• Friction elements damaged or worn • Inspect for damage. Repair as necessary.

• Return springs damaged • Inspect for damage. Repair as necessary.

Intermediate Clutch Assembly

• Seals, piston damaged • Inspect for damage. Repair as necessary.

• Filtered orifice damaged, missing, not seating, off • Inspect for mislocation, poor seating, damage. Install
location a center support if damaged.

• Friction elements damaged or worn • Inspect for damage. Repair as necessary.

• Return springs damaged • Inspect for damage. Repair as necessary.

• Snap ring for OWC and/or return spring not seated or • Inspect for damage. Repair as necessary.
damaged

Harsh 4-6 Shift

Possible Component Reference/Action

239 — ROUTINE

Powertrain Control System

• PCM, vehicle wiring harnesses, transmission internal • Carry out on-board diagnostic tests. Refer to the
harness, SSPC-C, SSPC-D, TCC solenoid, Powertrain Control/Emissions Diagnosis (PC/ED)
TSS/Intermediate shaft speed sensor, OSS sensor, manual for diagnosis and testing of the PCM.
TFT sensor

• GO to Pinpoint Test A, GO to Pinpoint Test B and
GO to Pinpoint Test D.

• Repair as necessary. Clear DTCs, road test and rerun
on-board diagnostic test.

Fluid

• Condition • Carry out Fluid Condition Check. Refer to
Preliminary Inspection in this section.

Incorrect Pressures
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307-01C-40 307-01C-40Automatic Transmission — TorqShift

DIAGNOSIS AND TESTING (Continued)

Harsh 4-6 Shift (Continued)

Possible Component Reference/Action

• High pressures • Check pressure at line tap.

• Carry out Line Pressure Test. Refer to Special Testing
Procedures in this section.

Solenoid Body Assembly

• Bolts not tightened to specification • Tighten to specification.

• Filter gasket damaged • Inspect for damage. If damaged, install a new filter
gasket.

• Contamination • Disassemble and clean.

• SSPC-C, SSPC-D, TCC solenoid(s) damaged, stuck or • If damaged or parts are missing, install a new
bore damaged; manual valve damaged, stuck or bore solenoid body assembly. If misassembled, reassemble
damaged correctly.

Direct Clutch Assembly

• Seals, piston damaged • Inspect for damage. Repair as necessary.

• Friction elements damaged or worn • Inspect for damage. Repair as necessary.

• Return springs damaged • Inspect for damage. Repair as necessary.

Intermediate Clutch Assembly

• Seals, piston damaged • Inspect for damage. Repair as necessary.

• Filtered orifice damaged, missing, not seating, off • Inspect for mislocation, poor seating, damage. Install
location a center support if damaged.

• Friction elements damaged or worn • Inspect for damage. Repair as necessary.

• Return springs damaged • Inspect for damage. Repair as necessary.

• Snap ring for OWC and/or return spring not seated or • Inspect for damage. Repair as necessary.
damaged

Harsh 5-6 Shift

Possible Component Reference/Action

240 — ROUTINE

Powertrain Control System

• PCM, vehicle wiring harnesses, transmission internal • Carry out on-board diagnostic tests. Refer to the
harness, transmission pressure control solenoid Powertrain Control/Emissions Diagnosis (PC/ED)
SSPC-B, TCC solenoid, TSS/Intermediate shaft speed manual for diagnosis and testing of the PCM.
sensor, OSS sensor, TFT sensor

• GO to Pinpoint Test A, GO to Pinpoint Test B and
GO to Pinpoint Test D.

• Repair as necessary. Clear DTCs, road test and rerun
on-board diagnostic test.

Fluid

• Condition • Carry out Fluid Condition Check. Refer to
Preliminary Inspection in this section.

Incorrect Pressures

• High pressures • Check pressure at line tap.

• Carry out Line Pressure Test. Refer to Special Testing
Procedures in this section.
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307-01C-41 307-01C-41Automatic Transmission — TorqShift

DIAGNOSIS AND TESTING (Continued)

Harsh 5-6 Shift (Continued)

Possible Component Reference/Action

Solenoid Body Assembly

• Bolts not tightened to specification • Tighten to specification.

• Filter gasket damaged • Inspect for damage. If damaged, install a new filter
gasket.

• Contamination • Disassemble and clean.

• SSPC-B, TCC solenoid damaged, stuck or bore • If damaged or parts are missing, install a new
damaged; manual valve damaged, stuck or bore solenoid body assembly. If misassembled, reassemble
damaged correctly.

Overdrive Clutch Assembly

• Seals, piston damaged • Inspect for damage. Repair as necessary.

• Filtered orifice damaged, missing, not seating, off • Inspect for mislocation, poor seating, damage. Install
location a new pump if damaged.

• Friction elements damaged or worn • Inspect for damage. Repair as necessary.

• Return springs damaged • Inspect for damage. Repair as necessary.

• Snap ring for OWC and/or return spring not seated or • Inspect for damage. Repair as necessary.
damaged

Harsh 6-5 Shift

Possible Component Reference/Action

241 — ROUTINE

Powertrain Control System

• PCM, vehicle wiring harnesses, transmission internal • Carry out on-board diagnostic tests. Refer to the
harness, transmission pressure control solenoid Powertrain Control/Emissions Diagnosis (PC/ED)
SSPC-B, TCC solenoid, TSS/Intermediate shaft speed manual for diagnosis and testing of the PCM.
sensor, OSS sensor, TFT sensor

• GO to Pinpoint Test A, GO to Pinpoint Test B and
GO to Pinpoint Test D.

• Repair as necessary. Clear DTCs, road test and rerun
on-board diagnostic test.

Fluid

• Condition • Carry out Fluid Condition Check. Refer to
Preliminary Inspection in this section.

Incorrect Pressures

• High pressures • Check pressure at line tap.

• Carry out Line Pressure Test. Refer to Special Testing
Procedures in this section.

Solenoid Body Assembly

• Bolts not tightened to specification • Tighten to specification.

• Filter gasket damaged • Inspect for damage. If damaged, install a new filter
gasket.

• Contamination • Disassemble and clean.

• SSPC-B, TCC solenoid damaged, stuck or bore • If damaged or parts are missing, install a new
damaged; manual valve damaged, stuck or bore solenoid body assembly. If misassembled, reassemble
damaged correctly.
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307-01C-42 307-01C-42Automatic Transmission — TorqShift

DIAGNOSIS AND TESTING (Continued)

Harsh 6-5 Shift (Continued)

Possible Component Reference/Action

Overdrive Clutch Assembly

• Seals, piston damaged • Inspect for damage. Repair as necessary.

• Filtered orifice damaged, missing, not seating, off • Inspect for mislocation, poor seating, damage. Install
location a new pump if damaged.

• Friction elements damaged or worn • Inspect for damage. Repair as necessary.

• Return springs damaged • Inspect for damage. Repair as necessary.

• Snap ring for OWC and/or return spring not seated or • Inspect for damage. Repair as necessary.
damaged

Harsh 6-4 Shift

Possible Component Reference/Action

242 — ROUTINE

Powertrain Control System

• PCM, vehicle wiring harnesses, transmission internal • Carry out on-board diagnostic tests. Refer to the
harness, transmission pressure control solenoids, Powertrain Control/Emissions Diagnosis (PC/ED)
SSPC-C, SSPC-D, TCC solenoid, TSS/Intermediate manual for diagnosis and testing of the PCM.
shaft speed sensor, OSS sensor, TFT sensor

• GO to Pinpoint Test A, GO to Pinpoint Test B and
GO to Pinpoint Test D.

• Repair as necessary. Clear DTCs, road test and rerun
on-board diagnostic test.

Fluid

• Condition • Carry out Fluid Condition Check. Refer to
Preliminary Inspection in this section.

Incorrect Pressures

• High pressures • Check pressure at line tap.

• Carry out Line Pressure Test. Refer to Special Testing
Procedures in this section.

Solenoid Body Assembly

• Bolts not tightened to specification • Tighten to specification.

• Filter gasket damaged • Inspect for damage. If damaged, install a new filter
gasket.

• Contamination • Disassemble and clean.

• SSPC-C, SSPC-D, TCC solenoid(s) damaged, stuck or • If damaged or parts are missing, install a new
bore damaged; manual valve damaged, stuck or bore solenoid body assembly. If misassembled, reassemble
damaged correctly.

Direct Clutch Assembly

• Seals, piston damaged • Inspect for damage. Repair as necessary.

• Friction elements damaged or worn • Inspect for damage. Repair as necessary.

• Return springs damaged • Inspect for damage. Repair as necessary.

Intermediate Clutch Assembly

• Seals, piston damaged • Inspect for damage. Repair as necessary.
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307-01C-43 307-01C-43Automatic Transmission — TorqShift

DIAGNOSIS AND TESTING (Continued)

Harsh 6-4 Shift (Continued)

Possible Component Reference/Action

• Filtered orifice damaged, missing, not seating, off • Inspect for mislocation, poor seating, damage. Install
location a new center support if damaged.

• Friction elements damaged or worn • Inspect for damage. Repair as necessary.

• Return springs damaged • Inspect for damage. Repair as necessary.

• Snap ring for OWC and/or return spring not seated or • Inspect for damage. Repair as necessary.
damaged

Harsh 5-3 Shift

Possible Component Reference/Action

243 — ROUTINE

Powertrain Control System

• PCM, vehicle wiring harnesses, transmission internal • Carry out on-board diagnostic tests. Refer to the
harness, transmission pressure control solenoid Powertrain Control/Emissions Diagnosis (PC/ED)
SSPC-C, SSPC-D, TCC solenoid, TSS/Intermediate manual for diagnosis and testing of the PCM.
shaft speed sensor, OSS sensor, TFT sensor 

• GO to Pinpoint Test A, GO to Pinpoint Test B and
GO to Pinpoint Test D.

• Repair as necessary. Clear DTCs, road test and rerun
on-board diagnostic test.

Fluid

• Condition • Carry out Fluid Condition Check. Refer to
Preliminary Inspection in this section.

Incorrect Pressures

• High pressures • Check pressure at line tap.

• Carry out Line Pressure Test. Refer to Special Testing
Procedures in this section.

Solenoid Body Assembly

• Bolts not tightened to specification • Tighten to specification.

• Filter gasket damaged • Inspect for damage. If damaged, install a new filter
gasket.

• Contamination • Disassemble and clean.

• SSPC-C, SSPC-D TCC solenoid(s) damaged, stuck or • If damaged or parts are missing, install a new
bore damaged; manual valve damaged, stuck or bore solenoid body assembly. If misassembled, reassemble
damaged correctly.

Direct Clutch Assembly

• Seals, piston damaged • Inspect for damage. Repair as necessary.

• Friction elements damaged or worn • Inspect for damage. Repair as necessary.

• Return springs damaged • Inspect for damage. Repair as necessary.

Overdrive Clutch Assembly

• Seals, piston damaged • Inspect for damage. Repair as necessary.

• Filtered orifice damaged, missing, not seating, off • Inspect for mislocation, poor seating, damage. Install
location a new center support if damaged.

• Friction elements damaged or worn • Inspect for damage. Repair as necessary.
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307-01C-44 307-01C-44Automatic Transmission — TorqShift

DIAGNOSIS AND TESTING (Continued)

Harsh 5-3 Shift (Continued)

Possible Component Reference/Action

• Return springs damaged • Inspect for damage. Repair as necessary.

• Snap ring for OWC and/or return spring not seated or • Inspect for damage. Repair as necessary.
damaged

Harsh 3-2 Shift

Possible Component Reference/Action

244 — ROUTINE

Powertrain Control System

• PCM, vehicle wiring harnesses, transmission internal • Carry out on-board diagnostic tests. Refer to the
harness, shift pressure control solenoids, SSPC-B, Powertrain Control/Emissions Diagnosis (PC/ED)
SSPC-C, TCC solenoid, TSS/Intermediate shaft speed manual for diagnosis and testing of the PCM.
sensor, OSS sensor, TFT sensor

• GO to Pinpoint Test A, GO to Pinpoint Test B and
GO to Pinpoint Test D.

• Repair as necessary. Clear DTCs, road test and rerun
on-board diagnostic test.

Fluid

• Condition • Carry out Fluid Condition Check. Refer to
Preliminary Inspection in this section.

Incorrect Pressures

• High pressures • Check pressure at line tap.

• Carry out Line Pressure Test. Refer to Special Testing
Procedures in this section.

Solenoid Body Assembly

• Bolts not tightened to specification • Tighten to specification.

• Filter gasket damaged • Inspect for damage. If damaged, install a new filter
gasket.

• Contamination • Disassemble and clean.

• SSPC-B, SSPC-D, TCC solenoid(s) damaged, stuck or • If damaged or parts are missing, install a new
bore damaged; manual valve damaged, stuck or bore solenoid body assembly. If misassembled, reassemble
damaged correctly.

Overdrive Clutch Assembly

• Seals, piston damaged • Inspect for damage. Repair as necessary.

• Filtered orifice damaged, missing, not seating, off • Inspect for mislocation, poor seating, damage. Install
location a new pump if damaged.

• Friction elements damaged or worn • Inspect for damage. Repair as necessary.

• Return springs damaged • Inspect for damage. Repair as necessary.

• Snap ring for OWC and/or return spring not seated or • Inspect for damage. Repair as necessary.
damaged

Intermediate Clutch Assembly

• Seals, piston damaged • Inspect for damage. Repair as necessary.

• Filtered orifice damaged, missing, not seating, off • Inspect for mislocation, poor seating, damage. Install
location a new center support if damaged.

• Friction elements damaged or worn • Inspect for damage. Repair as necessary.
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307-01C-45 307-01C-45Automatic Transmission — TorqShift

DIAGNOSIS AND TESTING (Continued)

Harsh 3-2 Shift (Continued)

Possible Component Reference/Action

• Return springs damaged • Inspect for damage. Repair as necessary.

• Snap ring for OWC and/or return spring not seated or • Inspect for damage. Repair as necessary.
damaged

Harsh 2-1 Shift

Possible Component Reference/Action

245 — ROUTINE

Powertrain Control System

• PCM, vehicle wiring harnesses, transmission internal • Carry out on-board diagnostic tests. Refer to the
harness, shift pressure control solenoids, SSPC-B, Powertrain Control/Emissions Diagnosis (PC/ED)
TSS/Intermediate shaft speed sensor, OSS sensor, manual for diagnosis and testing of the PCM.
TFT sensor 

• GO to Pinpoint Test A, GO to Pinpoint Test B and
GO to Pinpoint Test D.

• Repair as necessary. Clear DTCs, road test and rerun
on-board diagnostic test.

Fluid

• Condition • Carry out Fluid Condition Check. Refer to
Preliminary Inspection in this section.

Incorrect Pressures

• High pressures • Check pressure at line tap.

• Carry out Line Pressure Test. Refer to Special Testing
Procedures in this section.

Solenoid Body Assembly

• Bolts not tightened to specification • Tighten to specification.

• Filter gasket damaged • Inspect for damage. If damaged, install a new filter
gasket.

• Contamination • Disassemble and clean.

• SSPC-B solenoid damaged, stuck or bore damaged; • If damaged or parts are missing, install a new
manual valve damaged, stuck or bore damaged solenoid body assembly. If misassembled, reassemble

correctly.

Overdrive Clutch Assembly

• Seals, piston damaged • Inspect for damage. Repair as necessary.

• Filtered orifice damaged, missing, not seating, off • Inspect for mislocation, poor seating, damage. Install
location a new pump if damaged.

• Friction elements damaged or worn • Inspect for damage. Repair as necessary.

• Return springs damaged • Inspect for damage. Repair as necessary.

• Snap ring for OWC and/or return spring not seated or • Inspect for damage. Repair as necessary.
damaged
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307-01C-46 307-01C-46Automatic Transmission — TorqShift

DIAGNOSIS AND TESTING (Continued)

Harsh 6-5 Coast Downshift with overdrive OFF

Possible Component Reference/Action

246 — ROUTINE

Powertrain Control System

• PCM, vehicle wiring harnesses, transmission internal • Carry out on-board diagnostic tests. Refer to the
harness, shift pressure control solenoids, SSPC-A, Powertrain Control/Emissions Diagnosis (PC/ED)
SSPC-B, TCC solenoid manual for diagnosis and testing of the PCM.

• GO to Pinpoint Test A.

• Repair as necessary. Clear DTCs, road test and rerun
on-board diagnostic test.

Fluid

• Condition • Carry out Fluid Condition Check. Refer to
Preliminary Inspection in this section.

Incorrect Pressures

• High pressures • Check pressure at line tap.

• Carry out Line Pressure Test. Refer to Special Testing
Procedures in this section.

Solenoid Body Assembly

• Bolts not tightened to specification • Tighten to specification.

• Filter gasket damaged • Inspect for damage. If damaged, install a new filter
gasket.

• Contamination • Disassemble and clean.

• SSPC-A, SSPC-B, TCC solenoid(s) damaged, stuck or • If damaged or parts are missing, install a new
bore damaged; manual valve damaged, stuck or bore solenoid body assembly. If misassembled, reassemble
damaged correctly.

Coast Clutch Assembly

• Seals, piston damaged • Inspect for damage. Repair as necessary.

• Friction elements damaged or worn • Inspect for damage. Repair as necessary.

• Return springs damaged • Inspect for damage. Repair as necessary.

Overdrive Clutch Assembly

• Seals, piston damaged • Inspect for damage. Repair as necessary.

• Filtered orifice damaged, missing, not seating, off • Inspect for mislocation, poor seating, damage. Install
location a new pump if damaged.

• Friction elements damaged or worn • Inspect for damage. Repair as necessary.

• Return springs damaged • Inspect for damage. Repair as necessary.

• Snap ring for OWC and/or return spring not seated or • Inspect for damage. Repair as necessary.
damaged

Harsh 5-3 Coast Downshift with overdrive OFF or to Manual 3rd

Possible Component Reference/Action

247 — ROUTINE

Powertrain Control System
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307-01C-47 307-01C-47Automatic Transmission — TorqShift

DIAGNOSIS AND TESTING (Continued)

Harsh 5-3 Coast Downshift with overdrive OFF or to Manual 3rd (Continued)

Possible Component Reference/Action

• PCM, vehicle wiring harnesses, transmission internal • Carry out on-board diagnostic tests. Refer to the
harness, shift pressure control solenoids, SSPC-A, Powertrain Control/Emissions Diagnosis (PC/ED)
SSPC-C, SSPC-D, TCC solenoid(s), TSS/Intermediate manual for diagnosis and testing of the PCM.
shaft speed sensors, TFT sensor

• GO to Pinpoint Test A, GO to Pinpoint Test B and
GO to Pinpoint Test D.

• Repair as necessary. Clear DTCs, road test and rerun
on-board diagnostic test.

Fluid

• Condition • Carry out Fluid Condition Check. Refer to
Preliminary Inspection in this section.

Incorrect Pressures

• High pressures • Check pressure at line tap.

• Carry out Line Pressure Test. Refer to Special Testing
Procedures in this section.

Solenoid Body Assembly

• Bolts not tightened to specification • Tighten to specification.

• Filter gasket damaged • Inspect for damage. If damaged, install a new filter
gasket.

• Contamination • Disassemble and clean.

• SSPC-A, SSPC-C, SSPC-D, TCC solenoid(s) • If damaged or parts are missing, install a new
damaged, stuck or bore damaged; manual valve solenoid body assembly. If misassembled, reassemble
damaged, stuck or bore damaged correctly.

Coast Clutch Assembly

• Seals, piston damaged • Inspect for damage. Repair as necessary.

• Friction elements damaged or worn • Inspect for damage. Repair as necessary.

• Return springs damaged • Inspect for damage. Repair as necessary.

Direct Clutch Assembly

• Seals, piston damaged • Inspect for damage. Repair as necessary.

• Friction elements damaged or worn • Inspect for damage. Repair as necessary.

• Return springs damaged • Inspect for damage. Repair as necessary.

Intermediate Clutch Assembly

• Seals, piston damaged • Inspect for damage. Repair as necessary.

• Filtered orifice damaged, missing, not seating, off • Inspect for mislocation, poor seating, damage. Install
location a new center support if damaged.

• Friction elements damaged or worn • Inspect for damage. Repair as necessary.

• Return springs damaged • Inspect for damage. Repair as necessary.

• Snap ring for OWC and/or return spring not seated or • Inspect for damage. Repair as necessary.
damaged

Torque Converter

• Internal failure • Remove transmission. Inspect for damage. Carry out
torque converter checks, refer to Torque Converter in
this section. If torque converter fails to pass checks or
is damaged, install a new or  remanufactured torque
converter.
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307-01C-48 307-01C-48Automatic Transmission — TorqShift

DIAGNOSIS AND TESTING (Continued)

Harsh 3-2 Coast Downshift with overdrive OFF or to Manual 2nd

Possible Component Reference/Action

248 — ROUTINE

Powertrain Control System

• PCM, vehicle wiring harnesses, transmission internal • Carry out on-board diagnostic tests. Refer to the
harness, shift pressure control solenoids, SSPC-B, Powertrain Control/Emissions Diagnosis (PC/ED)
SSPC-C, SSPC-E, TCC solenoid, TSS/Intermediate manual for diagnosis and testing of the PCM.
shaft speed sensors, TFT sensor

• GO to Pinpoint Test A, GO to Pinpoint Test B and
GO to Pinpoint Test D.

• Repair as necessary. Clear DTCs, road test and rerun
on-board diagnostic test.

Fluid

• Condition • Carry out Fluid Condition Check. Refer to
Preliminary Inspection in this section.

Incorrect Pressures

• High pressures • Check pressure at line tap.

• Carry out Line Pressure Test. Refer to Special Testing
Procedures in this section.

Solenoid Body Assembly

• Bolts not tightened to specification • Tighten to specification.

• Filter gasket damaged • Inspect for damage. If damaged, install a new filter
gasket.

• Contamination • Disassemble and clean.

• SSPC-B, SSPC-C, SSPC-E, TSS solenoid(s) damaged, • If damaged or parts are missing, install a new
stuck or bore damaged; manual valve damaged, stuck solenoid body assembly. If misassembled, reassemble
or bore damaged correctly.

Coast Clutch Assembly

• Seals, piston damaged • Inspect for damage. Repair as necessary.

• Friction elements damaged or worn • Inspect for damage. Repair as necessary.

• Return springs damaged • Inspect for damage. Repair as necessary.

Overdrive Clutch Assembly

• Seals, piston damaged • Inspect for damage. Repair as necessary.

• Filtered orifice damaged, missing, not seating, off • Inspect for mislocation, poor seating, damage. Install
location a new pump if damaged.

• Friction elements damaged or worn • Inspect for damage. Repair as necessary.

• Return springs damaged • Inspect for damage. Repair as necessary.

• Snap ring for OWC and/or return spring not seated or • Inspect for damage. Repair as necessary.
damaged

Intermediate Clutch Assembly

• Seals, piston damaged • Inspect for damage. Repair as necessary.

• Filtered orifice damaged, missing, not seating, off • Inspect for mislocation, poor seating, damage. Install
location a new center support if damaged.

• Friction elements damaged or worn • Inspect for damage. Repair as necessary.

• Return springs damaged • Inspect for damage. Repair as necessary.
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307-01C-49 307-01C-49Automatic Transmission — TorqShift

DIAGNOSIS AND TESTING (Continued)

Harsh 3-2 Coast Downshift with overdrive OFF or to Manual 2nd (Continued)

Possible Component Reference/Action

• Snap ring for OWC and/or return spring not seated or • Inspect for damage. Repair as necessary.
damaged

Reverse Clutch Assembly

• Seals, piston damaged • Inspect for damage. Repair as necessary.

• Filtered orifice damaged, missing, not seating, off • Inspect for mislocation, poor seating, damage. Install
location a new center support if damaged.

• Friction elements damaged or worn • Inspect for damage. Repair as necessary.

• Return springs damaged • Inspect for damage. Repair as necessary.

• Snap ring for OWC and/or return spring not seated or • Inspect for damage. Repair as necessary.
damaged

Torque Converter

• Internal failure • Remove transmission. Inspect for damage. Carry out
torque converter checks, refer to Torque Converter in
this section. If torque converter fails to pass checks or
is damaged, install a new or  remanufactured torque
converter.

Harsh 2-1 Coast Downshift with overdrive OFF or to Manual 1st

Possible Component Reference/Action

249 — ROUTINE

Powertrain Control System

• PCM, vehicle wiring harnesses, transmission internal • Carry out on-board diagnostic tests. Refer to the
harness, shift pressure control solenoids, SSPC-A, Powertrain Control/Emissions Diagnosis (PC/ED)
SSPC-B, TCC solenoid, TSS/Intermediate shaft speed manual for diagnosis and testing of the PCM.
sensors, TFT sensor

• GO to Pinpoint Test A, GO to Pinpoint Test B and
GO to Pinpoint Test D.

• Repair as necessary. Clear DTCs, road test and rerun
on-board diagnostic test.

Fluid

• Condition • Carry out Fluid Condition Check. Refer to
Preliminary Inspection in this section.

Incorrect Pressures

• High pressures • Check pressure at line tap.

• Carry out Line Pressure Test. Refer to Special Testing
Procedures in this section.

Solenoid Body Assembly

• Bolts not tightened to specification • Tighten to specification.

• Filter gasket damaged • Inspect for damage. If damaged, install a new filter
gasket.

• Contamination • Disassemble and clean.

• SSPC-A, SSPC-B, TSS solenoid(s) damaged, stuck or • If damaged or parts are missing, install a new
bore damaged; manual valve damaged, stuck or bore solenoid body assembly. If misassembled, reassemble
damaged correctly.

Coast Clutch Assembly
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307-01C-50 307-01C-50Automatic Transmission — TorqShift

DIAGNOSIS AND TESTING (Continued)

Harsh 2-1 Coast Downshift with overdrive OFF or to Manual 1st (Continued)

Possible Component Reference/Action

• Seals, piston damaged • Inspect for damage. Repair as necessary.

• Friction elements damaged or worn • Inspect for damage. Repair as necessary.

• Return springs damaged • Inspect for damage. Repair as necessary.

Overdrive Clutch Assembly

• Seals, piston damaged • Inspect for damage. Repair as necessary.

• Filtered orifice damaged, missing, not seating, off • Inspect for mislocation, poor seating, damage. Install
location a new pump if damaged.

• Friction elements damaged or worn • Inspect for damage. Repair as necessary.

• Return springs damaged • Inspect for damage. Repair as necessary.

• Snap ring for OWC and/or return spring not seated or • Inspect for damage. Repair as necessary.
damaged

Reverse Clutch Assembly

• Seals, piston damaged • Inspect for damage. Repair as necessary.

• Filtered orifice damaged, missing, not seating, off • Inspect for mislocation, poor seating, damage. Install
location a new case if damaged.

• Friction elements damaged or worn • Inspect for damage. Repair as necessary.

• Return springs damaged • Inspect for damage. Repair as necessary.

• Snap ring for OWC and/or return spring not seated or • Inspect for damage. Repair as necessary.
damaged

TCC Does Not Apply

Possible Component Reference/Action

250 — ROUTINE

Powertrain Control System

• PCM, vehicle wiring harnesses, transmission internal • Carry out on-board diagnostic tests. Refer to the
wiring harness, transmission line pressure solenoid Powertrain Control/Emissions Diagnosis (PC/ED)
PC-A, TCC, TFT, Transmission Range (TR position) manual for diagnosis and testing of the PCM.
sensor, OSS

• GO to Pinpoint Test A, GO to Pinpoint Test B, GO
to Pinpoint Test C, GO to Pinpoint Test D and GO to
Pinpoint Test E.

• Repair as necessary. Clear DTCs, road test and rerun
on-board diagnostic test.

Incorrect Pressures

• Low pressures • Check pressure at line tap.

• Carry out Line Pressure Test. Refer to Special Testing
Procedures in this section.

Solenoid Body Assembly

• Bolts not tightened to specification • Tighten to specification.

• Filter gasket damaged • Inspect for damage. If damaged, install a new filter
gasket.

• Contamination • Disassemble and clean.
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307-01C-51 307-01C-51Automatic Transmission — TorqShift

DIAGNOSIS AND TESTING (Continued)

TCC Does Not Apply (Continued)

Possible Component Reference/Action

• SSPC-A, SSPC-B, TCC solenoid(s) damaged, • If damaged or parts are missing, install a new
misassembled, missing, stuck or bore damaged. solenoid body assembly. If misassembled, reassemble
Manual valve damaged, misassembled, missing, stuck correctly. 
or bore damaged

Fluid Pump Assembly

• Bolts not tightened to specification • Tighten to specification.

• Filter gasket damaged • Inspect for damage. If damaged, install a new filter
gasket.

• Porosity, cross leaks, cup plug missing, plugged hole • Inspect for damage. If damaged, repair as necessary.

• Pump gears and/or gear pocket damaged • Inspect for damage. Install a new pump.

• Control valves, converter charge limit valve, converter • Inspect for damage. Install a new seal or pump
pressure regulator valve springs, or seals damaged, assembly.
stuck or not assembled correctly

Torque Converter

• Internal failure preventing TCC to apply • Remove transmission. Inspect for damage. Carry out
torque converter checks, refer to Torque Converter in
this section. If torque converter fails to pass checks or
is damaged, install a new or  remanufactured torque
converter.

TCC Always Apply/Stalls Vehicle

Possible Component Reference/Action

251 — ROUTINE

Powertrain Control System

• Torque Converter Clutch (TCC) Solenoid • Carry out on-board diagnostic tests. Refer to the
Powertrain Control/Emissions Diagnosis (PC/ED)
manual for diagnosis and testing of the PCM.

• GO to Pinpoint Test A.

• Repair as necessary. Clear DTCs, road test and rerun
on-board diagnostic test.

Incorrect Pressures

• High TCC pressure • Check pressure at line tap.

• Carry out Line Pressure Test. Refer to Special Testing
Procedures in this section.

Solenoid Body Assembly

• Bolts not tightened to specification • Tighten to specification.

• Filter gasket damaged • Inspect for damage. If damaged, install a new filter
gasket.

• Contamination • Disassemble and clean.

• TCC solenoid damaged, misassembled, missing, stuck • If damaged or parts are missing, install a new
or bore damaged. Manual valve damaged, solenoid body assembly. If misassembled, reassemble
misassembled, missing, stuck or bore damaged correctly. 

Fluid Pump Assembly

• Bolts not tightened to specification • Tighten to specification.

• Gasket damaged • Inspect for damage. If damaged, install a new gasket.
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307-01C-52 307-01C-52Automatic Transmission — TorqShift

DIAGNOSIS AND TESTING (Continued)

TCC Always Apply/Stalls Vehicle (Continued)

Possible Component Reference/Action

• Porosity, cross leaks, cup plug missing, plugged hole • Inspect for damage. If damaged, repair as necessary.

• Pump gears and/or gear pocket damaged • Inspect for damage. Install a new pump.

• Control valves, converter charge limit valve, converter • Inspect for damage. Install a new seal or pump
pressure regulator valve springs, or seals damaged, assembly.
stuck or not assembled correctly

Torque Converter

• Internal failure preventing TCC to apply • Remove transmission. Inspect for damage. Carry out
torque converter checks, refer to Torque Converter in
this section. If torque converter fails to pass checks or
is damaged, install a new or  remanufactured torque
converter.

TCC Cycling, Shudder, Chatter

Possible Component Reference/Action

252 — ROUTINE

Powertrain Control System

• PCM, vehicle wiring harnesses, transmission internal • Carry out on-board diagnostic tests. Refer to the
wiring harness, line pressure control solenoid PC-A, Powertrain Control/Emissions Diagnosis (PC/ED)
TCC, BPP, ECT sensors, tow haul switch. manual for diagnosis and testing of the PCM.

• GO to Pinpoint Test A and GO to Pinpoint Test E.

• Repair as necessary. Clear DTCs, road test and rerun
on-board diagnostic test.

Incorrect Pressures

• High/low TCC pressures • Check pressure at line tap.

• Carry out Line Pressure Test. Refer to Special Testing
Procedures in this section.

Solenoid Body Assembly

• Bolts not tightened to specification • Tighten to specification.

• Filter gasket damaged • Inspect for damage. If damaged, install a new filter
gasket.

• Contamination • Disassemble and clean.

• PC-A, TCC solenoid(s) damaged, stuck or bore • If damaged or parts are missing, install a new
damaged. Manual valve damaged, stuck or bore solenoid body assembly. If misassembled, reassemble
damaged correctly.

Fluid Pump Assembly

• Bolts not tightened to specification • Tighten to specification.

• Gasket damaged • Inspect for damage. If damaged, install a new gasket.

• Porosity, cross leaks, cup plug missing, plugged hole • Inspect for damage. If damaged, repair as necessary.

• Pump gears and/or gear pocket damaged • Inspect for damage. Install a new pump.

• Control valves, converter charge limit valve, converter • Inspect for damage. Install a new seal or pump
pressure regulator valve springs, or seals damaged, assembly.
stuck or not assembled correctly
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307-01C-53 307-01C-53Automatic Transmission — TorqShift

DIAGNOSIS AND TESTING (Continued)

TCC Cycling, Shudder, Chatter (Continued)

Possible Component Reference/Action

Torque Converter

• Internal components failure which prevents the torque • Remove transmission. Inspect for damage. Carry out
converter clutch from releasing. torque converter checks, refer to Torque Converter in

this section. If torque converter fails to pass checks or
is damaged, install a new or  remanufactured torque
converter.

Erratic TCC Scheduling

Possible Component Reference/Action

253 — ROUTINE

Powertrain Control System

• PCM, vehicle wiring harnesses, transmission internal • Carry out on-board diagnostic tests. Refer to the
wiring harness, TCC solenoid, OSS sensor, Powertrain Control/Emissions Diagnosis (PC/ED)
Transmission Range (TR position) sensor, APP manual for diagnosis and testing of the PCM.
sensor, BPP sensor, ECT sensor, 4x4 switch, tow haul
switch TFT sensor, 

• GO to Pinpoint Test A and GO to Pinpoint Test B.

• FMEM enabled causing the TCC to engage, • Repair as necessary. Clear DTCs, road test and rerun
disengage then engage. DTC P0741 present on-board diagnostic test.

Solenoid Body Assembly

• Bolts not tightened to specification • Tighten to specification.

• Filter gasket damaged • Inspect for damage. If damaged, install a new filter
gasket.

• Contamination • Disassemble and clean.

• TCC solenoid damaged, stuck or bore damaged. • If damaged or parts are missing, install a new
Manual valve damaged, stuck or bore damaged solenoid body assembly. If misassembled, reassemble

correctly.

Torque Converter

• Internal component failure • Remove transmission. Inspect for damage. Carry out
torque converter checks, refer to Torque Converter in
this section. If torque converter fails to pass checks or
is damaged, install a new or  remanufactured torque
converter.

Shift Lever Effort High

Possible Component Reference/Action

254 — ROUTINE

External Selector Lever Cable System

• Cable system damaged, misaligned • Inspect and repair as necessary. Refer to Section
307-05.

Transmission Range (TR position) Sensor Assembly

• TR position sensor assembly damaged, manual valve • Inspect and repair as necessary. Refer to Digital
inner lever pin bent or inner lever damaged Transmission Range (TR) Sensor in this section.

Solenoid Body Assembly

• Bolts not tightened to specification • Tighten to specification.
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DIAGNOSIS AND TESTING (Continued)

Shift Lever Effort High (Continued)

Possible Component Reference/Action

• Contamination • Disassemble and clean.

• Manual valve damaged, misassembled, stuck, or bore • If damaged or parts are missing, install a new
damaged solenoid body assembly. If misassembled, reassemble

correctly.

Transmission Case

• Manual control lever assembly damaged, manual • Inspect parts for damage. Install new parts if
valve inner lever pin bent, manual valve inner lever damaged.
damaged, spring rod damaged

• Manual lever assembly pin incorrectly installed • Inspect parts. If parts are found to be installed
incorrectly, refer to Transmission in this section.

• Parking pawl incorrectly installed • Inspect parts. If parts are found to be installed
incorrectly, refer to Transmission in this section.

External Leaks

Possible Component Reference/Action

255 — ROUTINE

Powertrain Control System

• TSS/Intermediate shaft speed sensor, OSS sensor, • Inspect for leakage. If areas around sensor or
transmission bulkhead connector bulkhead connector show signs of leakage, install a

new sensor O-ring seal.

Fluid

• Incorrect level • Adjust fluid to the correct level. Refer to Preliminary
Inspection in this section.

Transmission External Remote Filter

• Inspect for leakage. If damaged, repair as necessary.

Incorrect Pressures

• High/low pressures • Check pressure at line tap.

• Carry out Line Pressure Test. Refer to Special Testing
Procedures in this section.

Solenoid Body Assembly

• Bolts not tightened to specification • Tighten to specification.

• Filter gasket damaged • Inspect for damage. If damaged, install a new filter
gasket.

• Contamination • Disassemble and clean.

• Solenoid(s) damaged, stuck or bore damaged. Manual • If damaged or parts are missing, install a new
valve stuck or bore damaged solenoid body assembly. If misassembled, reassemble

correctly.

Fluid Pump Assembly

• Bolts not tightened to specification • Tighten to specification.

• Gasket damaged • Inspect for damage. If damaged, install a new gasket.

• O-ring damaged • Inspect for damage. If damaged, install a O-ring.

• Porosity • Inspect for damage. If damaged, repair as necessary.

Transmission Case Assembly
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DIAGNOSIS AND TESTING (Continued)

External Leaks (Continued)

Possible Component Reference/Action

• Case vent damaged, case porosity • Inspect for damage. If damaged, repair as necessary

Seals/Gaskets

• Leakage at gaskets, seals, etc. • Refer to Leakage Inspection in this section.

• Remove all traces of lubricant on exposed surface of
the transmission. Repair as necessary.

Driveability Concerns

Possible Component Reference/Action

256 — ROUTINE

Powertrain Control System

• PCM, vehicle wiring harnesses, transmission internal • Carry out on-board diagnostic tests. Refer to the
harness, transmission pressure control solenoids Powertrain Control/Emissions Diagnosis (PC/ED)
SSPC-x, TCC solenoid, transmission pressure control manual for diagnosis and testing of the PCM.
switches PS-x, OSS, TFT sensors, transmission
control tow/haul switch, APP, IAT, ECT  sensors

• GO to Pinpoint Test A, GO to Pinpoint Test B and
GO to Pinpoint Test D.

• Repair as necessary. Clear DTCs, road test and rerun
on-board diagnostic test.

Torque Converter

• Torque internal components damaged • Carry out torque converter check. Refer to Torque
Converter in this section. If the torque converter fails
the check, install a new or remanufactured torque
converter.

• Incorrect torque converter used in overhaul • Inspect for correct torque converter assembly. If not
correct, install a new or remanufactured torque
converter.

Noise/Vibration Forward or Reverse

Possible Component Reference/Action

257 — ROUTINE

Powertrain Control System

• PCM, vehicle wiring harnesses • Carry out on-board diagnostic tests. Refer to the
Powertrain Control/Emissions Diagnosis (PC/ED)
manual for diagnosis and testing of the PCM.

• Repair as required. Clear DTCs, road test and rerun
on-board diagnostic test.

Fluid

• Incorrect level • Adjust fluid to the correct level. Refer to Preliminary
Inspection in this section.

External Selector Lever Cable System

• Cable system damaged, misaligned, grounding out • Inspect and repair as necessary. Refer to Section
307-05.

Fluid Pump Assembly
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DIAGNOSIS AND TESTING (Continued)

Noise/Vibration Forward or Reverse (Continued)

Possible Component Reference/Action

• Bolts not tightened to specification • Tighten to specification.

• Gasket damaged • Inspect for damage. If damaged, install a new gasket.

• Porosity, cross leaks, cup plug missing, plugged hole • Inspect for damage. If damaged, repair as necessary.
gears cracked or seized

One-Way Clutches

• Worn, damaged or assembled incorrectly • Inspect for damage. Repair as necessary

Other

• Transmission fluid cooling lines, fill tube grounding, • Relocate cooling line or fill tube correctly. Inspect for
driveshaft damaged damage. Repair as necessary.

Gears

• Gear noise • Inspect for damage. Repair as necessary.

Torque Converter Assembly

• Flexplate, converter assembly damaged • Inspect for damage. Carry out torque converter check.
Refer to Torque Converter in this section. If the
torque converter fails the check, install a new or
remanufactured torque converter.

Engine Will Not Crank

Possible Component Reference/Action

258 — ROUTINE

Powertrain Control System

NOTE: If the battery has been disconnected or is dead, • Carry out on-board diagnostic tests. Refer to the
the transmission shifts and engagements will feel firm. Powertrain Control/Emissions Diagnosis (PC/ED)
Carry out Routine 267. manual for diagnosis and testing of the PCM.
PCM, vehicle wiring harnesses, vehicle starter
transmission internal harness, Transmission Range (TR
position) sensor, PATS module

• GO to Pinpoint Test C. Check PIDs for TR position,
PARK and NEUTRAL.

• Repair as required. Clear DTCs, road test and carry
out on-board diagnostic test again.

Engine Components

• Sensors, solenoids, fan clutch damaged or shorted to • Inspect and repair as necessary. Refer to Section
ground 303-01C. REFER to the Powertrain Control/Emissions

Diagnosis (PC/ED) manual.

Vehicle Starter

• Starter damaged • Inspect and repair as necessary. Refer to Section
303-06B.

External Selector Lever Cable System

• Cable system damaged, misaligned • Inspect and repair as necessary. Refer to Section
307-05.

TR position Sensor Assembly

• TR position assembly damaged • Inspect and repair as necessary.

Fluid Pump Assembly
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DIAGNOSIS AND TESTING (Continued)

Engine Will Not Crank (Continued)

Possible Component Reference/Action

• Internal parts seized • Inspect for damage and repair as necessary.

Torque Converter

• Flex plate damaged • Inspect for damage and repair as necessary.

No Park Range

Possible Component Reference/Action

259 — ROUTINE

Selector Lever Cable System

• Cable system damaged, misaligned • Inspect and repair as necessary. Refer to Section
307-05.

TR position Assembly

• TR position assembly damaged • Inspect and repair as necessary. 

Transmission Case

• Manual control lever assembly damaged, manual • Inspect for damage. If damaged, install new
valve inner lever pin bent, manual valve inner lever components.
damaged, spring rod damaged 

• Manual valve lever shaft retaining pin damaged • Inspect for damage. If damaged, repair as necessary.

Park System

• Park gear, parking pawl, parking pawl return spring, • Inspect for damage. Repair as necessary.
park or guide plate, parking actuating rod, parking
pawl shaft, manual lever, manual lever detent spring
damaged or misassembled

• External linkages/brackets damaged • Inspect for damage. Repair as necessary.

Transmission Overheating

Possible Component Reference/Action

260 — ROUTINE

Powertrain Control System

NOTE: FMEM may be enabled, refer to routine 266. • Carry out on-board diagnostic tests. Refer to the
PCM, vehicle wiring harnesses, line pressure control Powertrain Control/Emissions Diagnosis (PC/ED)
solenoid PC-A, TCC solenoid manual for diagnosis and testing of the PCM.

• GO to Pinpoint Test A and GO to Pinpoint Test E.

• Repair as required. Clear DTCs, road test and rerun
on-board diagnostic test.

Fluid

• Incorrect level • Adjust fluid to correct level. Refer to Preliminary
Inspection in this section.

Transmission External Remote Filter

• Inspect for leakage. If damaged, repair as necessary.

Fluid Pump Assembly

• Bolts not tightened to specification • Tighten to specification.

• Gasket damaged • Inspect for damage. If damaged, install a new gasket.

2004 E-Series, 12/2003 



307-01C-58 307-01C-58Automatic Transmission — TorqShift

DIAGNOSIS AND TESTING (Continued)

Transmission Overheating (Continued)

Possible Component Reference/Action

• Porosity, cross leaks, cup plug missing, plugged hole • Inspect for damage. If damaged, repair as necessary.
gears cracked or seized

• Control valves and springs or seal damaged, • If damaged or parts are missing, install a new seal or
misassembled or stuck pump assembly. If misassembled, reassemble

correctly.

Transmission Case

• Case vent damaged • Inspect for damage. If damaged, repair as necessary

Torque Converter

• Torque converter one-way clutch seized • Carry out torque converter check. Refer to Torque
Converterin this section. If the torque converter fails
the check, install a new or remanufactured torque
converter.

• Excessive torque converter slip detected • Carry out torque converter check. Refer to Torque
Converter in this section. If the torque converter fails
the check, install a new or remanufactured torque
converter.

Other

• Restriction in transmission cooling system • Check transmission cooling system efficiency. Refer
to Section 307-02.

• Excessive trailer tow load • Refer to the towing manual.

• Engine driveability concerns • Check engine driveability concerns. Refer to Section
303-14B.

• Vehicle heat shields missing or damaged • Inspect for damage. If damaged, repair as necessary.

• Vehicle air flow restricted • Inspect for damage. If damaged, repair as necessary.

Fluid Venting or Foaming

Possible Component Reference/Action

261 — ROUTINE

Fluid

• Incorrect level • Adjust to the correct level. Refer to Preliminary
Inspection in this section.

• Condition • Carry out Fluid Condition Check. Refer to
Preliminary Inspection in this section.

Transmission Case Assembly

• Case Vent damaged • Inspect for damage. Repair as necessary.

Other

• Transmission overheating • Refer to Routine 260.

Unexpected elevated Idle Speed

Possible Component Reference/Action

262 — ROUTINE

Powertrain Control System
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DIAGNOSIS AND TESTING (Continued)

Unexpected elevated Idle Speed (Continued)

Possible Component Reference/Action

• PCM, vehicle wiring harnesses, internal transmission • Carry out on-board diagnostic tests. Refer to the
wiring harness, line pressure control solenoid Powertrain Control/Emissions Diagnosis (PC/ED)
SSPC-A, TCC solenoid, low reverse pressure control manual for diagnosis and testing of the PCM.
switches PC-E, OSS, TFT, TR position sensors, TSPC
driver circuit

• GO to Pinpoint Test A, GO to Pinpoint Test B, GO
to Pinpoint Test C and GO to Pinpoint Test D.

• FMEM has been enabled, refer to Routine 266. • Repair as required. Clear DTCs, road test and rerun
on-board diagnostic test.

No Overdrive OFF (cancelled)

Possible Component Reference/Action

263 — ROUTINE

Powertrain Control System

• PCM, vehicle wiring harnesses, internal transmission • Carry out on-board diagnostic tests. Refer to the
wiring harness, transmission control switch, Powertrain Control/Emissions Diagnosis (PC/ED)
Transmission Control Indicator Lamp (TCIL) manual for diagnosis and testing of the PCM.

• Refer to Section 307-05.

• Repair as required. Clear DTCs, road test and rerun
on-board diagnostic test.

Reverse Lamps Do Not Illuminate

Possible Component Reference/Action

264 — ROUTINE

Powertrain Control System

• PCM, vehicle wiring harnesses, internal transmission • Carry out on-board diagnostic tests. Refer to the
wiring harness, TR position sensor, reverse lamps Powertrain Control/Emissions Diagnosis (PC/ED)

manual for diagnosis and testing of the PCM.

• GO to Pinpoint Test C.

• Repair as required. Clear DTCs, road test and rerun
on-board diagnostic test.

Transmission Failure Mode Effects Management (FMEM), Shift Concerns: Erratic/Hunting or Erratic
Scheduling

Possible Component Reference/Action

265 — ROUTINE

Powertrain Control System

• PCM, vehicle wiring harnesses, transmission internal • Carry out on-board diagnostic tests. Refer to the
harness, TSS/Intermediate shaft speed sensor, OSS Powertrain Control/Emissions Diagnosis (PC/ED)
sensor, TR position sensor, TFT sensor, TCIL, TCS manual for diagnosis and testing of the PCM.
switch, TSPC driver circuit

•  GO to Pinpoint Test B, GO to Pinpoint Test C and
GO to Pinpoint Test D.
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DIAGNOSIS AND TESTING (Continued)

Transmission Failure Mode Effects Management (FMEM), Shift Concerns: Erratic/Hunting or Erratic
Scheduling (Continued)

Possible Component Reference/Action

• Repair as required. Clear DTCs, road test and rerun
on-board diagnostic test.

• Refer to Routine 212.

• The transmission FMEM serves three purposes: • When failures occur, the customer may complain of
a. prevent invalid combinations of applied clutches erratic shifting or transmission hanging in gear. This

that cause tie-ups is normal for the FMEM strategy — determining
b. isolate a potential fault down to a specific pressure which gears are being commanded, and which gears

switch, solenoid, or clutch are being avoided will point to a  specific pressure
c. after the fault had been isolated, limit gears of switch, solenoid, or clutch fault.

operation based on the failure

Engagement Schedule Update (dead battery, disconnected battery, calibration updated)

Possible Component Reference/Action

267— ROUTINE

Battery

NOTE: All of the following engagements must be• Any time the vehicle battery has been disconnected, a
carried out in order for engagement pressures tonew PCM has been installed or the vehicle calibration
correctly adapt with the new calibration.has been reflashed the adaptive strategy for the
Once the vehicles battery has been reconnected or the‘‘Engagement Schedule’’ will need to be updated.
reprogramming is complete, the adaptive strategy forThis will prevent the customer from  returning with
pressure control on engagements must be updated.firm engagements.
a. Install the diagnostic equipment and monitor TFT.
b. Warm the transmission fluid to 54°C (130°F) as

indicated by the TFT.
c. Carry out 5 engagements from PARK to

REVERSE. Each engagement must be 5 seconds
apart.

d. Carry out 5 engagements from DRIVE to
REVERSE. Each engagement must be 5 seconds
apart.

e. Carry out 5 engagements from REVERSE to
DRIVE. Each engagement must be 5 seconds
apart.

f. Carry out 5 engagements from NEUTRAL to
DRIVE. Each engagement must be 5 seconds
apart.
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GENERAL PROCEDURES

Transmission Fluid Cooler —
Backflushing and Cleaning

Material

Item Specification

Motorcraft MERCON MERCONSP
Multi-Purpose (ATF)
Transmission Fluid
XT-6-QSP

Cooler Line and Remote Filter Fluid Flow

NOTE: The transmission fluid cooler line routing for this vehicle is slightly different than what is illustrated.
The fluid cooler lines are routed over the top of the transmission and run down the driver side of the vehicle.
The remote filter is  also in a different location It is mounted to the side of the transmission over the top of
the shift cable bracket.

Item Part Number Description Item Part Number Description

4 7000 Transmission1 — Remote filter adapter
assembly 5 7D273 Transmission fluid cooler

fitting (fluid flowing out)2 7A095 Oil-to-air (OTA) auxiliary
cooler 6 7D273 Transmission fluid cooler

fitting (fluid flowing in)3 — Radiator in-tank cooler
(Continued)(Continued)
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GENERAL PROCEDURES (Continued)

5. Leave the transmission fluid cooler linesItem Part Number Description
disconnected from the transmission case.7 — Transmission fluid cooler

fitting (fluid flowing into
6. Disconnect both transmission fluid cooler linesremote filter)

from the OTA.8 7B028 Transmission fluid cooler line
(fluid flowing into
radiator-in-tank cooler) 7. Flush each transmission fluid cooler line

independently.9 7C410 Transmission fluid cooler line
(fluid flowing into OTA
auxiliary cooler) 8. Connect the cleaner pressure and return lines

correctly.10 7890 Transmission fluid cooler line
(fluid flowing from OTA into 1 Connect the pressure line to fluid cooler
remote filter)

inlet tube.
11 — Transmission fluid cooler

2 Connect the return line to fluid cooler outletfitting (fluid flowing from
remote filter back into tube.
transmission) 3 Place the outlet end of the return line in the

fluid tank reservoir.

CAUTION: Whenever the transmission has
9. NOTE: Cycling the pump on and off will helpbeen serviced or a remanufactured transmission

dislodge contaminants in the cooler system.has been installed, the transmission fluid cooler,
Switch the pumps on. Allow the fluid tocooler lines and the remote filter manifold must
circulate a minimum of 5 minutes.be cleaned and backflushed to remove any

contaminants or  transmission failure will occur.
10. Switch the pump off.

NOTE: Install a new oil-to-air (OTA) cooler as part
of a transmission overhaul, or when installing a 11. Disconnect the cleaner pressure line at the fluid
remanufactured transmission. cooler tube.

NOTE: This transmission is equipped with a remote 12. Using compressed air, blow through the fluid
transmission fluid filter. When carrying out an cooler inlet tube until all fluid is removed.
overhaul or installing a new or a remanufactured
transmission, a new filter element must be installed. 13. Remove the rubber hoses from fluid cooler

tubes.
1. Using a suitable torque converter/fluid cooler

cleaner, flush the transmission fluid cooler and 14. Connect the cleaner pressure and return lines
lines. correctly.

1 Connect the pressure line to the radiator
2. Remove the remote filter element. in-tank fluid cooler.

2 Connect the return line to the other side of3. If equipped, remove the in-line fluid filter.
the radiator in-tank fluid cooler.

4. CAUTION: The transmission cooler 3 Place the outlet end of the return line in the
lines must be disconnected prior to flushing fluid tank reservoir.
out the cooler lines. Do not attempt to flush

15. NOTE: Cycling the pump on and off will helpout the remote filter housing or damage to
dislodge contaminants in the cooler system.the housing will occur.

Switch the pumps on. Allow the fluid toDisconnect the four transmission fluid cooler
circulate a minimum of five minutes.lines at the remote filter housing. For additional

information, refer to Section 307-02.
16. Switch the pump off.
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GENERAL PROCEDURES (Continued)

17. Disconnect the cleaner pressure line at the fluid 22. NOTE: Install a new OTA cooler as part of a
cooler tube. transmission overhaul, or when installing a

remanufactured transmission.
18. Using compressed air, blow through the fluid Backflush and forward flush the OTA cooler.

cooler inlet tube until all fluid is removed.

23. Backflush and then flush the radiator in-tank
19. Remove the rubber hoses from fluid cooler cooler.

tubes.

24. Install a new remote filter element.
20. Flush the remote filter manifold and ensure that

the small bypass orifice is free of debris. 25. Carry out the transmission fluid cooler flow
test. For additional information, refer to

21. Flush the remote filter housing and clean the Transmission Fluid Cooler in this section.
magnet.
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GENERAL PROCEDURES

Transmission Fluid In-Line Filter 3. CAUTION: The filter has a bypass
valve in it. The red arrow on the filter
indicates the direction of fluid flow throughMaterial
the filter. The filter must be installed in the

Item Specification
fluid cooler return line with the red arrow

MERCON SP Automatic MERCON SP on the filter pointing away from the
Transmission Fluid transmission fluid cooler and toward theXT-6-QSP (US);

transmission (the return line has fluidCXT-6-LSP12 (Canada)
coming out of the cooler going to the

NOTE: Use the following guidelines for installing transmission). If the fluid filter is not
the transmission fluid in-line filter: installed correctly, it will cause internal

transmission damage. 
• If the transmission was overhauled and the vehicle

was equipped with an in-line fluid filter, install a CAUTION: Do not install any rubber
new in-line fluid filter. hoses or steel tubing with a bend entering

the filter greater than 60 degrees.• If the transmission was overhauled and the vehicle
was not equipped with an in-line fluid filter, Install the filter and tighten the clamps.
install a new in-line fluid filter kit.

• If the transmission is being installed for a
non-internal repair, do not install an in-line filter
or filter kit.

• If installing a new or a Ford-authorized
remanufactured transmission, install an in-line
transmission fluid filter.

1. With the vehicle in NEUTRAL, position it on a
hoist. For additional information, refer to
Section 100-02.

2. Remove the section of the rubber hose as
illustrated. 4. Clean a section of the transmission fluid pan

and install the sticker.
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GENERAL PROCEDURES (Continued)

5. Fill the transmission with clean automatic
transmission fluid.

• Verify for correct operation.

• Check the filter for leaks.
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GENERAL PROCEDURES

3. When connecting the flush and fill machine,Transmission Fluid Drain and Refill —
connect the machine to the fluid cooler tubeAutomated Equipment
after the fluid cooler on the cooler return line.
This will help remove any foreign material

Special Tool(s)
trapped in the fluid coolers.

Automatic Transmission Flush
Refilland Fill Machine

211-00018

Automatic Transmission Flush 1. Once the fluid exchange has been completed,
and Fill Machine disconnect the flush and fill machine.
199-00010

Reconnect any disconnected fluid cooler tubes.

2. With the engine running and the transmission at
Material normal operating temperature 66-77°C

(150-170°F), check and adjust the transmissionItem Specification
fluid level, and check for any leaks. If fluid is

Motorcraft MERCON MERCONSP needed, add fluid in increments of 0.24-literMulti-Purpose (ATF)
(0.5-pint) until the correct level is achievedTransmission Fluid
(fluid should be in the cross-hatched area of theXT-6-QSP
fluid level indicator).

Draining

CAUTION: Always refer to the
instructions supplied with the flush and fill
machine.

1. With the vehicle in PARK, position it on a
hoist. For additional information, refer to
Section 100-02.

2. Use a suitable flush and fill machine to change
the fluid.
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GENERAL PROCEDURES
RefillTransmission Fluid Drain and Refill —

Without Torque Converter Drain Plug
1. Install the drain plug.and With Fluid Pan Drain Plug

Material

Item Specification

Motorcraft MERCON MERCONSP
Multi-Purpose (ATF)
Transmission Fluid
XT-6-QSP

Draining

1. With the vehicle in PARK, position it on a
hoist. For additional information, refer to
Section 100-02.

2. CAUTION: The use of any other2. Remove the transmission fluid pan drain plug
transmission fluid than specified can result inand allow the fluid to drain.
the transmission failing to operate in a
normal manner or transmission failure.

Fill the transmission.

• Add 7.0 liters (7.5 quarts) of clean
automatic transmission fluid to the
transmission through the fluid filler tube.

3. Start the engine. Move the transmission range
selector lever through all the gear ranges,
checking for engagements.

4. With the engine running and the transmission at
normal operating temperature 66-77°C
(150-170°F), check and adjust the transmission

3. NOTE: If equipped with a radiator in-tank fluid level, and check for any leaks. If fluid is
transmission fluid cooler or an oil-to-air (OTA) needed, add fluid in increments of 0.24 liter
cooler, the coolers must be flushed. (0.5  pint) until the correct level is achieved

(fluid should be in the cross-hatched area of theOnly flush the cooler tubes and radiator in-tank
fluid level indicator).transmission fluid cooler, if carrying out a

transmission overhaul, or installing a
remanufactured transmission. For additional
information, refer to  Transmission Fluid Cooler
— Backflushing and Cleaning in this section.
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GENERAL PROCEDURES

Torque Converter

1. A new or remanufactured torque converter must
be installed if one or more of the following
statements is true:

• A torque converter malfunction has been
determined based on complete diagnostic
procedures.

• Converter stud or studs, impeller hub or
bushing are damaged.

• Discoloration (due to overheating).

• Evidence of transmission assembly or fluid
contamination due to the following
transmission or converter failure Modes:

X Major metallic failure.

X Multiple clutches or clutch plate failures.

X Sufficient component wear which results
in metallic contamination.

X Internal torque converter contamination
present. For additional information, refer
to Torque Converter Contamination
Inspection in this section.
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GENERAL PROCEDURES

3. Observe the color and odor of the fluid. TheTorque Converter Contamination
fluid should be red, not brown or black. OdorInspection
may indicate an overheating condition such as
clutch disc or band failure.

CAUTION: Do not use water-based
cleaners or mineral spirits to clean or flush the 4. Examine the stain on the tissue for evidence of
torque converter or transmission damage will particles (spec of any kind). Examine the fluid
occur. Use only clean automatic transmission level indicator for signs of antifreeze (gum or
fluid designated for the transmission and varnish). If particles are present in the fluid or
converter being serviced. there is evidence of engine coolant or water, a

new torque converter must be installed.
CAUTION: The torque converter drain

plug and seal are not reusable. If equipped, 5. If there are no particles or contamination
discard the drain plug and seal, then install a present, drain the remainder of the transmission
new drain plug assembly. fluid from the torque converter.

1. If a new or remanufactured torque converter is 6. Add 1.9L (2 qt) of clean automatic transmission
not being installed, the following steps must be fluid into the converter and agitate by hand.
completed.

7. Thoroughly drain the fluid.
2. With the torque converter on a bench, pour a

small amount of transmission fluid from the
torque converter onto an absorbent white tissue
or through a paper filter and examine the fluid.
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GENERAL PROCEDURES

NOTE: The remote filter for this vehicle is locatedTransmission Fluid Remote Filter
on the LH side of the transmission.

Material
1. With the vehicle in NEUTRAL, position it on a

Item Specification hoist. For additional information, refer to
MERCON SP Automatic MERCON SP Section 100-02.
Transmission Fluid
XT-6-QSP (US); 2. Remove the remote filter housing by
CXT-6-LSP12 (Canada) unscrewing it.

Remote Fluid Filter Removal
3. Remove the spring/retainer and magnet

assembly.

4. Remove and discard the remote filter element.

Install

1. Inspect the O-ring for damage (nicks or cuts).
Install a new O-ring if damage is indicated.

2. Install a new remote filter element.

3. Clean the spring/retainer and magnet assembly
and install it into the remote filter element.

4. Clean the remote filter housing and install.

• Tighten to 50 Nm (37 lb-ft).

5. Fill with clean automatic transmission fluid.

Item Part Number Description

1 7R179 Housing

2 7C262 Spring

3 7C014 Pressure plate

4 7C012 Filter element

5 7N260 Manifold

6 7J014 Bracket

7 7J126 O-ring

8 7L027 Magnet
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IN-VEHICLE REPAIR

Fluid Pan, Gasket and Filter

Material

Item Specification

Motorcraft MERCON MERCONSP
Multi-Purpose (ATF)
Transmission Fluid
XT-6-QSP

Removal

1. With the vehicle in NEUTRAL, position it on a
hoist. For additional information, refer to

5. CAUTION: Carefully remove theSection 100-02.
transmission fluid filter seal. Damage to the
seal bore will cause transmission failure.2. Remove the transmission fluid drain plug and

allow the fluid to drain. Inspect the transmission fluid bore for the
transmission fluid seal. If the seal is in the
bore, carefully remove the seal.

3. Remove the transmission fluid pan and gasket.

4. Remove the transmission fluid filter.
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IN-VEHICLE REPAIR (Continued)

Installation 3. Install the transmission fluid drain plug.

1. NOTE: Prior to installing the transmission
filter, make sure that the old fluid filter seal has
been removed.

Install a new fluid filter and seal assembly.

4. CAUTION: The use of any other
transmission fluid than specified can result in
the transmission failing to operate in a
normal manner or transmission failure.

Fill the transmission.
2. NOTE: Tighten all the transmission fluid pan • Add 7.0 liters (7.5 quarts) of clean

bolts in a crisscross pattern. automatic transmission fluid to the
Install the fluid pan gasket and fluid pan. transmission through the fluid filler tube.

5. Start the engine. Move the transmission range
selector lever through all the gear ranges,
checking for engagements.

6. With the vehicle in NEUTRAL, engine running
and the transmission at normal operating
temperature 66-77°C (150-170°F), check and
adjust the transmission fluid level, and check
for any leaks. If fluid is needed, add fluid in
increments of  0.24 liter (0.5 pint) until the
correct level is achieved (fluid should be in the
cross-hatched area of the fluid level indicator).
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IN-VEHICLE REPAIR

Transmission Filler Tube

Removal

1. Remove the fluid level indicator.

5. Inspect the O-ring seal for damage.

2. With the vehicle in NEUTRAL, position it on a
hoist. For additional information, refer to
Section 100-02.

3. Remove the transmission fluid fill tube nut.

Installation

1. Install a new O-ring if damaged.

4. Remove the transmission fluid filler tube.
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IN-VEHICLE REPAIR (Continued)

2. NOTE: Coat the O-ring at the bottom of the
transmission fluid filler tube with transmission
fluid.

Install the transmission fluid filler tube.

4. Install the fluid level indicator.

3. Install the transmission fluid filler tube nut.
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IN-VEHICLE REPAIR

Main Control Valve Body

Special Tool(s)

Alignment Pins, Pump
307-456

Material

Item Specification

Motorcraft MERCON MERCONSP
Multi-Purpose (ATF)
Transmission Fluid
XT-6-QSP

Removal

1. Remove the transmission fluid pan, gasket and
filter. For additional information, refer to Fluid
Pan, Gasket and Filter in this section.

2. Disconnect the solenoid body electrical
connector.
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IN-VEHICLE REPAIR (Continued)

3. NOTE: While lowering the solenoid body, the
manual valve may fall out of the solenoid body.

NOTE: While lowering the solenoid body, the
forward clutch orifice may fall out of the
transmission case.

Remove the solenoid body.

1 Disconnect the transmission range sensor
electrical connector.

2 Remove the solenoid body bolts.

3 Remove the solenoid body.

4. Remove the solenoid body gasket.
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IN-VEHICLE REPAIR (Continued)

Installation

1. Install a new solenoid body gasket.

3. Using the special tools, install the solenoid
body and loosely install the bolts.

• While installing the solenoid body, align the
manual valve.

2. Use petroleum jelly to hold the forward clutch
orifice in place on the top of the forward clutch
feed bolt.
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IN-VEHICLE REPAIR (Continued)

4. Tighten all the bolts in the sequence shown.

5. Connect the transmission range sensor 7. Connect the solenoid body electrical connector.
connector.

6. Install the transmission fluid filter, pan gasket
and pan. For additional information, refer to
Fluid Pan, Gasket and Filter in this section.
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IN-VEHICLE REPAIR

Turbine Shaft Speed (TSS) Sensor
and Intermediate Shaft Speed Sensor

Removal

1. With the vehicle in NEUTRAL, position it on a
hoist. For additional information, refer to
Section 100-02.

2. Install a suitable high-lift transmission jack.

3. Remove the two wire harness retainers from the
rear crossmember and position the wire harness 6. Remove the RH crossmember nuts.
out of the way.

7. Remove the RH crossmember bracket.
4. Remove the LH crossmember nuts.

8. Lower the transmission enough to gain access
5. Remove the LH crossmember bracket. to the turbine shaft speed (TSS) sensor and

intermediate shaft speed sensor.
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IN-VEHICLE REPAIR (Continued)

9. Disconnect the intermediate shaft and turbine
shaft combination speed sensor electrical
connector.

2. Connect the intermediate shaft and turbine shaft
combination speed sensor electrical connector.

10. NOTE: Prior to removing the speed sensor,
make sure that the area around the sensor is
free of foreign material to prevent
contamination of the transmission.

Remove the intermediate shaft and turbine shaft
combination speed sensor.

1 Remove the bolt.

2 Remove the intermediate shaft and turbine
shaft combination speed sensor.

3. Raise transmission and crossmember in
position.

4. Install the LH crossmember bracket.

Installation

1. Install the intermediate shaft and turbine shaft
combination speed sensor.

1 Lubricate the O-ring and install the
intermediate shaft and turbine shaft
combination speed sensor.

2 Install the bolt.
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IN-VEHICLE REPAIR (Continued)

5. Install the LH crossmember bracket nuts.

8. Install the wire harness and install the two
retaining clips to the rear of the crossmember.

6. Install the RH crossmember bracket.

7. Install the RH crossmember bracket nuts.
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IN-VEHICLE REPAIR
InstallationOutput Shaft Speed (OSS) Sensor

1. Install the output shaft speed (OSS) sensor.Removal
1 Lubricate the O-ring and install the OSS

sensor.1. With the vehicle in NEUTRAL, position it on a
hoist. For additional information, refer to 2 Install the bolt.
Section 100-02.

2. Disconnect the output shaft speed (OSS) sensor.

2. Connect the OSS sensor electrical connector.

3. NOTE: Prior to removing the speed sensor,
make sure that the area around the sensor is
free of debris to prevent contamination of the
transmission.

Remove the output shaft speed (OSS) sensor.

1 Remove the bolt.

2 Remove the output shaft speed (OSS)
sensor.
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IN-VEHICLE REPAIR
MaterialExtension Housing Seal and Bushing

Item Specification— Slip Yoke
Motorcraft MERCON MERCONSP
Multi-Purpose (ATF)Special Tool(s)
Transmission Fluid

Slide Hammer XT-6-QSP
100-001 (T50T-100-A)

Removal

1. With the vehicle in NEUTRAL, position it on a
hoist. For additional information, refer to
Section 100-02.

Handle
2. Remove the driveshaft. For additional205-153 (T80T-4000-W)

information, refer to Section 205-01.

3. Using the special tools, remove the extension
housing seal.

Remover, Transmission Fluid
Seal
307-309 (T94P-7701-A)

Installer, Transmission
Extension Housing Fluid Seal
(4x2)
307-462

4. CAUTION: Do not damage any
machined surfaces. Damage can cause the

Remover, Transmission
new seal to leak.Extension Housing Bushing

307-463 Using the special tool, remove the extension
housing bushing.

Installer, Transmission
Extension Housing Bushing
307-464
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IN-VEHICLE REPAIR (Continued)

Installation

1. CAUTION: Prior to installing the
extension housing bushing, inspect the
extension housing counterbore for burrs. If
necessary, remove the burrs with an oil stone
or damage to new bushing can occur.

Align the extension housing bushing in the
extension housing so that the lube slots is in the
7 o’clock position over the lube hole in the
extension housing.

4. Using the special tool, seat the extension
housing seal.

2. Using the special tools, install the extension
housing bushing.

5. Install the driveshaft.

6. Fill the transmission to the specified level with
clean automatic transmission fluid.

7. Start the engine. Move the transmission range
selector lever through all the gear ranges,
checking for engagements.

8. With the vehicle in NEUTRAL, engine running
and the transmission at normal operating
temperature 66-77°C (150-170°F), check and
adjust the transmission fluid level, and check

3. NOTE: The orientation of the relief hole must for any leaks. If fluid is needed, add fluid in
be down when installing the seal. increments of  0.24 liter (0.5 pint) until the

correct level is achieved (fluid should be in theAlign the extension housing seal in the
extension housing. cross-hatched area of the fluid level indicator).
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IN-VEHICLE REPAIR
RemovalExtension Housing Seal

All vehiclesSpecial Tool(s)

Slide Hammer
1. Remove the driveshaft. For additional100-001 (T50T-100-A)

information, refer to Section 205-01.

Vehicles with a fixed flange

2. Remove the output shaft flange.

1 Remove and discard the output shaft flangeInstaller, Transmission
Extension Housing Fluid Seal bolt.
(4x2)

2 Remove the output shaft flange.307-462

Remover, Transmission Fluid
Seal
307-309 (T94P-77001-A)

Legs (used with 307-309)
307-454

3. Using the special tool, remove and discard
output shaft nut.

Nut Driver, Output Shaft
307-458

Material

Item Specification

MERCON SP Automatic MERCON SP
Transmission Fluid
XT-6-QSP
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IN-VEHICLE REPAIR (Continued)

Vehicles with a fixed flange4. Using the special tools, remove the output shaft
seal.

2. Using the special tool, install the output shaft
seal.

Vehicles without a fixed flange

5. Using the special tools, remove the output shaft 3. Using the special tool, install a new output
seal. shaft nut.

Installation 4. Install the output shaft flange.

1 Install the output shaft flange.
Vehicles without a fixed flange

2 Install a new bolt.

1. Using the special tool, install the output shaft
seal.
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IN-VEHICLE REPAIR (Continued)

All vehicles

5. Install the driveshaft.
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IN-VEHICLE REPAIR

Extension Housing Gasket

Special Tool(s)

Nut Driver, Output Shaft
307-458

Material

Item Specification 4. Install a suitable transmission jack.
MERCON SP Automatic MERCON SP
Transmission Fluid 5. Remove the transmission rear crossmember
XT-6-QSP support insulator bolts.

Removal

All vehicles

1. Remove the driveshaft. For additional
information, refer to Section 205-01.

Vehicles equipped with a fixed flange

2. Remove the output shaft flange.

1 Remove and discard the output shaft flange
bolt.

2 Remove the output shaft flange. 6. Remove the rear transmission mount.

1 Raise the transmission upward, off the rear
crossmember support.

2 Remove the rear transmission mount.

All vehicles

3. Remove the transmission rear crossmember
support insulator nuts.
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IN-VEHICLE REPAIR (Continued)

Vehicles not equipped with a fixed flange7. Disconnect the output shaft speed (OSS) sensor
electrical connector.

10. Remove the bolts and the transmission
extension housing.

Vehicles equipped with a fixed flange

All vehicles8. Using the special tool, remove and discard the
output shaft nut.

11. Remove and discard the extension housing
gasket.

9. Remove the bolts and the transmission
extension housing.
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IN-VEHICLE REPAIR (Continued)

Installation

All vehicles

1. NOTE: Lightly lubricate the gasket with
petroleum jelly to hold it in place during
assembly.

Install the new extension housing gasket.

4. Using the special tool, install a new output
shaft retaining nut.

Vehicles not equipped with a fixed flange

2. Install the extension housing bolts.

5. Install the output shaft flange.

1 Install the output shaft flange.

2 Install a new bolt.

Vehicles equipped with a fixed flange

3. Install the extension housing bolts.
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IN-VEHICLE REPAIR (Continued)

All vehicles 8. Install the transmission insulator bolts and nuts.

6. Connect the output shaft speed (OSS) sensor.

9. Install the driveshaft. For additional
information, refer to Section 205-01.

7. Install the rear transmission support insulator.
10. Start the engine. Move the transmission range

1 Install the rear transmission support selector lever through all the gear ranges,
insulator. checking for engagements.

2 Lower the transmission onto the
transmission support insulator. 11. With the vehicle in NEUTRAL, engine running

and the transmission at normal operating
temperature 66-77°C (150-170°F), check and
adjust the transmission fluid level, and check
for any leaks. If fluid is needed, add fluid in
increments of  0.24 liter (0.5 pint) until the
correct level is achieved (fluid should be in the
cross-hatched area of the fluid level indicator).
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IN-VEHICLE REPAIR

Transmission Fluid Temperature
(TFT) Sensor

Removal

1. Remove the transmission fluid pan gasket and
filter. For additional information, refer to Fluid
Pan, Gasket and Filter in this section.

2. Disconnect the transmission fluid temperature
(TFT) sensor electrical connector.

2. Connect the TFT sensor electrical connector.

3. Press the tab, rotate the sensor counterclockwise
and pull out.

3. Install the transmission fluid filter, pan gasket
and pan. For additional information, refer to
Fluid Pan, Gasket and Filter in this section.

4. CAUTION: The use of any other
transmission fluid than specified can result in
the transmission failing to operate in a
normal manner or transmission failure.

Fill the transmission.

• Add 7.0 liters (7.5 quarts) of clean
automatic transmission fluid to the
transmission through the fluid filler tube.

4. Inspect the O-ring. If the O-ring is damaged 5. Start the engine. Move the transmission range
install a new O-ring. selector lever through all the gear ranges,

checking for engagements.
Installation

1. Lubricate and install a new TFT sensor. Make
sure to slightly rotate the sensor to lock it in
place.
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IN-VEHICLE REPAIR (Continued)

6. With the vehicle in NEUTRAL, engine running
and the transmission at normal operating
temperature 66-77°C (150-170°F), check and
adjust the transmission fluid level, and check
for any leaks. If fluid is needed, add fluid in
increments of  0.24 liter (0.5 pint) until the
correct level is achieved (fluid should be in the
cross-hatched area of the fluid level indicator).
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IN-VEHICLE REPAIR

2. Disconnect the internal wiring harness.Internal Harness Service
1 Remove the two screws.

Removal 2 Disconnect the transmission fluid
temperature sensor electrical connector.

1. Remove the main control solenoid body. For 3 Disconnect the solenoid electrical
additional information, refer to Main Control connectors.
Valve Body in this section.

3. Remove the bulkhead connector O-ring. 4. Lift the tab twisting the bulkhead connector,
and push it through the solenoid body, and
remove the wire harness.

Installation

1. Push the bulkhead connector through the
transmission solenoid body, twist it to lock it in
place.
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IN-VEHICLE REPAIR (Continued)

2. Connect the internal wiring harness.

1 Install the two screws.

2 Connect the transmission fluid temperature
sensor electrical connector.

3 Connect the solenoid electrical connectors.

3. NOTE: The O-ring must be installed in the top 4. Install the solenoid body. For additional
slot. information, refer to Main Control Valve Body

in this section.Install a new solenoid body bulkhead connector
O-ring.
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IN-VEHICLE REPAIR

Line Pressure Control Solenoid —
PC-A

Material

Item Specification

Motorcraft MERCON MERCONSP
Multi-Purpose (ATF)
Transmission Fluid
XT-6-QSP

Removal

1. With the vehicle in NEUTRAL, position it on a 5. Remove the pressure control solenoid (PC-A).
hoist. For additional information, refer to

1 Remove the (E) retaining clips from theSection 100-02.
pressure control solenoid (PC-A) and the
shift solenoid (SSPC-C).2. Remove the transmission main control valve

body. For additional information, refer to Main 2 Partially slide the shift solenoid (SSPC-C)
Control Valve Body in this section. back enough to gain clearance to remove

the pressure control solenoid (PC-A).
3. Remove the solenoid body electrical connector 3 Remove the pressure control solenoid

O-ring seal. (PC-A).

4. Partially remove the solenoid body electrical
wire harness.

1 Remove the wire harness to solenoid body
bolts.

2 Disconnect the electrical connector from the
pressure control solenoid (PC-A) and the
shift solenoid (SSPC-C)

3 Lift the tab on the bulkhead connector, twist
and push the bulkhead connector through
the solenoid body.
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IN-VEHICLE REPAIR (Continued)

Installation 2. Remove the solenoid body electrical connector
O-ring seal.

1. Assemble the main control valve body.

1 Install the pressure control solenoid (PC-A)
and install the (E) retaining clip.

2 Push the bulkhead connector through the
solenoid body and twist the bulkhead
connector locking it into place

3 Install the shift solenoid (SSPC-C) back into
place and install the (E) retaining clip.

4 Connect the electrical connectors to the
pressure control solenoid (PC-A) and the
shift solenoid (SSPC-C).

5 Install the wire harness to solenoid body
and tighten the bolts. 3. Install the transmission main control valve

body. For additional information, refer to Main
Control Valve Body in this section.
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IN-VEHICLE REPAIR

3. Remove the affected shift solenoid.Shift Solenoids (SS)
1 Remove the retaining E-clip.

Removal and Installation 2 Remove the affected shift solenoid.

NOTE: Some solenoid body bolts and wire loom
bolts will need to be removed in order to remove
affected solenoids.

NOTE: The line pressure solenoid is not serviced in
the vehicle. The solenoid body will need to be
removed to remove line pressure solenoid. For
additional information, refer to Main Control Valve
Body in this  section.

1. Remove the transmission fluid pan, gasket and
filter. For additional information, refer to Fluid
Pan, Gasket and Filter in this section.

4. To install, reverse the removal procedure.
2. Disconnect the affected shift solenoid electrical

connector.
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IN-VEHICLE REPAIR

Manual Control Lever Shaft and Seal

Special Tool(s)

Roll Pin Set
211-S060 (T78P-3504-N)

Installer, Shift Shaft Fluid Seal
307-002 (TOOL-77288)

5. Using the special tool, remove the manual valve
detent lever shaft retaining pin.

Removal

1. With the vehicle in NEUTRAL, position it on a
hoist. For additional information, refer to
Section 100-02.

2. Disconnect the shift cable end.

6. CAUTION: Be careful not to damage
the manual control lever bore.

Remove the manual control lever shaft
assembly.

3. Remove the transmission fluid pan, gasket and
filter. For additional information, refer to Fluid
Pan, Gasket and Filter in this section.

4. NOTE: The pin should be driven up through
the manual lever.

Remove and discard the manual valve detent
lever shaft retaining pin. 7. Using a suitable tool, remove the manual

control lever seal and discard.
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IN-VEHICLE REPAIR (Continued)

Installation 4. NOTE: Leave a small portion of the pin
exposed.

1. NOTE: Prior to installing the manual control Install the manual valve detent lever shaft
lever seal, clean the bore opening with mineral retaining pin into the case.
spirits.

Using the special tool, install the manual
control lever seal.

5. NOTE: When the retaining pin is installed
correctly, 2 mm (0.08 in) of the pin will be
exposed.

2. Loosen the two bolts on the transmission range Install a new manual valve detent lever shaft
sensor. retaining pin.

3. Install the manual control lever shaft. 6. Tighten the transmission range (TR) sensor
bolts.
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IN-VEHICLE REPAIR (Continued)

7. Install the transmission fluid pan, gasket and 9. Adjust the shift linkage. Verify that the vehicle
filter. For additional information, refer to Fluid starts in PARK and NEUTRAL and the reverse
Pan, Gasket and Filter in this section. lamps illuminate in REVERSE. For additional

information, refer to Section 307-05.
8. Connect the shift cable end.
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IN-VEHICLE REPAIR

Digital Transmission Range (TR)
Sensor

Special Tool(s)

Roll Pin Set
211-S060 (T78P-3504-N)

Removal 5. NOTE: The pin should be driven up through
the manual valve.

1. With the vehicle in NEUTRAL, position it on a Remove and discard the manual valve detent
hoist. For additional information, refer to lever shaft retaining pin and discard.
Section 100-02.

2. Disconnect the shift cable end and position it
out of the way.

6. Using the special tool, remove the manual valve
detent lever shaft retaining pin.

3. Remove the transmission fluid pan, gasket and
filter. For additional information, refer to Fluid
Pan, Gasket and Filter in this section.

4. Disconnect the transmission range sensor
electrical connector.
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IN-VEHICLE REPAIR (Continued)

7. CAUTION: Be careful not to damage
the manual control lever bore.

Remove the manual control lever shaft
assembly.

2. Install the manual control lever shaft.

8. Remove the transmission range sensor and
detent lever assembly.

1 Remove the bolts.

2 Remove the transmission range sensor and
detent lever assembly.

3 Disconnect the park rod from the detent
lever assembly.

3. NOTE: Leave a small portion of the pin
exposed.

Install the manual valve detent lever shaft
retaining pin into the case.

Installation

1. Install the transmission range sensor and detent
lever assembly.

1 Connect the park rod to the detent lever
assembly.

2 Install the transmission range sensor and the
detent lever assembly.

3 Loosely install the bolts.
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IN-VEHICLE REPAIR (Continued)

4. NOTE: When the retaining pin is installed
correctly, 2 mm (0.08 in) of the pin will be
exposed.

Install a new manual valve detent lever shaft
retaining pin.

7. Install the transmission fluid pan, gasket and
filter. For additional information, refer to Fluid
Pan, Gasket and Filter in this section.

8. Connect the shift cable end.

5. Tighten the bolts.

9. Adjust the shift linkage. Verify that the vehicle
starts in PARK and NEUTRAL and the reverse
lamps illuminate in REVERSE. For additional6. Connect the transmission range sensor electrical
information, refer to Section 307-05.connector.
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IN-VEHICLE REPAIR

Park System

Special Tool(s)

Nut Driver, Output Shaft
307-458

Material

Item Specification 4. Remove the transmission-mounted parking
brake.MERCON SP Automatic MERCON SP

Transmission Fluid 1 Remove the transmission-mounted parking
XT-6-QSP

retaining bolts.
Removal 2 Keeping the vent in an upward position,

remove the transmission-mounted parking
All vehicles brake assembly.

3 Remove and discard the
1. With the vehicle in NEUTRAL, position it on a transmission-mounted parking brake gasket.

hoist. For additional information, refer to
Section 100-02.

2. Remove the rear driveshaft. For additional
information, refer to Section 205-01.

Vehicles equipped with a
transmission-mounted parking brake

3. Disconnect the transmission-mounted parking
brake linkage.

1 Disconnect the return spring from the pin.

2 Remove the hair pin retaining clip from the
pin.

3 Remove the pin from the actuating lever
and move the actuating cable away from the
actuating lever.

4 Compress the spring on the actuating cable
and remove the cable out of the cable
housing.
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IN-VEHICLE REPAIR (Continued)

Vehicles equipped with a fixed yoke

5. Remove the output shaft flange.

1 Remove and discard the output shaft flange
bolt.

2 Remove the output shaft flange.

9. Using the special tool, remove and discard the
output shaft nut.

All vehicles

6. Using a suitable transmission jack, support the
transmission.

7. Remove the bolts, and raise the transmission
upward, off the rear mount.

All vehicles

10. Remove the nine bolts and the extension
housing.

8. Disconnect the output shaft speed (OSS) sensor
electrical connector.
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IN-VEHICLE REPAIR (Continued)

11. Remove and discard the extension housing 14. Inspect the output shaft and park gear for
gasket. damage.

1 Inspect the park gear for damage.

2 Inspect the output shaft speed (OSS) gear
for damage.

12. Remove the parking rod guide plate bolts and
plate.

15. If damage to either the OSS or park gears is
found, remove the park gear and output shaft as
an assembly.

13. Remove the park pawl components.

1 Remove the park pawl return spring.

2 Remove the park pawl.

3 Remove the park pawl shaft.
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IN-VEHICLE REPAIR (Continued)

16. NOTE: The park gear and OSS gear may be
present on the output shaft.

Remove the park and OSS gear from the output
shaft.

2. CAUTION: Be careful not to damage
the seals when installing the output shaft.

If the output shaft was removed, install the
output shaft and park gear assembly.

17. Inspect the Teflon seals in the rear of the
case. If the seals are worn or damaged, install
new scarf cut seals.

3. Install the park pawl shaft.

1 Install the park pawl shaft.

2 Install the park pawl.
Installation 3 Install the park pawl return spring.

All vehicles

1. Using petroleum jelly to hold the bearing or
bushing in place, install the output shaft bearing
for slip yoke models and the bushing for fixed
yoke models.
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IN-VEHICLE REPAIR (Continued)

4. Install the parking rod guide plate.

1 Install the parking rod guide plate.

2 Install the bolts.

All vehicles

8. Connect the output shaft speed (OSS) sensor
electrical connector.

5. Install a new extension housing gasket.

9. Lower the transmission onto the rear mount and
install the bolts.6. Install the extension housing and the nine bolts.

Vehicles equipped with a fixed yoke

7. Using the special tool, install a new output
shaft nut.
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IN-VEHICLE REPAIR (Continued)

Vehicles equipped with a Vehicles equipped with a fixed yoke
transmission-mounted parking brake

12. If equipped, install the output shaft flange.
10. Install the transmission-mounted parking brake. 1 Install the output shaft flange.

1 Install a new transmission-mounted parking 2 Install a new bolt.
brake gasket.

2 Keeping the vent in an upward position,
install the transmission-mounted parking
brake assembly.

3 Install the transmission-mounted parking
retaining bolts.

All vehicles

13. Install the rear driveshaft. For additional
information, refer to Section 205-01.

14. Start the engine. Move the transmission range
selector lever through all the gear ranges,11. Connect the transmission-mounted parking
checking for engagements.brake linkage.

1 Compress the spring on the actuating cable
15. CAUTION: The use of any otherand install the cable into the cable housing.

transmission fluid than specified can result in
2 Install the actuating cable end onto the

the transmission failing to operate in a
actuating lever and install the pin.

normal manner or transmission failure.
3 Install the hair pin retaining clip into the

With the vehicle in NEUTRAL, engine running
pin.

and the transmission at normal operating
4 Connect the return spring to the pin. temperature 66-77°C (150-170°F), check and

adjust the transmission fluid level, and check
for any leaks. If fluid is needed, add fluid in
increments of  0.24 liter (0.5 pint) until the
correct level is achieved (fluid should be in the
cross-hatched area of the fluid level indicator).
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IN-VEHICLE REPAIR

Transmission Support Crossmember

Removal

1. With the vehicle in NEUTRAL, position it on a
hoist. For additional information, refer to
Section 100-02.

2. Install a suitable high-lift transmission jack.

3. Remove the two wire harness retainers from the
rear crossmember and position the wire harness
out of the way.

6. Remove the RH crossmember nuts.

4. Remove the LH crossmember nuts.
7. Remove the RH crossmember bracket.

5. Remove the LH crossmember bracket.
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IN-VEHICLE REPAIR (Continued)

8. Remove the rear transmission mount nuts and 3. Install the LH crossmember bracket nuts
the rear crossmember.

4. Install the RH crossmember bracket.
Installation

1. Position the crossmember to the transmission
mount and loosely install the nut.

5. Install the RH crossmember bracket nuts

2. Install the LH crossmember bracket.
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IN-VEHICLE REPAIR (Continued)

6. Tighten the rear insulator nuts. 7. Install the wire harness and install the two
retaining clips to the rear of the crossmember.
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IN-VEHICLE REPAIR
InstallationTransmission Insulator and Retainer

1. Install the rear transmission support insulator.Removal
1 Install the rear transmission support

insulator.1. With the vehicle in NEUTRAL, position it on a
hoist. For additional information, refer to 2 Lower the transmission onto the
Section 100-02. transmission support insulator.

2. Remove the rear transmission support insulator.

1 Remove the rear transmission support
insulator nuts.

2 Remove the rear transmission support
insulator bolts.

2. NOTE: It may be necessary to raise the back
of the transmission slightly in order to install
the bolts.

Loosely install the transmission support
insulator bolts.

3. Using a suitable high-lift transmission jack,
remove the rear transmission support insulator.

1 Raise the transmission upward, off the
transmission support insulator.

2 Remove the rear transmission support
insulator.
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IN-VEHICLE REPAIR (Continued)

3. Loosely install the transmission support 4. Tighten the transmission support insulator bolts
insulator nuts. and nuts.
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REMOVAL

Transmission — Gasoline Engines

Special Tool(s)

Strap Wrench
303-D055 (D85L-6000-A)

Retainer, Torque Converter
307-346 (T97T-7902-A)

6. Install the drain plug.

Disconnect Tool, Transmission
Cooler Line
307-459

Removal

1. With the vehicle in NEUTRAL, position it on a 7. Install a suitable high-lift transmission jack.
hoist. For additional information, refer to

8. If equipped, remove the two wire harnessSection 100-02.
retainers from the rear crossmember and

2. Disconnect the battery. For additional position the wire harness out of the way.
information, refer to Section 414-01.

3. Remove the fluid level indicator.

4. Remove the driveshaft. For additional
information, refer to Section 205-01.

5. If transmission disassembly is required, drain
the transmission fluid. Remove the drain plug
and allow the fluid to drain
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REMOVAL (Continued)

9. If equipped, disconnect the 11. Remove the retainers from the transmission
transmission-mounted parking brake linkage. fluid cooler tubes at the remote filter.

1 Disconnect the return spring from the pin.

2 Remove the hair pin retaining clip from the
pin.

3 Remove the pin from the actuating lever
and move the actuating cable away from the
actuating lever.

4 Compress the spring on the actuating cable
and remove the cable from the cable
housing.

12. Use the special tool to disconnect the
transmission fluid cooler tubes.

10. Disconnect the transmission fluid cooler tubes
from the clips.
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REMOVAL (Continued)

13. Remove the shift cable.

1 Remove the transmission fluid filter bracket
nut.

2 Remove the transmission fluid filter bracket
bolt, position the bracket aside.

3 Disconnect the shift cable from the manual
lever.

4 Disconnect the wire harness from the shift
cable bracket.

5 Remove the bolts and position the shift
cable and bracket aside.

16. Remove the center heat shield screw.

14. Remove the heat shield screws from the
crossmember. 17. Remove the forward RH heat shield screw.

15. Remove the center heat shield screws.
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REMOVAL (Continued)

18. Remove the forward RH heat shield screws
from the frame.

22. Disconnect the turbine shaft and intermediate
shaft combination speed sensor electrical
connector.

19. Loosen the bolt and disconnect the solenoid
body electrical connector.

23. Disconnect the wire harness from the side of
the transmission.

20. Disconnect and position the wire harness out of
the way.

21. Disconnect the output shaft speed (OSS) sensor
electrical connector.
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REMOVAL (Continued)

24. Remove the cylinder block opening cover in 27. Remove the starter motor. For additional
order to gain access to the torque converter information, refer to Section 303-06A.
nuts.

28. Remove the screws and torque converter cover.

25. Use the special tool to rotate the crankshaft in
29. Remove the LH crossmember nuts.order to gain access to the flexplate nuts.

30. Remove the LH crossmember bracket.26. Remove and discard the six torque nuts.
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REMOVAL (Continued)

31. Remove the RH crossmember nuts.

35. Disconnect the wire harness from the bracket.

32. Remove the RH crossmember bracket.

36. Remove the nine transmission-to-engine
mounting bolts and position the wire harness

33. Remove the rear transmission mount nuts and bracket out of the way.
remove the crossmember.

34. Remove the rear transmission mount from the
extension housing.
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REMOVAL (Continued)

37. Slide the transmission back enough to install
the special tool.

39. Disconnect the transmission fluid cooler tubes
and filter housing from the case.

38. If equipped, remove the transmission-mounted
parking brake.

1 Remove the transmission-mounted parking
retaining bolts.

2 Keeping the vent in an upward position,
remove the transmission-mounted parking
brake assembly.

3 Remove and discard the
transmission-mounted parking brake gasket.

40. If overhauling the transmission or installing a
new transmission, carry out the transmission
fluid cooler backflushing and cleaning. For
additional information, refer to  Transmission
Fluid Cooler — Backflushing and Cleaning in
this section.
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REMOVAL

Transmission — Diesel Engines

Special Tool(s)

Strap Wrench
303-D055 (D85L-6000-A)

Retainer, Torque Converter
307-346 (T97T-7902-A)

5. Install the drain plug.

Disconnect Tool, Transmission
Cooler Line
307-459

Removal

1. With the vehicle in NEUTRAL, position it on a 6. Install a suitable high-lift transmission jack.
hoist. For additional information, refer to

7. If equipped, remove the two wire harnessSection 100-02.
retainers from the rear crossmember and

2. Remove the fluid level indicator. position the wire harness out of the way.

3. Remove the driveshaft. For additional
information, refer to Section 205-01.

4. If transmission disassembly is required, drain
the transmission fluid. Remove the drain plug
and allow the fluid to drain
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REMOVAL (Continued)

8. If equipped, disconnect the 10. Remove the retainers from the transmission
transmission-mounted parking brake linkage. fluid cooler tubes at the remote filter.

1 Disconnect the return spring from the pin.

2 Remove the hair pin retaining clip from the
pin.

3 Remove the pin from the actuating lever
and move the actuating cable away from the
actuating lever.

4 Compress the spring on the actuating cable
and remove the cable from the cable
housing.

11. Use the special tool to disconnect the
transmission cooler tubes.

9. Disconnect the transmission fluid cooler tubes
from the clips.
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REMOVAL (Continued)

12. Remove the shift cable.

1 Remove the transmission fluid filter bracket
nut.

2 Remove the transmission fluid filter bracket
bolt, position the bracket aside.

3 Disconnect the shift cable from the manual
lever.

4 Disconnect the wire harness from the shift
cable bracket.

5 Remove the bolts and position the shift
cable and bracket aside.

15. Loosen the bolt and disconnect the solenoid
body electrical connector.

13. Disconnect the oil cooler tubes from the filter
housing.

16. Disconnect and position the wire harness out of
the way.

14. Remove the bolts and remove the filter housing.
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REMOVAL (Continued)

17. Disconnect the output shaft speed (OSS) sensor 20. Remove the cylinder block opening cover in
electrical connector. order to gain access to the torque converter

nuts.

18. Disconnect the turbine shaft and intermediate
shaft combination speed sensor electrical 21. Use the special tool to rotate the crankshaft in
connector. order to gain access to the flexplate nuts.

19. Disconnect the wire harness from the side of 22. Remove and discard the six torque nuts.
the transmission.
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REMOVAL (Continued)

23. Remove the LH crossmember nuts.

27. Remove the rear transmission mount nuts and
remove the crossmember.

24. Remove the LH crossmember bracket.

28. Remove the rear transmission mount from the
25. Remove the RH crossmember nuts. extension housing.

26. Remove the RH crossmember bracket.
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REMOVAL (Continued)

29. Disconnect the wire harness from the bracket. 32. If equipped, remove the transmission-mounted
parking brake.

1 Remove the transmission-mounted parking
retaining bolts.

2 Keeping the vent in an upward position,
remove the transmission-mounted parking
brake assembly.

3 Remove and discard the
transmission-mounted parking brake gasket.

30. Remove the nine transmission-to-engine
mounting bolts and position the wire harness
bracket out of the way.

33. Disconnect the transmission fluid cooler tubes
and filter housing from the case.

31. Slide the transmission back enough to install
the special tool.

34. If overhauling the transmission or installing a
new transmission, carry out the transmission
fluid cooler backflushing and cleaning. For
additional information, refer to  Transmission
Fluid Cooler — Backflushing and Cleaning in
this section.

2004 E-Series, 12/2003 



307-01C-1 307-01C-1Automatic Transmission — TorqShift

DISASSEMBLY
Special Tool(s)Transmission

Legs (used with 307-309)
307-454Special Tool(s)

Slide Hammer
100-001 (T50T-100-A)

Remover, Seal Pack
307-460

Roll Pin Set
211-S060 (T78P-3504-N)

Fixture Handle, Coast Clutch
307-384

Nut Driver, Output Shaft
307-458

Fixture Body, Coast Clutch
307-385

Alignment Cone
307-455

Remover, Transmission Fluid
Pump
307-221 (T89T-70010-A)

Compressor, Clutch Spring
307-015 (T65L-77515-A)

Handle
205-153 (T80T-4000-W)

Remover, Transmission Fluid
Seal
307-309 (T94P-77001-A)

Retaining Ring Pliers
307-343 (T95P-77001-AHR)

(Continued)

(Continued)
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DISASSEMBLY (Continued)

Special Tool(s) 2. WARNING: Use the special tools when
Loading Fixture, Clutch removing the torque converter because it is
307-S383 very heavy. Failure to follow may result in

personal injury.

NOTE: Fluid loss will occur when removing
the torque converter.

Using the special tools, remove the torque
converter.Handle, Torque Converter

307-091 (T81P-7902-C)

Remover, Pilot Bearing
308-001 (T58L-101-B)

Retainer, Torque Converter 3. Remove the intermediate shaft and turbine shaft
307-346 (T97T-7902-A) speed combination sensor.

1 Remove the bolt.

2 Remove the sensor.

1. Remove the special tool.
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DISASSEMBLY (Continued)

4. Remove the output shaft speed sensor (OSS). 8. NOTE: Do not discard the gasket unless
damaged. This is a reusable gasket.1 Remove the bolt.
Remove the transmission fluid pan and the2 Remove the output shaft speed sensor
gasket. Check and clean the magnet if debris is(OSS).
evident.

5. Mount the transmission onto a suitable stand.
9. NOTE: After removal, discard the filter and

seal assembly.6. Remove the input shaft. Remove and discard
the stator support seal. Remove the filter and seal assembly by

carefully pulling and rotating the filter as
necessary.

7. Install a new drain plug and seal if there is
evidence of leaking.
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DISASSEMBLY (Continued)

10. CAUTION: There is no retainer on the
manual valve. Hold the manual valve in
place while removing the solenoid assembly
from the transmission to avoid dropping the
valve.

Remove the solenoid body.

1 Disconnect the transmission range sensor.

2 Remove the solenoid body bolts.

3 Remove the solenoid body.

11. Remove and discard the solenoid body gasket. 12. Remove the forward clutch orifice.
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DISASSEMBLY (Continued)

13. Remove the feedbolts. 16. NOTE: The No. 1 pump thrust washer and the
No. 2A overdrive sun gear thrust bearing may
stay with the pump.

Remove the No. 1 pump thrust washer.

1 Remove the No. 1 pump thrust washer.

2 Remove the No. 2A overdrive sun gear
thrust bearing.

3 Remove the pump gasket and discard.

14. Remove and discard the front pump bolts.

17. Remove the overdrive separator plates, clutch
plates and overdrive pressure plate.

15. Using the special tools, remove the front pump.

18. Remove the overdrive clutch retaining ring.
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DISASSEMBLY (Continued)

19. Install the special tool. 22. Remove the overdrive ring gear and center
shaft.

20. NOTE: The No. 3 overdrive carrier thrust
bearing and race assembly may come out with 23. Remove the No. 5 sun gear thrust bearing.
the coast clutch cylinder assembly or it may
stay in the transmission.

 Using the special tool, remove the coast clutch
cylinder assembly.

24. Using the special tool, remove the center
support retaining ring.

21. Remove the No. 4 thrust bearing.
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DISASSEMBLY (Continued)

25. Install the special tools into the center support 28. Remove the forward ring gear and hub
assembly. assembly.

26. Using the special tools, remove the center 29. Remove the forward carrier race and the No. 11
support, direct clutch and forward clutch bearing assembly.
cylinder assembly.

30. Remove the forward carrier.
27. Remove the forward clutch hub No. 9 thrust

washer.
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DISASSEMBLY (Continued)

31. Remove the sun gear and the No. 12 thrust
bearing.

35. Remove the No. 15 thrust bearing and hub.

32. Remove the low reverse sun gear and shell
assembly.

36. Remove the output hub and ring gear.

37. Place the transmission manual lever in park to
lock the output shaft from rotating.

33. Remove and discard the low reverse clutch
38. Remove the low reverse No.16 thrust bearing.retaining ring.

34. Remove the low reverse one-way clutch, clutch
pack, carrier and hub assembly.
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DISASSEMBLY (Continued)

39. If equipped, remove the output shaft flange. 42. If equipped with a slip yoke, use the special
tools to remove the output shaft seal.1 Remove and discard the bolt.

2 Remove the output shaft flange.

43. Remove the nine bolts and the extension
housing.

40. If equipped, use the special tool to remove and
discard the output shaft nut.

44. Inspect the extension housing ball bearing. If
any damage is evident, install a new extension

41. If equipped with a fixed flange, use the special housing. Check the output shaft journal.
tools to remove the output shaft seal.

2004 E-Series, 12/2003 



307-01C-10 307-01C-10Automatic Transmission — TorqShift

DISASSEMBLY (Continued)

45. Remove and discard the extension housing 48. CAUTION: Do not fully compress the
gasket. return spring or damage to the spring may

occur.

Using the special tool, remove the reverse
clutch drum retaining ring.

46. Remove the output shaft.

49. Remove the return spring.

47. For vehicles equipped with a fixed yoke,
remove the No. 17 park gear thrust washer. For
vehicles equipped with a slip yoke, remove the
No. 17 park gear thrust bearing

50. While applying air to the case, remove and
discard the reverse piston.
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DISASSEMBLY (Continued)

51. Remove the parking rod guide plate bolts and 54. CAUTION: The Torx-head screw has
plate. a threadlocking compound and should be

removed only if a new case is being installed.
If the bolt is removed, it must be discarded
and a new bolt installed.

Remove the parking pawl abutment.

52. Remove the plastic orifice lube plug from the
rear of the case and discard.

55. NOTE: The pin should be driven down into the
case.

Using a suitable tool, remove and discard the
manual lever shaft retaining pin.

53. Remove the parking pawl.

1 Remove the parking pawl return spring.

2 Remove the parking pawl.

3 Remove the parking pawl shaft.
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DISASSEMBLY (Continued)

56. Using the special tool, remove the manual lever
shaft retaining pin.

60. NOTE: The short fluid inlet tube should be
removed only if it is loose or damaged.

If required, remove the short fluid inlet tube.
57. Remove the manual control lever shaft.

61. NOTE: The top portion seal groove will work
58. Remove the transmission range sensor, manual the best when removing the seal pack.

control lever and park rod as an assembly.
Inspect the rear case Teflon seal retainer for
damage. If damage is evident, use the special
tool to remove the seal retainer.

59. Using the special tool, remove and discard the
manual control lever seal.
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DISASSEMBLY (Continued)

62. Inspect the case assembly for cracks and 65. Inspect the reverse clutch case vent for
stripped threads. Inspect the gasket surfaces and blockage. The vent is located in the case at the
mating surfaces for burrs. Check the case vent 12 o’clock position. If evidence of blockage is
assembly and all fluid passages for obstructions. found, use low air pressure to clear out the

blockage by applying air to the extension side
63. Inspect the rear case snubber bushing. If of the vent.

damage is found, install a new transmission
case.

64. Inspect the case assembly bushing for scores.
Check all parking linkage parts for wear or
damage.
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DISASSEMBLY AND ASSEMBLY

OF SUBASSEMBLIES

Solenoid Body

Upper, Lower, Accumulator and Solenoid Body, Disassembled View

Item Part Number Description Item Part Number Description

5 W300512 Backing plate-to-manifold1 7C155 Solenoid body-to-case gasket
bolts2 — Ditch plate

6 W500100-S300 Backing plate-to-case bolts3 7H038 Backing plate gasket
7 N805326-S Solenoid-to-case bolts4 — Backing plate

(Continued)
(Continued)
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DISASSEMBLY AND ASSEMBLY OF SUBASSEMBLIES (Continued)

2. Remove and discard the solenoid bodyItem Part Number Description
electrical connector O-ring seal.8 — Manifold body

9 7D376 Manual valve

10 7J136 Low reverse clutch solenoid
SSPC-E

11 7J136 Direct clutch solenoid
SSPC-D

12 7J136 Intermediate clutch solenoid
SSPC-C

13 7J136 Coast clutch solenoid
SSPC-A

14 W708500-S300 Solenoid-to-case bolt

15 7J136 Overdrive clutch solenoid
SSPC-B

16 — Line pressure relief valve

3. Remove the main control valve body electrical17 7J136 Torque converter clutch
(TCC) solenoid harness.

18 7G383 Line pressure control solenoid • Remove the two bolts.
PC-A

• Disconnect the electrical connectors.
19 7E335 Pressure switch retaining clip

(W) • Twist and push the bulkhead connector
through the solenoid body.20 — Wiring harness retaining bolt

21 7G276 Wiring harness • Remove the solenoid body electrical
harness.22 7H141 Transmission fluid

temperature (TFT) sensor

23 7E440 Direct clutch bore plug

24 7J149 Bulkhead connector O-ring
seal

25 W300511 Manifold-to-ditch plate bolt

26 W300513 Manifold-to-ditch plate bolt

27 7J137 Shift solenoid retaining clip
(E)

28 — Cold pressure relief valve

29 7H200 Filter plate gasket

Disassembly

1. Remove the manual valve.
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DISASSEMBLY AND ASSEMBLY OF SUBASSEMBLIES (Continued)

4. NOTE: Mark the location of each solenoid for 7. NOTE: The gasket should not be cleaned or
correct installation. reused. 

Remove the retaining clips and remove the Remove and discard the gasket.
solenoids.

8. Remove the bolts, backing plate and discard the
5. Remove the transmission fluid temperature gasket. Clean and inspect the components.

(TFT) sensor.

Assembly
6. Note the location and length of each bolt.

Remove the four bolts and remove the top half 1. Install a new gasket and the backing plate.
of the main control valve body.
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DISASSEMBLY AND ASSEMBLY OF SUBASSEMBLIES (Continued)

2. Install a new filter screen gasket. 5. Install the shift solenoids with the E-clips.

3. NOTE: Tighten the bolts in a crisscross pattern 6. Install a new O-ring on the solenoid body
to prevent the gasket from becoming distorted. electrical connector in the uppermost groove.

Assemble the top and bottom halves of the
solenoid body.

7. Install the solenoid body harness and connect
the connectors.

4. Install the TFT sensor.
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DISASSEMBLY AND ASSEMBLY OF SUBASSEMBLIES (Continued)

8. Install the manual valve.

2004 E-Series, 12/2003 



307-01C-1 307-01C-1Automatic Transmission — TorqShift

DISASSEMBLY AND ASSEMBLY

OF SUBASSEMBLIES
MaterialPump Assembly

Item Specification

Special Tool(s) Motorcraft MERCON MERCONSP
Multi-Purpose (ATF)

Installer, Front Pump Fluid Seal Transmission Fluid
307-014 (T63L-77837-A) XT-6-QSP

Disassembly

1. Using the special tools, remove and discard the
front pump seal.

Slide Hammer
307-005 (T59L-100-B)

Banding Tool, Transmission
Pump
307-D004 (D89L-77000-A) or
equivalent

Remover, Bushing
307-001 (TOOL-1175-AC) or
equivalent

Depth Micrometer
303-D026 (D80P-4201-A) or
equivalent

Alignment Pins, Pump
307-466
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DISASSEMBLY AND ASSEMBLY OF SUBASSEMBLIES (Continued)

2. Remove and discard the front pump stator
support seal.

6. Remove and discard the overdrive piston.

3. Remove and discard the two seals.

7. Remove bolts and separate the pump control
body from the pump body.

4. Remove and discard the pump outer diameter
square-cut front pump seal.

5. NOTE: Note the location of the bolts for
assembly.

Remove the overdrive piston return spring.
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DISASSEMBLY AND ASSEMBLY OF SUBASSEMBLIES (Continued)

8. NOTE: If the pump or plate shows any signs
of wear or scoring, a new pump assembly must
be installed.

Remove and inspect the plate.

10. Remove and inspect the inner and the outer
gearotor gears.

• Clean all pump parts in solvent.

• Dry the parts with compressed air.

• Inspect the pump gears, faces, gear teeth,
9. CAUTION: Do not remove any of the pump housing and mating surfaces for

remaining cup plugs unless directed to do so damage or scoring.
in other steps. Do not remove the stator

• If any parts are damaged or worn, install asupport from the control body. This can
new pump.distort the surface of the control body.

Remove the converter clutch control valve,
cooler bypass valve and thermostat valve,
converter pressure limit valve, converter
anti-drain back valve and the main regulator
valve.

1 Remove the retainer clip with a small
screwdriver, then remove the main regulator
plug, spring and valve.

2 Remove the retainer clip with a small
screwdriver, then remove the converter
anti-drain back plug, spring and valve.

3 Remove the retainer clip with a small
screwdriver, then remove the converter
pressure limit plug, spring and valve.

4 Remove the retainer clip with a small
screwdriver, then remove thermostat plug,
spring and valve.

5 Remove the cooler bypass valve.

6 Remove the retainer clip with a small
magnet or screwdriver, then remove the
converter clutch control plug with shuttle
valve, spring retainer and valve.

2004 E-Series, 12/2003 



307-01C-4 307-01C-4Automatic Transmission — TorqShift

DISASSEMBLY AND ASSEMBLY OF SUBASSEMBLIES (Continued)

11. Inspect the converter hub bushing. If scored or 14. Inspect the following:
excessively worn, install a new pump. Note the • All valve and plug bores for scoring or
orientation of the notch in the bushing. It must damage.
face up.

• All passages for obstructions.

• Mating surfaces for burrs and scoring.

• All springs for distortion.

• When dry, check all valves and plugs for
free movement in their respective bores.

Assembly

1. NOTE: All the valves should drop into their
bores freely without hanging up.

Install the converter clutch control valve, cooler
bypass valve and thermostat valve, converter
pressure limit valve, converter anti-drain back
valve and the main regulator valve.12. Inspect the front input shaft bushing. If the

bushing is worn or scored, install a new pump. 1 Install the main regulator boost valve
spring, plug and install the retainer clip.

2 Install the converter anti-drain back valve,
spring, plug and install the retainer clip.

3 Install the converter pressure limit valve,
spring, plug and install the retainer clip.

4 Install the thermostat spring and valve.

5 Install the cooler bypass valve, plug and
clip.

6 Install the converter clutch control valve,
spring, plug and install the retainer clip.

13. Inspect the rear input shaft bushing for wear. If
scored or worn, install a new pump.
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DISASSEMBLY AND ASSEMBLY OF SUBASSEMBLIES (Continued)

2. NOTE: Prior to installation, lightly lubricate 5. CAUTION: Prior to pump assembly,
the gearotor gears with clean automatic make sure all cup plugs are installed.
transmission fluid.

CAUTION: Inspect mating surfaces of
Install the gearotor gearset with both dots the pump body and the control body to make
facing up. sure they are clean and free of nicks and

burrs.

NOTE: Note the location of the alignment pins.
The alignment pins should move freely when
installing the band strap.

Using the special tools, assemble the control
body and stator assembly onto the pump body.

3. Using the special tool, measure the pump gear
to pump body clearance.

6. NOTE: Make sure that the outer edges of the
pump body and the outer bolt holes are aligned
during assembly.

Assemble the pump and loosely install the
bolts.

• Check that the outer edges of the pump
body and the bolt holes are aligned. Tighten
the bolts.

4. Install the separator plate.
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DISASSEMBLY AND ASSEMBLY OF SUBASSEMBLIES (Continued)

7. Lubricate and install a new overdrive piston.

11. Install the a new front pump seal, using the
special tool.

8. Install the overdrive piston return spring.

12. Install a new front pump stator support seal.
9. Install new pump seals.

10. Install the pump outer diameter square-cut front
pump seal with the white stripe facing out.
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DISASSEMBLY AND ASSEMBLY OF SUBASSEMBLIES (Continued)

13. NOTE: Lightly lubricate the thrust washer and
the bearing with petroleum jelly to hold them in
place during assembly.

Install the No. 1 pump thrust washer and the
No. 2A overdrive sun gear thrust bearing.
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DISASSEMBLY AND ASSEMBLY

OF SUBASSEMBLIES

Coast Clutch Assembly

Special Tool(s)

Compressor, Clutch Spring
307-015 (T65L-77515-A)

Protector, Clutch Piston Seal
307-387

3. Remove the retaining ring and remove the
center shaft.

Disassembly

1. Vehicles equipped with power take-off will
have a ring gear pressed over the coast clutch
cylinder. Do not try to remove the ring gear. If
the ring gear shows signs of damage, a new
coast clutch cylinder must be installed.

4. Remove the overdrive planetary No. 4 thrust
bearing.

2. Remove the No. 5 thrust bearing.
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DISASSEMBLY AND ASSEMBLY OF SUBASSEMBLIES (Continued)

5. Remove the retaining ring.

9. Remove and discard the coast clutch piston and
seal assembly.

6. Remove the coast clutch pressure plate one-way
clutch (OWC) (mechanical diode) assembly and
the clutch plates.

10. NOTE: If the teeth and or bushing are
damaged, a new sun gear will need to be
installed.

7. Using the special tool, remove the coast clutch If required, use an arbor press to remove the
return spring retaining ring. sun gear.

8. Remove the coast clutch return spring.
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DISASSEMBLY AND ASSEMBLY OF SUBASSEMBLIES (Continued)

11. NOTE: If the coast clutch cylinder assembly
shows any signs of damage, install a new coast
clutch cylinder.

Inspect the coast clutch cylinder assembly.

1 Inspect the bushing.

2 Inspect the No. 1 thrust washer mating
surface.

3 Inspect the lube hole.

14. Inspect the planet gears for damage. If any
damage is found, install a new overdrive planet.

12. NOTE: If the coast clutch hub shows any signs
of damage, install a new coast clutch hub.

Inspect the one-way clutch inner race.

1 Vehicles equipped with a power take off
(PTO), inspect the coast clutch hub bearing.

AssemblyVehicles without a PTO, inspect the coast
clutch hub bushing.

1. Inspect the new coast clutch piston and seal2 Inspect the power take-off ring gear teeth
assembly for damage and the check ball for freefor damage.
movement.

3 Inspect the input shaft splines in the
overdrive carrier.

13. Remove and discard the retaining bolts for the
coast clutch hub. Separate the two halves.
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DISASSEMBLY AND ASSEMBLY OF SUBASSEMBLIES (Continued)

2. Using the special tool, install the coast clutch 5. NOTE: The OWC mechanical diode is also the
piston. coast clutch pressure plate.

Inspect the OWC for cracks and damaged
splines. When installed correctly the internal
splined portion of the OWC should rotate
counterclockwise and lock when rotated
clockwise. If any damage found or it does not
rotate in the correct direction,  install a new
OWC.

3. Install the coast clutch return spring.

6. NOTE: Inspect all separator and friction plates
for damage. If any damage to any of the plates
is found, install new friction and separator
plates.

NOTE: When installing the one-way clutch
(OWC) (mechanical diode) the words ‘‘this side
up’’ should be visible.

4. Using the special tool, install the coast clutch Install the coast clutch pressure plate one-way
return spring retaining ring. clutch (OWC) (mechanical diode) assembly and

the clutch plates starting with the separator
plate.

2004 E-Series, 12/2003 



307-01C-5 307-01C-5Automatic Transmission — TorqShift

DISASSEMBLY AND ASSEMBLY OF SUBASSEMBLIES (Continued)

Item Part Number Description

1 — Steel clutch plates (externally
splined)

2 — Friction clutch plates
(internally splined)

3 — Mechanical diode (one-way
clutch)

7. Install the retaining ring.

10. Install the coast clutch hub assembly into the
coast clutch cylinder assembly.

11. Install the No. 4 thrust bearing and washer.

8. Check the stack-up clearance.

• Using a feeler gauge, measure the stack-up
clearance in three places, 120 degrees apart,
between the snap ring and the coast clutch
pressure plate.

• If the clearance is not within specification,
install the correct coast clutch pressure plate
retainer snap ring and recheck the clearance. 12. NOTE: When installing the retaining ring,

make sure that it is completely seated in the
groove with the tips down against the hub.

Install the overdrive ring gear to the center
shaft and install the retaining ring.

9. Assemble the overdrive planet to the coast
clutch hub. Tighten bolts in the sequence shown
in two stages.

• Stage 1: Tighten bolts to 25 Nm (18 lb-ft).

• Stage 2: Tighten bolts an additional 90
degrees.
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DISASSEMBLY AND ASSEMBLY OF SUBASSEMBLIES (Continued)

13. Install the No. 5 thrust bearing.
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DISASSEMBLY AND ASSEMBLY

OF SUBASSEMBLIES

Center Support

Special Tool(s)

Compressor, Clutch Spring
307-015 (T65L-77515-A)

Disassembly

4. Remove the intermediate piston return spring.
1. NOTE: Note the location of the seal ring ends

and how they overlap for correct assembly.

Remove and discard the direct clutch seal rings.

5. Remove and discard the intermediate piston.

2. Remove the No. 6 thrust washer.

3. Using the special tool, remove the intermediate
piston return spring snap ring.
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DISASSEMBLY AND ASSEMBLY OF SUBASSEMBLIES (Continued)

6. Inspect the new intermediate piston.

1 Inspect the intermediate piston inner and
outer seals.

2 Inspect the check ball for free movement.

Assembly

1. Follow the disassembly procedure in reverse
order.

• Lightly lubricate the thrust washer with
petroleum jelly to hold it in place during7. NOTE: If the sealing surface or the bushing
assembly.show signs of damage or wear, a new center

support must be installed. • Install new seals.

Inspect the center support for damage or wear.
2. After the center support is completely

1 Inspect the center support bushing. assembled, apply air to the port and verify the
2 Inspect the center support sealing surface. function of the piston.

• Verify that the air bleed orifice located on
the center support is in the 12:00 o’clock
position and is not clogged. Apply air from
the piston side of the center support to
verify that the bleed orifice is clear.
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DISASSEMBLY AND ASSEMBLY

OF SUBASSEMBLIES

Forward Hub and Ring Gear

Disassembly

1. Remove the No. 10 forward clutch hub thrust
washer.

Assembly

1. Follow the disassembly procedure in reverse
order.

• Lightly lubricate the thrust washer with
petroleum jelly to hold it in place during
assembly.

2. Remove the forward hub retaining ring. • When installed, make sure the retaining ring
is fully seated in the forward ring gear ring
groove. The tips must face down against the
hub.

3. Remove the forward hub.
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DISASSEMBLY AND ASSEMBLY

OF SUBASSEMBLIES

Forward Geartrain Assembly —
Disassembly

Special Tool(s)

Fixture Handle, Coast Clutch
307-384

Fixture Body, Coast Clutch
307-385 3. Remove the direct clutch assembly.

Disassembly

1. Remove the special tools.

2. Remove the intermediate clutch plates and
pressure plate.
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DISASSEMBLY AND ASSEMBLY

OF SUBASSEMBLIES

Forward Clutch Assembly

Special Tool(s)

Compressor, Clutch Spring
307-015 (T65L-77515-A)

Material

Item Specification 3. Remove the snap ring and the forward clutch
plates.Motorcraft MERCON MERCONSP

Multi-Purpose (ATF)
Transmission Fluid
XT-6-QSP

Disassembly

NOTE: Soak all friction clutch plates in clean
automatic transmission fluid. 

1. Remove and discard the two seals and remove
the No. 7 thrust washer.

4. Using the special tool, remove the snap ring.

2. Remove the No. 8 forward clutch thrust
bearing.
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DISASSEMBLY AND ASSEMBLY OF SUBASSEMBLIES (Continued)

5. NOTE: Note the orientation of the return
spring.

Remove the forward clutch balance piston and
the return spring. Discard the forward clutch
balance piston.

2. Install the forward clutch piston.

6. Remove and discard the forward clutch piston.

3. Install the forward clutch balance piston return
spring and balance piston.

7. Clean and inspect all components for damage.

Assembly

1. Lightly lubricate the new pistons and seals with
petroleum jelly.

1 Forward clutch balance piston

2 Forward clutch balance piston return spring

3 Forward clutch piston
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DISASSEMBLY AND ASSEMBLY OF SUBASSEMBLIES (Continued)

4. Using the special tool, install the snap ring. 5. NOTE: Inspect the forward clutch plates for
damage. If any damage is found, install new
plates.

Install the forward clutch pack.

1 Cushion spring

2 Externally splined steel plates

3 Internally splined friction plates

4 Forward clutch pressure plate

6. Install the forward clutch snap ring.

7. Using a feeler gauge, measure the clearance
between the snap ring and the pressure plate in
three different locations.
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DISASSEMBLY AND ASSEMBLY OF SUBASSEMBLIES (Continued)

8. Install the No. 8 forward clutch thrust bearing, 9. Install the No. 7 thrust washer and two new
blue side up. seals.
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DISASSEMBLY AND ASSEMBLY

OF SUBASSEMBLIES

Direct Clutch Assembly

Special Tool(s)

Compressor, Clutch Spring
307-015 (T65L-77515-A)

Alignment Cone
307-455

3. Using the special tools, remove the snap ring.

Material

Item Specification

Motorcraft MERCON XT-6-QSP
SP Multi-Purpose (ATF)
Transmission Fluid

Disassembly

NOTE: Soak all friction clutch plates in clean
automatic transmission fluid. 4. NOTE: Note the orientation of the return

spring.
1. Remove the snap ring.

Remove the direct clutch balance piston and
return spring. Discard the direct clutch balance
piston.

2. Remove the direct clutch plates.
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DISASSEMBLY AND ASSEMBLY OF SUBASSEMBLIES (Continued)

5. Remove and discard the direct clutch piston. 3. Install the direct clutch return spring and a new
balance piston.

6. Clean and inspect all components for damage.
4. Using the special tools, install the snap ring.

Assembly

1. Lightly lubricate the new pistons with
petroleum jelly.

1 Direct clutch piston

2 Direct clutch return spring

3 Direct clutch balance piston

2. Install a new direct clutch piston.
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DISASSEMBLY AND ASSEMBLY OF SUBASSEMBLIES (Continued)

5. NOTE: The direct clutch plates are installed in
an alternating sequence, starting with an
externally splined steel plate, then an internally
splined friction plate, with the pressure plate on
the top just under the snap ring.

Install the plates.

1 Externally splined steel plates

2 Internally splined friction plates

3 Pressure plate

7. Using a feeler gauge, measure the clearance
between the snap ring and the pressure plate.

6. Install the snap ring.
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DISASSEMBLY AND ASSEMBLY

OF SUBASSEMBLIES

Forward Planet Assembly

Disassembly and Assembly

NOTE: Individual parts of the planet assemblies are
not repairable.

1. Remove the lube slinger.

4. Inspect the forward planet assembly.

• The pins and shafts in the plant assemblies
should be checked for loose fit or damage.
Use a new planet assembly if either
condition exists.

• Inspect the pinion gears for damaged or
excessively worn teeth.

• Check for free rotation of the pinion gears.

2. Remove the No. 12 forward clutch thrust
bearing.

5. To assemble, reverse the disassembly procedure.

• Lightly lubricate the thrust bearings with
3. Remove the No. 11 thrust bearing. petroleum jelly to hold them place during

assembly.

• The No. 12 thrust bearing must be installed
with the notched inner race facing outward.
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DISASSEMBLY AND ASSEMBLY

OF SUBASSEMBLIES

Input Shell Assembly

Check

1. Clean and inspect the forward/reverse sun gear
and input shell assembly. Check the sun gear
teeth, lug teeth and thrust surface for damage. If
any evidence of damage is found, a new input
shell assembly must be installed.

2. Inspect the front bushing for damage. If any
damage is found, a new input shell assembly
must be installed.

Copyright  2003, Ford Motor Company
Last updated: 4/8/2005 2004 E-Series, 12/2003 



307-01C-1 307-01C-1Automatic Transmission — TorqShift

DISASSEMBLY AND ASSEMBLY

OF SUBASSEMBLIES

Forward Geartrain Assembly —
Assembly

Special Tool(s)

Installer, Transmission Forward
Clutch Assembly
307-436

Bridge Adapter (use with
307-436) 3. Install the forward hub and ring gear assembly.
307-436-01

Assembly

1. Install the forward clutch assembly into the
direct clutch assembly.

4. Install the planet carrier and bearing assembly.

2. Install the No. 9 forward clutch bearing.

Copyright  2003, Ford Motor Company
Last updated: 4/8/2005 2004 E-Series, 12/2003 



307-01C-2 307-01C-2Automatic Transmission — TorqShift

DISASSEMBLY AND ASSEMBLY OF SUBASSEMBLIES (Continued)

5. Install the No. 12 thrust bearing onto the
forward carrier assembly.

7. Install the special tools. Position aside to use
during assembly.

6. Install the input shell assembly.

• Make sure the tab is engaged in the forward
clutch assembly.
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DISASSEMBLY AND ASSEMBLY

OF SUBASSEMBLIES

Output Shaft — Check

Check

1. CAUTION: Buildup of contamination
can block the flow of lubricant behind the
cup plug and cause transmission assembly
damage.

Inspect the output shaft for damage. If damage
is found, Install a new shaft.

• Inspect the output shaft.

• Inspect the park and output shaft speed 3. Inspect the park and output shaft speed (OSS)
(OSS) sensor gear. sensor gear.

• Inspect the bearing surfaces of the output
shaft for wear or scores. If excessive wear
or scoring is found, install a new output
shaft and inspect the mating components.

• Check the splines on the output shaft for
wear. Install a new output shaft if the
splines are excessively worn. Inspect all the
bushings for wear. Install new if worn or
damaged.

4. Inspect the output shaft. Make sure the lube
passages through the output shaft are clean and
free of foreign material. Install new as required.

2. Remove the park gear.
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DISASSEMBLY AND ASSEMBLY OF SUBASSEMBLIES (Continued)

5. Inspect the orifice cup plug on the end of the
output shaft for foreign material, if foreign
material is found, remove the orifice plug, flush
out the foreign material and install a new
orifice plug.
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DISASSEMBLY AND ASSEMBLY

OF SUBASSEMBLIES

4. Remove the reverse clutch ring gearReverse Planet Assembly
subassembly.

Disassembly and Assembly

1. Remove the one-way clutch pressure plate
assembly.

5. Remove the No. 14 front reverse planet thrust
washer.

2. Remove the reverse clutch plates.

3. Remove the No. 13 rear reverse planet thrust
washer.
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DISASSEMBLY AND ASSEMBLY OF SUBASSEMBLIES (Continued)

6. Inspect the reverse planet assembly. 8. Remove the snap ring. Disassemble the reverse
ring gear and hub assembly. Inspect the• The pins and shafts in the planet assemblies
components for damage. If damaged, installshould be checked for loose fit or damage.
new components.Use a new planet assembly if either

condition exists.

• Inspect the pinion gears for damaged or
excessively worn teeth.

• Check for free rotation of the pinion gears.

• Check for damage in the overdrive planet
assembly.

9. To assemble, reverse the disassembly procedure.

• Lightly lubricate the thrust washers with
petroleum jelly to hold them in place during
assembly.

• The tabs on the thrust washers must engage
the slots on the reverse planet assembly
when installed.

7. Remove the No. 15 sun gear thrust bearing.
• The snap ring tips must be facing down

toward the output shaft hub and fully
engaged in the groove.

2004 E-Series, 12/2003 



307-01C-1 307-01C-1Automatic Transmission — TorqShift

ASSEMBLY
Special Tool(s)Transmission

Aligner, Transmission Fluid
PumpSpecial Tool(s)
307-222 (T89T-70010-B)

Installer, 4x2 Extension Housing
Seal
307-462

Installer, Fluid Filler Tube
307-376

Installer, 4x4 Extension Housing
Seal
307-453

Installer, Transmission Forward
Clutch Assembly
307-436

Compressor, Clutch Spring
307-015 (T65L-77515-A)

Bridge Adapter (use with
307-436)
307-436-01

Installer, Shift Shaft Fluid Seal
307-002 (TOOL-77288)

Loading Fixture, Clutch
307-S383

Installer, Output Shaft Bushing
307-464

Air Test Plate
307-457

Handle, Torque Converter
307-091 (T81P-7902-C)

Test Plate Screw Set,
Transmission
307-126 (T82P-7006-C)

(Continued)

(Continued)
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ASSEMBLY (Continued)

Special Tool(s) Material

Alignment Cone Item Specification
307-455 MERCON SP Automatic MERCON SP

Transmission Fluid
XT-6-QSP

NOTE: Soak all friction clutch plates in clean
automatic transmission fluid. 

Nut Driver, Output Shaft NOTE: Prior to installation, lightly lubricate all
307-458

O-ring seals with clean automatic transmission fluid.

NOTE: Lightly lubricate all thrust washers with
petroleum jelly to hold them in place during
assembly.

All transmissionsInstaller, Seal Pack
307-461

1. Mount the transmission case into a suitable
stand.

2. If removed, use the special tool to install the
short fluid inlet tube.

Retaining Ring Pliers
307-343 (T95P-77001-AHR)

Retainer, Torque Converter
307-346

3. If removed, use the special tool to install a newAlignment Pins, Pump
Teflon seal retainer.307-456

• Install two new Teflon seals.

Handle
205-153 (T80T-4000-W)
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ASSEMBLY (Continued)

4. NOTE: Coat the reverse clutch piston seals 7. NOTE: The use of petroleum jelly will hold
with petroleum jelly. the No. 17 thrust bearing or washer in place

during assembly.Install the reverse clutch piston in the case until
it is fully seated in the case. For vehicles equipped with a slip yoke, install

the No. 17 park gear thrust bearing. For
vehicles equipped with a fixed yoke, install the
No. 17 park gear thrust washer.

5. Install the reverse clutch return spring assembly.

8. WARNING: Be careful when installing
the output shaft not to damage the seals or a
transmission leak could occur.

Install the output shaft.

6. WARNING: Do not overcompress the
return spring, damage to the spring will
occur.

Using the special tool, install the reverse clutch
return spring snap ring.
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ASSEMBLY (Continued)

9. CAUTION: The Torx screw has a
threadlocking compound. If the screw is
removed, it must be discarded and a new
screw installed.

If removed, install the parking pawl abutment
with a new Torx screw.

12. Install a new orifice lube plug in the rear of the
case. Using a 12 mm (0.48 in) socket, tap the
orifice lube plug into the back of the
transmission. Check to make sure that the
orifice lube plug is fully seated into the back of
the  transmission.

10. Install the parking pawl.

1 Install the parking pawl shaft.

2 Install the parking pawl.

3 Install the parking pawl return spring.

13. Install a new extension housing gasket.

11. NOTE: Make sure the dimple on the parking
guide support plate is facing inward.

Install the parking rod guide plate.

1 Install the parking rod guide plate.

2 Install the bolts.
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ASSEMBLY (Continued)

14. Install the extension housing. 17. Install the manual control lever.

15. Using the special tool, install a new manual 18. Install the roll pin into the case.
control lever seal.

19. Install a new roll pin. Leave 2 mm (0.08 in) of
16. Install the transmission range sensor, park rod the pin exposed.

assembly and loosely install the bolts.
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ASSEMBLY (Continued)

20. Tighten the transmission range sensor bolts.

24. If the vehicle is equipped with a fixed yoke,
install the output flange.

Fixed yoke transmissions
1 Install the flange.

2 Install a new bolt.
21. Use the special tool and install a new extension

housing seal.

Slip yoke transmissions

22. Inspect the output shaft nut O-ring for cuts. If
25. If removed, install a new output shaft bushingthere is any damage to the nut or seal, a new

using the special tool.nut must be installed.

23. Using the special tool, install a new output
shaft nut.
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ASSEMBLY (Continued)

26. Install a new output shaft seal using the special 29. Install the reverse carrier and hub assembly.
tool.

30. Install the low/reverse clutch plates.
All transmissions • Start with a steel plate on the bottom,

followed by a friction plate.
27. Install the No. 16 bearing and race. • Alternately stack the remaining steel and

friction plates.

• Add the pressure plate (low/reverse one way
clutch) on the last friction plate with THIS
SIDE UP facing upward.

28. Install the ring gear, hub and the No. 15 hub
bearing.
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ASSEMBLY (Continued)

31. CAUTION: Do not apply air pressure
to move the low/reverse piston without first
installing the friction plates and the snap
ring, damage to the snap ring will occur.

Install the new snap ring. Make sure the snap
ring opening is in the one o’clock position,
between 2 teeth on the case.

• Check the function of the reverse clutch by
applying air to the correct passage (through
the case valve body worm trail) for the
reverse clutch.

34. Install the intermediate clutch plates, starting
with a friction plate.

32. Using the special tools, install the forward
geartrain as an assembly.

35. Install the center support.

33. Install the intermediate clutch pressure plate.

• Position the intermediate clutch pressure
plate in the case with the stepped edge
facing downward.
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ASSEMBLY (Continued)

36. Loosely install the feed bolts. 39. Install the No. 5 thrust bearing onto the center
support.

37. Using the special tool, install the center support
snap ring. 40. Install the center shaft and ring gear.

• The snap ring should be installed with the
flat edge facing downward. The gap in the
snap ring should be facing in the six o’clock
position. Tap the snap ring securely into the
case.

41. Install the No. 4 thrust bearing onto the center
shaft.

38. Tighten the feed bolts.
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ASSEMBLY (Continued)

42. Using the special tool, install the coast clutch 45. Install the overdrive clutch.
assembly and overdrive carrier. • Start with a friction plate, alternating with a

steel plate.

43. Install the overdrive clutch assembly snap ring
with the gap in the six o’clock position. 46. Install a new pump gasket.

44. Install the overdrive pressure plate with the 47. Install the No. 2 thrust bearing.
notches facing up.
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ASSEMBLY (Continued)

48. Install the input shaft into the case. 52. Install new retaining bolts.

49. Install the special tools into the case in order to 53. Install a new main control body gasket.
install the pump.

50. Check to make sure that the No. 1 thrust
washer is installed on the pump stator.

51. Using the special tools, install the pump
assembly.
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ASSEMBLY (Continued)

54. Using the special tools, check the function of
each clutch. Apply 20 psi (137.9 kPa) of air to
each port.

Item Part Number Description

1 — Coast clutch

2 — Intermediate clutch

3 — Reverse clutch

4 — Forward clutch

5 — Direct clutch

6 — Overdrive clutch

55. Use petroleum jelly to hold the forward clutch
orifice in place on the top of the forward clutch
feed bolt.
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ASSEMBLY (Continued)

56. Using the special tools, install the solenoid
body and loosely install the bolts.

• While installing the solenoid body, align the
manual valve.
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ASSEMBLY (Continued)

57. Tighten all the bolts in the sequence shown.

58. Connect the transmission range sensor
connector.

59. NOTE: Prior to installing the fluid filter, make
sure that the old seal is not stuck in the case.

Install a new transmission fluid filter.
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ASSEMBLY (Continued)

60. NOTE: Do not discard the fluid pan gasket. It 63. Install the output shaft speed (OSS) sensor.
is reusable.

Install the transmission fluid pan gasket to the
fluid pan. Make sure the magnet is positioned
over the dimple in the fluid pan.

64. CAUTION: Do not damage the fluid
pump gear O-ring when installing the torque
converter.

CAUTION: Make sure the converter
61. Install the transmission fluid pan. hub is fully engaged in the front pump

support and gear and rotates freely. Do not
damage the hub seal.

CAUTION: If the torque converter
slides out, the hub seal may be damaged.

Lubricate the converter hub with clean
automatic transmission fluid.

62. Install the intermediate shaft and turbine shaft
speed (TSS) sensor.
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ASSEMBLY (Continued)

65. CAUTION: Use care when installing
the torque converter to avoid damage to the
front pump stator support seal.

NOTE: Check the converter crankshaft pilot for
nicks or damaged surfaces that can cause
interference when installing the transmission to
the engine. Check the converter impeller hub
for nicks or sharp edges that can damage the
pump seal.

Using the special tools, install the torque
converter. Push and rotate the converter onto
the front pump assembly until it bottoms out.

67. Use the special tool to hold the torque converter66. Check the seating of the torque converter.
in place when installing the transmission.

1 Place the straightedge across the converter
housing.

2 Make sure there is a gap between the
converter pilot face and the straightedge.

3 Remove the special tools.

2004 E-Series, 12/2003 



307-01C-1 307-01C-1Automatic Transmission — TorqShift

INSTALLATION

Transmission — Gasoline Engines

Special Tool(s)

Strap Wrench
303-D055 (D85L-6000-A)

Retainer, Torque Converter
307-346 (T97T-7902-A)

3. Loosely install the fluid filter bracket and bolt.

Material

Item Specification

Motorcraft MERCON MERCONSP
Multi-Purpose (ATF)
Transmission Fluid
XT-6-QSP

Multi-Purpose Grease ESB-M1C93-B
D0AZ-19584-AA

Installation 4. Tighten the transmission fluid cooler tube nuts
and remove the bracket bolt.

CAUTION: Install a new oil-to-air (OTA)
cooler as part of a transmission overhaul, or
when installing a remanufactured transmission
due to major metallic failure, multiple clutches
or clutch plate failures or sufficient component
wear, which results in  metallic contamination.

CAUTION: Prior to installation of a new
or overhauled transmission, the fluid cooler lines
must be cleaned.

1. CAUTION: Prior to installation of a
new or overhauled transmission, a new
transmission fluid cooler remote filter must
be installed.

Install a new transmission fluid cooler remote
filter. For additional information, refer to
Transmission Fluid Remote Filter in this
section.

2. Loosely position the fluid cooler tubes in place.
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307-01C-2 307-01C-2Automatic Transmission — TorqShift

INSTALLATION (Continued)

5. If equipped, install the transmission-mounted 8. If the special tool has not been installed during
parking brake. the assembly of the transmission, install the

special tool to hold the torque converter in1 Install a new transmission-mounted parking
place while moving and positioning thebrake gasket.
transmission in place. Once the transmission is

2 Keeping the vent in an upward position, in place, prior  to bolting it to the engine,
install the transmission-mounted parking remove the special tool.
brake assembly.

3 Install the transmission-mounted parking
retaining bolts.

9. Position the transmission in place. While raising
the transmission up into the engine
compartment, align the fluid filler tube with the
stub tube on the transmission using the fluid6. CAUTION: Prior to the installation of
level indicator as a guide.the assembly, the torque converter pilot hub

must be correctly lubricated or damage to While installing the transmission to the engine,
the torque converter or the engine align the torque converter studs with the
crankshaft can occur. mounting holes in the flexplate.
Lubricate the torque converter pilot hub with
multi-purpose grease.

7. Rotate the torque converter so the orange or
green paint daub is in the 12 o’clock position.
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INSTALLATION (Continued)

10. Position the electrical wiring harness bracket in 13. Install the new torque converter-to-flexplate
place and install the eight nuts.
transmission-to-engine bolts.

14. Install the cylinder block opening cover.
11. Connect the wire harness to the bracket.

15. Install the wire harness retaining clip into the
12. Using the special tool, rotate the crankshaft to transmission on the LH side.

gain access to the torque converter studs.
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INSTALLATION (Continued)

16. Connect the wire harness on the RH side of the 20. Position the crossmember to the transmission
transmission. mount and loosely install the nut.

17. Install the starter motor. For additional 21. Install the LH crossmember bracket.
information, refer to Section 303-06A.

18. Install the torque converter cover and screws.

22. Install the LH crossmember nuts.

19. Install the transmission mount.
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INSTALLATION (Continued)

23. Install the RH crossmember bracket.

27. Connect the intermediate shaft and turbine shaft
combination speed sensor electrical connector.

24. Install the RH crossmember nuts.

28. Connect the solenoid body electrical connector.
25. Tighten the rear insulator nuts.

26. Connect the output shaft speed (OSS) sensor
electrical connector.
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INSTALLATION (Continued)

29. Install the forward RH heat shield and screws
to the frame.

33. Install the heat shield screws onto the
crossmember.

30. Install the forward RH heat shield screw.

34. Connect the shift cable.

1 Install the cable housing bracket with one
31. Install the center heat shield screw. stud bolt and one bolt.

2 Install the bolt and nut for the filter housing
and bracket.

3 Connect the wire harness to the bracket.

4 Install the shift cable to the manual lever.

32. Install the center heat shield screws.
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INSTALLATION (Continued)

35. NOTE: Install a new remote filter element. 38. If equipped, connect the transmission-mounted
parking brake.Install the fluid cooler lines to the filter

housing. 1 Install the parking cable into the bracket.

2 Position the cable end onto the lever.

3 Install the retaining pin and clip.

4 Install the return spring.

36. Install the transmission fluid cooler tube
retainers.

39. Install the rear driveshaft. For additional
information, refer to Section 205-01.

40. CAUTION: If installing a newly
overhauled or a new transmission, a new
transmission fluid cooler remote filter must
be installed. Otherwise transmission failure
can occur.

Install a new transmission fluid cooler remote
filter. For additional information, refer to
Transmission Fluid Remote Filter in this
section.37. If equipped, install the wire harness and install

the two retaining clips to the rear of the
crossmember.
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INSTALLATION (Continued)

41. Use the following guidelines for the in-line 42. Connect the battery ground cable. For additional
transmission fluid filter: information, refer to Section 414-01.

• If the transmission was overhauled and the
43. Adjust the shift linkage. Verify that the vehiclevehicle was equipped with an in-line fluid

starts in PARK and NEUTRAL and thefilter, install a new in-line fluid filter.
REVERSE lamps illuminate in REVERSE. For

•  If the transmission was overhauled and the additional information, refer to Section 307-05.
vehicle was not equipped with an in-line
fluid filter, install a new in-line fluid filter 44. Install the fluid level indicator.
kit.

45. With the engine running and the transmission at• If the transmission is being installed for a
normal operating temperature 66-77°Cnon-internal repair, do not install an in-line
(150-170°F), check and adjust the transmissionfilter or filter kit.
fluid level, and check for any leaks. If fluid is• If installing a new or a Ford authorized
needed, add fluid in increments of 0.24 literremanufactured transmission, install the
(0.5  pint) until the correct level is achievedin-line transmission fluid filter that is
(fluid should be in the cross-hatched area of thesupplied.
fluid level indicator).

Prior to lowering the vehicle, install a new
in-line transmission filter or a filter kit.
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INSTALLATION

Transmission — Diesel Engines

Special Tool(s)

Strap Wrench
303-D055 (D85L-6000-A)

Retainer, Torque Converter
307-346 (T97T-7902-A)

3. Loosely install the fluid filter bracket and bolt.

Material

Item Specification

Motorcraft MERCON MERCONSP
Multi-Purpose (ATF)
Transmission Fluid
XT-6-QSP

Multi-Purpose Grease ESB-M1C93-B
D0AZ-19584-AA

Installation 4. Tighten the transmission fluid cooler tube nuts
and remove the bracket bolt.

CAUTION: Install a new oil-to-air (OTA)
cooler as part of a transmission overhaul, or
when installing a remanufactured transmission
due to major metallic failure, multiple clutches
or clutch plate failures or sufficient component
wear, which results in  metallic contamination.

CAUTION: Prior to installation of a new
or overhauled transmission, the fluid cooler lines
must be cleaned.

1. CAUTION: Prior to installation of a
new or overhauled transmission, a new
transmission fluid cooler remote filter must
be installed.

Install a new transmission fluid cooler remote
filter. For additional information, refer to
Transmission Fluid Remote Filter in this
section.

2. Loosely position the fluid cooler tubes in place.
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INSTALLATION (Continued)

5. If equipped, install the transmission-mounted 8. If the special tool has not been installed during
parking brake. the assembly of the transmission, install the

special tool to hold the torque converter in1 Install a new transmission-mounted parking
place while moving and positioning thebrake gasket.
transmission in place. Once the transmission is

2 Keeping the vent in an upward position, in place, prior  to bolting it to the engine,
install the transmission-mounted parking remove the special tool.
brake assembly.

3 Install the transmission-mounted parking
retaining bolts.

9. Position the transmission in place. While raising
the transmission up into the engine
compartment, align the fluid filler tube with the
stub tube on the transmission using the fluid6. CAUTION: Prior to the installation of
level indicator as a guide.the assembly, the torque converter pilot hub

must be correctly lubricated or damage to While installing the transmission to the engine,
the torque converter or the engine align the torque converter studs with the
crankshaft can occur. mounting holes in the flexplate.
Lubricate the torque converter pilot hub with
multi-purpose grease.

7. Rotate the torque converter so the orange or
green paint daub is in the 12 o’clock position.
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INSTALLATION (Continued)

10. Position the electrical wiring harness bracket in 13. Install the new torque converter-to-flexplate
place and install the eight nuts.
transmission-to-engine bolts.

14. Install the cylinder block opening cover.
11. Connect the wire harness to the bracket.

15. Install the wire harness retaining clip into the
12. Using the special tool, rotate the crankshaft to transmission on the LH side.

gain access to the torque converter studs.
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INSTALLATION (Continued)

16. Connect the wire harness on the RH side of the 19. Install the transmission mount.
transmission.

20. Position the crossmember to the transmission
17. Install the oil filter housing. mount and loosely install the nut.

18. Connect the oil cooler lines. 21. Install the LH crossmember bracket.
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INSTALLATION (Continued)

22. Install the LH crossmember nuts.

26. Connect the output shaft speed (OSS) sensor
electrical connector.

23. Install the RH crossmember bracket.

27. Connect the intermediate shaft and turbine shaft
24. Install the RH crossmember nuts. combination speed sensor electrical connector.

25. Tighten the rear insulator nuts.
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INSTALLATION (Continued)

28. Connect the solenoid body electrical connector.

31. Connect the retainers to the remote filter
housing.

29. Connect the shift cable.

1 Install the cable housing bracket with one
stud bolt and one bolt.

2 Install the bolt and nut for the filter housing
and bracket.

3 Connect the wire harness to the bracket.

4 Install the shift cable to the manual lever.

32. If equipped, install the wire harness and install
the two retaining clips to the rear of the
crossmember.

30. NOTE: Install a new remote filter element.

Install the fluid cooler lines to the filter
housing.
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INSTALLATION (Continued)

33. If equipped, connect the transmission-mounted 36. Use the following guidelines for the in-line
parking brake. transmission fluid filter:

1 Install the parking cable into the bracket. • If the transmission was overhauled and the
vehicle was equipped with an in-line fluid2 Position the cable end onto the lever.
filter, install a new in-line fluid filter.

3 Install the retaining pin and clip.
•  If the transmission was overhauled and the

4 Install the return spring. vehicle was not equipped with an in-line
fluid filter, install a new in-line fluid filter
kit.

• If the transmission is being installed for a
non-internal repair, do not install an in-line
filter or filter kit.

• If installing a new or a Ford authorized
remanufactured transmission, install the
in-line transmission fluid filter that is
supplied.

Prior to lowering the vehicle, install a new
in-line transmission filter or a filter kit.

37. Adjust the shift linkage. Verify that the vehicle
34. Install the rear driveshaft. For additional starts in PARK and NEUTRAL and the

information, refer to Section 205-01. REVERSE lamps illuminate in REVERSE. For
additional information, refer to Section 307-05.

35. CAUTION: If installing a newly
overhauled or a new transmission, a new 38. Install the fluid level indicator.
transmission fluid cooler remote filter must
be installed. Otherwise transmission failure 39. With the engine running and the transmission at
can occur. normal operating temperature 66-77°C

(150-170°F), check and adjust the transmissionInstall a new transmission fluid cooler remote
fluid level, and check for any leaks. If fluid isfilter. For additional information, refer to
needed, add fluid in increments of 0.24 literTransmission Fluid Remote Filter in this
(0.5  pint) until the correct level is achievedsection.
(fluid should be in the cross-hatched area of the
fluid level indicator).
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307-02-1 307-02-1Transaxle/Transmission Cooling

Torque Specifications
SPECIFICATIONS

Description Nm lb-ft
General Specifications

Front fluid cooler 27 20
Item Specification tube-to-cooler bypass valve

(CBV) fitting (4R100)Fluid
Rear fluid cooler 27 20Motorcraft MERCON MERCON
tube-to-cooler line case fittingMulti-Purpose (ATF)
(4R100)Transmission Fluid

XT-2-QDX (4R100) Fluid cooler tube-to-case 20 15
fitting (4R70W/4R75W)MERCON V Automatic MERCON V

Transmission Fluid Cooler line bracket 12 9
XT-5-QM nut-to-engine stud
(4R70W/4R75W)

Fluid cooler inlet/outlet 40 30
Motorcraft MERCON WSS-M2C919-D line-to-case fitting (TorqShift)
SP Multi-Purpose (ATF)

Fluid cooler line-to-cooler 40 30Transmission Fluid
inlet fitting (TorqShift)XT-6-QSP
Fluid cooler line-to-cooler 40 30
outlet fitting (TorqShift)

Remote mount filter bracket 25 18
to case (TorqShift)
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307-02-1 307-02-1Transaxle/Transmission Cooling

DESCRIPTION AND OPERATION

• hose clampsTransmission Cooling
• an auxiliary transmission fluid coolerThe transmission fluid cooling system, without an

auxiliary transmission fluid cooler, consists of: • a fluid cooler return tube

The transmission fluid flows from the transmission• an in-tank fluid cooler inlet tube
(front fitting for 4R100 and TorqShift, bottom• a non-repairable in-tank transmission fluid cooler
fitting for 4R70W), to the in-tank transmission fluid

• an in-tank fluid cooler return tube cooler, to the auxiliary transmission fluid cooler, if
The transmission fluid cooling system, with an so equipped, and returns to the  transmission (rear
auxiliary transmission fluid cooler, consists of: fitting for 4R100 and TorqShift).

For fluid cooler flow testing, and backflushing and• an in-tank fluid cooler inlet tube
cleaning procedures, refer to Section 307-01A,

• a non-repairable in-tank transmission fluid cooler Section 307-01B or Section 307-01C.
• fluid cooler hoses

Transmission Cooling Components — 4R100 Transmission

Item Part Number Description Item Part Number Description

4 — Fluid inlet hose1 — Fluid outlet line

5 — Clamps2 7H322 Cooler bypass valve (CBV)
assembly

3 7A030 In-tank fluid cooler outlet
tube

(Continued)
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307-02-2 307-02-2Transaxle/Transmission Cooling

DESCRIPTION AND OPERATION (Continued)

Transmission Cooling Components — TorqShift Transmission

Item Part Number Description Item Part Number Description

7 — Bolt1 7R081 Cooler line assembly

8 7A095 Oil-to-air cooler2 7R081 Cooler line assembly

9 7B155 External ATF filter assembly3 7N291 Cooler line clip

10 — Fluid outlet4 7890 Cooler hose

11 — Fluid inlet5 7890 Cooler hose

6 8287 Clamp
(Continued)
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DESCRIPTION AND OPERATION (Continued)

Transmission Cooling Components — 4R70W/4R75W Transmission

Item Part Number Description Item Part Number Description

4 — Fluid inlet1 8005 Radiator (with in-tank
transmission fluid cooler) 5 7A031 Fluid cooler return tube

2 7A095 Auxiliary transmission fluid 6 7A030 In-tank fluid cooler inlet tube
cooler

7 — 4R70W/4R75W transmission
3 — Fluid outlet

(Continued)

2004 E-Series, 12/2003 



307-02-1 307-02-1Transaxle/Transmission Cooling

DIAGNOSIS AND TESTING

Transmission Cooling

Inspection and Verification

CAUTION: When internal wear/damage
occurs in the transmission, metal particles, clutch
plate material, and band material can travel into
the torque converter, the fluid cooler tubes, the
intank transmission fluid cooler and the oil-to-air
(OTA)  transmission fluid cooler, if so equipped.
These contaminants are a major cause of
recurring transmission concerns. To prevent
future concerns, remove these contaminants from
the cooling system before placing the
transmission back into use. Refer to  Section
307-01A, Section 307-01B or Section 307-01C for
fluid cooler flow testing, backflushing and
cleaning, torque converter cleaning and
inspection, and flushing. Refer to Section
307-01A for cooler bypass valve (CBV) assembly
cleaning and flushing.

1. Visually inspect for obvious signs of
mechanical damage, incorrect component
installation, and system leaks. Repair as
necessary.

• Install a new or remanufactured radiator
when fluid is found leaking from the in-tank
transmission fluid cooler. For additional
information, refer to Section 303-03.

• Install a new O-ring when transmission fluid
is found leaking between the radiator
transmission oil cooler and the transmission
oil cooler fitting (not the cooler line into the
fitting). For additional information, refer to
Component Test in  this section.

• Install a new OTA transmission fluid cooler
if there is leakage from the fluid cooler, and
always as part of a transmission overhaul or
exchange. For additional information, refer
to  Auxiliary Transmission Fluid Cooler in
this section.

2. If the fault is not visually evident, GO to
Symptom Chart.
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307-02-2 307-02-2Transaxle/Transmission Cooling

DIAGNOSIS AND TESTING (Continued)

Symptom Chart

SYMPTOM CHART

Condition Possible Sources Action
• Transmission overheating • Excessive vehicle or towing • REFER to the vehicle

loads, severe vehicle use. specification manual for load
and GVW/GCW information.
REFER to the Owner’s
Guide.

• Incorrect fluid level. • CHECK and, if necessary,
ADJUST the fluid to the
correct level. REFER to
Section 307-01A, Section
307-01B or  Section 307-01C.

• Fluid condition. • CHECK fluid condition.
REFER to Section 307-01A,
Section 307-01B or  Section
307-01C.

• Incorrect fluid type. • REFER to Specifications in
this section.

• Transmission cooling system • CARRY OUT the
damaged, blocked, restricted transmission fluid cooler flow
or installed incorrectly. test. REFER to Section

307-01A, Section 307-01B or
Section 307-01C.

• Cooler bypass valve (CBV) • INSPECT for damage and
assembly (4R100 only) restrictions. If necessary,
damaged, blocked, restricted REFER to Cooler Bypass
or installed incorrectly. Valve — 4R100 Transmission

in this section for removal
and installation. REFER to
Section 307-01A for flushing
and cleaning procedure.

• System leaks. •  REFER to Section 307-01A,
Section 307-01B or  Section
307-01C.

• Engine overheating. • REFER to Section 303-03.
• Powertrain control system • CARRY OUT on-board

electrical inputs/outputs, diagnostics. REFER to the
vehicle wiring harnesses, Powertrain Control/Emissions
powertrain control module Diagnosis (PC/ED) manual,
(PCM), torque converter and Section 307-01A,
clutch (TCC) solenoid. Section 307-01B or Section

307-01C.
• Internal transmission • REFER to Section 307-01A,

concerns. Section 307-01B or  Section
307-01C.

• Fluid leak at transmission • Transmission fluid • REFER to the Component
in-tank cooler cooler-to-fluid cooler fitting. Test in this section.
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DIAGNOSIS AND TESTING (Continued)

Component Test 4. CAUTION: Oil-based solvents and
cleaners should not be used when cleaningTransmission Fluid Cooler Leaks at Radiator
the radiator. Oil-based solvents and cleaners

Transmission fluid may leak between the radiator can damage the radiator end tank seals and
transmission fluid cooler and the transmission fluid cause leaks.
cooler fitting (not the cooler line into the fitting),

Clean the area around the transmission fluidwhich may result in a residue of transmission fluid
cooler fittings so that contaminants do not enteron the radiator tank around the  fluid cooler fitting.
the transmission fluid cooler when theInsufficient thread sealer on the transmission fluid
transmission fluid cooler fittings are removed.cooler fitting may cause this.

1. Clean the area around the transmission fluid
cooler fittings.

5. NOTE: Remove only one transmission fluid
cooler fitting at a time, otherwise the cooler
may drop into the radiator.

2. Verify that transmission fluid is leaking
Remove the upper transmission fluid coolerbetween the transmission fluid cooler and the
fitting.transmission fluid cooler fitting (not the

6. Once the fitting is removed from thetransmission fluid cooler line fitting into the
transmission fluid cooler, verify that there is atransmission fluid cooler fitting).
gasket between the transmission fluid cooler
and the inside of the radiator tank.

• If there is no gasket, install a new radiator.

• If there is a gasket, proceed to the next step.

7. Inspect the transmission fluid cooler fitting
threads for damage.

• If the threads are damaged, install a new
radiator.

3. Remove the radiator from the vehicle and place
it on a flat surface with the transmission fluid
cooler fittings facing upward. For additional
information, refer to  Section 303-03.
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DIAGNOSIS AND TESTING (Continued)

• If the threads show no sign of damage,
proceed to the next step.

9. NOTE: Do not use air tools to tighten the
transmission fluid cooler fitting. Use a
hand-operated torque wrench only.

8. CAUTION: Thread sealant or tape Making sure that the gasket between the
should never be used on the threads of the transmission fluid cooler and the inside of the
transmission fluid cooler fittings. The use of radiator tank is still in place, install the
such materials will create a leak path. transmission fluid cooler fitting.
Install a new O-ring on the transmission fluid 10. Follow the procedure to install a new O-ring on
cooler fitting. the other transmission fluid cooler fitting.

11. Make sure that no radiator coolant has entered
the transmission fluid cooler. Install the radiator
in the vehicle.

12. Verify that both the transmission and the engine
cooling system are at the correct fluid levels.
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REMOVAL AND INSTALLATION
Vehicles with 4R100 transmissionAuxiliary Transmission Fluid Cooler

3. With the vehicle in NEUTRAL, position it on aMaterial
hoist. For additional information, refer to

Item Specification
Section 100-02.

Motorcraft MERCON WSS-M2C919-D
SP Multi-Purpose (ATF) All vehicles
Transmission Fluid
XT-6-QSP

4. Install the radiator grille opening panel
Removal reinforcement. For additional information, refer

to Section 501-02.
Vehicles equipped with 4R100 transmission

Vehicles with 4R100 transmission

1. With the vehicle in NEUTRAL, position it on a
hoist. For additional information, refer to 5. CAUTION: Do not use any fluid
Section 100-02. approved for MERCON V application.

Using a fluid rated for MERCON V may
2. If not done previously, carry out the cause internal damage in MERCON only

transmission fluid cooler flow test procedure. applications.
For additional information, refer to Section Fill the transmission with the specified type and
307-01A. quantity of clean transmission fluid. For

additional information, refer to SectionAll vehicles
307-01A.

3. Remove the radiator grille opening panel Vehicles with 4R70W/4R75W transmission
reinforcement. For additional information, refer
to Section 501-02. 6. Fill the transmission with the specified type and

quantity of clean transmission fluid. For4. Disconnect the fluid cooler hoses from the
additional information, refer to Sectionauxiliary transmission fluid cooler.
307-01B.

• Use MERCON V Automatic Transmission5. Remove the auxiliary transmission fluid cooler.
Fluid XT-5-QM or equivalent meeting

Installation MERCON V specification.

All vehiclesAll vehicles

7. Check for leaks.1. Install the auxiliary transmission fluid cooler.

2. Connect the fluid cooler hoses to the auxiliary
transmission fluid cooler. Install the hose
clamps.
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REMOVAL AND INSTALLATION

Auxiliary Transmission Fluid Cooler
— Oil-to-Air Fluid Cooler, TorqShift

Material

Item Specification

Motorcraft MERCON WSS-M2C919-D
SP Multi-Purpose (ATF)
Transmission Fluid
XT-6-QSP

Removal

1. Remove only the upper bolts by inserting a 5. Release the constant tension clamp from the
long extension and socket through the front cooler outlet to auxiliary cooler inlet fitting
grille and bumper. hose at the auxiliary cooler and disconnect the

hose.

2. With the vehicle in NEUTRAL, position it on a
hoist. For additional information, refer to 6. Release the constant tension clamp from the
Section 100-02. auxiliary cooler return hose to the remote

mount fluid filter housing inlet hose at the
3. Remove the bolts and the skid plate (4x4 only). bottom of the radiator. Separate the hoses.

4. Remove the bolts and the air deflector.
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REMOVAL AND INSTALLATION (Continued)

7. Remove the remaining bolts from the oil-to-air
(OTA) transmission fluid cooler.

3. Connect the auxiliary cooler inlet hose and
install the constant tension clamp.

Installation

CAUTION: Do not attempt to backflush
and clean the OTA transmission fluid cooler.
Install a new OTA transmission fluid cooler as
part of a transmission overhaul or exchange.
Failure to follow these directions can result in
transmission damage

1. Position the OTA transmission fluid cooler in
the vehicle and install the lower bolts.

4. Position the air deflector and install the bolts.

2. Connect the OTA auxiliary cooler return hose
to the remote mounted fluid filter and install the
constant tension clamp.
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REMOVAL AND INSTALLATION (Continued)

5. Position the skid plate and install the bolts (4x4
only).

7. CAUTION: Use only MERCON SP
Transmission Fluid to service TorqShift
transmissions. Mixing MERCON or

6. Install the upper bolts by inserting a long MERCON V may cause transmission
extension and socket through the front grille damage. Use of any fluid other than the
and bumper. recommended fluid can cause transmission

damage.

Fill the transmission with the specified type and
quantity of transmission fluid. For additional
information, refer to Section 307-01C.

8. Check for leaks.
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REMOVAL AND INSTALLATION

4. Disassemble and clean the CBV. For additionalCooler Bypass Valve — 4R100
information, refer to Section 307-01A.Transmission

Installation
Material

Item Specification 1. CAUTION: Failure to correctly install
Motorcraft MERCON MERCON the new rubber-coated sealing washers will
Multi-Purpose (ATF) result in transmission fluid leaks.
Transmission Fluid

Install new rubber-coated sealing washers andXT-2-QDX
new cooler line case fittings.

Removal 1 Install one rubber-coated sealing washer on
each cooler line case fitting.

1. With the vehicle in NEUTRAL position it on a
2 Install both cooler line case fittings intohoist. For additional information, refer to

their respective ends of the CBV assembly.Section 100-02.
3 Install one rubber-coated sealing washer on

each cooler line case fitting.2. Remove the fluid cooler tubes from the cooler
bypass valve (CBV) fitting.

3. NOTE: The two rubber coated sealing washers
can fall out during removal of the front line
case fitting.

 Remove the cooler bypass valve (CBV) from
the transmission case.
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REMOVAL AND INSTALLATION (Continued)

3. Install the transmission fluid cooler tube nuts.2. CAUTION: If the cooler line case
fitting is over-tightened the rubber coated
sealing washers and/or cooler line case
fittings can be damaged, causing a
transmission fluid leak.

NOTE: The CBV has a check ball in the rear
fitting and will only allow flow in one
direction. Make sure check ball moves freely.

NOTE: Align the two rubber coated sealing
washers, while assembling the rear CBV fitting.

Install the CBV onto the transmission case.

4. Fill the transmission to the specified level with
clean automatic transmission fluid. For
additional information, refer to the Fluid
Capacity chart in the Specifications portion of
this section.
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REMOVAL AND INSTALLATION

Transmission Fluid Cooler Tubes —
4R100 Transmission

Material

Item Specification

Motorcraft MERCON MERCON
Multi-Purpose (ATF)
Transmission Fluid
XT-2-QDX (4R100)

Removal

1. With the vehicle in NEUTRAL, position it on a 2. Tighten the cooler tube fitting(s).
hoist. For additional information, refer to
Section 100-02.

2. If not done previously, carry out the
transmission fluid cooler flow test procedure.
For additional information, refer to Section
307-01A.

3. NOTE: If cooler bypass valve (CBV) assembly
(7H322) removal is necessary, refer to Cooler
Bypass Valve — 4R100 Transmission in this
section.

Remove the fluid cooler tube(s)/hose(s), as
necessary.

3. CAUTION: Do not use any fluid
approved for MERCON V application.
Using a fluid rated for MERCON V may
cause internal damage in MERCON only
applications.

Fill the transmission with the specified type and
quantity of clean transmission fluid. For
additional information, refer to Section
307-01A.

4. Check for leaks.

Installation

1. NOTE: If the CBV assembly was removed,
refer to Cooler Bypass Valve — 4R100
Transmission in this section for the installation
procedure.

Install the fluid cooler tube(s)/hose(s).
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REMOVAL AND INSTALLATION

Transmission Fluid Cooler Tubes —
4R70W Transmission

Material

Item Specification

MERCON V Automatic MERCON V
Transmission Fluid
XT-5-QM, XT-5-DM

Removal and Installation

1. With the vehicle in NEUTRAL, position it on a
hoist. For additional information, refer to 3. To install, reverse the removal procedure.
Section 100-02.

• Fill the transmission with clean transmission
fluid. For additional information, refer to2. Remove the fluid cooler tube(s)/hose(s), as
Section 307-01B.necessary.

• Check for leaks.
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REMOVAL AND INSTALLATION

Transmission Fluid Cooler Tubes —
TorqShift

Special Tool(s)

Disconnect Tool, Transmission
Cooler Line
307-459

Material 4. Using the special tool, disconnect the fluid
Item Specification cooler tubes from the remote mount

transmission fluid filter housing.Motorcraft MERCON WSS-M2C919-D
SP Multi-Purpose (ATF)
Transmission Fluid
XT-6-QSP

Removal

1. With the vehicle in NEUTRAL, position it on a
hoist. For additional information, refer to
Section 100-02.

2. Remove the bolts and the skid plate (4x4 only).

5. Remove the transmission fluid cooler lines from
the transmission case.

3. Remove the bolts and the air deflector.
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REMOVAL AND INSTALLATION (Continued)

6. Remove the nut, the fluid cooler tube bracket
and the fluid cooler tubes.

Installation

1. Install the inlet and outlet lines from auxiliary
7. Remove the three bolts from the remote fluid cooler and radiator in-tank reservoir.

mounted transmission oil filter bracket. 1 Install the cooler line clips.

2 Connect the fluid lines to the radiator
in-tank reservoir.

3 Connect the hose and install the constant
tension clamp from the auxiliary cooler
outlet.

4 Connect the hose and install the constant
tension clamp from the fluid filter return
inlet line.

8. Remove the inlet and outlet lines from auxiliary
fluid cooler and radiator in-tank reservoir.

1 Remove the cooler line clips.

2 Disconnect the fluid lines from the radiator
in-tank reservoir.

3 Remove the constant tension clamp from
the auxiliary cooler outlet and disconnect
the hose.

4 Remove the constant tension clamp from
the fluid filter return inlet line and
disconnect the hose.
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REMOVAL AND INSTALLATION (Continued)

2. Install the remote mount transmission fluid
filter bracket.

6. Position the air deflector and install the bolts.

3. Install the fluid cooler tubes, the fluid cooler
tube bracket and the fluid cooler tube bracket
nut.

7. Position the skid plate and install the bolts (4x4
only).

4. Connect the transmission cooler inlet and outlet
lines to the remote mount fluid filter housing.

8. Lower the vehicle.

5. Install the fluid cooler tubes in the front and
rear cooler line case fittings.

2004 E-Series, 12/2003 



307-02-4 307-02-4Transaxle/Transmission Cooling

REMOVAL AND INSTALLATION (Continued)

10. Check for leaks.9. CAUTION: Use only MERCON SP
Transmission Fluid to service TorqShift
transmissions. Mixing MERCON or
MERCON V in a TorqShift transmission
may cause transmission damage. Use of any
fluid other than the recommended fluid can
cause transmission damage.

Fill the transmission with the specified type and
quantity of transmission fluid. For additional
information, refer to Section 307-01C.
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Torque Specifications (Continued)
SPECIFICATIONS

Description Nm lb-ft lb-in
Torque Specifications

Shift lock actuator 9 — 80
Description Nm lb-ft lb-in bolts

Shift cable bracket 25 18 — Steering 15 11 —
bolts, 4R70W column-to-cross car
transmission with 4.6L, beam nuts
or 5.4L engine

Shift lock actuator 9 — 80
Shift cable bracket nut, 20 15 — bolts (TorqShift)
4R70W transmission

Transmission column 14 10 —with 4.2L engine
shift selector tube

Shift cable bracket bolt 40 30 — bracket bolts
(4R70W) transmission (TorqShift)
with 4.2L engine

Shift cable bracket 48 35 —
Shift cable bracket 40 30 — bolts (TorqShift)
bolts (4R100)
transmission
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DESCRIPTION AND OPERATION
Transmission Control (TC) Switch andExternal Controls
Transmission Control Indicator Lamp

The shift control linkage transfers the selected (TCIL)
transmission operating mode from the transmission

The transmission control switch and transmissionrange selector lever to the transmission. The
control indicator lamp are located inside the end ofselected mode of operation, shown on the
the transmission range selector lever. Pushing thetransmission range selector indicator, is transferred
TC switch will either disengage or engage thethrough the transmission column shift selector tube,
overdrive function of the transmission. Whenthen to the cable and down to the manual control
overdrive is disengaged, the TCIL will illuminatelever on the transmission.
the word OFF. Each time the ignition switch is
placed in the RUN position, the transmission willShift Interlock System
automatically provide overdrive operation regardlessThe shift interlock system prevents shifting from
of TC switch position the last time the vehicle  wasPARK unless the brake pedal is depressed. The shift
running.interlock system consists of a shift lock actuator

mounted at the base of the steering column tube. If
the ignition switch is in the RUN  position, the shift
lock actuator is continually on unless the brake
pedal is depressed.
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DIAGNOSIS AND TESTING

2. Visually inspect for obvious signs ofExternal Controls
mechanical and electrical damage. Refer to theRefer to Wiring Diagrams Cell 37, Shift Interlock
following chart:for schematic and connector information.

Refer to Wiring Diagrams Cell 28, Transmission
Visual Inspection ChartControls (4R70E/ 4R75E) for schematic and

connector information. Mechanical Electrical
Refer to Wiring Diagrams Cell 29, Transmission • Damaged shift lock • Failed fuse(s)
Controls (TorqShift) for schematic and connector actuator • Damaged wiring harness

• Damaged transmission • Loose or corrodedinformation.
control (TC) switch connections

Special Tool(s)

73 Digital Multimeter 3. If the concern is not visually evident, determine
105-R0051 or equivalent the symptom. GO to Symptom Chart.

Breakout Box, EEC-V Control
System
418-049 (014-00950) or
equivalent

Inspection and Verification
1. Verify the customer concern by operating the

transmission external control.

Symptom Chart

Symptom Chart

Condition Possible Sources Action
• The shift interlock system • Circuit(s). • GO to Pinpoint Test A.

does not release/lock correctly • Fuse(s).
• Shift lock actuator.
• Brake pedal position (BPP)

switch.
• The shift control is out of • Transmission shift cable and • GO to Pinpoint Test B.

correct gear relationship bracket.
• Shift cable retention to

steering column bracket.
• Shift control linkage.
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DIAGNOSIS AND TESTING (Continued)

Symptom Chart (Continued)

Condition Possible Sources Action
• The transmission range • Transmission shift cable • TIGHTEN the bolts holding

indicator does not correspond bracket. the transmission shift cable
to the gear bracket.

• Shift control indicator • ADJUST PRNDL indicator at
linkage. steering housing.

• Transmission shift cable loose • VERIFY the transmission
from the transmission retainer shift cable is seated in the
bracket. transmission retainer bracket.

• Shift cable adjustment • VERIFY the transmission
incorrect. shift cable adjustment.

REFER to General
Procedures in this section.
ADJUST the transmission
shift cable if necessary. 

• The transmission range • Bulb. • REFER to Section 413-00.
indicator lamp does not • Circuit(s).
illuminate

• The transmission control (TC) • Fuse. • GO to Pinpoint Test C.
switch/indicator lamp is not • TC switch not cycled during
operating correctly self-test.

• Powertrain control module.
• Circuit(s).

Pinpoint Tests

PINPOINT TEST A: THE SHIFT INTERLOCK SYSTEM DOES NOT RELEASE/LOCK CORRECTLY

Test Step Result / Action to Take
A1 TEST BRAKE LIGHTS

• Apply brake pedal and view brake lights. Yes
• Do brake lights illuminate? GO to A7.

No
GO to A2.

A2 TEST FUSE F2.11 (15A)
• Key in OFF position. Yes
• Check fuse: CJB Fuse F2.11 (15A). GO to A4.
• Is the resistance 5 ohms or less? No

GO to A3.
A3 TEST CIRCUIT 10 (LG/RD) FOR SHORT TO GROUND

• Key in OFF position.
• Disconnect: Brake Pedal Position (BPP) Switch C278.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST A: THE SHIFT INTERLOCK SYSTEM DOES NOT RELEASE/LOCK CORRECTLY

(Continued)

Test Step Result / Action to Take
A3 TEST CIRCUIT 10 (LG/RD) FOR SHORT TO GROUND

(Continued)

• Measure the resistance of circuit 10 (LG/RD) at C278.

Yes
REPAIR circuit 10 (LG/RD) for short to
ground. TEST the system for normal
operation.
No

• Is the resistance 10,000 ohms or less? GO to A4.
A4 TEST CIRCUIT 10 (LG/RD) FOR OPEN

• Measure the resistance between output side of fuse F2.11 (15A)
and brake pedal position switch C278, circuit 10 (LG/RD).

Yes
GO to A5.
No
REPAIR circuit 10 (LG/RD) for open.

• Is the resistance 5 ohms or less? TEST the system for normal operation.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST A: THE SHIFT INTERLOCK SYSTEM DOES NOT RELEASE/LOCK CORRECTLY

(Continued)

Test Step Result / Action to Take
A5 TEST BRAKE PEDAL POSITION SWITCH

• Measure the resistance of brake pedal position switch while
open (OFF) and closed (ON).

Yes
GO to A6.
No
INSTALL a new brake pedal position

• Is the resistance of the switch greater than 10,000 ohms switch. TEST the system for normal
while OFF and 5 ohms or less while ON? operation.

A6 TEST CIRCUIT 511 (LG) FOR SHORT TO GROUND
• Disconnect: Shift Lock Actuator C2008.
• Measure the resistance of circuit 511 (LG), pin C2008-3.

Yes
REPAIR circuit 511 (LG) for short to
ground. TEST the system for normal
operation.
No

• Is the resistance 10,000 ohms or less? GO to A7.
A7 TEST CIRCUIT 511 (LG) FOR OPEN

• Measure the resistance of circuit 511 (LG) between shift lock
actuator C2008-3 and brake pedal position switch C278.

Yes
GO to A8.
No
REPAIR circuit 511 (LG) for open. TEST

• Is the resistance 5 ohms or less? the system for normal operation.
A8 TEST FOR B+ ON CIRCUIT 298 (BK/OG)

• Key in ON position.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST A: THE SHIFT INTERLOCK SYSTEM DOES NOT RELEASE/LOCK CORRECTLY

(Continued)

Test Step Result / Action to Take
A8 TEST FOR B+ ON CIRCUIT 298 (BK/OG) (Continued)

• Measure the voltage at shift lock actuator pin C2008-1, circuit
298 (BK/OG).

Yes
GO to A12.
No

• Is B+ present? GO to A9.
A9 TEST FUSE F2.6 (10A)

• Key in OFF position. Yes
• Check fuse: Fuse F2.6 (10A). GO to A11.
• Is the resistance 5 ohms or less? No

GO to A10.
A10 TEST CIRCUIT 298 (BK/OG) FOR SHORT TO GROUND

• Measure the resistance at pin C2008-1, circuit 298 (BK/OG).

Yes
REPAIR circuit 298 (BK/OG) for short to
ground. TEST the system for normal
operation.
No

• Is the resistance 10,000 ohms or less? GO to A11.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST A: THE SHIFT INTERLOCK SYSTEM DOES NOT RELEASE/LOCK CORRECTLY

(Continued)

Test Step Result / Action to Take
A11 TEST CIRCUIT 298 (BK/OG) FOR OPEN

• Measure the resistance of circuit 298 (BK/OG) between output
side of fuse 6 (10A) and shift lock actuator pin C2008-1.

Yes
GO to A12.
No
REPAIR circuit 298 (BK/OG) for open.

• Is the resistance 5 ohms or less? TEST system for normal operation.
A12 TEST CIRCUIT 57 (BK) FOR OPEN

• Measure the resistance of shift lock actuator C2008-2, circuit 57
(BK).

Yes
INSTALL a new shift lock actuator. TEST
the system for normal operation.
No
REPAIR circuit 57 (BK) for open. TEST

• Is the resistance 5 ohms or less? the system for normal operation.
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST B: THE SHIFT CONTROL IS OUT OF CORRECT GEAR RELATIONSHIP

Test Step Result / Action to Take
B1 CHECK SHIFT CONTROL LINKAGE

• Key in ON position. Yes• Apply the brake pedal. INSTALL a new shift control linkage. TEST• Gain access to the shift control linkage. the system for normal operation.• Actuate the transmission range selector lever in all ranges.
• Observe all linkages during operation. No
• Is the linkage damaged? GO to B2.

B2 CHECK TRANSMISSION SHIFT CABLE
• Check transmission shift cable and bracket installation and Yes

tightness. VERIFY the transmission shift cable
• Is the transmission shift cable correctly installed and adjustment. REFER to Cable and Bracket

adjusted? Adjustment in this section. ADJUST the
transmission shift cable if necessary. GO
to B3.
No
REPAIR as necessary. TEST the system
for normal operation.

B3 CHECK LINKAGE/CABLE FOR CORRECT GEAR
RELATIONSHIP
• Apply the brake pedal. Yes
• Actuate the transmission range selector lever in all ranges. System OK. TEST the system for normal
• Does the indicator match the gear selection? operation.

No
REFER to Shift Indicator under Cable and
Bracket Adjustment in this section. TEST
the system for normal operation.

PINPOINT TEST C: THE TRANSMISSION CONTROL SWITCH/INDICATOR LAMP IS NOT OPERATING
CORRECTLY

Test Step Result / Action to Take
C1 CHECK THE VOLTAGE AT THE TRANSMISSION CONTROL (TC)

SWITCH
• Disconnect: C2135.
• Key in ON position.
• Measure the voltage between transmission range selector lever

harness connector C2135-2, circuit 324 (YE/LG) and chassis
ground.

Yes
GO to C2.
No
REPAIR circuit 324 (YE/LG). TEST the

• Is the voltage greater than 10 volts? system for normal operation.
C2 CHECK THE TRANSMISSION RANGE SELECTOR LEVER

• Key in OFF position.
• Disconnect: C2135.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST C: THE TRANSMISSION CONTROL SWITCH/INDICATOR LAMP IS NOT OPERATING

CORRECTLY (Continued)

Test Step Result / Action to Take
C2 CHECK THE TRANSMISSION RANGE SELECTOR LEVER

(Continued)

• Verify the integrity of the transmission range selector lever wiring
by measuring the resistance between the connectors.

Yes• Is the resistance less than 5 ohms between the GO to C3.transmission range selector lever connector pins A, B, C
and the respective TC switch terminals A, B, C and greater No
than 10,000 ohms between any other transmission range INSTALL a new transmission range
selector lever connector  pins A, B, C, TC switch terminals selector lever. TEST the system for normal
A, B, C and chassis ground combinations? operation.

C3 CHECK TC SWITCH CONTINUITY
• Measure the resistance between TC switch terminals while

pressing the TC switch.

Yes
GO to C4.

• Is the resistance less than 5 ohms with the TC switch No
pressed and greater than 10,000 ohms with the TC switch INSTALL a new TC switch. TEST the
released? system for normal operation.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST C: THE TRANSMISSION CONTROL SWITCH/INDICATOR LAMP IS NOT OPERATING

CORRECTLY (Continued)

Test Step Result / Action to Take
C4 CHECK TCIL ILLUMINATION

• Connect the TC switch pins to the battery as shown.

Yes
GO to C5.
No
INSTALL a new TC switch. TEST the

• Does the TCIL turn on? system for normal operation.
C5 CHECK CIRCUIT 224 (TN/WH)

• Disconnect: PCM C175.
• Connect the 104-Pin Breakout Box.
• Measure the resistance between transmission range selector

lever harness connector C2135-1, circuit 224 (TN/WH) and
breakout box pin 29 and between transmission range selector
lever harness connector C2135-1, circuit 224 (TN/WH) and
chassis  ground.

Yes• Is the resistance less than 5 ohms between the GO to C6.transmission range selector lever harness connector
C2135-1 and breakout box pin 29 and greater than 10,000 No
ohms between the transmission range selector lever REPAIR circuit 224 (TN/WH). TEST the
harness connector C2135-1 and chassis  ground? system for normal operation.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST C: THE TRANSMISSION CONTROL SWITCH/INDICATOR LAMP IS NOT OPERATING

CORRECTLY (Continued)

Test Step Result / Action to Take
C6 CHECK CIRCUIT 911 (WH/LG)

• On vehicles equipped with a 4.2L or 4.6L engine, measure the
resistance between transmission range selector lever harness
connector C2135-3, circuit 911 (WH/LG) and breakout box pin
79 and between transmission range selector lever harness
connector C2135-3, circuit 911 (WH/LG) and chassis ground.

• On vehicles equipped with a 5.4L engine, measure the
resistance between transmission range selector lever harness
connector C2135-3, circuit 911 (WH/LG) and breakout box pin
12 and between transmission range selector lever harness
connector  C2135-3, circuit 911 (WH/LG) and chassis ground.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST C: THE TRANSMISSION CONTROL SWITCH/INDICATOR LAMP IS NOT OPERATING

CORRECTLY (Continued)

Test Step Result / Action to Take
C6 CHECK CIRCUIT 911 (WH/LG) (Continued)

• On vehicles equipped with a 6.8L engine, measure the
resistance between transmission range selector lever harness
connector C2135-3, circuit 911 (WH/LG) and breakout box pin
28 and between transmission range selector lever harness
connector  circuit 911 (WH/LG) and chassis ground.

Yes
REFER to the Powertrain
Control/Emissions Diagnosis (PC/ED)
manual for additional diagnosis and• Is each resistance less than 5 ohms between the testing.transmission range selector lever harness connector

C2135-3, and breakout box and greater than 10,000 ohms No
between the transmission range selector lever harness REPAIR circuit 911 (WH/LG). TEST the
connector C2135-3 and chassis  ground? system for normal operation.
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GENERAL PROCEDURES

Cable and Bracket Adjustment

1. Place the gearshift lever in the (D) position.

• Place a three pound weight on the gearshift
lever.

2. Position the vehicle on a hoist. For additional
information, refer to Section 100-02.

3. For vehicles equipped with the 4R100
transmission, disconnect the transmission shift
cable from the manual lever.

6. For either automatic transmission, place the
manual control lever in the (D) position 4R100
shown).

1 Place the manual control lever in the first
gear position.

2 Move the manual control lever two detents
to the (D) position for the 4R100
transmission. Move the manual control lever
three detents to the (D) position for the
TorqShift transmission.

4. For vehicles equipped with the TorqShift
transmission, disconnect the transmission shift
cable from the manual lever.

5. Unlock the lock tab on the transmission shift
cable.
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307-05-2 307-05-2Automatic Transaxle/Transmission External Controls

GENERAL PROCEDURES (Continued)

7. For vehicles equipped with the 4R100 9. Lock the transmission shift cable lock tab.
transmission, connect the transmission shift
cable to the manual control lever.

10. Remove the three pound weight.

11. Carefully move the gearshift lever from detent8. For vehicles equipped with the TorqShift
to detent and compare with transmissiontransmission, connect the transmission shift
settings. Verify that the vehicle will start incable to the manual control lever.
PARK or NEUTRAL and backup lamps
illuminate in REVERSE. If not, Steps 1-5 must
be repeated and include  digital TR or TR
sensor adjustment in NEUTRAL. Readjust if
necessary.
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307-05-1 307-05-1Automatic Transaxle/Transmission External Controls

GENERAL PROCEDURES

Selector Lever Indicator Adjustment

1. Place the transmission range selector lever into
MANUAL 1 position, then back to the (D)
position.

2. Hang a 1.3 kg (3 lb) weight on the transmission
range selector lever.

3. Center the pointer in the middle of the (D)
position.

• Rotate the thumbwheel, located on the
bottom of the steering column, to adjust the 4. Remove the weight.
pointer.
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307-05-1 307-05-1Automatic Transaxle/Transmission External Controls

REMOVAL AND INSTALLATION

Brake Shift Interlock Actuator

Removal and Installation

1. WARNING: On vehicles equipped with
an auxiliary battery, both the negative and
positive battery cables must be disconnected.

WARNING: On vehicles equipped with
a 6.0L engine, both the primary and
secondary batteries must be disconnected.

Disconnect the battery. For additional
information, refer to Section 414-01.

2. Remove the instrument panel steering column
cover, the driver side knee brace and the
instrument panel steering column opening cover
reinforcement.

4. Remove the shift indicator cable and position it
aside.

3. Disconnect all necessary harness connectors and
separate the harness bracket from the steering
column.
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307-05-2 307-05-2Automatic Transaxle/Transmission External Controls

REMOVAL AND INSTALLATION (Continued)

5. Remove the nuts and lower the steering
column.

6. Remove the shift lock actuator and disconnect
the harness connector.

7. To install, reverse the removal procedure.
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307-05-3 307-05-3Automatic Transaxle/Transmission External Controls

REMOVAL AND INSTALLATION (Continued)

8. Make sure the shift cable and the shift indicator
cable are correctly adjusted. For additional
information refer to General Procedures in this
section. Verify shift lock actuator operation.
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307-05-1 307-05-1Automatic Transaxle/Transmission External Controls

REMOVAL AND INSTALLATION

3. Push the rubber grommet and the transmissionSelector Lever Cable and Bracket
shift cable through the bulkhead.

Removal and Installation
4. Position the vehicle on a hoist. For additional

information, refer to Section 100-02.NOTE: The 4R70W transmission is shown, this
procedure is also used for the 4R100 transmission. 5. NOTE: To prevent shift cable damage, do not

apply force to the shift cable between theNOTE: To prevent shift cable damage, do not
transmission manual control lever and the shiftapply force to the transmission shift cable assembly
cable bracket.between the steering column shift tube bracket and

the steering column bracket. Remove the shift cable.

1 Disconnect the cable at the manual control
1. Remove the instrument panel steering column lever.

cover, the driver side knee brace and the
2 Press the lock tabs and remove the cableinstrument panel steering column opening cover

from the bracket.reinforcement.
3 Remove the cable from the locator clip.

2. Disconnect the shift cable.
6. Remove the shift cable bracket (all except1 Disconnect the shift cable from the steering

vehicles equipped with 4.2L engine).column shift tube lever.
• Remove the bolts.2 Carefully lift the locking tab and disconnect

the shift cable from the steering column • Remove the shift cable bracket.
bracket.
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307-05-2 307-05-2Automatic Transaxle/Transmission External Controls

REMOVAL AND INSTALLATION (Continued)

7. Remove the shift cable bracket (vehicles
equipped with 4.2L engine).

1 Remove the bolt.

2 Remove the nut.

3 Remove the bracket.

8. To install, reverse the removal procedure.

• Adjust the shift cable. For additional
information, refer to General Procedures in
this section.
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307-05-1 307-05-1Automatic Transaxle/Transmission External Controls

REMOVAL AND INSTALLATION
4R100 transmissionShift Lever Cable and Bracket —

TorqShift
5. NOTE: To prevent shift cable assembly

damage, do not apply force to the transmissionRemoval and Installation
shift cable between the manual control lever
and the transmission shift cable bracket.All vehicles
Remove the transmission shift cable from the
transmission.1. NOTE: To prevent cable damage, do not apply
1 Disconnect the transmission shift cable fromforce to the transmission shift cable assembly

the manual control lever.between the steering column shift tube bracket
and the steering column bracket. 2 Depress the lock tabs to release the

transmission shift cable and disconnect theDisconnect the transmission shift cable from the
transmission shift cable from thesteering column.
transmission shift cable bracket.1 Disconnect the transmission shift cable from

the steering column shift tube lever.

2 Carefully lift the locking tab and disconnect
the transmission shift cable from the
steering column bracket.

6. Remove the shift cable bracket from the
transmission.

1 Remove the bolts.

2 Remove the shift cable bracket.
2. Disconnect the cable push pin from the stud in

the bulkhead.

3. Push the rubber grommet and transmission shift
cable through the bulkhead.

4. Raise and support the vehicle. For additional
information, refer to Section 100-02.
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307-05-2 307-05-2Automatic Transaxle/Transmission External Controls

REMOVAL AND INSTALLATION (Continued)

7. To install, reverse the removal procedure. 9. Remove the shift cable bracket from the
transmission.• Adjust the shift cable. For additional

information, refer to Cable and Bracket 1 Remove the bolts.
Adjustment in this section. 2 Remove the shift cable bracket.

TorqShift transmission 10. To install, reverse the removal procedure.

• Adjust the shift cable. For additional
8. NOTE: To prevent shift cable assembly information, refer to Cable and Bracket

damage, do not apply force to the transmission Adjustment in this section.
shift cable between the manual control lever
and the transmission shift cable bracket.

Remove the transmission shift cable from the
transmission.

1 Disconnect the transmission shift cable from
the manual control lever.

2 Depress the lock tabs to release the
transmission shift cable and disconnect the
transmission shift cable from the
transmission shift cable bracket.
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307-05-1 307-05-1Automatic Transaxle/Transmission External Controls

REMOVAL AND INSTALLATION

Selector Lever

Removal and Installation

1. Disconnect the battery. For additional
information, refer to Section 414-01.

2. If equipped with tilt column, position the
steering wheel in the full DOWN position.

3. Pull the headlamp knob to the ON position.

4. Insert a small screwdriver onto the clip and pull
8. CAUTION: To avoid damage to thethe knob outward.

instrument cluster finish panel, pull the panel
forward just enough to access electrical
connectors before completely removing the
panel.

Remove the instrument cluster finish panel.

• Disconnect the electrical connectors.

9. Remove the ignition switch lock cylinder.

1 Position the lock cylinder to RUN.

2 Using a suitable tool, push upward on the
cylinder release tab through the hole in the
lower shroud while pulling the cylinder
outward.

5. Remove the headlamp switch bezel by turning
it counterclockwise.

6. Remove the audio unit. For additional
information, refer to Section 415-01.

7. Remove the 2 instrument cluster finish panel
screws.
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307-05-2 307-05-2Automatic Transaxle/Transmission External Controls

REMOVAL AND INSTALLATION (Continued)

10. Remove the upper steering column shroud.

12. NOTE: Install a new transmission range
selector lever pin whenever it is removed.

11. Remove the transmission range selector lever. To install, reverse the removal procedure.
Disconnect the electrical connector.
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307-05-1 307-05-1Automatic Transaxle/Transmission External Controls

REMOVAL AND INSTALLATION

Transmission Control Switch

Removal and Installation

1. Remove the transmission control (TC) switch.

1 Remove the switch cover.

2 Remove the switch.

2. To install, reverse the removal procedure.
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309-00-1 309-00-1Exhaust System

Torque Specifications (Continued)
SPECIFICATIONS

Description Nm lb-ft lb-in
General Specifications

Y-pipe-to-converter 40 30 —
Item Specification nuts (gasoline engines)

High Temperature Nickel ESE-M12A4-A Catalytic 40 30 —
Anti-Seize Lubricant XL-2 converter-to-muffler

clamp nuts

Bracket and insulator 20 15 —Torque Specifications
nuts and bolt

Description Nm lb-ft lb-in Rear bracket and 12 9 —
insulator-to-outlet pipeExhaust 45 33 —
clamp screwmanifold-to-Y-pipe

studs (gasoline engines) Exhaust inlet 47 35 —
pipe-to-catalyticExhaust 40 30 —
converter boltsmanifold-to-Y-pipe nuts

(gasoline engines) Exhaust gas 6 — 53
recirculation (EGR)LH catalytic 55 41 —
cooler clampconverter-to-RH

catalytic converter Exhaust inlet 27 20 —
clamp nuts (4.6L pipe-to-exhaust
engines) manifold nuts
Turbocharger-to-exhaust 30 22 —
inlet pipe clamp nut
(6.0L)
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309-00-1 309-00-1Exhaust System

DESCRIPTION AND OPERATION

Exhaust System
The exhaust system will vary between engine,
transmission and vehicle models.

WARNING: The normal operating
temperature of the exhaust system is very high.
Never attempt to repair or install any new part
of the system until it has cooled. Be especially
careful when working around the three-way
catalytic converter. The temperature  of the
three-way catalytic converter rises to a high level
after only a few minutes of engine operation.

CAUTION: Do not use oil or grease-based
lubricants on the isolators. They may cause
deterioration of the rubber.

CAUTION: Oil or greased-based lubricants
on the isolators may cause the exhaust hanger
isolator to separate from the exhaust hanger
bracket during vehicle operation.

NOTE: Exhaust fasteners are of a torque prevailing
design. Use only new fasteners with the same part
number as the original. Torque values must be used
as specified during reassembly to make sure of
correct retention of exhaust components.

Use caution when removing a catalytic converter,
support the catalytic converter near the rear outlet.
Make sure not to damage the manifold output flare,
the converter inlet flare or the studs.

During installation, clean the mating surfaces of the
manifold outlet flare and the catalytic converter inlet
flare, as well as the mating surfaces of the catalytic
converter and the inlet pipe. Support the catalytic
converter near the rear  outlet. Make sure not to
damage the manifold outlet flare, the converter inlet
flare or the studs. To correctly seat the converter,
alternately tighten the exhaust manifold-to-catalytic
converter nuts to specification.

Apply anti-seize lubricant to the threads of the
heated oxygen sensors (HO2S) before installation.

The exhaust system consists of the parts shown in
the following illustrations and tables.
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309-00-2 309-00-2Exhaust System

DESCRIPTION AND OPERATION (Continued)

Exhaust System — 4.6L Engine
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309-00-3 309-00-3Exhaust System

DESCRIPTION AND OPERATION (Continued)

Item Part Number Description Item Part Number Description

5 9G444 Catalyst monitor sensors1 9430 Exhaust manifold

6 5230 Muffler2 5E212 Catalytic converter, RH

7 5B208 U-bolt clamp support3 5E214 Catalytic converter, LH

4 9F472 Heated oxygen sensors
(Continued)
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309-00-4 309-00-4Exhaust System

DESCRIPTION AND OPERATION (Continued)

Exhaust System — 5.4L Engine
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309-00-5 309-00-5Exhaust System

DESCRIPTION AND OPERATION (Continued)

Item Part Number Description Item Part Number Description

4 5A212-A Extension pipe1 9430 Exhaust manifold

5 5230 Muffler and outlet pipe2 5246 Dual catalytic converter
assembly3 9F472 Heated oxygen sensors

(Continued)

Exhaust System — 6.8L Engine

Item Part Number Description Item Part Number Description

4 5E212 Catalytic converter1 9430 Exhaust manifold

5 5230 Muffler2 5F250 Dual catalytic converter

3 9F472 Heated oxygen sensor
(Continued)
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309-00-6 309-00-6Exhaust System

DESCRIPTION AND OPERATION (Continued)

Exhaust System — 6.0L Engine
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309-00-7 309-00-7Exhaust System

DESCRIPTION AND OPERATION (Continued)

Item Part Number Description

1 6N646 Exhaust inlet pipe

2 — Catalytic converter

3 5230 Muffler
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309-00-1 309-00-1Exhaust System

DIAGNOSIS AND TESTING

Exhaust System

Special Tool(s)

Exhaust Back Pressure Gauge
309-D002 (D95L-6000-A) or
equivalent

Socket, Exhaust Gas Oxygen
Sensor
303-476 (T94P-9472-A)

Inspection and Verification
1. Verify the concern by running the engine (with

the vehicle on the ground) or road testing the
vehicle to duplicate the condition.

2. Visually inspect the components of the exhaust
system and related controls that may affect
exhaust gas quality or loss of power.

3. Visually inspect for obvious signs of
mechanical damage. Refer to the following
chart.

Visual Inspection Chart

Mechanical

• Exhaust pipe pinched or crushed
• Damaged muffler
• Broken or damaged exhaust hanger brackets
• Damaged catalytic converter
• Cracked exhaust manifold
• Dirty engine air cleaner
• Loose or damaged heat shields

4. Verify that the exhaust system is installed
correctly, with clamps correctly located and
tightened to specification.

5. If the fault is not visually evident, determine
the symptom. GO to Symptom Chart.
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309-00-2 309-00-2Exhaust System

DIAGNOSIS AND TESTING (Continued)

Symptom Chart

Symptom Chart

Condition Possible Sources Action
• Rattle, squeaks or buzz type • Loose or damaged heat shield • INSPECT the exhaust system

noise — from the bottom of for loose or missing heat
vehicle shields or foreign material

trapped between the heat
shields and the exhaust
system components. If any
heat shields are loose,
INSTALL either worm gear
clamp FOTZ-5A231-A or
W705949-S300 and  tighten
to 7 Nm (62 lb-in). If the
heat shields are missing,
INSTALL new heat shields or
exhaust system components
as necessary. If a rattle, noise
or buzz condition persists,
INSTALL a new heat shield
or component as necessary.

• Loose or damaged exhaust • CHECK exhaust isolators are
isolators correctly installed. INSPECT

the exhaust isolators for wear
or damage. INSTALL new
isolators as necessary.

• Damaged exhaust isolator • INSPECT the exhaust system
hanger bracket components for damage or

broken hangers. INSTALL
new components as necessary.
CHECK for loose or damaged
exhaust hanger brackets or
fasteners. TIGHTEN bolts to
specification or INSTALL
new components as necessary.

• Loose or damaged catalytic • MOVE the exhaust system to
converter or muffler simulate the bouncing action

of the vehicle, checking for
exhaust-to-body contact while
moving the exhaust system.
Using a rubber mallet, TAP
on the exhaust components to
duplicate the noise concern.
Lightly TAP on  the muffler,
then the catalytic converter.
Determine if there are loose
or broken baffles in the
muffler or a loose or broken
element in the catalytic
converter. REPAIR or
INSTALL new components
as necessary.

• Exhaust grounded to chassis • INSPECT for signs of
exhaust components-to-body
contact. If necessary, CARRY
OUT the Exhaust System
Alignment in this section.
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309-00-3 309-00-3Exhaust System

DIAGNOSIS AND TESTING (Continued)

Symptom Chart (Continued)

Condition Possible Sources Action
• Drone or clunk type noise — • Loose or damaged exhaust • INSPECT exhaust isolators

from bottom of vehicle isolators for wear or damage.
INSTALL new isolators as
necessary.

• Exhaust grounded to chassis • INSPECT for signs of
exhaust components-to-body
contact. If necessary, CARRY
OUT the Exhaust System
Alignment in this section.

• Whistles, boom, hum or • Punctures in the muffler • REPAIR as necessary.
ticking type noise — noise • Broken, loose or missing
tends to change as engine exhaust manifold fasteners or
warms. Noises are often gaskets
accompanied by exhaust • Loose heated oxygen or
fumes catalyst monitor sensor

• Exhaust system leak • INSPECT the entire exhaust
system for leaks. CHECK for
punctures, loose or damaged
clamps/fasteners, or broken
welds. EXAMINE the chassis
for grayish-white or black
exhaust soot, which would
indicate exhaust leakage at
that point. To magnify a
small leak, have an assistant
hold a rag over the tailpipe
outlet, while listening for a
leak. REPAIR or INSTALL
new components as necessary.

• Catalytic converter • MOVE the exhaust system to
simulate the bouncing action
of the vehicle, checking for
exhaust-to-body contact while
moving the exhaust system.
Using a rubber mallet, TAP
on the exhaust components to
duplicate the noise concern.
Lightly TAP on  the muffler,
then the catalytic converter.
Determine if there are loose
or broken baffles in the
muffler or a loose or broken
element in the catalytic
converter. REPAIR or
INSTALL new components
as necessary.

• Exhaust muffler/resonator • NOTE: Check with vehicle
drain hole enlarged due to on the ground, not on a hoist.
corrosion CONFIRM drain holes are

noise source. INSTALL new
components as necessary.
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309-00-4 309-00-4Exhaust System

DIAGNOSIS AND TESTING (Continued)

Symptom Chart (Continued)

Condition Possible Sources Action
• Hissing or rushing noise — • Exhaust system. Exhaust flow • CHECK the exhaust system

high frequency sound. through pipes for leaks. Using a rubber
Vehicle performance is mallet, TAP on the exhaust
unaffected components to duplicate the

noise concern. Lightly TAP
on the muffler, then the
catalytic converter. Determine
if there are loose or broken
baffles in the muffler or  a
loose or broken element in
the catalytic converter.
REPAIR or INSTALL new
components as necessary.

• Pinging noise — occurs when • Catalytic converter/exhaust • Cool down pinging is the
exhaust system is hot, engine system exhaust system expanding and
turned off contracting during heating

and cooling. Condition is
normal.

• Vibration — occurs at idle • Loose or damage exhaust • INSPECT the exhaust
and at low speeds. Also isolator isolators for wear or damage.
accompanied by clunk or INSTALL new isolators as
buzz type noise necessary.

• Loose or damaged exhaust • INSPECT the exhaust isolator
isolator hanger brackets hanger brackets for wear or

damage. INSTALL or
REPAIR as necessary.

• Damper broken or out of • CHECK for the correct
position if equipped damper orientation in this

section. RELOCATE to
correct position and tighten
nuts to specification.
INSPECT for missing or
damaged damper. INSTALL
new components as necessary.

• Exhaust system grounded to • CARRY OUT the Exhaust
chassis System Alignment in this

section.
• Vehicle has low or no power • Exhaust pipe pinched or • REFER to Powertrain

— vehicle performance crushed Control/Emissions Diagnosis
complaint • Damaged catalytic converter (PC/ED) manual to test for

• Loose obstruction in exhaust restricted exhaust.
• Restricted exhaust (possible • CHECK drain holes for

frozen condensate in muffler) foreign material. PARK the
vehicle inside to thaw. TEST
vehicle for normal operation.
If concern is still present,
REFER to Powertrain
Control/Emissions Diagnosis
(PC/ED) manual.

• Burning smell — usually • Foreign material caught in • INSPECT the exhaust system
occurs at idle, with possible exhaust system for foreign material or
traces of smoke • Missing heat shields missing heat shields. REPAIR

or INSTALL new
components as necessary.
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309-00-5 309-00-5Exhaust System

DIAGNOSIS AND TESTING (Continued)

Symptom Chart (Continued)

Condition Possible Sources Action
• Odor — described as a sulfur • Catalytic converter • At times, a slight sulfur smell

or rotten egg smell is normal for catalytic
converters. The cause is the
sulfur content in the gasoline
being used. ADVISE
customer, no repair required.

• Rich fuel conditions • REFER to the Powertrain
• Miss-fire conditions Control/Emissions Diagnosis
• Excessive sulfur content in (PC/ED) manual.

fuel
• Visible rust on surface of • Catalytic converter/exhaust • Surface rust is a characteristic

exhaust pipes system of materials used on exhaust
system. Exposure to heat or
road salt may result in surface
rust. INSPECT for
perforations. If there are no
perforations, condition is
normal.
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309-00-1 309-00-1Exhaust System

GENERAL PROCEDURES

3. Beginning at the front of the vehicle, align theExhaust System Alignment
exhaust system to establish the maximum
clearance. Make sure all fit pipes are pushed all

1. With the vehicle in NEUTRAL, position it on a the way into the preceding pipe and the notches
hoist. For additional information, refer to are correctly lined up with the tabs.
Section 100-02.

4. Beginning at the front of the vehicle, tighten all
2. Loosen all fasteners joining the exhaust system fasteners and clamps to specification. For

components. additional information, refer to Specifications in
this section.

5. Start the engine and check the exhaust system
for leaks.
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309-00-1 309-00-1Exhaust System

REMOVAL AND INSTALLATION

Turbocharger Inlet Y-Pipe

Material

Item Specification

High Temperature Nickel ESE-M12A4-A
Anti-Seize Lubricant
XL-2

Item Part Number Description Item Part Number Description

7 6N640 Turbocharger inlet Y-pipe1 6K682 Turbocharger
gasket2 8287 Exhaust clamp

8 6K854 RH turbocharger inlet Y-pipe3 W300006 Turbocharger inlet Y-pipe
(RH)bolt (2 required)

4 W300051 Turbocharger inlet Y-pipe Removalnuts (6 required)

5 6K854 LH turbocharger inlet Y-pipe
1. Remove the engine cover. For additional(LH)

information, refer to Section 501-05.6 W300013 Turbocharger inlet
Y-pipe-to-exhaust manifold
bolts (4 required)

(Continued)
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309-00-2 309-00-2Exhaust System

REMOVAL AND INSTALLATION (Continued)

2. Remove the LH turbocharger inlet Y-pipe bolts.

6. Carefully remove the turbocharger inlet Y-pipe
assembly from the vehicle.

3. Remove the RH turbocharger inlet Y-pipe bolts.
Installation

NOTE: Only tighten the turbocharger inlet Y-pipe
fasteners with hand tools.

NOTE: When installing the turbocharger inlet
Y-pipe into, do not bend or twist the flex bellows. 

1. NOTE: Do not tighten the nuts at this time. 

NOTE: Apply anti-seize lubricant to the
turbocharger inlet Y-pipe bolts. 

If the turbocharger inlet Y-pipe was separated,
install the gasket and loosely install the bolts
and nuts.

4. NOTE: There is metal gasket between the
exhaust inlet pipe and the exhaust gas
recirculation (EGR) cooler. 

Remove the turbocharger inlet Y-pipe-to-EGR
cooler clamp.

2. Position the turbocharger inlet Y-pipe into the
vehicle.

5. Remove the turbocharger inlet clamp.
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309-00-3 309-00-3Exhaust System

REMOVAL AND INSTALLATION (Continued)

3. NOTE: Do not tighten the clamp at this time. 

Position the turbocharger inlet clamp.

6. Tighten the turbocharger inlet clamp.

4. NOTE: Do not tighten the clamp at this time. 

Install the metal gasket on the EGR cooler and
align the turbocharger inlet Y-pipe to the EGR
cooler. Position the clamp.

7. Tighten the EGR cooler clamp.

5. NOTE: LH side shown, RH side similar.

NOTE: Do not tighten the turbocharger inlet
Y-pipe-to-exhaust manifold bolts. 

Apply anti-seize lubricant to the turbocharger
inlet Y-pipe bolts, than install the bolts and
nuts.
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309-00-4 309-00-4Exhaust System

REMOVAL AND INSTALLATION (Continued)

8. Make sure the turbocharger inlet Y-pipe is
correctly aligned to the exhaust manifolds.
Using hand tools, alternately tighten the nuts to
draw the turbocharger inlet Y-pipe to the
exhaust manifold. There should be an equal gap
spacing between  the turbocharger inlet Y-pipe
and the exhaust manifold flange at the top and
bottom bolts.

10. If loosened, tighten the turbocharger inlet
Y-pipe nuts at the RH to LH joint.

9. NOTE: LH side shown, RH side similar. 

Alternately tighten the turbocharger inlet
Y-pipe-to-exhaust manifold bolts.

11. Check the systems for leaks.

12. Install the engine cover. For additional
information, refer to Section 501-05.
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310-00A-1 310-00A-1Fuel System — General Information — Gasoline and Diesel

General Specifications (Continued)
SPECIFICATIONS

Item Specification
General Specifications

Key on, engine off — 0- 379 kPa (0-55 psi)
Item Specification 6.0L diesel

Fuel Tank Capacity Key on, engine running 310- 379 kPa (45-55 psi)
— 6.0L dieselE-150, E-250, E-350 132 L (35 gal) standard

Van/Wagon Midship Lubricant

E-350 Commercial 140 L (37 gal) standard SAE 5W-20 Premium WSS-M2C153-H
Chassis aft-of-axle  208 L (55 gal) optional Synthetic Blend Motor Oil

E-450 Commercial 208 L (55 gal) standard a Measured by the fuel rail pressure (FRP) PID using
Chassis aft-of-axle the vehicle communication module (VCM) and
Fuel Pressure integrated diagnostic system (IDS) with appropriate

hardware, or equivalent scan tool. Mechanical gaugeKey on, engine off — 240-310 kPa (35-45 psi)
fuel pressure  readings may vary from scan tool4.6L, 5.4L
readings.

Engine running — 4.6L, 193-310 kPa (28-45 psi)
5.4L

Torque Specifications
Key on, engine off — 276-345 kPaa (40-50 psi)

Description Nm lb-in6.8L

Fuel/water separator drain 1 9Engine running — 6.8L 379-448 kPaa (55-65 psi)
valve (Diesel)
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310-00A-1 310-00A-1Fuel System — General Information — Gasoline and Diesel

DESCRIPTION AND OPERATION

Fuel System — 4.6L, 5.4L and 6.8L

Component Location — Gasoline

Item Part Number Description Item Part Number Description

5 9002 Fuel tank1 9C968 Fuel rail pressure (FRP)
sensor (6.8L) 6 9155 Fuel filter

2 9C968 Fuel rail pressure (FRP) 7 9341 Inertia fuel shutoff switch
sensor (4.6L, 5.4L)

8 9D280 Fuel injection supply
3 9F593 Fuel injector manifold (4.6L, 5.4L)
4 9350 Fuel pump 9 9D280 Fuel injection supply

(Continued) manifold (6.8L)
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DESCRIPTION AND OPERATION (Continued)

• has separately controlled fuel injectors mounted toWARNING: Fuel in the fuel system
the intake manifold for each cylinder.remains under high pressure even when the

engine is not running. Before repairing or • has fuel injectors which are supplied with
disconnecting any of the fuel lines or fuel system pressurized fuel from the fuel pump through the
components, the fuel system pressure must be fuel injection supply manifold.
relieved to prevent accidental spraying  of fuel, • has a fuel injection supply manifold which is
causing personal injury or a fire hazard. equipped with a fuel rail pressure (FRP) sensor.
The vehicle:

• is equipped with a multiport fuel injection (MFI)
system.
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DESCRIPTION AND OPERATION

Fuel System — 6.0L Diesel

Component Location — 6.0L Diesel

The fuel system for the direct injection turbo (DIT)Item Part Number Description
diesel:1 9E527 Fuel injector

2 9275 Fuel level sending unit • is controlled by the powertrain control module
(PCM).3 9002 Fuel tank (midship shown)

4 9G282 Fuel conditioning module • utilizes an electric, frame-mounted fuel pump.
5 9365 Fuel filter • incorporates a fuel filter and water separator

assembly.
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DESCRIPTION AND OPERATION (Continued)

Fuel Filter/Water SeparatorThe electric fuel pump:

The diesel engine is equipped with a fuel filter and• draws fuel from the tank.
water separator assembly. Drain the water from the

• circulates fuel under pressure through the fuel fuel filter at the recommended maintenance
filter, the water separator and the pressure intervals. Refer to the Service Guide for
regulator to the cylinder head fuel galleries and maintenance intervals. If there is water in the fuel
then to the fuel injectors. an  indicator on the instrument panel will alert the

• Excess fuel is returned to the fuel tank through operator. When the indicator glows continuously
the fuel return hose. while the engine is running, drain the water from

the fuel filter and water separator bowl as soon as
possible to prevent damage to the fuel injection
system.
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DIAGNOSIS AND TESTING

Fuel System
Refer to the Powertrain Control/Emissions Diagnosis
(PC/ED) manual.
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GENERAL PROCEDURES

2. Start the engine and allow it to idle until itFuel System Pressure Release —
stalls.Gasoline Engines

3. After the engine stalls, crank the engine for
WARNING: Do not smoke or carry lighted approximately 5 seconds to make sure the fuel

tobacco or open flame of any type when working injection supply manifold pressure has been
on or near any fuel-related component. Highly relieved.
flammable mixtures are always present and can
be ignited, resulting in possible personal injury. 4. Turn the ignition switch to the OFF position.

WARNING: Fuel in the fuel system 5. When fuel system service is complete, install
remains under high pressure even when the the fuel pump fuse.
engine is not running. Before repairing or

6. NOTE: It may take more than one key cycle todisconnecting any of the fuel lines or fuel system
pressurize the fuel system.components, the fuel system pressure must be

relieved to prevent accidental spraying  of fuel, Cycle the ignition key and wait three seconds to
causing personal injury or a fire hazard. pressurize the fuel system. Check for leaks

before starting the engine.
1. Remove the fuel pump fuse from the engine

compartment fuse box. 7. Start the vehicle and check the fuel system for
leaks.
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GENERAL PROCEDURES

3. Open the fuel/water separator drain valve toFuel System Pressure Release —
release the fuel pressure.Diesel Engines
• To install, tighten to 1 Nm (9 lb-in).

WARNING: Do not smoke or carry lighted
tobacco or open flame of any type when working
on or near any fuel-related component. Highly
flammable mixtures are always present and may
be ignited. Failure to follow these instructions
may result in personal  injury.

WARNING: Fuel in the fuel system
remains under high pressure even when the
engine is not running. Before servicing or
disconnecting any of the fuel lines or fuel system
components, the fuel system pressure must be
relieved to prevent accidental spraying  of fuel,
causing personal injury or a fire hazard.

1. With the vehicle in NEUTRAL, position it on a
hoist. For additional information, refer to
Section 100-02.

2. Disconnect the battery ground cable. For
additional information, refer to Section 414-01.
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GENERAL PROCEDURES

Fuel Tank Draining

Special Tool(s)

30 Gallon Gasoline Hand Pump
Storage Tanker
164-R3201 or equivalent

WARNING: Do not smoke, carry lighted
tobacco or an open flame of any type when 3. Remove the rear vapor valve from the fuel
working on or near any fuel-related component. tank.
Highly flammable mixtures are always present
and may be ignited, resulting in possible personal
injury.

1. Disconnect the battery ground cable. For
additional information, refer to Section 414-01.

2. Disconnect the fuel vent tube.

4. Insert the hose from the storage tank and
remove the fuel.
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GENERAL PROCEDURES

Push Connect Fittings

Special Tool(s)

Fuel Line Removal Tool
310-S039 (T90T-9550-S)

Material

Item Specification 3. Install the fuel tube disconnect tool and push
into the fitting.SAE 5W-20 Premium WSS-M2C153-H

Synthetic Blend Engine
Oil
XO-5W20-QSP

Disconnect

WARNING: Do not smoke or carry lighted
tobacco or open flame of any type when working
on or near any fuel-related component. Highly
flammable mixtures are always present and can
be ignited, resulting in possible personal injury.

WARNING: Fuel in the fuel system
remains under high pressure even when the
engine is not running. Before repairing or 4. Separate the fittings.
disconnecting any of the fuel lines or fuel system

• Inspect for damage.components, the fuel system pressure must be
• Clean the fittings.relieved to prevent accidental spraying  of fuel,

causing personal injury or a fire hazard.

1. Release the fuel pressure. For additional
information, refer to Fuel System Pressure
Release — Gasoline Engines or  Fuel System
Pressure Release — Diesel Engines in this
section.

2. Disconnect the safety clip from the male hose.
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GENERAL PROCEDURES (Continued)

Connect 2. Pull on the fitting to make sure it is fully
engaged, then install safety clip.

1. NOTE: Lubricate the tube end with clean
engine oil to ease assembly.

Align and push the tube into the fitting until
you hear a click.
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GENERAL PROCEDURES

Spring Lock Couplings

Special Tool(s)

Disconnect Tool (3/8-Inch)
310-D004 (D87L-9280-A) or
equivalent

Disconnect Tool (1/2-Inch)
310-D005 (D87L-9280-B) or
equivalent 3. Install the disconnect tool.

Material

Item Specification

SAE 5W-20 Premium WSS-M2C153-H
Synthetic Blend Engine
Oil
XO-5W20-QSP

Disconnect

WARNING: Do not smoke or carry lighted 4. Close and push the disconnect tool into the
tobacco or open flame of any type when working open side of the cage.
on or near any fuel-related component. Highly
flammable mixtures are always present and can
be ignited, resulting in possible personal injury.

WARNING: Fuel in the fuel system
remains under high pressure even when the
engine is not running. Before repairing or
disconnecting any of the fuel lines or fuel system
components, the fuel system pressure must be
relieved to prevent accidental spraying  of fuel,
causing personal injury or a fire hazard.

1. Release the fuel system pressure. For additional
information, refer to Fuel System Pressure
Release — Gasoline Engines or  Fuel System
Pressure Release — Diesel Engines in this
section.

2. Remove the fuel tube clip.
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GENERAL PROCEDURES (Continued)

Connect5. Separate the fitting.

1. Connect the fitting.

• Inspect and clean both the coupling ends.

• Lubricate the O-rings with clean engine oil.

• Connect the fitting.

• Pull on the fitting to make sure it is fully
engaged.

• Install the safety clip.

6. Remove the disconnect tool.
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GENERAL PROCEDURES

Quick Connect Coupling

Material

Item Specification

SAE 5W-20 Premium WSS-M2C153-H
Synthetic Blend Motor Oil
XO-5W20-QSP

Disconnect

WARNING: Do not smoke or carry lighted
tobacco or open flame of any type when working
on or near any fuel-related component. Highly Connect
flammable mixtures are always present an may
be ignited, resulting in possible personal injury. 1. Inspect the fitting and the tube for damage.

Remove any dirt or obstructions.
WARNING: Fuel in the fuel system

remains under high pressure even when the 2. Apply a light coat of clean engine oil to the
engine is not running. Before servicing or male tube end.
disconnecting any of the fuel tubes or fuel system
components, the fuel system pressure must be 3. Insert the tube into the coupling and push them
relieved to prevent accidental spraying  of fuel, together until a click is heard.
causing personal injury or a fire hazard.

WARNING: The evaporative emissions
system contains fuel vapor and condensed fuel
vapor. Although not present in large quantities,
it still presents the danger of explosion or fire.
Disconnect the battery ground cable from the
battery to minimize the  possibility of an
electrical spark occurring, possibly causing a fire
or explosion if fuel vapor or liquid fuel are
present in the area. Failure to follow these
instructions may result in personal injury.

CAUTION: Do not use any tools. The use
of tools may cause a deformity in the clip 4. Pull on the connection to make sure it is fully
components which may cause fuel leaks. engaged.

1. Release the fuel system pressure, if necessary.
For additional information, refer to Fuel System
Pressure Release — Gasoline Engines or  Fuel
System Pressure Release — Diesel Engines in
this section.

2. Depress the locking ring to release the tube
from the coupling.
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SPECIFICATIONS

Torque Specifications

Description Nm lb-in

Coalescer Filter Drain Plug 8-11 71-97
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• Additional engine performance checks are
DESCRIPTION AND OPERATION

required to keep the exhaust emissions at theFuel System
specified minimum pollutant level. Refer to the

WARNING: Do not modify the system Pre-Delivery Manual for these performance checks
configuration or components, or replace and recommended intervals.
components with parts not specially designed for

This section covers general procedures relateduse with natural gas. Ford Motor Company has
directly to the fuel system.specially designed the materials, components and
Always refer to the Master Parts Catalog for partssystem configuration for the 5.4L  Econoline
usage and interchangeability before replacing anynatural gas vehicles, and each particular system
component of the fuel system.is precisely calibrated for efficient operation. The

use of different parts or materials can produce
Coalescer/Filteran untested configuration that could result in fire
Natural gas vehicles are equipped with aor personal injury, or cause engine  damage.
coalescer/filter assembly. The coalescer/filter

WARNING: It is important that your assembly separates, filters and stores any
natural gas vehicle be properly maintained by contamination and moisture found in the fuel
Ford natural gas trained personnel. If a problem system, preventing moisture from entering the
occurs, it is important that properly trained engine.
personnel diagnose the cause. If the problem
relates to the fuel system,  proper part Coalescer/Filter Assembly
replacement is imperative to keep your vehicle
operating at normal performance. Natural gas
components and gasoline fuel components are not
interchangeable. If your vehicle is not serviced in
accordance with natural gas-fueled vehicle
procedures, damage can occur and your
warranty may be invalidated.

NOTE: All standard production components and
systems receive routine service under base warranty
procedures.

When servicing the fuel system, observe the
following information:

• All 5.4L CNG engines use a closed-type positive Typical Vent Stack Installation
crankcase ventilation (PCV) system and an Refer to the following illustration for a typical vent
exhaust emission system to control engine stack installation.
emissions within government specifications.

• To maintain the required exhaust emission levels,
the fuel system must be kept in proper operating
condition.

• The Natural Gas fuel system must be adjusted to
specifications listed in the applicable section of
the Powertrain Control/Emissions Diagnosis
(PC/ED) manual.
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DESCRIPTION AND OPERATION (Continued)

Typical Vent Stack Installation Item Description

3 Ground strap

4 Floor

5 Ground level

6 1/2-inch x 8-foot ground rod

7 1/2-inch female to 3/8-inch male
adapter

Item Description

1 Roof

2 Exterior wall
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DIAGNOSIS AND TESTING

Fuel System
Refer to the Powertrain Control/Emissions Diagnosis
(PC/ED) manual.
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4. Remove the coalescer/filter assembly drain plug
GENERAL PROCEDURES

and allow all liquid to drain.Coalescer/Filter Draining

5. Install the coalescer/filter assembly drain plug
1. Perform the fuel line venting procedure. Refer and tighten to specifications.

to Fuel Line Evacuation in this section.

2. Place a container under the coalescer/filter
assembly.

3. NOTE: Hold the coalescer body with a wrench
on the flats, to prevent loosening of the filter
housing.

Slowly loosen the coalescer/filter assembly
drain plug, to vent the system of any residual
fuel pressure.

6. Perform the fuel system leak test procedure.
Refer to Fuel System Leak Test in this section.
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4. Close and push the Spring Lock Coupling
GENERAL PROCEDURES

Disconnect Tool into the open side of the cage.Spring Lock Couplings

Special Tool(s)

Spring Lock Coupling
Disconnect Tool (5/8-Inch)
412-038 (T83P-19623-C)

Disconnect

1. Perform the fuel line venting procedure. Refer
to Fuel Line Evacuation in this section. 5. Separate the fitting.

2. Remove the fuel tube clip.

6. Remove the Spring Lock Coupling Disconnect
Tool.

3. Install the Spring Lock Coupling Disconnect
Tool.
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GENERAL PROCEDURES (Continued)

Connect

1. NOTE: Inspect and clean both coupling ends.

NOTE: Replace the O-ring seals (9229).

NOTE: Lubricate the O-ring seals with 5W30
engine oil meeting Ford specification
WSS-M2C153-G or equivalent prior to
installation to help seal and ease the
installation.

Push together the spring lock coupling fittings
until the spring engages.
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NOTE: It is recommended that venting be
GENERAL PROCEDURES

performed with a vent stack. A typical vent stackFuel Line Evacuation
installation is shown in the Description and
Operation portion of this section. This is a typicalSpecial Tool(s)
installation only. Any vent stack installation must be

Worldwide Diagnostic System approved by local authorities.
(WDS)
418-F224, NOTE: The following procedures are required to be
New Generation STAR (NGS) used when venting fuel from the fuel lines to
Tester remove the fuel tanks, the fuel lines, the
418-F052, or equivalent scan coalescer/filter assembly, the fuel pressure regulator,tool

the fuel injection supply manifold, the fuel injectors,
the fuel pressure relief valve, the fuel shutoff valve
solenoid, the injection pressure sensor or the engineWARNING: Do not smoke or carry lighted
fuel temperature sensor.tobacco or open flame of any type when working

on or near any fuel-related components. Highly
All vehiclesflammable mixtures are always present and may

be ignited. Failure to follow these instructions
1. Close each manual lock-down valve jackscrewmay result in personal  injury.

on the fuel tank solenoid valves.
WARNING: The fuel supply lines will

remain pressurized after engine shutdown. When
servicing fuel-related components, do not smoke
or carry lighted tobacco or any open flame of
any type. Flammable gases may be present and
ignite, resulting in possible  personal injury.

WARNING: Do not modify the system
configuration or components, or replace
components with parts not specially designed for
use with natural gas. Ford Motor Company has
specially designed the materials, components and
system configuration for the 5.4L  Econoline
natural gas vehicles, and each particular system

Engine runsis precisely calibrated for efficient operation. The
use of different parts or materials can produce

2. Disconnect the fuel rail pressure (FRP) sensoran untested configuration that could result in fire
electrical connector.or personal injury, or cause engine  damage.

3. NOTE: Running the engine with the FRPWARNING: Fuel line venting is required
sensor electrical connector disconnected willprior to fuel system component service.
generate a DTC that will have to be cleared.

WARNING: Eye and ear protection are Start the engine and allow it to idle until it
required to be worn during venting or removal stalls. Once the engine stalls, crank the engine
and installation of fuel system components. for an additional 15 seconds.

WARNING: The status (stuck open, stuck
closed, does not operate or good) of each fuel
tank solenoid valve must be identified prior to
venting the fuel tanks.
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GENERAL PROCEDURES (Continued)

4. WARNING: This step in the procedure
will vent a very slight amount of residual
pressure to the atmosphere. Use care to
prevent the combustion of escaping fuel.
Smoking, open flames or any kind of arcing
must be avoided. Carry out this operation
only in  a well-ventilated area. Failure to
follow these instructions may result in
personal injury.

Slightly loosen the FRP sensor to release the
residual pressure from the fuel rail.

5. Tighten and reconnect the FRP sensor.

6. NOTE: If the vehicle is being serviced for an
FRP sensor DTC, the FRP PID reading may not
indicate actual pressure in the fuel rail.

Using the scan tool, access the FRP PID. The
FRP PID should indicate less than 5 psi. If so,
the fuel system may be opened and serviced. If
not, repeat the procedure.

Engine does not run

7. WARNING: This step in the procedure
will vent pressure to the atmosphere. Use
care to prevent the combustion of escaping
fuel. Smoking, open flames or any kind of
arcing must be avoided. Carry out this
operation only in a well-ventilated area.
Failure  to follow these instructions may
result in personal injury.

Slightly loosen the low pressure fuel line fitting
until the fuel starts to escape. After the fuel is
evacuated, disconnect the fitting, install new
O-rings, lubricate the O-rings with engine oil,
and connect the fitting.
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GENERAL PROCEDURES
WARNING: The fuel supply lines will

Fuel Tank Evacuation remain pressurized after engine shutdown. When
servicing fuel-related components, do not smoke
or carry lighted tobacco or any open flame ofSpecial Tool(s)
any type. Flammable gases may be present and

Fuel Filler Neck Venting Kit ignite, resulting in possible  personal injury.
134-00117 or equivalent

WARNING: Do not modify the system
configuration or components, or install
components with parts not specially designed for
use with natural gas. Ford Motor Company has
specially designed the materials, components and

Grounding Cable system configuration for the 5.4L  natural gas
134-00121 or equivalent vehicles, and each particular system is precisely

calibrated for efficient operation. The use of
different parts or materials can produce an
untested configuration that could result in fire or
personal injury, or cause engine damage.

Manual Override Tool WARNING: Fuel line venting is required
134-00050 or equivalent prior to fuel system component service.

WARNING: Eye and ear protection are
required to be worn during venting, or removal
and installation, of fuel system components.

Venting Hose Assembly WARNING: The status (stuck open, stuck
134-00118 or equivalent closed, does not operate or good) of each fuel

tank solenoid valve must be identified prior to
venting the fuel tanks.

NOTE: It is recommended that venting be
performed with a vent stack. A typical vent stack
installation is shown in the Description andFuel Venting Kit

164-R0911 Operation portion of this section. This is a typical
installation only. Any vent stack installation must be
approved by local authorities.

NOTE: Do not vent any fuel tank unless a new fuel
tank or a new fuel tank solenoid valve is installed.
Unnecessary venting of good tanks can cause

Adapter
damage to the fuel tank solenoid valve.134-00255 or equivalent

1. The following procedures are required to be
used when venting fuel from the fuel tanks in
order to remove fuel tanks.
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GENERAL PROCEDURES (Continued)

Solenoid — Functions Normally

1. NOTE: On vehicles equipped with an extended
range fuel tank, the jackscrew can be reached
through an access hole in the vapor retaining
cover.

Turn in the manual lock-down valve jackscrew
on the fuel tank solenoid valve(s).

5. Connect the Venting Hose Assembly to the vent
stack.

2. Perform the fuel line venting procedure. For
additional information, refer to Fuel Line
Evacuation in this section.

3. Connect the Grounding Cable to the ground
rod.

6. Remove the fuel pump relay from the power
distribution box.

7. Construct a jumper wire from 152 mm (6
inches) of 18 gauge wire and two spade
terminal ends.

8. Jumper the fuel pump relay circuit from Socket
87 to Socket 30.

4. Connect the Fuel Filler Neck Venting Kit to the
Venting Hose Assembly and Adapter.

2004 E-Series, 12/2003 



310-00B-3 310-00B-3Fuel System — General Information — Natural Gas

GENERAL PROCEDURES (Continued)

9. Slowly open the manual lock-down valve
jackscrew on the fuel tank solenoid valve of the
fuel tank to be vented.

10. Observe the gauge pressure of the Fuel Filler
Neck Venting Kit. The pressure should be at
tank pressure if the fuel tank solenoid valve
was identified as, ‘‘functions normally’’.

11. Slowly open the bleed valve on the venting kit
and allow the contents of the fuel tank to vent
to the atmosphere. Venting can take in excess
of one hour.

4. Connect the Fuel Filler Neck Venting Kit to the
12. Close the bleed valve on the venting kit, and Venting Hose Assembly and Adapter.

observe the gauge pressure. The pressure should
be at or near 0 kPa (0 psi).

13. Repeat the procedure until all affected tanks are
vented.

Solenoid — Stuck Open

1. NOTE: On vehicles equipped with an extended
range fuel tank, the jackscrew can be reached
through an access hole in the vapor retaining
cover.

Turn in the manual lock-down valve jackscrew
on the fuel tank solenoid valve(s).

5. Connect the Venting Hose Assembly to the vent
stack.

2. Perform the fuel line venting procedure. For
additional information, refer to Fuel Line

6. Slowly open the manual lock-down valveEvacuation in this section.
jackscrew on the fuel tank solenoid valve of the
fuel tank to be vented.3. Connect the Grounding Cable to the ground

rod.
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GENERAL PROCEDURES (Continued)

7. Observe the gauge pressure of the Fuel Filler 12. Turn in the override tool jackscrew until fuel
Neck Venting Kit. The pressure should be at flows.
tank pressure if the fuel tank solenoid valve
was identified as, ‘‘stuck open’’.

8. Slowly open the bleed valve on the venting kit
and allow the contents of the fuel tank to vent
to the atmosphere. Venting can take in excess
of one hour.

9. Close the bleed valve on the venting kit, and
observe the gauge pressure. The pressure should
be at or near 0 kPa (0 psi).

10. Remove the fuel tank solenoid manual
lock-down valve.

13. Vent the fuel tank until the fuel flow stops.

14. Remove the override tool from the fuel tank
solenoid valve.

11. WARNING: Make sure the jackscrew
in the Manual Override Tool is retracted
fully (counterclockwise) prior to installation
into the fuel tank solenoid valve. Installation

15. Install the fuel tank solenoid manual lock-downof the override tool in the venting position
valve.will cause natural gas to be  immediately

released.

Install the Manual Override Tool into the fuel
tank solenoid of the tank to be vented.
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GENERAL PROCEDURES (Continued)

16. Turn in the manual lock-down valve jackscrew
on the fuel tank solenoid valve.

4. Connect the Fuel Venting Kit and Adapter to
the fuel fill line.

17. Repeat the procedure until all affected tanks are
vented.

Solenoid — Stuck Closed or Does Not
Operate

1. NOTE: On vehicles equipped with an extended
range fuel tank, the jackscrew can be reached
through an access hole in the vapor retaining
cover.

Turn in the manual lock-down valve jackscrew
on the fuel tank solenoid valve(s).

5. NOTE: Solenoid diagnostics must be
completed on all tank solenoid valves prior to
venting.

NOTE: All fuel tank solenoid valves must be
in the locked down position.

Connect the Grounding Cable to the back side
of the fuel fill valve at the fuel line connection.

2. Perform the fuel line venting procedure. For
additional information, refer to Fuel Line
Evacuation in this section.

3. Disconnect the fuel fill line from the fuel fill
valve.
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GENERAL PROCEDURES (Continued)

6. Connect the Grounding Cable to the ground 9. Connect the Venting Hose Assembly to the vent
rod. stack.

7. Connect the Fuel Filler Neck Venting Kit to the 10. Remove the manual lockdown valve from the
Venting Hose Assembly and Adapter. fuel tank solenoid valve of the fuel tank to be

vented.

8. Connect the Fuel Venting Kit to the Fuel Filler
Neck Venting Kit.
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GENERAL PROCEDURES (Continued)

15. Remove the override tool from the fuel tank11. WARNING: Make sure that the
solenoid valve.jackscrew in the Manual Override Tool is

retracted fully (counterclockwise) prior to
installation into the fuel tank solenoid valve.
Installation of the override tool in the
venting position will cause natural gas to be
immediately released.

CAUTION: Once the fuel tank
solenoid valve has been opened using the
override tool, a new fuel tank solenoid valve
must be installed.

Install the override tool into the fuel tank
solenoid valve of the tank to be vented.

16. Install the fuel tank solenoid manual lock-down
valve.

12. Slowly turn in the override tool jackscrew until
fuel flows. Observe the gauge pressure of the
Fuel Filler Neck Venting Kit. The pressure
reading should be at tank pressure.

17. Turn in the manual lock-down valve jackscrew
on the fuel tank solenoid valve.

13. Slowly open the bleed valve on the venting kit
and allow the contents of the fuel tank to vent

18. Repeat the procedure until all affected tanks areto the atmosphere. Venting can take in excess
vented.of one hour.

14. Vent the fuel tank until the fuel flow stops.

2004 E-Series, 12/2003 



310-00B-8 310-00B-8Fuel System — General Information — Natural Gas

GENERAL PROCEDURES (Continued)

19. Install the fuel fill line onto the fuel fill valve.
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4. Remove the jumper wire.
GENERAL PROCEDURES

Fuel System Leak Test
5. Install the fuel pump relay into the power

distribution box.
Special Tool(s)

Combustible Gas Detector 6. Check the spring lock coupling and the fuel
134-00049 or equivalent injection supply manifold to fuel injector

connections for leaks, using the combustible gas
detector.

7. If a leak is detected, verify the connection is
engaged properly, then retest.

Fuel Injection Supply Manifold and Fuel 8. If the leak remains, repair as necessary and
Injectors retest.

Fuel Tanks, Filter and Lines1. NOTE: After the vehicle has soaked for several
hours, a very slight natural gas smell may
emanate from within the intake manifold and 1. NOTE: Verify system pressure is at least
intake air system. This is normal, as the fuel 10,343 kPa (1500 psi). If system pressure is
injectors leak down from the fuel injection below 10,343 kPa (1500 psi), refuel the vehicle.
supply manifold to the  intake manifold over Check the fuel tank(s), coalescer/filter and fuel
several hours. line connections for leaks, using the
Remove the fuel pump relay from the power combustible gas detector.
distribution box.

2. If a leak is detected, verify that the fittings are
2. Construct a jumper wire from 152 mm (6 tightened properly, then retest.

inches) of 18 gauge wire and two spade
3. If the leak remains, inspect the O-ring seal,terminal ends.

O-ring seal land and sealing surfaces for any
3. Jumper the fuel pump relay circuit from Socket damage, distortion or contamination.

87 to Socket 30.
4. Repair as necessary and retest.
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8. Inspect the tank sidewall and dome ends,
GENERAL PROCEDURES

following the general guidelines set forth in theFuel Tank Inspection
Compressed Gas Association Pamphlet C6.2.
Inspect the tank(s) for the following:

1. NOTE: The following procedure is an
• abrasionsin-vehicle, visual inspection for natural gas fuel

cylinders. A 1-year/19,310-km (12,000-mile) • dents
(whichever occurs first) inspection interval is • cracking, blistering or peeling of clear
assumed. coating
NOTE: The Compressed Natural Gas Pamphlet • corrosion
C6.2 can be obtained from the Compressed Gas

• cracks or gouges in the metal domeAssociation, Inc., 1725 Jefferson Davis
• cracks in the fiberglass overwrapHighway, Arlington, VA 22202-4102.

• impact damage (crazing) in the fiberglassRaise and support the vehicle.
overwrap

2. Examine the vehicle underbody and chassis in • cuts or gouges in the fiberglass overwrap
the general area near the fuel tank(s) for any

• exposed fibersindication of collision damage, malfunction, fire
• delamination (separating) of the fiberglassor excessive mud/dirt accumulation.

overwrap
3. Examine the fuel tank stone/heat shield for any • discoloration of the fiberglass overwrap

indication of collision damage, malfunction, fire
• fire or heat damage, such as charring oror excessive mud/dirt accumulation.

discoloration

4. Remove the fuel tank stone/heat shield.
9. If any flaws are detected, measure the depth

and length of the flaw in accordance with the5. Examine the fuel tank(s) and the stone/heat
Compressed Gas Association Pamphlet C6.2shield interior for any foreign objects (such as
guidelines. If any of the flaws cannot bestones or gravel) or foreign materials (such as
completely measured in the vehicle, the tankmud, salt, liquids or chemical residue).
must be removed from the  vehicle for further
inspection.6. Remove any foreign material, using only a

clean, dry cloth. Remove all foreign objects. Do
10. If the tanks have been or are suspected ofnot use water or any cleaners.

having been exposed to a corrosive chemical
spill, the tank must be removed from the7. Examine the fuel tank labels for the tank
vehicle for further inspection of the completeexpiration date. Use a light and mirror to access
composite surface, including the area under thelabels hidden from normal view. If the
tank straps. If there  is any indication ofexpiration date has been exceeded, condemn the
chemical attack, such as blistering, cracking ortank, using the procedure in Step 14.
delamination, the tanks must be condemned and
replaced with new tanks. Tanks on the Natural
Gas Econoline are of an NGV2-2 design and do
not have to be hydrostatically tested  during
their 15-year service life.
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GENERAL PROCEDURES (Continued)

11. The acceptance criteria for cuts and abrasions 13. The metal tank ends are protected with a
are different from those listed in Section 6.5.1 multi-coat system using epoxy and polyurethane
of the Compressed Gas Association Pamphlet coatings. Chips in the coating must be
C6.2. These tanks have extra epoxy resin and a evaluated and repaired. The metal tank end
clear coat to reduce the sensitivity to surface external inspection criteria are as follows:
damage.  The following are the composite wrap • Level 1 Chips: These are chips or abrasions
inspection criteria: which do not penetrate the black epoxy
• Level 1 Abrasions: These are defined as coating. The steel or gray primer has not

minor abrasions, such as scuffs less than been exposed. Level 1 chips require no
0.254 mm (0.010 inch) deep, and are repair.
acceptable without repair. • Level 2 Chips: These are chips or abrasions

• Level 2 Abrasions: These are defined as which penetrate the black epoxy coating and
abrasions having some exposed fibers or flat must be repaired as follows to prevent
spots with a depth between 0.254 mm corrosion:
(0.010 inch) and 0.762 mm (0.030 inch).

X Sand the damaged area to remove rust
Level 2 abrasions must be repaired before and rough up the surrounding coating.
the tank is returned to service.

X Clean the damaged area with a
• Level 1 Cuts: These are defined as cuts or commercial pre-paint cleaning solvent.

scratches less than 0.254 mm (0.010 inch)
X Apply a zinc-rich, cold galvanizingdeep and are acceptable without repair

compound (Rust-Oleum TM Zinc-Rich orregardless of length, number or direction.
equivalent commercial product).

• Level 2 Cuts: These cuts have a maximum
• Dents: Tanks with dents to the metal endsdepth up to 0.762 mm (0.030 inch) and a

which exceed 1.524 mm (0.060 inch) inmaximum length up to 203 mm (8 inches).
depth must be removed from service andLevel 2 cuts must be repaired before the
condemned.tank is returned to service.

• Gouges: Tanks with sharp gouges
12. Repair of the damage to composite wrap is as penetrating the coating and into the metal

follows: liner must be removed from service and
condemned.• Level 2 cuts and abrasions are to be coated

with epoxy resin. Mix and apply commercial
14. Condemned tanks, whether due to damage orroom temperature cure, two-component

expiration, shall be removed from the vehicleepoxy resin according to the manufacturer’s
and destroyed as follows:instructions. Frayed fibers must be cut away
1 Vent and remove the fuel tanks. Refer tobefore application of the epoxy  resin.

Section 310-01B.• Tanks with damage exceeding Level 2 must
2 Remove the fuel tank solenoid valve. Referbe condemned in accordance with Step 14.

to Section 310-01B.• The criteria for other damage to the
3 Purge the fuel tank with compressed air forcomposite wrap are defined in the

30 seconds.Compressed Gas Association Pamphlet C6.2.

4 Destroy the fuel tank by drilling a 12.7-mm
(0.50-inch) diameter hole in the fuel tank
sidewall.

15. Fuel Tank Straps: Examine the fuel tank straps
for proper positioning of the rubber isolators.
Replace the rubber isolators as necessary.
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GENERAL PROCEDURES (Continued)

16. Inspection Record: Record the date, vehicle
mileage and the results of the fuel tank
inspection.
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4. Example: multiply the torque value to be
GENERAL PROCEDURES

obtained A (120) by the length of the torqueTorque Multiplication Conversion
wrench B (12). Add the length of the torque
wrench adapter C (2) to the length of the torque

1. NOTE: When using a torque wrench adapter, wrench B (12). Divide the product of A x B
the distance from the torque wrench drive to the (1440) by the sum of B  + C (14) to obtain the
adapter drive changes the actual torque value. torque multiplication conversion D (103).
Apply the following formula (A x B ÷ B + C =
D) to obtain the correct torque value.

Record the torque value to be obtained as A.

2. Measure the distance from the center of the
torque wrench handgrip to the center of the
torque wrench drive. Record this measurement
as B.

3. Measure the distance from the center of the
torque wrench adapter opening to the center of
the torque wrench adapter drive. Record this
measurement as C.
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Torque Specifications (Continued)
SPECIFICATIONS

Description Nm lb-ft lb-in
Torque Specifications

Fuel conditioning 5 — 44
Description Nm lb-ft lb-in module pump cover

Fuel tank support nuts 90 66 — Fuel conditioning 1 — 9
(aft-of-axle) module drain

Fuel tank support bolts 103 76 — Fuel conditioning 17 13 —
(aft-of-axle) module bracket to

frame boltsFuel pump and sender 10 — 89
bolts Fuel conditioning 5 — 44

module pressure reliefFuel tank support strap 25 18 —
cover boltsnuts (midship)
Fuel conditioning a — —Fuel conditioning 17 13 —
module bowlmodule bracket to

pump bolts a Refer to the procedure in this section.
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DESCRIPTION AND OPERATION

Fuel Tank and Lines — 4.6L, 5.4L and
6.8L
The fuel system consists of:

• the fuel tank.

— The midship fuel tank is between the frame
side rails on the left hand side.

— The aft of axle fuel tank is mounted between
the side rails.

• a fuel tank filler pipe which contains a restrictor
plate to permit only unleaded fuel to be pumped
into the fuel tank.

• a quarter-turn fuel tank filler cap.

• a fuel filter providing filtration to protect the fuel
injectors.

• fuel tubes.

• a fuel pump and sender assembly which provides
pressurized fuel to the engine and a signal to
indicate fuel level to the instrument cluster, and
contains:

— a serviceable fuel sender.

— an inlet filter.

— a check valve that maintains system pressure
after the pump is shut off.

The fuel pump is controlled by the fuel pump
powertrain control module relay. Electrical power to
the fuel pump is provided through the inertia fuel
shutoff (IFS) switch.
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DESCRIPTION AND OPERATION (Continued)

Fuel System Component Location—Midship Fuel Tank

Item Part Number Description Item Part Number Description

4 9B593 Fuel vapor/grade vent valve1 9155 Fuel filter

5 9030 Fuel tank filler cap2 9002 Fuel tank

6 9C052 Fuel tank pressure sensor3 9H307 Fuel pump and sender
assembly

(Continued)
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DESCRIPTION AND OPERATION (Continued)

Fuel System Component Location — Aft-of-Axle Tank

Item Part Number Description Item Part Number Description

4 9030 Fuel tank filler cap1 9B593 Fuel vapor/grade vent valve

5 9H307 Fuel pump and sender2 9002 Fuel tank
assembly3 9C052 Fuel tank pressure sensor

(Continued)
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DESCRIPTION AND OPERATION

• the fuel conditioning module.Fuel Tank and Lines — 6.0L Diesel
— contains the fuel filter and water separator.The diesel fuel system consists of:
— has the fuel pump mounted in the top.• the fuel tank.
— has a internally mounted fuel warmer (not— The midship fuel tank is mounted to the LH

serviced separately).frame side rail.
—  contains a pressure relief valve for— The aft-of-axle fuel tank is mounted between

overpressure protection in the event ofthe side rails.
restricted flow.

• a fuel tank filler pipe without a restrictor plate.
• fuel tubes.

• a threaded fuel tank filler cap.
The fuel pump is controlled by the fuel pump
powertrain control module (PCM) relay. Electrical
power to the fuel pump is provided through the
inertia switch (IFS switch). The fuel
recirculation/filter unit assists in preventing the fuel
from  gelling in the lines during cold weather
operations.

Fuel System Component — Midship Fuel Tank

Item Part Number Description Item Part Number Description

3 9030 Fuel tank filler cap1 9G282 Fuel conditioning module

4 9275 Fuel level sending unit2 9002 Fuel tank
(Continued)
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DESCRIPTION AND OPERATION (Continued)

Fuel System Component Location— Aft-of-Axle tank

Item Part Number Description

1 9002 Fuel tank

2 9030 Fuel tank filler cap

3 9275 Fuel level sending unit
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DIAGNOSIS AND TESTING

Fuel Tank and Lines
For additional information, refer to the Powertrain
Control/Emissions Diagnosis (PC/ED) manual.
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REMOVAL AND INSTALLATION

Fuel Conditioning Module — 6.0L
Diesel

Special Tool(s)

Fuel Line Disconnect Tool
310-S039 (T90T-9550-S)

Removal and Installation 5. NOTE: Rear fuel hoses shown, front fuel hoses
similar.

1. WARNING: Smoking and open flame Remove the fuel hoses retaining clips. Using
of any type must not be present when the special tool, disconnect the four fuel hoses.
working near fuel or fuel vapor. Failure to
follow these instructions may result in
personal injury.

With the vehicle in NEUTRAL, position it on a
hoist. For additional information, refer to
Section 100-02.

2. Disconnect both battery ground cables. For
additional information, refer to Section 414-01.

3. Open the fuel/water separator drain valve to
release the fuel pressure.

6. Disconnect the wiring push pin. Remove the
mounting bolts and the fuel conditioning
module.

4. Disconnect the fuel conditioning module
electrical connectors.

7. To install, reverse the removal procedure.
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REMOVAL AND INSTALLATION

5. Disconnect the fuel pump/fuel sender electricalFuel Tank — Midship
connector.

Special Tool(s)

Disconnect Tool, Spring Lock
Coupling
310-S039 (T90T-9550-5)

High-Lift Transmission Jack
014-00942 or equivalent

6. Disconnect the fuel tank filler pipe hose.

Removal and Installation

All vehicles

WARNING: Do not smoke or carry lighted
tobacco or open flame of any type when working
on or near any fuel related component. Highly
flammable mixtures are always present and may
be ignited, resulting in possible personal injury.

WARNING: Fuel in the fuel system
remains under high pressure even when the

Gasoline onlyengine is not running. Before repairing or
disconnecting any of the fuel lines or fuel system

7. Disconnect the evaporative emissions (EVAP)components, the fuel system pressure must be
tube connector.relieved to prevent accidental spraying  of fuel,

causing personal injury or a fire hazard.

1. With the vehicle in NEUTRAL, position it on a
hoist. For additional information, refer to
Section 100-02.

2. Release the fuel pressure. For additional
information, refer to Section 310-00A.

3. Disconnect the battery ground cable. For
additional information, refer to Section 414-01.

4. Drain the fuel tank. For additional information,
refer to Section 310-00A.
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REMOVAL AND INSTALLATION (Continued)

All vehicles 11. Partially lower the fuel tank.

8. Position the jack under the fuel tank.

12. Disconnect the fuel tube spring lock coupling.
For additional information, refer to Section
310-00A.9. Remove the nut and the front fuel tank support

strap.

Gasoline only

10. Remove the nut and the rear fuel tank support
strap. 13. Disconnect the fuel tank vent tube connector.
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REMOVAL AND INSTALLATION (Continued)

14. Lower the fuel tank. 15. To install, reverse the removal procedure.
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REMOVAL AND INSTALLATION

5. NOTE: In this illustration, the vehicle body isFuel Tank — Aft-of-Axle
shown removed for clarity. 

Special Tool(s) Disconnect the fuel tank filler pipe and the
filler vent tube from the fuel tank.

Disconnect Tool, Spring Lock
Coupling
310-S039 (T90T-9550-5)

High-Lift Transmission Jack
014-00942 or equivalent

6. Position the jack under the fuel tank.Removal and Installation

7. Remove the bolts.All vehicles

WARNING: Do not smoke or carry lighted
tobacco or open flame of any type when working
on or near any fuel related component. Highly
flammable mixtures are always present and may
be ignited, resulting in possible personal injury.

WARNING: Fuel in the fuel system
remains under high pressure even when the
engine is not running. Before repairing or
disconnecting any of the fuel lines or fuel system
components, the fuel system pressure must be
relieved to prevent accidental spraying  of fuel,
causing personal injury or a fire hazard.

NOTE: The 55 gallon aft-of-axle fuel tank is
shown; the 37 gallon aft-of-axle fuel tank is similar.

1. With the vehicle in NEUTRAL, position it on a
hoist. For additional information, refer to
Section 100-02.

2. Release the fuel pressure. For additional
information, refer to Section 310-00A.

3. Disconnect the battery ground cable. For
additional information, refer to Section 414-01.

4. Drain the fuel tank. For additional information,
refer to Section 310-00A.
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REMOVAL AND INSTALLATION (Continued)

8. Remove the nuts. 13. Disconnect the EVAP tube from the fuel pump.

All vehicles9. Remove the fuel tank support straps.

10. Partially lower the fuel tank. 14. Disconnect the fuel tube spring lock coupling.
For additional information, refer to Section

Gasoline only
310-00A.

11. Disconnect the evaporative emission (EVAP)
tube(s) from the fuel vapor/grade vent valve.

15. Disconnect the fuel pump and fuel tank sending
unit electrical connector.

12. Disconnect the fuel pressure electrical
connector.

16. Lower the fuel tank.
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REMOVAL AND INSTALLATION (Continued)

17. To install, reverse the removal procedure.

2004 E-Series, 12/2003 



310-01A-1 310-01A-1Fuel Tank and Lines — Gasoline and Diesel

REMOVAL AND INSTALLATION

Fuel Pump — 4.6L, 5.4L and 6.8L

Removal and Installation

WARNING: Do not smoke or carry lighted
tobacco or open flame of any type when working
on or near any fuel related component. Highly
flammable mixtures are always present and may
be ignited, resulting in possible personal injury.

WARNING: Fuel in the fuel system
remains under high pressure even when the
engine is not running. Before repairing or 5. To install, reverse the removal procedure.
disconnecting any of the fuel lines or fuel system

• Install a new fuel pump O-ring seal.components, the fuel system pressure must be
relieved to prevent accidental spraying  of fuel,
causing personal injury or a fire hazard.

All fuel tanks

1. Remove the fuel tank. For additional
information, refer to Fuel Tank — Midship, or
Fuel Tank — Aft-of-Axle in this section.

2. Place the fuel tank on a suitable work surface.

Midship fuel tank

3. Disconnect the evaporative emissions (EVAP)
tube.

All fuel tanks

4. Remove the bolts and the fuel pump and
sender.

• Discard the fuel pump O-ring seal.
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REMOVAL AND INSTALLATION

Fuel Filter — 4.6L, 5.4L and 6.8L

Removal and Installation

WARNING: Do not smoke or carry lighted
tobacco or open flame of any type when working
on or near any fuel related component. Highly
flammable mixtures are always present and may
be ignited, resulting in possible personal injury.

WARNING: Fuel in the fuel system
remains under high pressure even when the
engine is not running. Before repairing or
disconnecting any of the fuel lines or fuel system
components, the fuel system pressure must be
relieved to prevent accidental spraying  of fuel,
causing personal injury or a fire hazard.

1. With the vehicle in NEUTRAL, position it on a
hoist. For additional information, refer to
Section 100-02.

2. Release the fuel pressure. For additional
information, refer to Section 310-00A.

3. Disconnect the battery ground cable. For
additional information, refer to Section 414-01.

4. Disconnect the fuel tube spring lock couplings
from the fuel filter. For additional information,
refer to Section 310-00A.

5. Loosen the clamp and slide the fuel filter
rearward to remove.

6. To install, reverse the removal procedure.
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REMOVAL AND INSTALLATION

Fuel Filter — 6.0L Diesel, Secondary

Removal and Installation

1. Detach the coolant hoses from the air cleaner
outlet pipe.

4. Loosen the clamp on the charged air cooler
duct at the charged air cooler.

2. NOTE: Air cleaner side shown, engine side
similar.

Loosen the clamps and remove the air cleaner
outlet pipe.

5. Remove and position the charged air cooler
duct aside.

3. Loosen the clamp on the charged air cooler
duct at the intake manifold adapter.
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REMOVAL AND INSTALLATION (Continued)

6. Remove the secondary fuel filter cap by turning 7. To install, reverse the removal procedure.
the cap counterclockwise and remove the
secondary fuel filter.

• Discard the secondary fuel filter.

• Carefully clean the mating surfaces.
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DISASSEMBLY AND ASSEMBLY

Fuel Conditioning Module — 6.0L
Diesel

Material

Item Specification

SAE 15W-40 Super Duty WSS-M2C171-C
Motor Oil
XO-15W40-QSD or
equivalent

Disassembly

1. Remove the fuel filter cover and drain the fuel 4. Remove the bolts and the pressure relief valve.
from the housing.

• Remove and discard the O-ring seals.

2. Remove and discard the fuel filter and O-ring
5. CAUTION: Do not remove the heaterseal.

pan or damage to the fuel conditioning
housing will occur.

Remove the bolts and the fuel conditioning
mounting bracket.

3. Remove the bolts and the fuel pump.

• Remove and discard the O-ring seals.
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DISASSEMBLY AND ASSEMBLY (Continued)

Assembly 4. Install new O-ring seals on the relief valve
cover and apply clean engine oil.

1. Install the fuel conditioning module mounting
bracket and bolts.

5. Install the pressure relief valve and bolts.

2. Install new O-ring seals on the fuel pump and
lubricate with clean engine oil.

6. Install a new O-ring seal and fuel filter on the
fuel filter cover. Lubricate the O-ring seal with
clean engine oil.

3. Install the fuel pump and mounting bolts.
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DISASSEMBLY AND ASSEMBLY (Continued)

7. Install the fuel filter cover.

• Tighten the fuel filter cover to 13 Nm (10
lb-ft).

• Rotate the fuel filter cover until the
electrical connectors line up.

2004 E-Series, 12/2003 



310-01B-1 310-01B-1Fuel Tank and Lines — Natural Gas

Torque Specifications (Continued)
SPECIFICATIONS

Description Nm lb-ft lb-in
General Specifications

Midship fuel tank stone 15 11 —
Item Specification shield nuts

Lubricant Midship fuel tank 10 — 89
mounting spacer boltsSAE 5W-20 Motor Oil WSS-M2C153-H
Midship fuel tank 37 27 —Motorcraft Premium Gold WSS-M97B51-A1
support strap nutsEngine Coolant VC-7-A

(in Oregon VC-7-B) P-clip retaining bolts 12 9 —

Tank temperature 37 27 —
sensorTorque Specifications
Extended range fuel 37 27 —

Description Nm lb-ft lb-in tank vent tube
Aft-axle fuel tank 110 81 — Vapor retaining cover 8 — 71
assembly retaining

Flexible tube retaining 11 7 —bolts
nuts

Aft-axle fuel tank 25 18 —
Partition retaining bolts 7 — 62assembly stone shield

bolts Frame and shield 25 18 —
assembly retainingAft-axle fuel tank 110 81 —
boltsassembly support strap

retaining nuts Vapor box 45 33 —
bracket-to-floor boltsAft-axle fuel tank 80 59 —

assembly tank support Extended range fuel 27 20 —
strap bolts tank support strap bolts

Fuel filler valve 3 — 27 Fuel pressure regulator 7 — 62
retaining bolts coolant bowl bolt

Fuel tank solenoid 305 225 —
a When tightening the fuel tubes, a torque wrenchvalve

adapter must be used with the torque wrench. The
Fuel tank solenoid 8 — 71 use of a torque wrench adapter will alter the
valve manual lockdown effective torque of the torque wrench being used.
valve jackscrew To correct the effective torque, a  torque

multiplication conversion must be used. Refer toHigh-pressure fuel tube 47 a 35a —
Section 310-00B.fittings

Low-pressure fuel tube 47a 35a —
fitting
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The fuel pressure regulator is located on the inside
DESCRIPTION AND OPERATION

of the LH frame rail just forward of theFuel Tank and Lines
transmission support cross-member. It is part of an

The fuel system consists of: assembly that includes the coalescer/filter. The fuel
pressure regulator reduces the tube pressure  from• a fuel filler valve.
tank pressure, 20,685 kPa (3,000 psi), to tube• an aft-axle fuel tank assembly.
pressure, 620 kPa (90 psi).

• a midship fuel tank.
The external fuel tanks are constructed of

• an extended range tank. fiberglass-wrapped steel, mounted to the frame by
• fuel tubes. insulated mounting straps. Each tank has an internal,

normally closed solenoid shutoff valve wired to the• a fuel pressure regulator/coalescer filter assembly.
inertia fuel shutoff circuit to isolate the  fuel tanks

WARNING: Do not modify the system in the event of a collision.
configuration or components or replace The fuel pressure regulator coolant bowl is serviced
components with parts not specially designed for separately.
use with natural gas. Ford Motor Company has
specially designed the materials, components and
system configuration for the 5.4L  Econoline
natural gas vehicles, and each particular system
is precisely calibrated for efficient operation. The
use of different parts or materials can produce
an untested configuration that can result in fire
or personal injury or cause engine  damage.

WARNING: It is important that your
natural gas vehicle be properly maintained by
Ford natural-gas trained personnel. If a problem
occurs, it is important that properly trained
personnel diagnose the cause. If the problem
relates to the fuel system,  proper part
replacement is imperative to keep your vehicle
operating at normal performance. Natural gas
components and gasoline fuel components are not
interchangeable. If your vehicle is not serviced in
accordance with natural gas-fueled vehicle
procedures, damage can occur and your
warranty may be invalidated.

NOTE: All standard production components and
systems receive routine service under base warranty
procedures.
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Inspection and Verification
DIAGNOSIS AND TESTING

Fuel Tank, Lines and Electric Fuel 1. Verify the customer’s original concern by
operating the vehicle to duplicate the condition.Solenoid Valves

Refer to Wiring Diagrams Cell 24 for schematic and 2. Inspect to determine if one of the following
connector information. mechanical or electrical concerns applies.

Special Tool(s) Visual Inspection Chart

73III Automotive Multimeter Mechanical Electrical
105-R0057 or equivalent

• Damaged tanks • Damaged fuse
• Damaged solenoids • Damaged relay
• Damaged lines or hoses • Damaged connector(s)

• Loose or corroded
connector(s)

Worldwide Diagnostic System 3. If the inspection reveals obvious concern(s) that
(WDS) can be readily identified, repair as necessary.
418-F224

4. If the concern(s) remains after the inspection,New Generation STAR (NGS)
determine the symptom(s). GO to SymptomTester

418-F052, or equivalent scan Chart.
tool

Symptom Chart

SYMPTOM CHART

Condition Possible Sources Action
• Unable to vent fuel tank(s) • Damaged fuel tank solenoids. • GO to Pinpoint Test A.

• Damaged lines or hoses.
• Circuitry.

Pinpoint Test

PINPOINT TEST A: FUEL TANK SOLENOID STATUS

Test Step Result / Action to Take
A1 CHECK THE MIDSHIP FUEL TANK FOR AN OPEN SOLENOID

VALVE
NOTE: The battery must be fully charged to carry out solenoid
diagnostics.
NOTE: Make sure that the manual lockdown valve jackscrew on the
midship fuel tank solenoid valve is in the open (fully
counterclockwise) position.
• Key in OFF position.
• Connect the grounding cable, the venting hose assembly and

the fuel filler neck venting kit to the vent stack and the fuel fill
valve assembly. For additional information, refer to  Section
310-00B.

• Close the manual lockdown valve jackscrews on the forward and
rear aft-axle fuel tank solenoid valves and the extended range
fuel tank solenoid valve, if equipped. Tighten the jackscrews to
7-9 Nm (62-79 lb-in).

• Open the manual backflow valve on the fuel filler valve.

(Continued)
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310-01B-2 310-01B-2Fuel Tank and Lines — Natural Gas

DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST A: FUEL TANK SOLENOID STATUS (Continued)

Test Step Result / Action to Take
A1 CHECK THE MIDSHIP FUEL TANK FOR AN OPEN SOLENOID

VALVE (Continued)

• Open the manual bleed valve on the fuel filler neck venting kit
for 60 seconds. Yes• Close the manual bleed valve on the fuel filler neck venting kit. GO to A3.• Observe the system pressure on the fuel filler neck venting kit
gauge. No

• Is the pressure on the gauge 0 kPa (0 psi)? GO to A2.
A2 CHECK THE MIDSHIP FUEL TANK SOLENOID VALVE CIRCUIT

787 (PK/BK) FOR A SHORT TO VOLTAGE
• Disconnect: Midship Fuel Tank Solenoid Valve C348.
• Measure the voltage between C348, circuit 787 (PK/BK) and

ground.

Yes
REPAIR circuit 787 (PK/BK). TEST the
system for normal operation. If the vehicle
is equipped with aft-axle fuel tanks, GO to
A6.
No
MARK the midship fuel tank solenoid valve
as ‘‘Stuck Open’’; the solenoid valve will
be replaced after diagnostics are
completed. If the vehicle is equipped with
aft-axle fuel tanks, GO to A6; if not,
INSTALL a new the  midship fuel tank
solenoid valve. TEST the system for

• Is the voltage 10 volts or greater? normal operation.
A3 CHECK THE MIDSHIP FUEL TANK SOLENOID VALVE

OPERATION
NOTE: This procedure will supply power to the fuel tank solenoid
valve for approximately 30-60 seconds. If time expires, cycle the
START/STOP button on the scan tool to restore power.
• Connect: Midship Fuel Tank Solenoid Valve C348.
• Connect the diagnostic tool.
• Key in ON position.
• Enter the following diagnostic mode on the diagnostic tool: YesOutput Test Mode. GO to A4.• Press the START button on the scan tool.
• Observe the system pressure on the fuel filler neck venting kit No

gauge. MARK the midship fuel tank solenoid valve
• Press the STOP button on the scan tool. as ‘‘Functions Normally.’’ If the vehicle is
• Did the system pressure register 0 kPa (0 psi) on the gauge equipped with aft-axle fuel tanks, GO to

when the scan tool was triggered on? A6.
A4 CHECK THE MIDSHIP FUEL TANK SOLENOID VALVE CIRCUIT

787 (PK/BK) FOR AN OPEN
NOTE: This procedure will supply power to the fuel tank solenoid
valve for approximately 30-60 seconds. If time expires, cycle the
START/STOP button on the scan tool to restore power.
• Key in OFF position.
• Disconnect: Midship Fuel Tank Solenoid Valve C348.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST A: FUEL TANK SOLENOID STATUS (Continued)

Test Step Result / Action to Take
A4 CHECK THE MIDSHIP FUEL TANK SOLENOID VALVE CIRCUIT

787 (PK/BK) FOR AN OPEN (Continued)

• Connect a multimeter between C348, circuit 787 (PK/BK) and
ground.

Yes• Key in ON position. GO to A5.• Enter the following diagnostic mode on the diagnostic tool:
Output Test Mode. No

• Press the START button on the scan tool. REPAIR circuit 787 (PK/BK). TEST the
• Observe the voltage reading on the multimeter. system for normal operation. If the vehicle
• Press the STOP button on the scan tool. is equipped with aft-axle fuel tanks, GO to
• Is the voltage greater than 10 volts? A6.

A5 CHECK THE MIDSHIP FUEL TANK SOLENOID VALVE CIRCUIT
57 (BK) FOR AN OPEN
• Key in OFF position.
• Measure the resistance between C348, circuit 57 (BK) and

ground.

Yes
MARK the midship fuel tank solenoid valve
as ‘‘Stuck Closed’’; the solenoid valve will
be replaced after diagnostics are
completed. If the vehicle is equipped with
aft-axle fuel tanks, GO to A6; if not,
REPLACE the  midship fuel tank solenoid
valve. TEST the system for normal
operation.
No
REPAIR circuit 57 (BK). TEST the system
for normal operation. If the vehicle is
equipped with aft-axle fuel tanks, GO to

• Is the resistance less than 5 ohms? A6.
A6 CHECK THE REAR AFT-AXLE FUEL TANK FOR AN OPEN

SOLENOID VALVE
NOTE: Make sure that the manual lockdown valve jackscrew on the
rear aft-axle fuel tank solenoid valve is in the open (fully
counterclockwise) position.
• Connect: Midship Fuel Tank Solenoid Valve C348.
• Close the manual lockdown valve jackscrew on the midship fuel

tank solenoid valve. Tighten the jackscrew to 7-9 Nm (62-79
lb/in).

• Open the manual lockdown valve jackscrew on the rear aft-axle
fuel tank solenoid valve.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST A: FUEL TANK SOLENOID STATUS (Continued)

Test Step Result / Action to Take
A6 CHECK THE REAR AFT-AXLE FUEL TANK FOR AN OPEN

SOLENOID VALVE (Continued)

• Open the manual bleed valve on the fuel filler neck venting kit
for 60 seconds. Yes• Close the manual bleed valve on the fuel filler neck venting kit. GO to A8.• Observe the system pressure on the fuel filler neck venting kit
gauge. No

• Is the pressure on the gauge 0 kPa (0 psi)? GO to A7.
A7 CHECK THE REAR AFT-AXLE FUEL TANK SOLENOID VALVE

CIRCUIT 787 (PK/BK) FOR A SHORT TO VOLTAGE
• Disconnect: Rear Aft-Axle Fuel Tank Solenoid Valve C354.
• Measure the voltage between C354, circuit 787 (PK/BK) and

ground.

Yes
REPAIR circuit 787 (PK/BK). TEST the
system for normal operation. GO to A11.
No
MARK the rear aft-axle fuel tank solenoid
valve as ‘‘Stuck Open’’; the solenoid valve
will be replaced after diagnostics are

• Is the voltage 10 volts or greater? completed. GO to A11.
A8 CHECK THE REAR AFT-AXLE FUEL TANK SOLENOID VALVE

OPERATION
NOTE: This procedure will supply power to the fuel tank solenoid
valve for approximately 30-60 seconds. If time expires, cycle the
START/STOP button on the scan tool to restore power.
• Connect: Rear Aft-Axle Fuel Tank Solenoid Valve C354.
• Disconnect the diagnostic tool.
• Key in ON position.
• Enter the following diagnostic mode on the diagnostic tool:

Output Test Mode. Yes• Press the START button on the scan tool. GO to A9.• Observe the system pressure on the fuel filler neck venting kit
gauge. No

• Press the STOP button on the scan tool. MARK the rear aft-axle fuel tank solenoid
• Did the system pressure register 0 kPa (0 psi) on the gauge valve as ‘‘Functions Normally’’. GO to

when the scan tool was triggered on? A11.
A9 CHECK THE REAR AFT-AXLE FUEL TANK SOLENOID VALVE

CIRCUIT 787 (PK/BK) FOR AN OPEN
NOTE: This procedure will supply power to the fuel tank solenoid
valve for approximately 30-60 seconds. If time expires, cycle the
START/STOP button on the scan tool to restore power.
• Key in OFF position.
• Disconnect: Rear Aft-Axle Fuel Tank Solenoid Valve C354.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST A: FUEL TANK SOLENOID STATUS (Continued)

Test Step Result / Action to Take
A9 CHECK THE REAR AFT-AXLE FUEL TANK SOLENOID VALVE

CIRCUIT 787 (PK/BK) FOR AN OPEN (Continued)

• Connect a multimeter between C354, circuit 787 (PK/BK) and
ground.

• Key in ON position.
• Enter the following diagnostic mode on the diagnostic tool: YesOutput Test Mode. GO to A10.• Press the START button on the scan tool.
• Observe the voltage reading on the multimeter. No
• Press the STOP button on the scan tool. REPAIR circuit 787 (PK/BK). TEST the
• Is the voltage greater than 10 volts? system for normal operation. GO to A11.

A10 CHECK THE REAR AFT-AXLE FUEL TANK SOLENOID VALVE
CIRCUIT 57 (BK) FOR AN OPEN
• Key in OFF position.
• Measure the resistance between C354, Circuit 57 (BK) and

ground.

Yes
MARK the rear aft-axle fuel tank solenoid
valve as ‘‘Stuck Closed’’; the solenoid
valve will be replaced after diagnostics are
completed. GO to A11.
No
REPAIR circuit 57 (BK). TEST the system

• Is the resistance less than 5 ohms? for normal operation. GO to A11.
A11 CHECK THE FORWARD AFT-AXLE FUEL TANK FOR AN OPEN

SOLENOID VALVE
NOTE: Make sure that the manual lockdown valve jackscrew on the
forward aft-axle fuel tank solenoid valve is in the open (fully
counterclockwise) position.
• Connect: Rear Aft-Axle Fuel Tank Solenoid Valve C354.
• Close the manual lockdown valve jackscrew on the rear aft-axle

fuel tank. Tighten the jackscrew to 7-9 Nm (62-79 lb-in).
• Open the manual lockdown valve jackscrew on the forward

aft-axle fuel tank solenoid valve.
• Open the manual bleed valve on the fuel filler neck venting kit

for 60 seconds. Yes• Close the manual bleed valve on the fuel filler neck venting kit. GO to A13.• Observe the system pressure on the fuel filler neck venting kit
gauge. No

• Is the pressure on the gauge 0 kPa (0 psi)? GO to A12.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST A: FUEL TANK SOLENOID STATUS (Continued)

Test Step Result / Action to Take
A12 CHECK THE FORWARD AFT-AXLE FUEL TANK SOLENOID

VALVE CIRCUIT 787 (PK/BK) FOR A SHORT TO VOLTAGE
• Disconnect: Forward Aft-Axle Fuel Tank Solenoid Valve C353.
• Measure the voltage between C353, circuit 787 (PK/BK) and

ground.

Yes
REPAIR circuit 787 (PK/BK). If the vehicle
is equipped with an extended range fuel
tank, GO to A16; if not, REPLACE the
solenoids marked ‘‘Stuck Open’’ or ‘‘Stuck
Closed’’. TEST the system for normal
operation.
No
MARK the forward aft-axle fuel tank
solenoid valve as ‘‘Stuck Open’’. If the
vehicle is equipped with an extended
range fuel tank, GO to A16; if not,
REPLACE the solenoids marked ‘‘Stuck
Open’’ or ‘‘Stuck Closed’’. TEST the

• Is the voltage 10 volts or greater? system for normal operation.
A13 CHECK THE FORWARD AFT-AXLE FUEL TANK SOLENOID

VALVE OPERATION
NOTE: This procedure will supply power to the fuel tank solenoid
valve for approximately 30-60 seconds. If time expires, cycle the
START/STOP button on the scan tool to restore power.
• Connect: Forward Aft-Axle Fuel Tank Solenoid Valve C353. Yes• Disconnect the diagnostic tool. GO to A14.• Key in ON position.
• Enter the following diagnostic mode on the diagnostic tool: No

Output Test Mode. MARK the forward aft-axle fuel tank
• Press the START button on the scan tool. solenoid valve as ‘‘Functions Normally’’. If
• Observe the system pressure on the fuel filler neck venting kit the vehicle is equipped with an extended

gauge. range fuel tank, GO to A16; if not,
• Press the STOP button on the scan tool. REPLACE the solenoids marked ‘‘Stuck
• Did the system pressure register 0 kPa (0 psi) on the gauge Open’’ or ‘‘Stuck Closed’’.  TEST the

when the scan tool was triggered on? system for normal operation.
A14 CHECK THE FORWARD AFT-AXLE FUEL TANK SOLENOID

VALVE CIRCUIT 787 (PK/BK) FOR AN OPEN
NOTE: This procedure will supply power to the fuel tank solenoid
valve for approximately 30-60 seconds. If time expires, cycle the
START/STOP button on the scan tool to restore power.
• Key in OFF position.
• Disconnect: Forward Aft-Axle Fuel Tank Solenoid Valve C353.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST A: FUEL TANK SOLENOID STATUS (Continued)

Test Step Result / Action to Take
A14 CHECK THE FORWARD AFT-AXLE FUEL TANK SOLENOID

VALVE CIRCUIT 787 (PK/BK) FOR AN OPEN (Continued)

• Connect a multimeter between C353, circuit 787 (PK/BK) and
ground.

Yes
GO to A15.

• Key in ON position. No
• Enter the following diagnostic mode on the diagnostic tool: REPAIR circuit 787 (PK/BK). If the vehicle

Output Test Mode. is equipped with an extended range fuel
• Press the START button on the scan tool. tank, GO to A16; if not, REPLACE the
• Observe the voltage reading on the multimeter. solenoids marked ‘‘Stuck Open’’ or ‘‘Stuck
• Press the STOP button on the scan tool. Closed’’. TEST the system for normal
• Is the voltage greater than 10 volts? operation.

A15 CHECK THE FORWARD AFT-AXLE FUEL TANK SOLENOID
VALVE CIRCUIT 57 (BK) FOR AN OPEN
• Key in OFF position.
• Measure the resistance between C353, circuit 57 (BK) and

ground.

Yes
MARK the rear aft-axle fuel tank solenoid
valve as ‘‘Stuck Closed’’. If the vehicle is
equipped with an extended range fuel
tank, GO to A16; if not, REPLACE the
solenoids marked ‘‘Stuck Open’’ or ‘‘Stuck
Closed’’. TEST the  system for normal
operation.
No
REPAIR circuit 57 (BK). If the vehicle is
equipped with an extended range fuel
tank, GO to A16; if not, REPLACE the
solenoids marked ‘‘Stuck Open’’ or ‘‘Stuck
Closed.’’ TEST the system for normal

• Is the resistance less than 5 ohms? operation.
A16 CHECK THE EXTENDED RANGE FUEL TANK FOR AN OPEN

SOLENOID VALVE
NOTE: Make sure that the manual lockdown valve jackscrew on the
extended range fuel tank solenoid valve is in the open (fully
counterclockwise) position.
• Connect: Forward Aft-Axle Fuel Tank Solenoid Valve C353.
• Close the manual lockdown valve jackscrew on the forward

aft-axle fuel tank. Tighten the jackscrew to 7-9 Nm (62-79 lb-in).
• Open the manual lockdown valve jackscrew on the extended

range fuel tank solenoid valve.
• Open the manual bleed valve on the fuel filler neck venting kit

for 60 seconds. Yes• Close the manual bleed valve on the fuel filler neck venting kit. GO to A18.• Observe the system pressure on the fuel filler neck venting kit
gauge. No

• Is the pressure on the gauge 0 kPa (0 psi)? GO to A17.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST A: FUEL TANK SOLENOID STATUS (Continued)

Test Step Result / Action to Take
A17 CHECK THE EXTENDED RANGE FUEL TANK SOLENOID

VALVE CIRCUIT 787 (PK/BK) FOR A SHORT TO VOLTAGE
• Disconnect: Extended Range Fuel Tank Solenoid Valve C356.
• Measure the voltage between C356, circuit 787 (PK/BK) and

ground.

Yes
REPAIR circuit 787 (PK/BK). REPLACE
the solenoids marked ‘‘Stuck Open’’ or
‘‘Stuck Closed’’. TEST the system for
normal operation.
No
MARK the extended range fuel tank
solenoid valve as ‘‘Stuck Open’’.
REPLACE the solenoids marked ‘‘Stuck
Open’’ or ‘‘Stuck Closed’’. TEST the

• Is the voltage 10 volts or greater? system for normal operation.
A18 CHECK THE EXTENDED RANGE FUEL TANK SOLENOID

VALVE OPERATION
NOTE: This procedure will supply power to the fuel tank solenoid
valve for approximately 30-60 seconds. If time expires, cycle the
START/STOP button on the scan tool to restore power.
• Connect: Extended Range Fuel Tank Solenoid Valve C356.
• Disconnect the diagnostic tool.
• Key in ON position. Yes• Enter the following diagnostic mode on the diagnostic tool: GO to A19.Output Test Mode.
• Press the START button on the scan tool. No
• Observe the system pressure on the fuel filler neck venting kit MARK the extended range fuel tank

gauge. solenoid valve as ‘‘Functions Normally’’.
• Press the STOP button on the scan tool. REPLACE the solenoids marked ‘‘Stuck
• Did the system pressure register 0 kPa (0 psi) on the gauge Open’’ or ‘‘Stuck Closed’’. TEST the

when the scan tool was triggered on? system for normal operation.
A19 CHECK THE EXTENDED RANGE FUEL TANK SOLENOID

VALVE CIRCUIT 787 (PK/BK) FOR AN OPEN
NOTE: This procedure will supply power to the fuel tank solenoid
valve for approximately 30-60 seconds. If time expires, cycle the
START/STOP button on the scan tool to restore power.
• Key in OFF position.
• Disconnect: Extended Range Fuel Tank Solenoid Valve C356.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST A: FUEL TANK SOLENOID STATUS (Continued)

Test Step Result / Action to Take
A19 CHECK THE EXTENDED RANGE FUEL TANK SOLENOID

VALVE CIRCUIT 787 (PK/BK) FOR AN OPEN (Continued)

• Connect a multimeter between C356, circuit 787 (PK/BK) and
ground.

Yes• Key in ON position. GO to A20.• Enter the following diagnostic mode on the diagnostic tool:
Output Test Mode. No

• Press the START button on the scan tool. REPAIR Circuit 787 (PK/BK). REPLACE
• Observe the voltage reading on the multimeter. the solenoids marked ‘‘Stuck Open’’ or
• Press the STOP button on the scan tool. ‘‘Stuck Closed’’. TEST the system for
• Is the voltage greater than 10 volts? normal operation.

A20 CHECK THE EXTENDED RANGE FUEL TANK SOLENOID
VALVE CIRCUIT 57 (BK) FOR AN OPEN
• Key in OFF position.
• Measure the resistance between C356, circuit 57 (BK) and

ground.

Yes
MARK the extended range fuel tank
solenoid valve as ‘‘Stuck Closed.’’
REPLACE the solenoids marked ‘‘Stuck
Open’’ or ‘‘Stuck Closed’’. TEST the
system for normal operation.
No
REPAIR circuit 57 (BK). REPLACE the
solenoids marked ‘‘Stuck Open’’ or ‘‘Stuck
Closed’’. TEST the system for normal

• Is the resistance less than 5 ohms? operation.
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4. Carry out the Pressure Relief — Fuel Tube
REMOVAL AND INSTALLATION

Venting procedure. For additional information,Fuel Tank — Midship
refer to Section 310-00B.

Special Tool(s)
5. Disconnect the battery ground cable. For

Powertrain Lift with Tilting additional information, refer to Section 414-01.
Plate
014-00765 or equivalent 6. Remove the inboard stone shield retaining nuts.

Material

Item Specification

SAE 5W-20 Motor Oil WSS-M2C153-H
XO-5W20-QSP

Removal and Installation

All vehicles

7. Remove the outboard stone shield retaining nuts1. With the vehicle in NEUTRAL, position it on a
and the stone shield.hoist. For additional information, refer to

Section 100-02.

2. If removing the fuel tank assembly for
replacement of the fuel tank or the fuel tank
solenoid valve, perform the Pressure Relief —
Fuel Tank Venting procedure. For additional
information, refer to  Section 310-00B.

3. If removing the fuel tank assembly for
replacement of the support straps or the spacers,
turn in the manual lockdown valve jackscrew
on the fuel tank solenoid valve.

8. Place identification marks on the fuel tank
support straps and tank.
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310-01B-2 310-01B-2Fuel Tank and Lines — Natural Gas

REMOVAL AND INSTALLATION (Continued)

All vehicles except E-4509. Disconnect the fuel tank solenoid valve.

• Disconnect the electrical connectors from
11. Remove the two fuel tank assembly supportthe fuel tank solenoid valve.

strap retaining nuts.• Disconnect the high-pressure fuel tube from
the fuel tank solenoid valve.

E-450 vehicles

10. Install the powertrain lift with tilting plate.
12. Remove the two fuel tank support strap

1 Position the power lift with tilting plate. retaining nuts.
2 Secure the fuel tank assembly with a nylon

tie-down strap.
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REMOVAL AND INSTALLATION (Continued)

All vehicles

13. Remove the two fuel tank support straps.

15. NOTE: Align the identification marks on the
fuel tank support straps and tank.

NOTE: Replace the fuel tube O-ring seal.

NOTE: Lubricate the fuel tube O-ring seal with
14. Carefully lower and remove the mid-ship fuel

clean engine oil prior to installation.
tank from the vehicle.

NOTE: When tightening the fuel tube, a torque
wrench adapter must be used with the torque
wrench. The use of a torque wrench adapter
will alter the effective torque of the torque
wrench being used. To correct the effective
torque, a torque  multiplication conversion must
be used. For additional information, refer to
Section 310-00B.

NOTE: After installation, perform the fuel
system leak test procedure. For additional
information, refer to Section 310-00B.

To install, reverse the removal procedure.
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4. Carry out the Pressure Relief — Fuel Tube
REMOVAL AND INSTALLATION

Venting procedure. For additional information,Fuel Tank — Aft-Axle Assembly
refer to Section 310-00B.

Special Tool(s)
5. Disconnect the battery ground cable. For

Powertrain Lift with Tilting additional information, refer to Section 414-01.
Plate
014-00765 or equivalent All vehicles except E-450

6. Remove the front stone shield retaining bolts.

Material

Item Specification

SAE 5W-20 Motor Oil WSS-M2C153-H
XO-5W20-QSP

Removal and Installation

All vehicles

1. With the vehicle in NEUTRAL, position it on a
hoist. For additional information, refer to

7. Remove the rear stone shield retaining bolts andSection 100-02.
the stone shield.

2. If removing the fuel tank assembly for
replacement of the fuel tank(s) or the fuel tank
solenoid valve(s), perform the Pressure Relief
— Fuel Tank Venting procedure. For additional
information, refer to  Section 310-00B.

3. If removing the fuel tank assembly for
replacement of the support straps or the spacers,
turn in the manual lockdown valve jackscrews
on the fuel tank solenoid valves.
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REMOVAL AND INSTALLATION (Continued)

8. Remove the tank support strap retaining bolts 11. Remove the tank support strap retaining bolts
and the tank support strap. and the tank support strap.

E-450 vehicles All vehicles

9. Remove the front stone shield retaining bolts. 12. Disconnect the fuel tank assembly solenoid
valves.

• Disconnect the electrical connectors from
the fuel tank solenoid valves.

• Disconnect the high-pressure fuel tube from
the forward fuel tank solenoid valve.

10. Remove the rear stone shield retaining bolts and
the stone shield.
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REMOVAL AND INSTALLATION (Continued)

13. Install the Powertrain Lift with Tilting Plate and 16. Carefully lower and remove the aft-axle fuel
NGV fuel cell handler rubber pad. tank assembly from the vehicle.

1 Position the Power Lift with Tilting Plate
and NGV fuel cell handler rubber pad.

2 Secure the fuel tank assembly with a nylon
tie-down strap.

17. NOTE: Replace the fuel tube O-ring seal.

NOTE: Lubricate the fuel tube O-ring seal with
clean engine oil meeting prior to installation.

NOTE: When tightening the fuel tube, a torque
14. Remove the front fuel tank assembly retaining wrench adapter must be used with the torque

nuts. wrench. The use of a torque wrench adapter
will alter the effective torque of the torque
wrench being used. To correct the effective
torque, a torque  multiplication conversion must
be used. For additional information, refer to
Section 310-00B.

NOTE: After installation, perform the fuel
system leak test procedure. For additional
information, refer to Section 310-00B.

To install, reverse the removal procedure.

15. Remove the rear fuel tank assembly retaining
bolts.
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Installation
REMOVAL AND INSTALLATION

Fuel Tank — Forward Aft-Axle
1. Install the forward aft-axle fuel tank.

Material • Install the forward aft-axle fuel tank.

Item Specification • Install the fuel tank support strap retaining
nuts.SAE 5W-20 Motor Oil WSS-M2C153-H

XO-5W20-QSP

Removal

1. Remove the aft-axle fuel tank assembly. For
additional information, refer to Fuel Tank —
Aft-Axle Assembly in this section.

2. Disconnect the fuel tank balance tube from the
forward aft-axle fuel tank solenoid valve.

2. NOTE: Replace the fuel tube O-ring seal.

NOTE: Lubricate the fuel tube O-ring seal with
clean engine oil prior to installation.

NOTE: When tightening the fuel tube, a torque
wrench adapter must be used with the torque
wrench. The use of a torque wrench adapter
will alter the effective torque of the torque
wrench being used. To correct the effective
torque, a torque  multiplication conversion must
be used. For additional information, refer to3. Remove the forward aft-axle fuel tank.
Section 310-00B.

1 Remove the fuel tank support strap retaining
Connect the fuel tank balance tube to thenuts.
forward aft-axle fuel tank solenoid valve.

2 Remove the forward aft-axle fuel tank.

3. Carry out the Fuel System Leak Test procedure.
For additional information, refer to Section
310-00B.
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REMOVAL AND INSTALLATION (Continued)

4. Install the aft-axle fuel tank assembly. For
additional information, refer to Fuel Tank —
Aft-Axle Assembly in this section.
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3. NOTE: The jackscrew on the extended range
REMOVAL AND INSTALLATION

fuel tank is accessed through an access hole inFuel Tank — Extended Range
the vapor retaining cover.

If removing the fuel tank for replacement ofSpecial Tool(s)
lines, turn in the manual lockdown valve

Endless Lifting Sling jackscrew on the fuel tank solenoid valve.100-D008 (D87L-1000-A) or
Equivalent

Heavy Duty Floor Crane
014-00072 or Equivalent

Separator Lift Bar
303-F054 (014-000793) or 4. Carry out the Pressure Relief—Fuel Line
Equivalent Venting procedure. For additional information,

refer to Section 310-00B.

5. Disconnect the battery ground cable. For
additional information, refer to Section 414-01.

Material 6. Disconnect the electrical connectors.
Item Specification

SAE 5W-20 Motor Oil WSS-M2C153-H
XO-5W20-QSP

Removal and Installation

1. With the vehicle in NEUTRAL, position it on a
hoist. For additional information, refer to
Section 100-02.

2. If removing the fuel tank for replacement of the
fuel tank or the fuel tank solenoid valve,
perform the Pressure Relief—Fuel Tank
Venting procedure. For additional information,
refer to  Section 310-00B.
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REMOVAL AND INSTALLATION (Continued)

7. NOTE:  Loosen the fittings slowly to allow
any excess tube pressure to vent through the
fitting connection.

Disconnect the upper fuel tube and the flexible
tube retainer.

1 Loosen the fitting and disconnect the upper
fuel tube.

2 Remove the nuts and position the fuel tubes
and wiring harness into the luggage
compartment.

11. Remove the bolts.

8. Remove the rear seat. For additional
information, refer to Section 501-10.

9. Remove the bolts and nuts. 12. Remove the bolts and the frame and shield
assembly.

10. Remove the bolts and the partition separator.
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REMOVAL AND INSTALLATION (Continued)

13. Remove the bolts.

16. NOTE: Replace the fuel tube O-ring seal.

NOTE: Lubricate O-rings seal with clean
14. Remove the bolts and the fuel tank straps. engine oil prior to installation.

NOTE: When tightening the fuel tube, a torque
wrench adapter must be used with the torque
wrench. The use of a torque wrench adapter
will alter the effective torque of the torque
wrench being used. To correct the effective
torque, a torque  multiplication conversion must
be used. For additional information, refer
toSection 310-00B.

To install, follow the removal procedure in
reverse order.

• Carry out the Fuel System Leak Test
procedure. For additional information, refer
to Section 310-00B.

15. Install the lifting equipment and remove the
extended range fuel tank.
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Installation
REMOVAL AND INSTALLATION

Fuel Tank — Rear Aft-Axle
1. Install the rear aft-axle fuel tank.

Material • Install the rear aft-axle fuel tank.

Item Specification • Install the fuel tank support strap retaining
nuts.SAE 5W-20 Motor Oil WSS-M2C153-H

XO-5W20-QSP

Removal

1. Remove the aft-axle fuel tank assembly. For
additional information, refer to Fuel Tank —
Aft-Axle Assembly in this section.

2. Disconnect the fuel tank balance tube from the
rear aft-axle fuel tank solenoid valve.

2. NOTE: Replace the fuel tube O-ring seal.

NOTE: Lubricate the fuel tube O-ring seal with
clean engine oil prior to installation.

NOTE: When tightening the fuel tube, a torque
wrench adapter must be used with the torque
wrench. The use of a torque wrench adapter
will alter the effective torque of the torque
wrench being used. To correct the effective
torque, a torque  multiplication conversion must
be used. For additional information, refer to3. Remove the rear aft-axle fuel tank.
Section 310-00B.

1 Remove the fuel tank support strap retaining
Connect the fuel tank balance tube from thenuts.
rear aft-axle fuel tank solenoid valve.

2 Remove the rear aft-axle fuel tank.

3. Carry out the Fuel System Leak Test procedure.
For additional information, refer to Section
310-00B.
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REMOVAL AND INSTALLATION (Continued)

4. Install the aft-axle fuel tank assembly. For
additional information, refer to Fuel Tank —
Aft-Axle Assembly in this section.
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REMOVAL AND INSTALLATION

Fuel Tank Pressure Sensor

Material

Item Specification

SAE 5W-20 Motor Oil WSS-M2C153-H
XO-5W20-QSP

Removal

1. With the vehicle in NEUTRAL, position it on a
hoist. For additional information, refer to

InstallationSection 100-02.

2. Carry out the Pressure Relief — Fuel Tube 1. NOTE: Replace the fuel tank pressure sensor
Venting procedure. Refer to Section 310-00B. spacer O-ring seal.

NOTE: Lubricate the fuel tank pressure sensor3. Disconnect the battery ground cable. For
spacer O-ring seal with clean engine oil prior toadditional information, refer to Section 414-01.
installation.

4. Remove the fuel tank pressure sensor. Install the fuel tank pressure sensor spacer (if
necessary).1 Disconnect the fuel tank pressure sensor

electrical connector.

2 Remove the fuel tank pressure sensor.

5. Remove the fuel tank pressure sensor spacer (if
necessary).
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REMOVAL AND INSTALLATION (Continued)

2. NOTE: Replace the fuel tank pressure sensor 3. Connect the battery ground cable. For additional
O-ring seal. information, refer to Section 414-01.

NOTE: Lubricate the fuel tank pressure sensor
4. Carry out the Fuel System Leak Test procedure.O-ring seal with clean engine oil prior to

For additional information, refer to Sectioninstallation.
310-00B.

Install the fuel tank pressure sensor.

• Install the fuel tank pressure sensor.

• Connect the fuel tank pressure sensor
electrical connector.
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4. Remove the bolt and the coolant bowl.
REMOVAL AND INSTALLATION

Fuel Pressure Regulator — Coolant
Bowl

Removal and Installation

WARNING: The fuel system will remain
pressurized after engine shutdown. This pressure
must be relieved before servicing any part of the
fuel system. Failure to follow these instructions
may result in personal injury or property
damage.

WARNING: Eye protection is required
when removing or installing fuel system 5. Discard the coolant bowl O-ring seal.
components. Failure to follow these instructions • Lubricate the new O-ring seal with clean
may result in personal injury. engine coolant prior to installation.

1. Drain the engine cooling system. For additional
information, refer to Section 303-03.

2. NOTE: Fuel outlet hose removed for clarity.

Disconnect the coolant hoses.

6. To install, reverse the removal procedure.

3. Disconnect the brake tube from the retainer and
remove the retainer.
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5. NOTE: When the battery is disconnected and
REMOVAL AND INSTALLATION

reconnected, some abnormal drive symptomsFuel Tank Temperature Sensor
may occur while the vehicle relearns its
adaptive strategy. The vehicle may need to beMaterial
driven 16 km (10 mi) or more to learn the

Item Specification strategy.
SAE 5W-20 Motor Oil WSS-M2C153-H NOTE: Install a new fuel tank temperature
XO-5W20-QSP sensor O-ring seal.

Removal and Installation NOTE: Lubricate the fuel tank temperature
sensor O-ring seal with clean engine oil prior to
installation.1. With the vehicle in NEUTRAL, position it on a

hoist. For additional information, refer to To install, reverse the removal procedure.
Section 100-02.

2. Carry out the Pressure Relief — Fuel Tube
Venting procedure. Refer to Section 310-00B.

3. Disconnect the battery ground cable. For
additional information, refer to Section 414-01.

4. Disconnect the electrical connector and remove
the fuel tank temperature sensor.
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3. Remove the fuel tank solenoid valve.
REMOVAL AND INSTALLATION

Solenoid Valve — Fuel Tank

Material

Item Specification

SAE 5W-20 Motor Oil WSS-M2C153-H
XO-5W20-QSP

Removal

1. Remove the fuel tank(s). For additional
information, refer to Fuel Tank — Midship, or
Fuel Tank — Aft-Axle Assembly, or  Fuel
Tank — Forward Aft-Axle, or Fuel Tank —

InstallationExtended Range, orFuel Tank — Rear Aft-Axle
in this section.

1. NOTE: Replace the fuel tank solenoid O-ring
seal.2. CAUTION: When removing the fuel

tank solenoid valve electrical connector, it is NOTE: Lubricate the fuel tank solenoid O-ring
possible for the connector pins to disengage seal with clean engine oil prior to installation.
from the solenoid valve.

Install the fuel tank solenoid valve.
Remove the fuel tank solenoid valve electrical
connector.

1 Remove the retaining screws.

2 Remove the fuel tank solenoid valve
electrical connector.
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REMOVAL AND INSTALLATION (Continued)

3. Install the electrical connector retaining screws.2. WARNING: The maximum gap
between the solenoid valve and the fuel tank • Install the electrical connector.
sealing surface must not be exceeded. If the • Install the electrical connector retaining
gap is exceeded, fuel leakage may occur screws.
resulting in a flammable mixture, which
could ignite and cause personal injury. 4. Install the fuel tank(s). For additional
Check the gap between the solenoid valve and information, refer to Fuel Tank — Midship, or
the tank-sealing surface in the center portion of Fuel Tank — Aft-Axle Assembly, or  Fuel
each hexagonal flat with a feeler gauge. The Tank — Forward Aft-Axle, or Fuel Tank —
gap must not exceed 0.05mm (0.002 in). The Extended Range, orFuel Tank — Rear Aft-Axle
feeler gauge must be inserted to a depth of 1.6 in this section.
to 3.1 mm  (0.06 to 0.12 in) to make sure the

5. Carry out the Fuel System Leak Test procedure.measurement is accurate. If the gap exceeds the
For additional information, refer to Sectionallowable limit, remove the valve, inspect the
310-00B.sealing surfaces, replace and lubricate the seal

and repeat the tightening and inspection
procedure.
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Installation
REMOVAL AND INSTALLATION

Fuel Tank Support Straps — Aft-Axle
1. Install the fuel tank support straps.Assembly

• Install the fuel tank support straps.
Removal • Install the bolts retaining the fuel tank

mounting spacers to the support straps.
1. Remove the rear aft-axle fuel tank. For

additional information, refer to Fuel Tank —
Rear Aft-Axle in this section.

2. Remove the forward aft-axle fuel tank. For
additional information, refer to Fuel Tank —
Forward Aft-Axle in this section.

3. Remove the fuel tank support straps.

1 Remove the bolts retaining the fuel tank
mounting spacers to the support straps.

2 Remove the fuel tank support straps.

2. Install the forward aft-axle fuel tank. For
additional information, refer to Fuel Tank —
Forward Aft-Axle in this section.

3. Install the rear aft-axle fuel tank. For additional
information, refer to Fuel Tank — Rear
Aft-Axle in this section.
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REMOVAL AND INSTALLATION

Fuel Tank Support Straps —
Extended Range

Removal and Installation

1. Remove the rear seat. For additional
information, refer to Section 501-10.

2. Remove the bolts and nuts.

5. Remove the bolts and the frame and shield
assembly.

3. Remove the bolts and the partition separator.

6. Remove the bolts and the fuel tank straps.

4. Remove the bolts.

7. To install, follow the removal procedure in
reverse order.
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Installation
REMOVAL AND INSTALLATION

Fuel Tank Mounting Spacer —
1. Install the rear mid-ship fuel tank mountingMidship

spacer.

• Install the rear mid-ship fuel tank mountingRemoval
spacer.

1. Remove the mid-ship fuel tank. For additional • Install the retaining bolts.
information, refer to Fuel Tank — Midship in
this section.

2. Remove the front mid-ship fuel tank mounting
spacer.

1 Remove the retaining bolts.

2 Remove the front mid-ship fuel tank
mounting spacer.

2. Install the front mid-ship fuel tank mounting
spacer.

• Install the front mid-ship fuel tank mounting
spacer.

• Install the retaining bolts.

3. Remove the rear mid-ship fuel tank mounting
spacer.

1 Remove the retaining bolts.

2 Remove the rear mid-ship fuel tank
mounting spacer.

3. Install the mid-ship fuel tank. For additional
information, refer to Fuel Tank — Midship in
this section.
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Installation
REMOVAL AND INSTALLATION

Fuel Tank Filler Valve
1. NOTE: Replace the fuel tube O-ring seal.

Removal NOTE: Lubricate the fuel tube O-ring seal with
clean engine oil prior to installation.

1. Carry out the Pressure Relief — Fuel Tube NOTE: When tightening the fuel tubes, a
Venting procedure. For additional information, torque wrench adapter must be used with the
refer to Section 310-00B. torque wrench. The use of a torque wrench

adapter will alter the effective torque of the
2. Remove the fuel filler valve retaining bolts. torque wrench being used. To correct the

effective torque, a torque  multiplication
conversion must be used. For additional
information, refer to Section 310-00B.

Install the fuel filler valve.

1 Install the fuel filler valve.

2 Connect the high-pressure fuel tube to the
fuel filler valve.

3. Remove the fuel filler valve.

1 Disconnect the high-pressure fuel tube from
the fuel filler valve.

2 Remove the fuel filler valve.

2. Install the fuel filler valve retaining bolts.
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4. Using the Filter Remover/Installer Tool, turn
REMOVAL AND INSTALLATION

the fuel filler valve filter counterclockwise toFuel Tank Filler Valve — Filter
remove.

Special Tool(s)

Filter Remover/Installer Tool
134-00115 or equivalent

Removal and Installation

1. Remove the fuel filler valve. For additional
information, refer to Fuel Tank Filler Valve in
this section. 5. To install, reverse the removal procedure.

2. Position the fuel filler valve in a vise.

3. Remove the fitting from the fuel filler valve.
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5. Remove the fuel inlet positional fitting from the
REMOVAL AND INSTALLATION

coalescer.Coalescer

Material

Item Specification

SAE 5W-20 Motor Oil WSS-M2C153-H
XO-5W20-QSP

Removal and Installation

WARNING: The fuel system will remain
pressurized after engine shutdown. This pressure
must be relieved before servicing any part of the
fuel system, or personal injury or property
damage may result.

6. Remove the fuel outlet positional fitting from
WARNING: Eye protection is required the coalescer.

when removing or installing fuel system
components to avoid possible injury.

1. With the vehicle in NEUTRAL, position it on a
hoist. For additional information, refer to
Section 100-02.

2. Carry out the Pressure Relief — Fuel System
procedure. For additional information, refer to
Section 310-00B.

3. Disconnect the battery ground cable. For
additional information, refer to Section 414-01.

4. Disconnect the electrical connector and the fuel 7. Remove the bolt.
inlet and outlet tubes from the fuel coalescer.
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REMOVAL AND INSTALLATION (Continued)

8. Remove the bolt and remove the
coalescer/filter.

9. NOTE: Install new fuel system O-ring seals
using approved O-ring seals only.

NOTE: Lubricate the fuel system O-ring seals
with clean engine oil prior to installation.

NOTE: When tightening the fuel tubes, a
torque wrench adapter must be used with the
torque wrench. The use of a torque wrench
adapter will alter the effective torque of the
wrench being used. To correct the effective
torque, a torque multiplication  conversion must
be used. For additional information, refer to
Section 310-00B.

NOTE: After installation is complete, carry out
the Fuel System Leak Test procedure. For
additional information, refer to Section
310-00B.

To install, reverse the removal procedure.
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5. Remove the filter element.
REMOVAL AND INSTALLATION

Coalescer Filter Element

Material

Item Specification

SAE 5W-20 Motor Oil WSS-M2C153-H
XO-5W20-QSP

Removal and Installation

WARNING: The fuel system will remain
pressurized after engine shutdown. This pressure
must be relieved before servicing any part of the
fuel system, or personal injury or property
damage can result. 6. Make sure the filter element adapter is in place

in the upper filter housing.
WARNING: Eye protection is required

when removing or installing fuel system
components to avoid possible injury.

1. With the vehicle in NEUTRAL, position it on a
hoist. For additional information, refer to
Section 100-02.

2. Carry out the Pressure Relief — Fuel System
procedure. For additional information, refer to
Section 310-00B.

3. Disconnect the battery ground cable. For
additional information, refer to Section 414-01.

7. NOTE: Install new fuel system O-ring seals
4. Remove the filter housing and discard the using approved O-ring seals only.

O-ring seal. NOTE: Lubricate the fuel system O-ring seals
with clean engine oil prior to installation.

NOTE: After installation is complete, carry out
the Fuel System Leak Test procedure. For
additional information, refer to Section
310-00B.

To install, reverse the removal procedure.
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REMOVAL AND INSTALLATION

High-Pressure Fuel Lines — Rear

Material

Item Specification

SAE 5W-20 Motor Oil WSS-M2C153-H
XO-5W20-QSP

Removal and Installation

1. Carry out the Pressure Relief — Fuel Tube
Venting procedure. For additional information,
refer to Section 310-00B. 5. Remove the rear high-pressure fuel tube.

1 Disconnect the rear high-pressure fuel tube2. Disconnect the rear high-pressure fuel tube.
from the forward aft-axle fuel tank solenoid
valve.

2 Remove the P-clip retaining bolt.

3 Remove the rear high-pressure fuel tube
from the vehicle.

3. Disconnect the rear high-pressure fuel tube
from the midship fuel tank solenoid valve.

6. NOTE: Install new fuel tube O-ring seals.

NOTE: Lubricate the fuel tube O-ring seals
with clean engine oil prior to installation.

NOTE: When tightening the fuel tubes, a
torque wrench adapter must be used with the
torque wrench. The use of a torque wrench
adapter will alter the effective torque of the
wrench being used. To correct the effective
torque, a torque multiplication  conversion must
be used. For additional information, refer to
Section 310-00B.4. Remove the P-clip and tube clamp retaining

bolts. To install, reverse the removal procedure.
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4. Disconnect the high-pressure fuel tube from the
REMOVAL AND INSTALLATION

fuel filler valve high-pressure fuel tube and theHigh-Pressure Fuel Lines — Mid
fuel line position retainer.

Material

Item Specification

SAE 5W-20 Motor Oil WSS-M2C153-H
XO-5W20-QSP

Removal and Installation

1. Carry out the Pressure Relief — Fuel Tube
Venting procedure. For additional information,
refer to Section 310-00B.

2. Disconnect the high-pressure fuel tube from the
fuel coalescer.

5. NOTE: Install new fuel tube O-ring seals.

NOTE: Lubricate the fuel tube O-ring seals
with clean engine oil prior to installation.

NOTE: When tightening the fuel tubes, a
torque wrench adapter must be used with the
torque wrench. The use of a torque wrench
adapter will alter the effective torque of the
wrench being used. To correct the effective
torque, a torque multiplication  conversion must
be used. For additional information, refer to
Section 310-00B.

To install, reverse the removal procedure.

3. Disconnect the high-pressure fuel tube from the
rear high-pressure fuel tube and the fuel line
position retainer.
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3. Disconnect and remove the front high-pressure
REMOVAL AND INSTALLATION

fuel tube.High-Pressure Fuel Lines — Front

Material

Item Specification

SAE 5W-20 Motor Oil WSS-M2C153-H
XO-5W20-QSP

Removal and Installation

1. Carry out the Pressure Relief — Fuel Tube
Venting procedure. For additional information,
refer to Section 310-00B.

2. Disconnect the front high-pressure fuel tube
from the fuel coalescer. 4. NOTE: Install a new fuel tube O-ring seals.

NOTE: Lubricate the fuel tube O-ring seals
with clean engine oil prior to installation.

NOTE: When tightening the fuel tubes, a
torque wrench adapter must be used with the
torque wrench. The use of a torque wrench
adapter will alter the effective torque of the
wrench being used. To correct the effective
torque, a torque multiplication  conversion must
be used. For additional information, refer to
Section 310-00B.

To install, reverse the removal procedure.
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REMOVAL AND INSTALLATION

High-Pressure Fuel Lines — Extended
Range

Material

Item Specification

SAE 5W-20 Motor Oil WSS-M2C153-H
XO-5W20-QSP

Removal and Installation

1. Remove the extended range fuel tank. For
additional information, refer to Fuel Tank — 4. NOTE: Replace the fuel tube O-ring seal.
Extended Range in this section. NOTE: Lubricate the O-rings with clean engine

oil prior to installation.
2. Remove the 14 bolts and the vapor retaining

NOTE: When tightening the fuel tube, a torquecover.
wrench adapter must be used with the torque
wrench. The use of a torque wrench adapter
will alter the effective torque of the torque
wrench being used. To correct the effective
torque, a torque  multiplication conversion must
be used. For additional information, refer
toSection 310-00B.

To install, follow the removal procedure in
reverse order.

• Carry out the Fuel System Leak Test
procedure. For additional information, refer
to Section 310-00B.

3. Remove the vent and fuel tubes.

1 Disconnect the electrical connector.

2 Loosen the fitting and remove the fuel tube.

3 Loosen the fitting and remove the vent tube.
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3. Remove the fuel tube clamp bolt.
REMOVAL AND INSTALLATION

Low-Pressure Fuel Lines

Special Tool(s)

Spring Lock Coupling
Disconnect Tool (5/8-Inch)
412-038 (T83P-19623-C)

Material

Item Specification
4. Disconnect the fuel pressure regulator coolantSAE 5W-20 Motor Oil WSS-M2C153-H

hoses.XO-5W20-QSP

Removal and Installation

1. Carry out the Pressure Relief — Fuel Tube
Venting Procedure. For additional information,
refer to Section 310-00B.

2. Disconnect the low-pressure fuel tube and the
fuel pressure regulator coolant hoses.

1 Pinch off the coolant hoses 76 mm (3
inches) from the fuel pressure regulator.

2 Disconnect the fuel pressure regulator
coolant hoses.

3 Disconnect the low-pressure fuel tube from 5. Remove the fuel tube tether clamp.
the fuel pressure regulator.
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REMOVAL AND INSTALLATION (Continued)

6. Using the special tool, disconnect the fuel 8. NOTE: Replace the fuel tube O-ring seals.
supply tube from the fuel injection supply NOTE: Lubricate the fuel tube O-ring seals
manifold. For additional information, refer to with clean engine oil prior to installation.
Section 310-00B.

NOTE: When tightening the fuel tubes, a
torque wrench adapter must be used with the
torque wrench. The use of a torque wrench
adapter will alter the effective torque of the
torque wrench being used. To correct the
effective torque, a torque  multiplication
conversion must be used. For additional
information, refer to Section 310-00B.

To install, reverse the removal procedure.

7. Remove and discard the two fuel tube O-rings.
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REMOVAL AND INSTALLATION

High-Pressure Fuel Lines —
Extension

Material

Item Specification

SAE 5W-20 Motor Oil WSS-M2C153-H
XO-5W20-QSP

Removal and Installation

1. Carry out the Pressure Relief — Fuel Tube
Venting Procedure. For additional information, 4. Free the extension high-pressure fuel tube from
refer to Section 310-00B. the retaining clips.

2. Disconnect the extension high-pressure fuel tube 5. Remove the extension high-pressure fuel tube
from the rear high-pressure fuel tube. from the vehicle.

6. NOTE: Install new fuel tube O-ring seals.

NOTE: Lubricate the fuel tube O-ring seals
with clean engine oil prior to installation.

NOTE: When tightening the fuel tube, a torque
wrench adapter must be used with the torque
wrench. The use of a torque wrench adapter
will alter the effective torque of the torque
wrench being used. To correct the effective
torque, a torque  multiplication conversion must
be used. For additional information, refer to
Section 310-00B.

To install, reverse the removal procedure.
3. Disconnect the high-pressure fuel tube from the

extension high-pressure fuel tube.
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SPECIFICATIONS

Torque Specifications

Description Nm lb-ft lb-in

Accelerator pedal and 25 18 —
shaft bolts (gasoline)

Accelerator pedal and 25 18 —
sensor assembly bolts
(diesel)

Accelerator cable 10 — 89
bracket bolts
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DESCRIPTION AND OPERATION

Acceleration Control
Component Location

Item Part Number Description Item Part Number Description

4 9725 Accelerator pedal and shaft1 9723 Accelerator cable bracket
(6.8L engine) 5 9F836 Accelerator pedal and sensor

assembly (6.0L diesel engine)2 9723 Accelerator cable bracket
(5.4L engine) 6 9A758 Accelerator cable

3 9723 Accelerator cable bracket 7 9E766 Accelerator control splash
(4.6L engine) shield

(Continued)
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DESCRIPTION AND OPERATION (Continued)

The throttle is controlled by an accelerator cable
attached to the accelerator pedal and shaft. The
accelerator pedal and shaft should travel smoothly
from the idle to the wide open throttle positions.
Hesitation on return or prevention of  return to the
idle position must not occur. Surrounding
components such as wiring, hoses, sound insulator
and floor carpet must not contact the sliding inner
member of the accelerator cable or the accelerator
pedal and shaft. The throttle assembly  is not
adjustable.
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Visual Inspection Chart
DIAGNOSIS AND TESTING

Acceleration Control Mechanical

• Damage accelerator pedal and shaftInspection and Verification • Damaged linkage
• Damaged accelerator cable1. Verify the customer’s concern by operating the
• High engine idle speedacceleration control system to duplicate the
• Damaged throttle bodycondition.

2. Inspect to determine if any of the following
3. If the inspection reveals an obvious concernmechanical concerns apply.

that can be readily identified, repair it as
required.

4. If the concern remains after the inspection,
determine the symptom(s). GO to  Symptom
Chart.

Symptom Chart

SYMPTOM CHART

Condition Possible Sources Action
• Excessive effort needed to • Worn accelerator lever pivot • INSTALL a new accelerator

depress accelerator pedal and bushing. pedal and shaft.
shaft

• Accelerator cable binding. • INSTALL a new accelerator
cable.

• Worn or damaged throttle • INSTALL a new throttle
body. body. REFER toSection

303-04A  (4.6L and 5.4L)
orSection 303-04B  (6.8L).

• Accelerator pedal and shaft • Frayed or binding accelerator • INSTALL a new accelerator
feels rough or raspy cable. cable.

• Worn or damaged throttle • INSTALL a new throttle
body. body. REFER to,Section

303-04A  (4.6L and 5.4L) or
Section 303-04B  (6.8L).

• Accelerator pedal and shaft • Kinked accelerator cable. • INSTALL a new accelerator
binding or sticking cable.

• Foreign object caught in • CHECK accelerator pedal
accelerator pedal linkage. linkage.

• Worn or damaged throttle • INSTALL a new throttle
body. body. REFER to,Section

303-04A  (4.6L and 5.4L)
orSection 303-04B  (6.8L).

• High engine idle speed • Kinked accelerator cable. • INSTALL a new accelerator
cable.

• Foreign object caught in • CHECK accelerator pedal
accelerator pedal linkage. linkage.

• Incorrect engine idle speed. • REFER to the Powertrain
Control/Emissions Diagnosis
(PC/ED) manual for diagnosis
and testing of the idle control
system.

• Irregular engine idle speed • Incorrect engine idle speed • INSTALL a new accelerator
(diesel) adjustment or idle validation pedal and sensor assembly.

switch.
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2. Remove the bolts and the accelerator pedal and
REMOVAL AND INSTALLATION

shaft.Accelerator Pedal — Gasoline
Engines

Removal and Installation

1. Hold the accelerator pedal in place and
disconnect the accelerator cable from the
accelerator pedal and shaft.

3. To install, reverse the removal procedure.

Copyright  2003, Ford Motor Company
Last updated: 8/27/2003 2004 E-Series, 11/2003 



310-02-1 310-02-1Acceleration Control

REMOVAL AND INSTALLATION

Accelerator Cable

Removal and Installation

All engines

1. Hold the accelerator pedal in place and
disconnect the accelerator cable from the
accelerator pedal and shaft.

5. Remove the accelerator cable from the throttle
body cam.

2. Remove the accelerator cable from the
bulkhead.

From inside the vehicle, compress the retaining
tabs on the cable end and remove the cable

 4.6L enginesfrom the bulkhead.

6. Remove the accelerator cable from the clip.

3. Remove the engine air cleaner (ACL) and outlet
tube. For additional information, refer to
Section 303-12.

4. Depress the tab and remove the accelerator
control splash shield.
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REMOVAL AND INSTALLATION (Continued)

5.4L and 6.8L engines

7. Remove the accelerator cable from the clip.

9. To install, reverse the removal procedure.

All engines

8. Compress the retaining tabs on the accelerator
cable and remove the cable from the bracket.
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2. Remove the two bolts and slide the accelerator
REMOVAL AND INSTALLATION

pedal and sensor assembly up and off theAccelerator Pedal — Diesel Engines
anchor bolt.

Removal and Installation

CAUTION: The accelerator pedal and
sensor assembly is a non-adjustable, calibrated
unit and must be handled with care.

1. NOTE: The red clip must be pulled out before
disconnecting the electrical connector.

Disconnect the accelerator pedal position sensor
electrical connector.

3. To install, reverse the removal procedure.
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4. Compress the retaining tabs and remove the
REMOVAL AND INSTALLATION

cables from the bracket.Accelerator Cable Bracket

Removal and Installation

1. Remove the engine air cleaner (ACL) and the
outlet tube. For additional information, refer to
Section 303-12.

2. Depress the tab and remove the accelerator
control splash shield.

5. Remove the bolts and accelerator cable bracket.

3. Disconnect the cables and spring.

1 Disconnect the accelerator cable.

2 Disconnect the speed control cable.

3 Disconnect and remove the spring.

6. To install, reverse the removal procedure.

Copyright  2003, Ford Motor Company
Last updated: 8/27/2003 2004 E-Series, 11/2003 



310-03-1 310-03-1Speed Control

Torque Specifications (Continued)
SPECIFICATIONS

Description Nm lb-ft lb-in
Torque Specifications

Speed control 9 — 80
Description Nm lb-ft lb-in actuator-to-bracket

boltsDeactivator switch 15-20 11-14 —
Speed control cable 25 18 —Speed control actuator 11 8 —
bracket-to-thermostatbracket-to-inner fender
housing boltwell bolts
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DESCRIPTION AND OPERATION

Speed Control
The vehicle speed control consists of the following
components:

• speed control cable

• deactivator switch

• output shaft speed (OSS) sensor

• speed control switches

• brake pedal position (BPP) switch

• speed control actuator

Copyright  2003, Ford Motor Company
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DIAGNOSIS AND TESTING

Normally, when the brake pedal is applied, theSpeed Control
speed control actuator deactivates the speed controlRefer to Wiring Diagrams Cell 31, Speed Control
system. Under increased brake pedal effort, thefor schematic and connector information.
deactivator switch, a normally closed switch, will

Special Tool(s) open and remove power to the speed control
actuator clutch, releasing the throttle independent of73III Automotive Meter
the speed control actuator.105-R0057 or equivalent

The clockspring provides the electrical interface
between the steering column wiring and the speed
control switches in the steering wheel.

The inputs to the speed control actuator are:

• vehicle speed signalWorldwide Diagnostic System
(WDS) • speed control switches
418-F224,

• BPP switchNew Generation STAR (NGS)
Tester • deactivator switch
418-F052, or equivalent

The output of the speed control actuator is:diagnostic tool with appropriate
adapter cable • speed control cable controlled throttle position
Diagnostic Tool, Restraint
System Inspection and Verification
418-F395

NOTE: If any concerns are noted with the
speedometer, the stoplamps or the horn, address
those concerns, referring to the appropriate sections,
before continuing the speed control diagnosis. 

NOTE: If the vehicle is a diesel, refer to the
Powertrain Control/Emissions Diagnosis (PC/ED)Principles of Operation
manual.The speed control system is designed to maintain a
1. Verify the customer concern by operating theselected vehicle speed between 48 and 200 km/h

speed control system.(30 and 125 mph).

2. NOTE: Any aftermarket modifications,The electronic stepper motor (internal to the speed
including but not limited to those listed below,control actuator) is controlled by turning the three
may cause the speed control to not operatephases of the motor ON and OFF in sequence. The
correctly:sequence determines the motor direction (open

throttle or closed throttle based on vehicle  speed). • Any wiring or lamp modifications affecting
The brake pedal position (BPP) switch is a normally the brake lamp operation
open switch. When the brake pedal is applied with • LED brake lamps
the speed control system engaged, the BPP switch

• Non-factory installed trailer wiringcloses, putting the speed control in stand-by mode.
• Radios (speed sensitive, auto mute)NOTE: The deactivator switch is provided as an

additional safety feature. • Remote starters and alarms

NOTE: The speed control module is integral to the • Lighting and electrical accessory
speed control actuator. modifications

Visually inspect for obvious signs of
mechanical or electrical damage:

• Visually inspect the speed control actuator
and accelerator controls.
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DIAGNOSIS AND TESTING (Continued)

• Visually inspect the speed control cable The self-test is comprised of 2 parts. The first part
without removing it and ensure smooth is a static check of the speed control electronics
cable operation. Inspect the speed control module and system. The second part is a dynamic
cable connection to the throttle body. pull-test to check the actuator motor and gear

mechanism. To perform the self-test:• Visually inspect the accelerator cable
without removing it and ensure smooth • Connect the scan tool to a power source that is
cable operation. Inspect the accelerator cable not interrupted when the ignition switch changes
connection to the throttle body. Also check positions. With the ignition switch in the RUN
for cable interference with the carpet, position, set the scan tool to monitor the
bulkhead grommet, insulation and powertrain control module (PCM) throttle position
instrument panel wiring. PID  while the speed control actuator carries out

the self-test.
Visual Inspection Chart

• Enter self-test diagnostics by firmly pressing and
Mechanical Electrical holding the speed control OFF switch while

• Speed control cable • Central junction box quickly cycling the ignition switch from
• Speed control cable not (CJB) fuses: RUN-to-OFF-to-RUN, making sure the engine

attached to the throttle — 6 (10A) does not start and is not running. The speedbody cam — 11 (15A)
control indicator lamp  on the instrument panel• Speed control switches
will flash once to indicate that the speed control• Brake pedal position

(BPP) switch module has entered the diagnostic mode. Release
• Deactivator switch the OFF switch. If 5 additional flashes are
• Speed control servo displayed at this point, a speed control subsystem
• Circuitry

concern exists.  GO to Symptom Chart.

• NOTE: The module times out if each button is
3. If the fault is not visually evident, go to the not pressed within one second of the previous

Self-Test Diagnostics. button. If a module time out occurs (speed control
lamp stops flashing part way through test), theSelf-Test Diagnostics
procedure must be re-initiated.

WARNING: This test is a key on engine Firmly press and release the remaining switches
off (KOEO) test only that is conducted in PARK within one second of each other in the following
only with the emergency brake fully engaged. sequence:
NOTE: Review the following steps before carrying — ON
out the self-test diagnostic procedure.

— RSM (resume)
NOTE: After entering the diagnostic mode, the

— CST (coast)module times out if the mandatory switch sequence
is not completed within 5 seconds and each button — SET/ACCEL
is not pressed within one second of the previous • The speed control indicator lamp flashes once
button. If a module time-out occurs (speed control after each of the first 4 buttons is successfully
lamp  stops flashing part way through the test), the pressed. Firmly press and release each switch in
procedure must be re-initiated. the sequence immediately after the light goes out

for the previous switch.
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DIAGNOSIS AND TESTING (Continued)

• NOTE: There will be a slight delay from when • NOTE: Monitor the PCM throttle position PID
the last button is pressed and the lamp flashes after the last button is pressed.
diagnostic codes. If the self-test will not start or Within 0.25 second after the static test has passed,
cannot be completed after multiple attempts, GO the speed control actuator carries out a dynamic
to Symptom Chart. pull test automatically by actuating the throttle
Follow the list below for diagnostic flash codes, lever from 1 to 10 mm (0.04 to 0.39 inches) of
then GO to Symptom Chart. travel from the idle position for 3 seconds  and

then releasing the throttle. If the PID value does— 0 flashes: No flash after the last button
not change and holds steady for 3 seconds, GO topressed: suspect circuitry or speed control
Symptom Chart. During the dynamic throttle pull,switch.
observe throttle movement to witness any binding

— 1 flash: Static test passed. or sticking of  the speed control cable, verify the
— 2 flashes: The stoplamp switch is damaged, correct connection of the speed control cable to

circuit is damaged, or brake pedal is applied. the throttle lever, and make sure that the throttle
returns to the idle position. If incorrect connection— 3 flashes: The speed control deactivator switch
and/or binding or sticking of the speed control isis open or the circuit is damaged.
observed, GO to Symptom Chart.

— 4 flashes: The vehicle speed signal is out of
• Turn the key to OFF and GO to Symptom Chart.range or circuit is damaged.

— 5 flashes: Speed control actuator internal
failure.

Symptom Chart

Symptom Chart

Condition Possible Sources Action
• The speed control is • Speed control cable not • GO to Pinpoint Test A.

inoperative attached to throttle body cam.
• Central junction box (CJB)

fuse 6 (10A).
• Circuitry.
• Brake pedal position (BPP)

switch.
• Speed control switch.
• Output shaft speed (OSS)

sensor.
• Speed control actuator.
• Deactivator switch.

• The set speed fluctuates • Speed control actuator. • GO to Pinpoint Test B.
• Circuitry.
• Loose fit or binding between

speed control cable and
throttle body.

• Output shaft speed (OSS)
sensor or gear.

• The speed control does not • Brake pedal position (BPP) • GO to Pinpoint Test C.
disengage when the brakes switch.
are applied • Speed control actuator.

• Central junction box (CJB)
fuse 11 (15A).

• Circuitry.
• Binding speed control cable.

• The speed control switch is • Speed control switch. • GO to Pinpoint Test D.
inoperative — SET - • Speed control actuator.
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DIAGNOSIS AND TESTING (Continued)

Symptom Chart (Continued)

Condition Possible Sources Action
• The speed control switch is • Speed control switch. • GO to Pinpoint Test E.

inoperative — SET+ • Speed control actuator.
• The speed control switch is • Speed control switch. • GO to Pinpoint Test F.

inoperative — RESUME • Speed control actuator.
• The speed control switch is • Speed control switch. • GO to Pinpoint Test G.

inoperative — CANCEL • Speed control actuator.

Pinpoint Tests

PINPOINT TEST A: THE SPEED CONTROL IS INOPERATIVE

NOTE: It is important to use a voltage drop test on some of the tests where specified. Circuits
may indicate a good voltage and continuity but may not be capable of carrying sufficient
current.

Test Step Result / Action to Take
A1 CHECK THE POWER TO THE SPEED CONTROL ACTUATOR

• Key in OFF position.
• Disconnect: Speed Control Actuator C122.
• Key in ON position.
• Measure the voltage between the speed control actuator C122

pin 7, circuit 294 (WH/LB), harness side and the speed control
actuator C122 pin 10, circuit 1205 (OG/YE), harness side.

Yes
GO to A2.
No

• Is the voltage greater than 10 volts? GO to A3.
A2 CHECK THE VOLTAGE DROP ON CIRCUIT 294 (WH/LB)

• Key in OFF position.
• Connect: Speed Control Actuator C122. Yes• Key in ON position. GO to A4.• Measure the voltage drop on the speed control actuator C122-7,

circuit 294 (WH/LB). No
• Is the voltage drop less than 0.3 volts? REPAIR the circuit. REPEAT the self-test.

A3 CHECK CIRCUIT 1205 (OG/YE) FOR AN OPEN
• Key in OFF position.
• Disconnect: Speed Control Actuator C122.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST A: THE SPEED CONTROL IS INOPERATIVE (Continued)

Test Step Result / Action to Take
A3 CHECK CIRCUIT 1205 (OG/YE) FOR AN OPEN (Continued)

• Measure the resistance between the speed control actuator
C122 pin 10, circuit 1205 (OG/YE), harness side and ground.

Yes
REPAIR circuit 294 (WH/LB). TEST the
system for normal operation.
No
REPAIR circuit 1205 (OG/YE). TEST the

• Is the resistance less than 5 ohms? system for normal operation.
A4 CHECK THE STOPLAMPS FOR CORRECT OPERATION

• Check the stoplamps for correct operation by applying and Yes
releasing the brake pedal. GO to A5.

• Do the stoplamps operate correctly? No
REFER to Section 417-01 to diagnose the
stoplamps.

A5 CHECK THE DEACTIVATOR SWITCH INPUT TO THE SPEED
CONTROL ACTUATOR
• Measure the voltage between the speed control actuator C122

pin 9, circuit 307 (BK/YE), harness side and the speed control
actuator C122 pin 10, circuit 1205 (OG/YE), harness side.

Yes
GO to A6.
No

• Is the voltage greater than 10 volts? GO to A7.
A6 CHECK THE VOLTAGE DROP ON CIRCUIT 307 (BK/YE)

• Key in OFF position.
• Connect: Speed Control Actuator C122. Yes• Key in ON position. GO to A9.• Measure the voltage drop on the speed control actuator C122-7,

circuit 307 (BK/YE). No
• Is the voltage drop less than 0.3 volts? REPAIR the circuit. REPEAT the self-test.

A7 CHECK THE DEACTIVATOR SWITCH
• Disconnect: Deactivator Switch C1025.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST A: THE SPEED CONTROL IS INOPERATIVE (Continued)

Test Step Result / Action to Take
A7 CHECK THE DEACTIVATOR SWITCH (Continued)

• Measure the resistance between the deactivator switch pin 1
(component side) and the deactivator switch pin 2 (component
side).

Yes
GO to A8.
No
INSTALL a new deactivator switch.
REFER to Speed Control Deactivator
Switch in this section. TEST the system

• Is the resistance less than 5 ohms? for normal operation.
A8 CHECK DEACTIVATOR SWITCH CIRCUIT 547 (LG/YE) FOR AN

OPEN
• Measure the voltage between the deactivator switch C1025,

circuit 547 (LG/YE), harness side and ground.

Yes
REPAIR circuit 307 (BK/YE). TEST the
system for normal operation.
No
REPAIR circuit 547 (LG/YE). TEST the

• Is the voltage greater than 10 volts? system for normal operation.
A9 CHECK FOR SHORT TO POWER ON CIRCUIT 151 (LB/BK)

• Key in ON position.
• Measure the voltage between the speed control actuator C122

pin 5, circuit 151 (LB/BK), harness side and the speed control
actuator C122 pin 10, circuit 1205 (OG/YE), harness side.

Yes
GO to A10.
No

• Is any voltage present? GO to A12.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST A: THE SPEED CONTROL IS INOPERATIVE (Continued)

Test Step Result / Action to Take
A10 CHECK FOR STUCK SPEED CONTROL SWITCH

• Key in OFF position.
• Remove the driver air bag. Refer to Section 501-20B.
• Connect: Restraint System Diagnostic Tool, 418-F395 or

equivalent.
• Connect the battery. Refer to Section 414-01.
• Disconnect: Speed Control Switch Connector
• Key in ON position.
• Measure the voltage between the speed control actuator C122

pin 5, circuit 151 (LB/BK), harness side and the speed control
actuator C122 pin 10, circuit 1205 (OG/YE), harness side.

Yes
GO to A11.
No
INSTALL a new speed control switch.
REFER to Speed Control Switch in this
section. DISCONNECT the battery.
REFER to Section 414-01.  INSTALL the
driver air bag. REFER to Section 501-20B.

• Is any voltage present? TEST the system for normal operation.
A11 CHECK CIRCUIT 151 (LB/BK) FOR SHORT TO POWER

• Key in OFF position.
• Disconnect: Clockspring C223a.
• Key in ON position.
• Measure the voltage between the speed control actuator C122

pin 5, circuit 151 (LB/BK), harness side and the speed control
actuator C122 pin 10, circuit 1205 (OG/YE), harness side.

Yes
REPAIR circuit 151 (LB/BK).
DISCONNECT the battery. REFER to
Section 414-01. INSTALL the driver air
bag. REFER to  Section 501-20B. TEST
the system for normal operation.
No
INSTALL a new clockspring. REFER to
Section 501-20B. DISCONNECT the
battery. REFER to Section 414-01.
INSTALL  the driver air bag. REFER to
Section 501-20B. TEST the system for

• Is voltage present? normal operation.
A12  CHECK THE SPEED CONTROL SWITCH OPERATION

• Key in OFF position.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST A: THE SPEED CONTROL IS INOPERATIVE (Continued)

Test Step Result / Action to Take
A12  CHECK THE SPEED CONTROL SWITCH OPERATION

(Continued)

• Measure the resistance between the speed control actuator
C122 pin 5, circuit 151 (LB/BK), harness side and the speed
control actuator C122 pin 6, circuit 848 (DG/OG), harness side
while pressing the speed control switch SET+.

Yes
GO to A15.
No

• Is the resistance between 612 and 748 ohms? GO to A13.
A13 CHECK CIRCUIT 151 (LB/BK) FOR AN OPEN

• Key in OFF position.
• Disconnect: Clockspring C218b.
• Measure the resistance between the clockspring C218b pin 4,

circuit 151 (LB/BK), harness side and the speed control actuator
C122 pin 5, circuit 151 (LB/BK) harness side.

Yes
GO to A14.
No
REPAIR the circuit. TEST the system for

• Is the resistance less than 5 ohms? normal operation.
A14 CHECK THE CLOCKSPRING

• Remove the driver air bag. Refer to Section 501-20B.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST A: THE SPEED CONTROL IS INOPERATIVE (Continued)

Test Step Result / Action to Take
A14 CHECK THE CLOCKSPRING (Continued)

• Measure the resistance between the clockspring C218b pin 4
(component side), and the upper clockspring pin 1 (component
side).

Yes
INSTALL a new speed control switch.
REFER to Speed Control Switch in this
section. INSTALL the driver air bag.
REFER to Section 501-20B.  TEST the
system for normal operation.
No
INSTALL a new clockspring. REFER to
Section 501-20B. INSTALL the driver air
bag. REFER to Section 501-20B. TEST

•  Is the resistance less than 1 ohm? the system for normal operation.
A15 CHECK THE SPEEDOMETER OPERATION

• Check the speedometer for correct operation by driving the Yes
vehicle. GO to A16.

• Does the speedometer operate correctly? No
REFER to Section 413-01A (conventional
cluster) or Section 413-01B (natural gas
cluster)..

A16 CHECK THE VEHICLE SPEED SIGNAL VOLTAGE

CAUTION: Make sure the vehicle is secured correctly
before attempting to place the transmission range selector
lever in DRIVE (D).
• Disconnect: Speed Control Actuator C122.
• Jack up the drive wheels and chock the other wheels.
• Start the vehicle, place the transmission in DRIVE (D), and with

the engine at idle, allow the drive wheels to spin.
• Measure and record the AC voltage between the speed control

actuator C122-3, circuit 679 (GY/BK), harness side and ground
with the vehicle drive wheels spinning a minimum of 8 km/h (5
mph).

Yes• Apply the brakes until the drive wheels come to a stop. Place GO to A17.the transmission in PARK (P), fully engage the parking brake
and turn the engine off. No

• Is the recorded AC voltage greater than 4.5 volts? GO to A18.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST A: THE SPEED CONTROL IS INOPERATIVE (Continued)

Test Step Result / Action to Take
A17 CHECK THE VEHICLE SPEED SIGNAL FREQUENCY

CAUTION: Make sure the vehicle is secured correctly
before attempting to place the transmission range selector
lever in DRIVE (D).
• Start the vehicle, place the transmission in DRIVE (D), and with

the engine at idle, allow the drive wheels to spin.
• Measure and record the frequency between the speed control

actuator C122-3, circuit 679 (GY/BK), harness side and ground
with the vehicle drive wheels spinning a minimum of 8 km/h (5
mph). Record the speedometer  reading.

• Apply the brakes until the drive wheels come to a stop. Place
the transmission in PARK (P), fully engage the parking brake
and turn the engine off. Yes• Divide the frequency reading by 2.2 to get a mph result and GO to A19.compare this to the reading of the speedometer.

• Does the frequency reading result match the speedometer No
reading? GO to A20.

A18 CHECK CIRCUIT 679 (GY/BK) FOR AN OPEN
• Disconnect: Powertrain Control Module C175.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST A: THE SPEED CONTROL IS INOPERATIVE (Continued)

Test Step Result / Action to Take
A18 CHECK CIRCUIT 679 (GY/BK) FOR AN OPEN (Continued)

• Measure the resistance between the speed control actuator
C122 pin 3, circuit 679 (GY/BK), harness side and the
powertrain control module (PCM) C175 pin 68 (4.6L and 5.4L),
or pin 46 (6.8L), circuit 679 (GY/BK), harness side.

Yes
GO to A20
No
REPAIR the circuit. TEST the system for

• Is the resistance less than 5 ohms? normal operation.
A19 CHECK THE SPEED CONTROL CABLE

• Key in OFF position. Yes
• Remove the speed control cable from the speed control INSTALL a new speed control actuator.

actuator. Check the speed control cable by pulling on it and REFER to Speed Control Actuator in this
observing the throttle movement. section. TEST the system for normal

• Is the speed control cable OK? operation.
No
 INSTALL a new speed control cable.
REFER to Speed Control Cable in this
section. TEST the system for normal
operation.

A20 CHECK FOR CORRECT PCM OPERATION
• Disconnect the PCM connector. Yes
• Check for: INSTALL a new PCM. REFER to Section

— corrosion 303-14A or Section 303-14B. TEST
— damaged pins system for normal operation.
— pushed-out pins No• Connect the PCM connector and make sure it seats correctly. The system is operating correctly at this• Operate the system and verify the concern is still present. time. The concern may have been caused• Is the concern still present? by a loose or corroded connector.
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST B: THE SET SPEED FLUCTUATES

Test Step Result / Action to Take
B1 CHECK THE SPEED CONTROL CABLE/THROTTLE BODY

LINKAGE
• Key in OFF position. Yes
• Remove the speed control cable from the speed control GO to B2.

actuator. Visually inspect the core wire and check the speed Nocontrol cable by pulling on it and noting the throttle movement. INSTALL a new speed control cable or• Is the speed control cable OK? REFER to Section 310-02 for repair of the
throttle body linkage. TEST the system for
normal operation.

B2 CHECK THE SPEEDOMETER OPERATION
• Drive the vehicle and observe the speedometer operation Yes

without using the speed control. REFER to Section 413-01A (conventional
• Does the speedometer needle fluctuate? cluster) or Section 413-01B (natural gas

cluster).
No
INSTALL a new speed control actuator.
REFER to Speed Control Actuator in this
section. TEST the system for normal
operation.

PINPOINT TEST C: THE SPEED CONTROL DOES NOT DISENGAGE WHEN THE BRAKES ARE APPLIED

Test Step Result / Action to Take
C1 MONITOR THE THROTTLE POSITION SENSOR PID

• With the vehicle speed above 48 km/h (30 mph) engage the Yes
speed control. The system is operating correctly at this

• Monitor the PCM throttle position sensor PID while applying the time. The concern may have been caused
brake pedal. by a loose or corroded connector. TEST

• Does the PCM TPS PID return to base voltage when the the system for normal operation.
brake pedal is applied? No

GO to C2.
C2 CHECK THE SPEED CONTROL CABLE/THROTTLE BODY

LINKAGE
• Key in OFF position. Yes
• Remove the speed control cable from the speed control GO to C3.

actuator. Check the speed control cable by pulling on it and Noobserving the throttle movement. INSTALL a new speed control cable or• Is the speed control cable OK? REFER to Section 310-02 for repair of the
throttle body linkage. TEST the system for
normal operation.

C3 CHECK THE STOPLAMP OPERATION
• Check the stoplamps for correct operation by applying and Yes

releasing the brake pedal. GO to C4.
• Do the stoplamps operate correctly? No

REFER to Section 417-01 to diagnose the
stoplamps.

C4 CHECK THE BRAKE PEDAL POSITION (BPP) SWITCH CIRCUIT
569 (DG)
• Key in OFF position.
• Disconnect: Speed Control Actuator C122.

(Continued)
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310-03-13 310-03-13Speed Control

DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST C: THE SPEED CONTROL DOES NOT DISENGAGE WHEN THE BRAKES ARE APPLIED

(Continued)

Test Step Result / Action to Take
C4 CHECK THE BRAKE PEDAL POSITION (BPP) SWITCH CIRCUIT

569 (DG) (Continued)

• Measure the voltage between the speed control actuator C122
pin 4, circuit 569 (DG), harness side and the speed control
actuator C122 pin 10, circuit 1205 (OG/YE), harness side, while
applying the brake pedal.

Yes
INSTALL a new speed control actuator.
REFER to Speed Control Actuator in this
section. TEST the system for normal
operation.
No
REPAIR circuit 569 (DG). TEST the

• Is the voltage greater than 10 volts? system for normal operation.

PINPOINT TEST D: THE SPEED CONTROL SWITCH IS INOPERATIVE — SET-

Test Step Result / Action to Take
D1 CHECK SET- SWITCH OPERATION

• Key in OFF position.
• Disconnect: Speed Control Actuator C122.
• With the speed control switch SET- pressed, turn the steering

wheel from stop to stop, measuring the resistance between the
speed control actuator C122 pin 5, circuit 151 (LB/BK), harness
side and the speed control actuator C122 pin 6, circuit  848
(DG/OG), harness side.

Yes
INSTALL a new speed control actuator.
REFER to Speed Control Actuator in this
section. TEST the system for normal
operation.
No
INSTALL a new speed control switch.
REFER to Speed Control Switch in this
section. TEST the system for normal

• Is the resistance between 114 and 126 ohms? operation.

PINPOINT TEST E: THE SPEED CONTROL SWITCH IS INOPERATIVE — SET+

Test Step Result / Action to Take
E1 CHECK SET+ SWITCH OPERATION

• Key in OFF position.
• Disconnect: Speed Control Actuator C122.

(Continued)

2004 E-Series, 12/2003 



310-03-14 310-03-14Speed Control

DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST E: THE SPEED CONTROL SWITCH IS INOPERATIVE — SET+ (Continued)

Test Step Result / Action to Take
E1 CHECK SET+ SWITCH OPERATION (Continued)

• With the speed control switch SET+ pressed and while turning
the steering wheel from stop to stop, measure the resistance
between the speed control actuator C122 pin 5, circuit 151
(LB/BK), harness side and the speed control actuator C122 pin
6, circuit 848 (DG/OG), harness side.

Yes
INSTALL a new speed control actuator.
REFER to Speed Control Actuator in this
section. TEST the system for normal
operation.
No
INSTALL a new speed control switch.
REFER to Speed Control Switch in this
section. TEST the system for normal

• Is the resistance between 646 and 714 ohms? operation.

PINPOINT TEST F: THE SPEED CONTROL SWITCH IS INOPERATIVE — RESUME

Test Step Result / Action to Take
F1 CHECK THE RESUME SWITCH OPERATION

• Key in OFF position.
• Disconnect: Speed Control Actuator C122.
• With the speed control switch RESUME pressed, turn the

steering wheel from stop to stop, measuring the resistance
between the speed control actuator C122 pin 5, circuit 151
(LB/BK), harness side and the speed control actuator C122 pin
6,  circuit 848 (DG/OG), harness side.

Yes
INSTALL a new speed control actuator.
REFER to Speed Control Actuator in this
section. TEST the system for normal
operation.
No
INSTALL a new speed control switch.
REFER to Speed Control Switch in this
section. TEST the system for normal

• Is the resistance between 2,090 and 2,310 ohms? operation.

PINPOINT TEST G: THE SPEED CONTROL SWITCH IS INOPERATIVE — CANCEL

Test Step Result / Action to Take
G1 CHECK CANCEL SWITCH OPERATION

• Key in OFF position.
• Disconnect: Speed Control Actuator C122.

(Continued)
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310-03-15 310-03-15Speed Control

DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST G: THE SPEED CONTROL SWITCH IS INOPERATIVE — CANCEL (Continued)

Test Step Result / Action to Take
G1 CHECK CANCEL SWITCH OPERATION (Continued)

• With the speed control switch CANCEL pressed, turn the
steering wheel from stop to stop, measure the resistance
between the speed control actuator C122 pin 5, circuit 151
(LB/BK), harness side and the speed control actuator C122 pin
6, circuit  848 (DG/OG), harness side.

Yes
INSTALL a new speed control actuator.
REFER to Speed Control Actuator in this
section. TEST the system for normal
operation.
No
INSTALL a new speed control switch.
REFER to Speed Control Switch in this
section. TEST the system for normal

• Is the resistance less than 5 ohms? operation.
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310-03-1 310-03-1Speed Control

REMOVAL AND INSTALLATION

Speed Control Actuator

Removal and Installation

1. Disconnect the battery. For additional
information, refer to Section 414-01.

2. Remove the engine air cleaner. For additional
information, refer to Section 303-12.

3. Remove the air cleaner outlet tube.

4. Remove the accelerator control splash shield.
7. Detach the speed control actuator from the

inner fender well.

1 Disconnect the speed control actuator
electrical connector.

2 Remove the bolts to detach the actuator.

5. Disconnect the speed control cable.

1 Disconnect the speed control cable from the
throttle body cam.

2 Squeeze the retaining tabs and remove the
speed control cable.

8. Remove the speed control actuator.

1 Press in the locking tab.

2 Rotate the speed control cable cap and
disconnect the speed control cable.

3 Remove the speed control actuator.

6. Position the radiator coolant recovery reservoir
aside.

1 Remove the bolts.

2 Move the reservoir.
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310-03-2 310-03-2Speed Control

REMOVAL AND INSTALLATION (Continued)

9. Detach the speed control actuator from the 10. To install, reverse the removal procedure.
bracket.

1 Remove the bolts.

2 Detach the speed control actuator from the
bracket.
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310-03-1 310-03-1Speed Control

REMOVAL AND INSTALLATION

Speed Control Cable

Removal and Installation

1. Remove the engine air cleaner. For additional
information, refer to Section 303-12.

2. Remove the air cleaner outlet tube.

3. Remove the accelerator control splash shield.

6. Position the radiator coolant recovery reservoir
aside.

1 Remove the bolts.

2 Position the radiator coolant recovery
reservoir aside.

4. Disconnect the speed control cable.

1 Disconnect the speed control cable from the
throttle body cam.

2 Squeeze the retaining tabs and remove the
speed control cable.

5. Remove the speed control cable bracket from
the thermostat housing.

1 Remove the bolt.

2 Remove the speed control cable bracket.

Copyright  2003, Ford Motor Company
Last updated: 08/27/2003 2004 E-Series, 12/2003 



310-03-2 310-03-2Speed Control

REMOVAL AND INSTALLATION (Continued)

7. Remove the speed control cable. 8. To install, reverse the removal procedure.

1 Press the locking tab in.

2 Rotate the speed control cable cap and
disconnect the speed control cable.

3 Remove the speed control cable.
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310-03-1 310-03-1Speed Control

REMOVAL AND INSTALLATION

Speed Control Switch

Removal

1. Remove the driver side air bag. For additional
information, refer to Section 501-20B.

2. Remove the speed control switches.

1 Disconnect the speed control switch
electrical connector.

2 Remove the two bolts.

3 Remove the speed control switches. Installation

1. To install, reverse the removal procedure.
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310-03-1 310-03-1Speed Control

REMOVAL AND INSTALLATION

Speed Control Deactivator Switch 3. WARNING: Brake fluid contains
polyglycol ethers and polyglycols. Avoid
contact with eyes. Wash hands thoroughlyMaterial
after handling. If brake fluid contacts eyes,

Item Specification
flush eyes with running water for 15

High Performance DOT 3 ESA-M6C25-A minutes. Get medical attention if irritation
Motor Vehicle Brake Fluid persists. If  taken internally, drink water andPM-1 (Canada CPM-1)

induce vomiting. Get medical attention
immediately.Removal

CAUTION: Brake fluid is harmful to
CAUTION: Make sure the master cylinder painted and plastic surfaces. If brake fluid is

reservoir cap is secure before performing this spilled onto a painted or plastic surface,
procedure. immediately wash it with water.

CAUTION: Do not allow any foreign1. Disconnect the battery. For additional
matter to enter the master cylinder port onceinformation, refer to Section 414-01.
the deactivator switch is removed.

2. Disconnect the deactivator switch electrical Remove the deactivator switch.
connector.

Installation

1. CAUTION: Do not allow brake fluid to
contact the electrical connector.

Install the deactivator switch.

• Add a few drops of brake fluid to the fluid
port on the threaded side of the switch
before installing it.
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310-03-2 310-03-2Speed Control

REMOVAL AND INSTALLATION (Continued)

2. Check the master cylinder fluid level and adjust
as necessary.

3. Connect the battery. For additional information,
refer to Section 414-01.
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412-00-1 412-00-1Climate Control System - General Information

General Specifications (Continued)
SPECIFICATIONS

Item Specification
General Specifications

Closed pressure 317 kPa (46 psi)
Item Specification maximum

A/C Compressor Refrigerant Lubricant and Capacity

Type SC115 fixed scroll PAG Refrigerant WSH-M1C231-B
Compressor Oil (R-134aDisplacement 115 cc (7 cu in)
Systems) F7AZ-19589-DA

Rotation Clockwise (Motorcraft YN-12-C)

A/C Pressure Relief Valvea Capacity without auxiliary 266 ml (9 oz)
climate controlOpen pressures 3,792-4,137 kPa (550-600

psi) Capacity with auxiliary 384 ml (13 oz)
climate controlA/C Pressure Sensor N/A
Refrigerant and CapacityEvaporator Core Orifice
R134a Refrigerant YN-19 WSH-M17B19-AColor Black
Capacity without auxiliary 1.13 kg (40 oz)Diameter 1.83 mm (0.072 in)
climate control

Magnetic Clutch
Capacity with auxiliary 1.70 kg (60 oz)

Air gap between pulley 0.35-0.75 mm climate control
and clutch plate (0.014-0.030 in)

Refrigerant System Cleaner
Pressure Cutoff Switcha

A/C Systems Flushing —
Open status 2,999-3,275 kPa (435-475 Solvent F4AZ-19579-A

psi)
a Manifold gauge set pressures may vary slightlyClosed status 1,586-1,999 kPa (230-290

depending on the distance between the servicepsi)
gauge port valve and the A/C pressure relief valve,

A/C Cycling Switch Open and Closed Pressuresa the A/C cycling switch, or the dual function
pressure  switch location.Open pressure 152-165 kPa (22-24 psi)
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412-00-1 412-00-1Climate Control System - General Information

DESCRIPTION AND OPERATION

• Do not add R-12 refrigerant to an A/C systemClimate Control System
that requires the use of R-134a refrigerant.

WARNING: Carbon monoxide is colorless, These two types of refrigerant must never be
odorless and dangerous. If it is necessary to mixed. Doing so can damage the A/C system.
operate the engine with vehicle in a closed area

• WARNING: It is dangerous to chargesuch as a garage, always use an exhaust collector
the system with the engine running at the highto vent the exhaust gases outside the closed area.
side service port.

WARNING: R-134a is classified as a safe
Charge the A/C system with R-134a refrigerantrefrigerant, but misuse can make it dangerous.
gas while the engine is running only at theThe following precautions must be observed.
low-pressure side to prevent refrigerant

• Always wear safety goggles when repairing an slugging from damaging the A/C compressor.
air conditioning system.

• Use only R-134a refrigerant. Due to
• Avoid contact with liquid refrigerant R-134a. environmental concerns, when the air

R-134a vaporizes at approximately -25°C conditioning system is drained, the refrigerant
(-13°F) under atmospheric pressure and it will must be collected using refrigerant
freeze skin tissue. recovery/recycling equipment. Federal,

State/Provincial and/or local laws REQUIRE• Never allow refrigerant R-134a gas to escape in
that  R-134a be recovered into appropriatequantity in an occupied space. R-134a is
recovery equipment and the process benon-toxic, but it will displace the oxygen
conducted by qualified technicians who haveneeded to support life.
been certified by an approved organization,• Never use a torch in an atmosphere containing
such as ASE, MACS, HRAI, etc. Use of aR-134a gas. R-134a is non-toxic at all normal
recovery machine dedicated to R-134a isconditions, but when it is exposed to high
necessary to reduce the possibility of oil andtemperatures, such as a torch flame, it
refrigerant incompatibility concerns. Refer todecomposes. During decomposition it releases
the instructions provided by the equipmentirritating and toxic  gases (as described in the
manufacturer when removing refrigerant fromMSDS sheet from the manufacturer).
or charging the air conditioning system.Decomposition products are hydrofluoric acid,

carbon dioxide and water. • Refrigerant R-134a must not be mixed with the
air for leak testing or used with air for any• Do not allow any portion of the charged air
other purpose above atmospheric pressure.conditioning system to become too hot. The
R-134a is combustible when mixed with highpressure in an air conditioning system rises as
concentrations of air and higher pressures.the temperature rises and temperatures of

approximately 85°C (185°F) can be dangerous. • A number of manufacturers are producing
refrigerant products that are described as• Allow the engine to cool sufficiently prior to
direct substitutes for Refrigerant R-134a. Thecarrying out maintenance or serious burns and
use of any unauthorized substitute refrigerantinjury can occur.
can severely damage the A/C components. If

CAUTION: To avoid damaging the vehicle repair is required, use  only new or recycled
or A/C components, the following precautions Refrigerant R-134a.
must be observed.

CAUTION: To avoid contamination of the
• The A/C refrigerant of all vehicles must be A/C system:

identified and analyzed prior to refrigerant
• Never open or loosen a connection beforecharging. Failure to do so can contaminate the

recovering refrigerant using approvedshop bulk refrigerant and other vehicles.
equipment.

• When loosening a connection, if any residual
pressure is evident, allow it to leak out before
opening the fitting.
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412-00-2 412-00-2Climate Control System - General Information

DESCRIPTION AND OPERATION (Continued)

Principles of Operation• Evacuate a system that has been opened to
install a new component or one that has There are four main principles involved with the
discharged through leakage before charging. basic theory of operation:

• Seal open fittings with a cap or plug • heat transfer
immediately after disconnecting a component

• latent heat of vaporizationfrom the system.
• relative humidity• Clean the outside of the fittings thoroughly

before disconnecting a component from the • effect of pressure
system.

Heat Transfer
• Do not remove the sealing caps from a new

If two substances of different temperature are placedcomponent until ready to install.
near each other, the heat in the warmer substance

• Refrigerant oil will absorb moisture from the will transfer to the colder substance.
atmosphere if left uncapped. Do not open an
oil container until ready to use, and install the Latent Heat of Vaporization
cap immediately after using. Store the oil in a When a liquid boils (converts to gas) it absorbs heat
clean, moisture-free container. without raising the temperature of the resulting gas.

• Install a new O-ring seal before connecting an When the gas condenses (converts back to a liquid),
open fitting. Coat the fitting and O-ring seal it gives off heat without lowering the temperature of
with refrigerant oil before connecting. the resulting liquid.

• When installing a refrigerant line, avoid sharp
Relative Humiditybends. Position the line away from the exhaust
The amount of moisture (water vapor content) thator any sharp edges that can chafe the line.
the air can hold is directly related to the air• Tighten threaded fittings only to specifications.
temperature. The more heat there is in the air, theThe steel and aluminum fittings used in the
more moisture the air can hold. The lower therefrigerant system will not tolerate
moisture content in the air, the more  comfortableovertightening.
you feel. Removing moisture from the air lowers its

• When disconnecting a fitting, use a wrench on relative humidity and improves personal comfort.
both halves of the fitting to prevent twisting of

Effects of Pressure on Boiling orthe refrigerant lines or tubes.
Condensation• Do not open a refrigerant system or uncap a
As the pressure is increased on a liquid, thenew component unless it is as close as possible
temperature at which the liquid boils (converts toto room temperature. This will prevent
gas) also increases. Conversely, when the pressurecondensation from forming inside a component
on a liquid is reduced, its boiling point is alsothat is cooler than the surrounding air.
reduced. When in the gas state, an increase inThe manual climate control system heats and/or
pressure causes an increase in temperature, while acools the vehicle depending on the function selector
decrease in pressure will decrease the temperatureswitch position and the temperature selected.
of the gas.

• The function selector switch position determines
Compressor Anti-Slugging Strategyheating or cooling and air distribution.
Liquid refrigerant may accumulate in the A/C• The temperature control switch setting determines
compressor under certain conditions. To alleviatethe air temperature.
damage to the A/C compressor, compressor

• The blower motor switch (18578) varies the anti-slugging strategy (CASS) is utilized on vehicles
blower motor speed. equipped with a 6.0L engine only.
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412-00-3 412-00-3Climate Control System - General Information

DESCRIPTION AND OPERATION (Continued)

CASS is initiated only under specific conditions: The suction accumulator (19C836) is designed to
remove moisture from the refrigerant and to prevent

• the ignition is off for more than 8 hours any liquid refrigerant that may not have been
• the ambient temperature is above -4°C (25°F) vaporized in the evaporator core from reaching the

A/C compressor. The A/C compressor is designed• battery voltage is above 8.5 volts during engine
to pump refrigerant vapor only, as liquid refrigerantcranking
will not compress and can damage the A/CWhen these conditions are present, the powertrain
compressor.control module (PCM) will activate the A/C relay
The refrigerant cycle is now repeated with the A/Cprior to cranking of the engine. The A/C relay
compressor again increasing the pressure andengages the A/C compressor for approximately 4-15
temperature of the refrigerant.A/C compressor revolutions or a maximum of 2

seconds (depending upon vehicle application), The A/C cycling switch (19E561) interrupts
allowing the liquid refrigerant to be pushed from the compressor operation before the external
A/C compressor. CASS is initiated by the PCM temperature of the evaporator core gets low enough
regardless of the function selector switch position. to cause the condensed water vapor (excess

humidity) to turn to ice. It does this by monitoringThe Refrigerant Cycle low side line  pressure. It is known that a
During stabilized conditions (air conditioning system refrigerant pressure of approximately 210 kPa (30
shutdown), the refrigerant is in a vaporized state psi) will yield an operating temperature of 0°C
and pressures are equal throughout the system. (32°F). The A/C cycling switch controls system
When the A/C compressor (19703) is in operation it operation in an effort to maintain this temperature.
increases pressure on the refrigerant  vapor, raising The high side line pressure is also monitored so that
its temperature. The high-pressure and A/C compressor operation can be interrupted if
high-temperature vapor is then released into the top system pressure becomes too high.
of the condenser core (19712).

The A/C pressure relief valve (19D644) will open
The condenser core, being close to ambient and vent refrigerant to relieve unusually high system
temperature, causes the refrigerant vapor to pressure.
condense into a liquid when heat is removed from
the refrigerant by ambient air passing over the fins
and tubing. The now liquid refrigerant, still at high
pressure, exits from the bottom of the condenser
core and enters the inlet side of the evaporator core
orifice (19D990).

The evaporator core orifice is the restriction system
that creates the high pressure buildup and separates
the high and low pressure sides of the A/C system.
As the liquid refrigerant leaves this restriction, its
pressure and boiling point are  reduced.

The liquid refrigerant is now at its lowest pressure
and temperature. As it passes through the evaporator
core, it absorbs heat from the passenger
compartment airflow passing over the plate/fin
sections of the evaporator core. This addition of
heat causes the refrigerant to boil (convert to gas).
The now cooler passenger compartment air can no
longer support the same humidity level of the
warmer air and this excess moisture condenses on
the exterior of the evaporator coils and fins and
drains outside the vehicle.
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412-00-4 412-00-4Climate Control System - General Information

DESCRIPTION AND OPERATION (Continued)

Clutch Cycling Orifice Tube Type Refrigerant System
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412-00-5 412-00-5Climate Control System - General Information

DESCRIPTION AND OPERATION (Continued)

When MAX A/C is selected:Item Part Number Description

1 19E762 A/C charge valve port (Low • The recirculation air duct door is at full vacuum,
side) closing off outside air and admitting only

2 19E561 A/C cycling switch recirculated air.
3 19C836 Suction accumulator • The floor/panel door and the floor/defrost door are
4 19703 A/C compressor at the full vacuum position, directing airflow to
5 19D644 A/C pressure relief valve the A/C register (19893).
6 19D594 Pressure cutoff switch • The temperature is usually set for maximum cold
7 19E762 A/C charge valve port (High but may be heated if desired.

side) • Air will be picked up at the recirculation opening
8 19712 Condenser core by the blower motor (19805). With the A/C
9 19D990 Evaporator core orifice control set for maximum cold, airflow across the

10 19860 Evaporator core evaporator core (19860) will be diverted past the
heater core (18476) and then directed into the11 — Low pressure vapor
passenger compartment through the instrument12 — High pressure vapor
panel A/C register. There is also some airflow to

13 — Low pressure liquid
the side window demisters.

14 — High pressure liquid
• The A/C compressor (19703) will be enabled

when MAX A/C is selected.System Airflow Description
• The blower motor is on.

MAX A/C
Norm A/C
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412-00-6 412-00-6Climate Control System - General Information

DESCRIPTION AND OPERATION (Continued)

When NORM A/C is selected: • The temperature can be adjusted to heat the air
but air cannot be cooled below outside

• The recirculation air duct door is in the no temperature.
vacuum position, blocking recirculated air and

• The A/C compressor will be disabled when VENTadmitting outside air.
is selected.

• The floor/panel door and the floor/defrost door are
• The blower motor is on.at the full vacuum position, directing airflow to

the instrument panel A/C registers. OFF
• The temperature may be raised if desired.

• The A/C compressor will be enabled when
NORM A/C is selected.

• The blower motor is on.

Vent

When OFF is selected:

• The recirculation air duct door is at full vacuum,
closing off outside air and admitting only
recirculated air.

• The floor/panel door is in the no vacuum position,
closing the passage to the instrument panel A/CWhen VENT is selected:
registers.

• The recirculation air duct door is in the no • The floor/defrost door is at full vacuum, closing
vacuum position, blocking recirculated air and the passages to the windshield defroster hose
admitting outside air. nozzle.

• The floor/panel door and the floor/defrost door are • The blower motor and the A/C compressor are
at the full vacuum position, directing airflow to off.
the instrument panel A/C registers.
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412-00-7 412-00-7Climate Control System - General Information

DESCRIPTION AND OPERATION (Continued)

FLOOR MIX

When FLOOR is selected: When MIX is selected:

• The recirculation air duct door is in the no • The recirculation air duct door is in the no
vacuum position, blocking recirculated air and vacuum position blocking recirculated air and
admitting outside air. admitting outside air.

• The floor/panel door is in the no vacuum position, • The floor/panel door is in the no vacuum position,
blocking air circulation to the instrument panel blocking air circulation to the instrument panel
A/C registers. A/C registers.

• The floor/defrost door is in the full vacuum • The floor/defrost door is in the partial vacuum
position, directing all airflow to the heater outlet position, allowing airflow to both the windshield
floor duct. defroster hose nozzle and the heater outlet floor

duct. There is also some airflow to the side• The temperature can be adjusted to mix air
window demisters.flowing through and around the heater core to

achieve the desired temperature level. • The A/C compressor will be enabled when MIX
is selected to dehumidify the air and reduce• The A/C compressor will be disabled when
windshield fogging.FLOOR is selected.

• The blower motor is on.• The blower motor is on.
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412-00-8 412-00-8Climate Control System - General Information

DESCRIPTION AND OPERATION (Continued)

DEFROST When DEFROST is selected:

• The recirculation air duct door is in the no
vacuum position, admitting outside air.

• Both the floor/defrost door and the floor/panel
door are in the no vacuum position so that most
of the incoming air is directed to the windshield
defroster hose nozzle. There is also airflow to the
side window demisters.

• The temperature setting will determine the amount
of air that is directed through the heater core and
the amount that bypasses the heater core.

• The A/C compressor will be enabled when
DEFROST is selected to dehumidify the air and
reduce windshield fogging.

• The blower motor is on.

2004 E-Series, 12/2003 



412-00-1 412-00-1Climate Control System - General Information

DIAGNOSIS AND TESTING
Special Tool(s)Climate Control System

Refer to Wiring Diagrams Cell 54, Air Pressure Test Kit
014-R1072 or equivalentConditioning/Heater for schematic and connector

information.

Special Tool(s)

Worldwide Diagnostic System
(WDS)
418-F224, Connector, Refrigerant Pressure
New Generation STAR (NGS) Line
Tester 412-093 (T94P-19623-E)
418-F052, or equivalent scan
tool

Rotunda 73 III Multimeter
105-R0057 or equivalent

Vacuum Pump Kit
416-D002 (D95L-7559-A) or
equivalent

R-134a Manifold Gauge Set
176-R032A or equivalent

Set, A/C Fittings
412-DS028 (014-00333,
D93L-19703-B) or equivalent

Refrigerant Leak Detector
216-00001 or equivalent

(Continued)
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412-00-2 412-00-2Climate Control System - General Information

DIAGNOSIS AND TESTING (Continued)

Vacuum Schematic
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412-00-3 412-00-3Climate Control System - General Information

DIAGNOSIS AND TESTING (Continued)

Item Part Number Description Item Part Number Description

19 — Floor/defrost door (full1 — Vacuum to the auxiliary A/C
vacuum position) (part ofsystem (if equipped)
18471)2 18A318 Vacuum control motor —

20 — Defrost airflowfloor/panel door

3 — Panel vent airflow
Vacuum Connector End View

4 — Floor/panel door (full vacuum
position) (part of 18471)

5 18B545 Temperature blend door (full
heat position)

6 19860 Evaporator core

7 19A813 Air inlet door (full vacuum
position)

8 — Outside air inlet

9 18A318 Vacuum control motor — air
inlet duct door

10 — Recirculated air inlet

11 19805 Blower motor

12 18476 Heater core
Hose13 — Vacuum from the engine

Port Color Functionintake manifold (gas engine)
or vacuum pump (diesel 1 White Recirculation air duct door
engine) 2 Red Floor/defrost door

14 19A563 A/C vacuum check valve
3 Yellow Floor/defrost door

15 19A566 A/C vacuum reservoir tank
4 Blue Floor/panel doorand bracket
5 Black Vacuum source16 19B888 Function selector switch
6 — Not used17 — Floor air flow

18 18A318 Vacuum control motor —
floor/defrost door

(Continued)

Vacuum Application Chart

Function Selector Switch Position

MAX NORMSwitch
A/C A/C VENT OFF FLOOR MIX DEFPort Color Function

1 White Recirc/ fresh V NV NV V NV NV NV

2 Red Floor/ defrost V V V V V NV NV

3 Yellow Floor/ defrost V V V V V V NV

4 Blue Floor/ panel V V V NV NV NV NV

5 Black Vacuum source V V V V V V V

V = Vacuum 2. Inspect to determine if one of the following
NV = No Vacuum mechanical or electrical concerns apply:

Inspection and Verification

1. Verify the customer’s concern by operating the
climate control system to duplicate the
condition.
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DIAGNOSIS AND TESTING (Continued)

Visual Inspection Chart • check the ignition switch position.

Mechanical Electrical 6. If the scan tool still does not allow with the
vehicle selection to be entered, refer to the scan• Loose, missing, or • Open fuses.

damaged A/C • Blower motor tool manual.
compressor drive belt. inoperative. 7. Carry out the DATA LINK DIAGNOSTIC• Loose or disconnected • A/C compressor

TEST using the scan tool. If the scan toolA/C clutch. inoperative.
responds with:• Loose, misrouted or • Circuitry open/shorted.

damaged vacuum linesa • Disconnected electrical • SCP+, SCP-, or UBP CIRCUITS FAULT =
. connectors.

ALL ECUS NO RESP/NOT EQUIP, refer• Broken or leaking
to Section 418-00 to diagnose the networkvacuum control motora.

• Broken or leaking concern.
refrigerant lines. • If the powertrain control module (PCM)

(12A650) is not listed for a communicationa A leak in the vacuum control circuit may occur
during acceleration (slow leak), may exist at all concern, turn the A/C controls to OFF and
times (large leak), and may exist only when specific carry out the self-test diagnostics for the
functions are selected (indicating a  leak in that PCM.
portion of the circuit). The vacuum hoses used in
the passenger compartment control circuit are 8. If any PCM diagnostic trouble codes (DTCs)
constructed from PVC plastic material. The vacuum are retrieved and related to the concern, go to
hoses used in the engine compartment are the Diagnostic Trouble Code (DTC) Index to
constructed of Hytrel. Because of the  materials continue diagnostics.used, never pinch the vacuum hoses off during
diagnosis to locate a leak. A wood golf tee can be 9. If no DTCs related to the concern are retrieved,
used as a plug when it is necessary to plug one end GO to Symptom Chart to continue diagnostics.
of the vacuum hose for leak test purposes.

Diagnostic Trouble Code (DTC) Index
3. As pinpoint tests and measurements are being

DTC Description Action
carried out, be sure to inspect for any

P1460 Wide open throttle REFER to thedisconnected, loose fitting, or incorrectly
A/C primary circuit Powertraininstalled component, module and in-line malfunction Control/Emissions

electrical connectors and pins. Diagnosis (PC/ED)
manual.4. If an obvious cause for an observed or reported

concern is found, correct the cause (if possible) P1464 A/C demand out of REFER to the
self-test range Powertrainbefore proceeding to the next step.

Control/Emissions
5. If the cause is not visually evident, connect a Diagnosis (PC/ED)

scan tool to the data link connector and select manual.
the vehicle to be tested from the scan tool P1469 Low A/C cycling REFER to the
menu. If the scan tool does not communicate period Powertrain
with the vehicle: Control/Emissions

Diagnosis (PC/ED)• check that the program card is correctly manual.
installed.

• check the connections to the vehicle.
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DIAGNOSIS AND TESTING (Continued)

Symptom Chart

Symptom Chart

Condition Possible Sources Action
• Incorrect/erratic direction of • Function selector switch. • GO to Pinpoint Test A.

airflow from outlets • Vacuum hose/harness.
• Vacuum control motor.
• A/C vacuum check valve.
• Vacuum reservoir tank.
• Air distribution door/linkage.

• Insufficient, erratic, or no • Low engine coolant level. • GO to Pinpoint Test B.
heat • Engine overheating.

• Plugged or partially plugged
heater core.

• Temperature blend door
binding/stuck.

• Temperature blend door
actuator.

• The air conditioning (A/C) is • Fuse(s). • GO to Pinpoint Test C.
inoperative/does not operate • Circuitry open/short.
correctly — gasoline engines • A/C cycling switch.

• Low refrigerant system
charge.

• Function selector switch.
• Pressure cutoff switch.
• A/C compressor clutch air

gap.
• A/C compressor clutch field

coil.
• The air conditioning (A/C) is • Fuse(s). • GO to Pinpoint Test D.

inoperative/does not operate • Circuitry open/short.
correctly — diesel engine • A/C cycling switch.

• Low refrigerant system
charge.

• Function selector switch.
• Pressure cutoff switch.
• A/C control relay.
• Powertrain control module

(PCM).
• A/C compressor clutch air

gap.
• A/C compressor clutch field

coil.
• The air conditioning (A/C) is • Circuitry short. • GO to Pinpoint Test E.

always on — gasoline • Function selector switch.
engines • A/C compressor clutch air

gap.
• The air conditioning (A/C) is • Circuitry short. • GO to Pinpoint Test F.

always on — diesel engine • Function selector switch.
• A/C control relay.
• PCM.
• A/C compressor clutch air

gap.
• Insufficient air conditioning • Low refrigerant level. • CARRY OUT the refrigerant

(A/C) cooling • Temperature blend door system tests. REFER to
actuator. Refrigerant System Tests in

this section. If OK, GO to
Pinpoint Test H.
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DIAGNOSIS AND TESTING (Continued)

Symptom Chart (Continued)

Condition Possible Sources Action
• Insufficient air conditioning • Thermostatic expansion valve. • GO to Pinpoint Test G.

(A/C) cooling — auxiliary • Leaking or restricted vacuum
system hose.

• Vacuum control motor.
• Sticking mode door.

• Temperature control is • Circuitry open/short. • GO to Pinpoint Test H.
inoperative/does not operate • Temperature blend door
correctly actuator.

• Temperature control switch.
• The blower motor is • Fuse(s). • GO to Pinpoint Test I.

inoperative • Circuitry open/short.
• Blower motor relay.
• Function selector switch.
• Blower motor.

• The blower motor does not • Blower motor switch. • GO to Pinpoint Test J.
operate correctly • Blower motor resistor.

• Circuitry open/short.
• The auxiliary blower motor is • Fuse(s). • GO to Pinpoint Test K.

inoperative • Circuitry open/short.
• Auxiliary blower motor relay.
• Auxiliary blower motor

switch.
• Auxiliary high speed blower

motor relay.
• Auxiliary blower motor.

• The auxiliary blower motor • Auxiliary blower motor • GO to Pinpoint Test L.
does not operate correctly switch.

• Auxiliary blower motor
resistor.

• Circuitry open/short.
• The auxiliary • Auxiliary temperature • If both temperature and mode

temperature/mode is actuator. are affected, REPAIR the
inoperative/does not operate • Auxiliary mode actuator. vacuum source line for an
correctly • Auxiliary vacuum source line. obstruction or leak. TEST the

system for normal operation.
• If the temperature or mode

alone are affected, inspect the
temperature or mode door for
a binding or broken
condition. If no condition is
found, INSTALL a new
actuator. TEST the system for
normal operation.

Pinpoint Tests

PINPOINT TEST A: INCORRECT/ERRATIC DIRECTION OF AIRFLOW FROM OUTLETS

Test Step Result / Action to Take
A1 CHECK THE SYSTEM AIRFLOW

• Key in ON position.
• With the engine running, set the blower motor switch to HI.

(Continued)

2004 E-Series, 12/2003 



412-00-7 412-00-7Climate Control System - General Information

DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST A: INCORRECT/ERRATIC DIRECTION OF AIRFLOW FROM OUTLETS (Continued)

Test Step Result / Action to Take
A1 CHECK THE SYSTEM AIRFLOW (Continued)

• Check the system airflow in each function selector switch Yesposition to determine which position(s) have incorrect airflow. GO to A2.Refer to the vacuum schematic in this section.
• Is the airflow coming from the defroster nozzles in all of the No

positions? GO to A14.
A2 CHECK THE VACUUM SUPPLY HOSE

• Key in OFF position.
• Check the vacuum supply hose to be sure that it is connected.

Yes
RECONNECT the vacuum supply hose.
GO to A13.
No

• Is the vacuum supply hose disconnected? GO to A3.
A3 LEAK CHECK THE VACUUM TANK AND HOSES

NOTE: The in-line vacuum harness connector is located in the
vehicle, below the instrument panel, on the passenger side.
• Disconnect: Intake Manifold Vacuum Hose.
• Disconnect: In-Line Vacuum Harness.
• Plug the vacuum supply hose at the intake manifold.

(Continued)

2004 E-Series, 12/2003 



412-00-8 412-00-8Climate Control System - General Information

DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST A: INCORRECT/ERRATIC DIRECTION OF AIRFLOW FROM OUTLETS (Continued)

Test Step Result / Action to Take
A3 LEAK CHECK THE VACUUM TANK AND HOSES (Continued)

• Carry out a vacuum leak test on the vacuum tank, check valve
and hoses.
— Connect the vacuum pump to the plenum vacuum harness

connector.
— Apply a vacuum.
— Check for a vacuum leak.

Yes
GO to A4.
No

• Is there leakage? GO to A9.
A4 LEAK CHECK THE VACUUM SUPPLY HOSE

• Remove the evaporator core housing. Refer to Section 412-02.
• Disconnect: Vacuum Supply Hose.
• Carry out a vacuum leak test on the vacuum supply hose.

— Plug one end of the hose.
— Connect the vacuum pump to the other end.
— Apply a vacuum.
— Check for a vacuum leak.

Yes
REPAIR or INSTALL a new vacuum
supply hose. TEST the system for normal
operation.
No

• Does the hose leak? GO to A5.
A5 INSPECT THE A/C VACUUM CHECK VALVE

• Disconnect: A/C Vacuum Check Valve.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST A: INCORRECT/ERRATIC DIRECTION OF AIRFLOW FROM OUTLETS (Continued)

Test Step Result / Action to Take
A5 INSPECT THE A/C VACUUM CHECK VALVE (Continued)

• Inspect the A/C vacuum check valve for any obstructions and
correct operation. Airflow through the A/C vacuum check valve
must be directed toward the engine.

Yes
INSTALL a new A/C vacuum check valve
(19A563). TEST the system for normal
operation.
No

• Is the A/C vacuum check valve plugged or obstructed? GO to A6.
A6 LEAK TEST THE A/C VACUUM CHECK VALVE

• Carry out a vacuum leak test on the A/C vacuum check valve.
— Connect two hoses and a tee fitting to the outlet ports of the

A/C vacuum check valve.
— Connect the tee fitting to the vacuum pump.
— Apply 51 kPa (15 in-Hg) of vacuum.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST A: INCORRECT/ERRATIC DIRECTION OF AIRFLOW FROM OUTLETS (Continued)

Test Step Result / Action to Take
A6 LEAK TEST THE A/C VACUUM CHECK VALVE (Continued)

• If the vacuum loss exceeds 3.37 kPa (1 in-Hg) per minute, then
remove the A/C vacuum check valve and carry out a vacuum
leak test on the vacuum pump.
— Plug both of the hoses.
— Apply a vacuum.

Yes
INSTALL a new A/C vacuum check valve
(19A563). TEST the system for normal
operation.• If the vacuum pump loses vacuum, then correct the problem and

repeat this procedure. No
• Does the A/C vacuum check valve leak? GO to A7.

A7 CHECK THE VACUUM RESERVOIR
• Disconnect: Vacuum Reservoir.
• Carry out a vacuum leak test on the vacuum reservoir tank.

— Connect the vacuum pump to the vacuum reservoir tank.
— Apply a vacuum.
— Check for a vacuum leak.

Yes
INSTALL a new vacuum reservoir tank
(19A566). TEST the system for normal
operation.
No

• Does the vacuum reservoir tank leak? GO to A8.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST A: INCORRECT/ERRATIC DIRECTION OF AIRFLOW FROM OUTLETS (Continued)

Test Step Result / Action to Take
A8 CHECK THE SUPPLY HOSE

• Check the supply hose for a vacuum leak.
— Connect the vacuum pump to the supply hose of the

plenum vacuum harness.
— Install a plug in the other end of the hose.
— Apply a vacuum.
— Check for a vacuum leak.

• Check the supply hose for a restriction or blockage.
— Remove the plug.
— Apply a vacuum.
— Check for a restriction or blockage.

Yes
REPAIR or INSTALL a new supply hose.
TEST the system for normal operation.
No

• Does the supply hose have a leak, restriction, or blockage? GO to A9.
A9 CHECK THE JUMPER VACUUM HARNESS SUPPLY HOSE

• Disconnect the jumper vacuum harness from the function
selector switch.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST A: INCORRECT/ERRATIC DIRECTION OF AIRFLOW FROM OUTLETS (Continued)

Test Step Result / Action to Take
A9 CHECK THE JUMPER VACUUM HARNESS SUPPLY HOSE

(Continued)

• Check the jumper vacuum harness supply hose for a vacuum
leak.
— Connect the vacuum pump to one end of the jumper

vacuum harness supply hose.
— Install a plug in the other end of the hose.
— Apply a vacuum.
— Check for a vacuum leak.

• Check the jumper vacuum harness supply hose for a restriction
or blockage.
— Remove the plug.
— Apply a vacuum.
— Check for a restriction or blockage.

Yes
REPAIR or INSTALL a new jumper
vacuum harness. TEST the system for
normal operation.

• Does the jumper vacuum harness supply hose have a leak, No
restriction, or blockage? GO to A10.

A10 CHECK THE FUNCTION SELECTOR SWITCH
• Connect the jumper vacuum harness to the function selector

switch.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST A: INCORRECT/ERRATIC DIRECTION OF AIRFLOW FROM OUTLETS (Continued)

Test Step Result / Action to Take
A10 CHECK THE FUNCTION SELECTOR SWITCH (Continued)

• Carry out a vacuum leak test on each function selector switch
position.
— Plug all of the vacuum hoses except for the function

selector switch supply hose.
— Connect the vacuum pump to the function selector switch

supply hose.
— Apply 51 kPa (15 in-Hg) of vacuum at each function

selector switch position.
— Check for a vacuum drop exceeding 3.37 kPa (1 in-Hg) per

minute.

Yes
NOTE which function selector switch
position(s) leak. GO to A11.

• Does the vacuum drop more than 3.37 kPa (1 in-Hg) per No
minute? GO to A15.

A11 LEAK TEST THE CONTROL ASSEMBLY
• Disconnect the jumper vacuum harness from the function

selector switch.

(Continued)

2004 E-Series, 12/2003 



412-00-14 412-00-14Climate Control System - General Information

DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST A: INCORRECT/ERRATIC DIRECTION OF AIRFLOW FROM OUTLETS (Continued)

Test Step Result / Action to Take
A11 LEAK TEST THE CONTROL ASSEMBLY (Continued)

• Carry out a vacuum leak test on the function selector switch for
the positions that were noted in Step A10.
— Plug the leaking control port(s), as noted in Step A10.
— Connect the vacuum pump to the function selector switch

supply port.
— Select the corresponding function selector switch position.
— Apply 51 kPa (15 in-Hg) of vacuum.
— Check for a vacuum drop exceeding 1.68 kPa (1/2 in-Hg)

per minute.

Yes
INSTALL a new function selector switch
(19B888). TEST the system for normal
operation.

• Does the vacuum drop more than 1.68 kPa (1/2 in-Hg) per No
minute? GO to A12.

A12 LEAK TEST THE PLENUM VACUUM HARNESS
• Disconnect the vacuum hose(s) that indicated a leak in Step

A10 from the corresponding vacuum control motor.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST A: INCORRECT/ERRATIC DIRECTION OF AIRFLOW FROM OUTLETS (Continued)

Test Step Result / Action to Take
A12 LEAK TEST THE PLENUM VACUUM HARNESS (Continued)

• Carry out a vacuum leak test on each of the hose(s).
— Connect the vacuum pump to one end of the vacuum hose.
— Install a plug in the other end of the hose.
— Apply 51 kPa (15 in-Hg) of vacuum.
— Check for a vacuum leak.

Yes
REPAIR or INSTALL a new plenum
vacuum harness. TEST the system for
normal operation.
No
CHECK the plenum vacuum harness
connection. REPAIR or INSTALL a new
plenum vacuum harness as necessary.

• Do the vacuum hose(s) leak? TEST the system for normal operation.
A13 EVALUATE THE SYSTEM AIRFLOW

• Key in OFF position. Yes• Check the airflow that was noted in Step A1 for each function GO to A14.selector switch position.
• Is the airflow in Step A1 correct for each function selector No

switch position? GO to A15.
A14 ISOLATE THE LEAKING VACUUM CIRCUIT

• Key in ON position.
• With the engine running, set the blower motor switch to HI.
• Cycle the function selector switch to each function selector

switch position during acceleration.

Yes
GO to A19.• Check for a variation in the system airflow for each function

selector switch position during acceleration. No
• Does the airflow go to defrost during engine acceleration? GO to A15.

A15 REVIEW THE VEHICLE HISTORY
• Key in OFF position. Yes
• Review the vehicle history to determine if the system operated GO to A18.

correctly prior to the complaint. No• Did the system operate correctly prior to this complaint? GO to A16.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST A: INCORRECT/ERRATIC DIRECTION OF AIRFLOW FROM OUTLETS (Continued)

Test Step Result / Action to Take
A16 CHECK THE VACUUM HARNESSES

• Compare the colors on each vacuum hose to those shown on Yes
the vacuum schematic. Refer to the vacuum schematic in the GO to A17.
Diagnosis and Testing portion of this section. No• Do the vacuum hoses agree with what is shown on the CORRECT or INSTALL a new plenumvacuum schematic? vacuum harness or jumper vacuum

harness. TEST the system for normal
operation.

A17 CHECK THE VACUUM CIRCUIT
• Inspect each vacuum hose to determine if it is pinched or

kinked.

Yes
REPAIR the damaged vacuum hose(s) or
INSTALL a new plenum vacuum harness.
TEST the system for normal operation.
No

• Are any of the vacuum hoses pinched or kinked? GO to A18.
A18 CHECK THE VACUUM CIRCUIT CONNECTIONS

• Check vacuum hose connections to determine if any are
disconnected or partially connected.

Yes
RECONNECT the vacuum hose(s). TEST
the system for normal operation.

• Are any of the vacuum hoses disconnected or partially No
connected? GO to A19.

A19 CHECK THE VACUUM HOSES
• Disconnect each suspected vacuum hose from the system.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST A: INCORRECT/ERRATIC DIRECTION OF AIRFLOW FROM OUTLETS (Continued)

Test Step Result / Action to Take
A19 CHECK THE VACUUM HOSES (Continued)

• Carry out a vacuum leak test on each suspected hose.
— Connect the vacuum pump to one end of the vacuum hose.
— Install a plug in the other end of the hose.
— Apply a vacuum.
— Check for a vacuum leak.

• Check each suspected hose for a restriction or blockage.
— Remove the plug.
— Apply a vacuum.
— Check for a restriction or blockage.

Yes
REPAIR the vacuum hose(s) or INSTALL
a new plenum vacuum harness or jumper
vacuum harness. TEST the system for
normal operation.

• Do any of the vacuum hose(s) have a leak, restriction, or No
blockage? GO to A20.

A20 CHECK THE VACUUM CONTROL MOTOR
• Disconnect the suspected vacuum control motor.

(Continued)

2004 E-Series, 12/2003 



412-00-18 412-00-18Climate Control System - General Information

DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST A: INCORRECT/ERRATIC DIRECTION OF AIRFLOW FROM OUTLETS (Continued)

Test Step Result / Action to Take
A20 CHECK THE VACUUM CONTROL MOTOR (Continued)

• Carry out a vacuum leak test on each of the suspected vacuum
control motor(s).
— Connect the vacuum pump to the vacuum control motor(s).
— Apply a vacuum.

Yes
INSTALL a new vacuum control motor(s)
(18A318). TEST the system for normal
operation.
No

• Do any of the suspected vacuum control motor(s) leak? GO to A21.
A21 CHECK THE VACUUM MOTOR INSTALLATION

• Check for correct attachment of the vacuum control motor arm
to the air distribution door or air distribution door crank arm.

Yes
INSPECT for a binding or damaged air
distribution door. REPAIR or INSTALL a
new air distribution door as necessary.
TEST the system for normal operation.
No
CONNECT the vacuum motor arm to the
air distribution door or air distribution door

• Is the vacuum motor arm correctly attached to the air crank arm. TEST the system for normal
distribution door or air distribution door crank arm? operation.

PINPOINT TEST B: INSUFFICIENT, ERRATIC, OR NO HEAT

Test Step Result / Action to Take
B1 CHECK FOR CORRECT ENGINE COOLANT LEVEL

• Key in OFF position.

• WARNING: Never remove the pressure relief cap
while the engine is operating or when the cooling system is
hot. Failure to follow these instructions can result in
damage to the cooling system or engine or personal injury.
To avoid having scalding hot  coolant or steam blow out of
the degas bottle when removing the pressure relief cap,
wait until the engine has cooled, then wrap a thick cloth
around the pressure relief cap and turn it slowly. Step back
while the pressure is released from the  cooling system.

YesWhen you are sure all the pressure has been released, (still
GO to B3.with a cloth) turn and remove the pressure relief cap.

Check the engine coolant level. No
• Is the engine coolant at the correct level? GO to B2.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST B: INSUFFICIENT, ERRATIC, OR NO HEAT (Continued)

Test Step Result / Action to Take
B2 CHECK THE ENGINE COOLING SYSTEM FOR LEAKS

• Pressure test the cooling system for leaks. Refer to Section Yes
303-03. REPAIR the engine coolant leak. TEST

• Does the engine cooling system leak? the system for normal operation.
No
GO to B3.

B3 CHECK FOR HOT COOLANT TO THE HEATER CORE INLET
HOSE
• Allow the engine to reach normal operating temperature.

• WARNING: Do not stand in line with or near the fan
blade when the engine is running.

WARNING: The heater core inlet hose will become
too hot to handle and can cause serious burns if the
system is working correctly.
Lightly touch the heater core inlet hose.

•

Yes
GO to B4.
No

• Is the heater core inlet hose hot? GO to Section 303-03.
B4 CHECK THE HEATER CORE OUTLET HOSE FOR HOT

COOLANT
• Allow the engine to reach normal operating temperature.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST B: INSUFFICIENT, ERRATIC, OR NO HEAT (Continued)

Test Step Result / Action to Take
B4 CHECK THE HEATER CORE OUTLET HOSE FOR HOT

COOLANT (Continued)

• WARNING: Do not stand in line with or near the fan
blade when the engine is running.

WARNING: The heater core outlet hose will become
too hot to handle and can cause serious burns if the
system is working correctly.
Lightly touch the heater core outlet hose.

•

Yes
TEST the heater core (18476) for a
plugged or partial plugged condition.
No

• Is the heater core outlet hose cool or cold? GO to Pinpoint Test H.

PINPOINT TEST C: THE AIR CONDITIONING (A/C) IS INOPERATIVE/DOES NOT OPERATE CORRECTLY
— GASOLINE ENGINES

NOTE: Before carrying out the following test, check that the A/C system pressure is above
290 kPa (42 psi). If the pressure is below 290 kPa (42 psi), refer to Fluorescent Dye Leak
Detection.

Test Step Result / Action to Take
C1 CHECK FOR VOLTAGE TO THE A/C COMPRESSOR CLUTCH

FIELD COIL
• Disconnect: A/C Compressor Clutch Field Coil C100.
• Key in ON position.
• With the engine running, place the function selector switch in

MAX A/C.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST C: THE AIR CONDITIONING (A/C) IS INOPERATIVE/DOES NOT OPERATE CORRECTLY

— GASOLINE ENGINES (Continued)

Test Step Result / Action to Take
C1 CHECK FOR VOLTAGE TO THE A/C COMPRESSOR CLUTCH

FIELD COIL (Continued)

• Measure the voltage between A/C compressor clutch field coil
C100, circuit 347 (BK/YE) and ground.

Yes
GO to C2.
No

• Is the voltage greater than 10 volts? GO to C4.
C2 CHECK CIRCUIT 57 (BK)

• Key in OFF position.
• Measure the resistance between A/C compressor clutch field coil

C100, circuit 57 (BK) and ground.

Yes
GO to C3.
No
REPAIR circuit 57 (BK) for an open. TEST

• Is the resistance less than 5 ohms? the system for normal operation.
C3 CHECK THE A/C COMPRESSOR CLUTCH AIR GAP

• Measure the A/C compressor clutch air gap at three equally
spaced locations between the clutch disc and hub assembly and
the A/C compressor clutch pulley.

Yes
ADJUST the A/C compressor clutch air
gap. REFER to Air Conditioning (A/C)
Clutch Air Gap Adjustment in this section.
TEST the system for normal operation.
No
INSTALL a new A/C compressor clutch

• Is the A/C compressor clutch air gap greater than 0.75 mm field coil. REFER to Section 412-03A.
(0.030 in)? TEST the system for normal operation.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST C: THE AIR CONDITIONING (A/C) IS INOPERATIVE/DOES NOT OPERATE CORRECTLY

— GASOLINE ENGINES (Continued)

Test Step Result / Action to Take
C4 CHECK THE VOLTAGE TO THE PRESSURE CUTOFF SWITCH

• Key in OFF position.
• Disconnect: Pressure Cutoff Switch C1078.
• Key in ON position.
• Measure the voltage between pressure cutoff switch C1078 pin

3, circuit 441 (RD/YE) and ground.

Yes
GO to C8.
No

• Is the voltage greater than 10 volts? GO to C5.
C5 CHECK THE VOLTAGE TO THE A/C CYCLING SWITCH

• Key in OFF position.
• Disconnect: A/C Cycling Switch C130.
• Key in ON position.
• Measure the voltage between A/C cycling switch C130 pin 1,

circuit 348 (VT) and ground.

Yes
GO to C6.
No

• Is the voltage greater than 10 volts? GO to C9.
C6 CHECK THE A/C CYCLING SWITCH

• Key in OFF position.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST C: THE AIR CONDITIONING (A/C) IS INOPERATIVE/DOES NOT OPERATE CORRECTLY

— GASOLINE ENGINES (Continued)

Test Step Result / Action to Take
C6 CHECK THE A/C CYCLING SWITCH (Continued)

• Connect a fused jumper wire between A/C cycling switch C130
pin 1, circuit 348 (VT) and pin 4, circuit 441 (RD/YE).

• Key in ON position.
• Measure the voltage between pressure cutoff switch C1078 pin

3, circuit 441 (RD/YE) and ground.

Yes
GO to C7.
No
REPAIR circuit 441 (RD/YE) for an open.

• Is the voltage greater than 10 volts? TEST the system for normal operation.
C7 CHECK THE REFRIGERANT SYSTEM PRESSURE

• Key in OFF position. Yes
• Connect the manifold gauge set. INSTALL a new A/C cycling switch. TEST
• Is the A/C system pressure between 345 kPa (50 psi) and the system for normal operation.

1724 kPa (250 psi)? No
TEST/REPAIR the refrigerant system for
leaks. TEST the system for normal
operation.

C8 CHECK CIRCUIT 347 (BK/YE)
• Key in OFF position.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST C: THE AIR CONDITIONING (A/C) IS INOPERATIVE/DOES NOT OPERATE CORRECTLY

— GASOLINE ENGINES (Continued)

Test Step Result / Action to Take
C8 CHECK CIRCUIT 347 (BK/YE) (Continued)

• Measure the resistance between pressure cutoff switch C1078
pin 1, circuit 347 (BK/YE) and A/C compressor clutch field coil
C100, circuit 347 (BK/YE).

Yes
INSTALL a new pressure cutoff switch
(19D594). TEST the system for normal
operation.
No
REPAIR circuit 347 (BK/YE) for an open.

• Is the resistance less than 5 ohms? TEST the system for normal operation.
C9 CHECK THE VOLTAGE AT THE FUNCTION SELECTOR SWITCH

• Key in OFF position.
• Disconnect: Function Selector Switch C294a.
• Key in ON position.
• Measure the voltage between function selector switch C294a pin

4, circuit 489 (PK/BK) and ground.

Yes
GO to C10.
No
REPAIR circuit 489 (PK/BK) for an open.

• Is the voltage greater than 10 volts? TEST the system for normal operation.
C10 CHECK CIRCUIT 348 (VT)

• Key in OFF position.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST C: THE AIR CONDITIONING (A/C) IS INOPERATIVE/DOES NOT OPERATE CORRECTLY

— GASOLINE ENGINES (Continued)

Test Step Result / Action to Take
C10 CHECK CIRCUIT 348 (VT) (Continued)

• Measure the resistance between function selector switch C294a
pin 2, circuit 348 (VT) and A/C cycling switch C130 pin 1, circuit
348 (VT).

Yes
INSTALL a new function selector switch
(19B888). TEST the system for normal
operation.
No
REPAIR circuit 348 (VT) for an open.

• Is the resistance less than 5 ohms? TEST the system for normal operation.

PINPOINT TEST D: THE AIR CONDITIONING (A/C) IS INOPERATIVE/DOES NOT OPERATE CORRECTLY
— DIESEL ENGINE

NOTE: Before carrying out the following test, diagnose any PCM DTCs.

NOTE: Before carrying out the following test, check that the A/C system pressure is above
290 kPa (42 psi). If the pressure is below 290 kPa (42 psi), refer to Fluorescent Dye Leak
Detection.

Test Step Result / Action to Take
D1 CHECK DAYTIME RUNNING LAMP OPERATION

• Key in ON position. Yes
• Observe the daytime running lamps. GO to D2.
• Do the daytime running lamps operate? No

VERIFY the battery junction box (BJB)
fuse 3 (10A) or 3 (15A) is OK. If the fuse
is OK, GO to D2.
If the fuse is open, INSTALL a new 15A
fuse and TEST the system for normal
operation. If fuse opens again, REPAIR
the circuit for a short.

D2 CHECK PID ACCS WITH THE A/C OFF
• Key in ON position.
• With the engine running, place the function selector switch to the YesOFF position. GO to Pinpoint Test F.• Enter the following diagnostic mode on the scan tool: PCM PID

ACCS. No
• Does the PCM PID ACCS read ON? GO to D3.

D3 CHECK PID WAC WITH THE A/C OFF
• Enter the following diagnostic mode on the scan tool: PCM PID Yes

WAC. REFER to Powertrain Control/Emissions
• Does the PCM PID WAC read ON? Diagnosis (PC/ED) manual.

No
GO to D4.

D4 CHECK THE PID ACCS WITH THE A/C ON
• Enter the following diagnostic mode on the scan tool: PCM PID Yes

ACCS. GO to D5.
• Place the function selector switch in the MAX A/C position. No• Does the PCM PID ACCS read ON? GO to D6.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST D: THE AIR CONDITIONING (A/C) IS INOPERATIVE/DOES NOT OPERATE CORRECTLY

— DIESEL ENGINE (Continued)

Test Step Result / Action to Take
D5 CHECK THE PID WAC WITH THE A/C ON

• Enter the following diagnostic mode on the scan tool: PCM PID Yes
WAC. GO to D14.

• Does the PCM PID WAC read ON? No
REFER to Powertrain Control/Emissions
Diagnosis (PC/ED) manual.

D6 CHECK THE A/C PRESSURE CUTOFF SWITCH VOLTAGE
• Key in OFF position.
• Disconnect: A/C Pressure Cutoff Switch C1078.
• Key in ON position.
• Measure the voltage between A/C pressure cutoff switch C1078,

circuit 441 (RD/YE) and ground.

Yes
GO to D12.
No

• Is the voltage greater than 10 volts? GO to D7.
D7 CHECK THE A/C CYCLING SWITCH VOLTAGE

• Key in OFF position.
• Disconnect: A/C Cycling Switch C130.
• Key in ON position.
• Measure the voltage between A/C cycling switch C130, circuit

348 (VT) and ground.

Yes
GO to D8.
No

• Is the voltage greater than 10 volts? GO to D9.
D8 CHECK THE A/C CYCLING SWITCH

• Key in OFF position.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST D: THE AIR CONDITIONING (A/C) IS INOPERATIVE/DOES NOT OPERATE CORRECTLY

— DIESEL ENGINE (Continued)

Test Step Result / Action to Take
D8 CHECK THE A/C CYCLING SWITCH (Continued)

• Measure the resistance between the A/C cycling switch
terminals.

Yes
REPAIR circuit 441 (RD/YE). TEST the
system for normal operation.
No

• Is the resistance less than 21 ohms? GO to D11.
D9 CHECK THE VOLTAGE AT THE FUNCTION SELECTOR SWITCH

• Key in OFF position.
• Disconnect: Function Selector Switch C294a.
• Key in ON position.
• Measure the voltage between function selector switch C294a pin

1, circuit 296 (WH/VT) and ground.

Yes
GO to D10.
No
REPAIR circuit 296 (WH/VT). TEST the

• Is the voltage greater than 10 volts? system for normal operation.
D10 CHECK CIRCUIT 348 (VT) FOR AN OPEN

• Key in OFF position.
• Measure the resistance between function selector switch C294a,

circuit 348 (VT) and A/C cycling switch C130, circuit 348 (VT).

Yes
INSTALL a new function selector switch.
REFER to Section 412-04. TEST the
system for normal operation.
No
REPAIR circuit 348 (VT). TEST the

• Is the resistance less than 5 ohms? system for normal operation.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST D: THE AIR CONDITIONING (A/C) IS INOPERATIVE/DOES NOT OPERATE CORRECTLY

— DIESEL ENGINE (Continued)

Test Step Result / Action to Take
D11 CHECK THE A/C SYSTEM PRESSURE

• Key in OFF position. Yes
• Connect the manifold gauge set. INSTALL a new A/C cycling switch. TEST
• Is the pressure reading between 345 kPa (50 psi) and 1724 the system for normal operation.

kPa (250 psi)? No
CHECK the system for refrigerant leaks.
REFER to Electronic Leak Detection and
Fluorescent Dye Leak Detection in this
section.

D12 CHECK THE A/C PRESSURE CUTOFF SWITCH
• Key in OFF position.
• Connect a fused jumper lead between A/C pressure cutoff

switch C1078, circuit 441 (RD/YE) and circuit 347 (BK/YE).

Yes
INSTALL a new A/C pressure cutoff switch
(19D594). TEST the system for normal
operation.

• Key in START position. No
• Does the A/C compressor operate? GO to D13.

D13 CHECK CIRCUIT 347 (BK/YE)
• Key in OFF position.
• Remove the fused jumper lead from A/C pressure cutoff switch

C1078.
• Disconnect: PCM C176a.
• Measure the resistance between A/C pressure cutoff switch

C1078, circuit 347 (BK/YE) and PCM C176a pin 8, circuit 347
(BK/YE).

Yes
INSTALL a new PCM. REFER to Section
303-14A.
No
REPAIR circuit 347 (BK/YE). TEST the

• Is the resistance less than 5 ohms? system for normal operation.
D14 CHECK THE VOLTAGE AT THE A/C COMPRESSOR CLUTCH

FIELD COIL
• Key in OFF position.
• Disconnect: A/C Compressor Clutch Field Coil C100.
• Key in ON position.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST D: THE AIR CONDITIONING (A/C) IS INOPERATIVE/DOES NOT OPERATE CORRECTLY

— DIESEL ENGINE (Continued)

Test Step Result / Action to Take
D14 CHECK THE VOLTAGE AT THE A/C COMPRESSOR CLUTCH

FIELD COIL (Continued)

• Measure the voltage between A/C compressor clutch field coil
C100, circuit 321 (GY/WH) and ground.

Yes
GO to D15.
No

• Is the voltage greater than 10 volts? GO to D16.
D15 CHECK THE GROUND AT THE A/C COMPRESSOR CLUTCH

FIELD COIL
• Key in OFF position.
• Measure the resistance between A/C compressor clutch field coil

C100, circuit 57 (BK) and ground.

Yes
GO to D18.
No
REPAIR circuit 57 (BK). TEST the system

• Is the resistance less than 5 ohms? for normal operation.
D16 CHECK CIRCUIT 932 (GY/WH)

• Key in OFF position.
• Disconnect: A/C Control Relay.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST D: THE AIR CONDITIONING (A/C) IS INOPERATIVE/DOES NOT OPERATE CORRECTLY

— DIESEL ENGINE (Continued)

Test Step Result / Action to Take
D16 CHECK CIRCUIT 932 (GY/WH) (Continued)

• Measure the voltage between A/C control relay socket pin 3,
circuit 932 (GY/WH) and ground.

Yes
GO to D17.
No
VERIFY the battery junction box (BJB)
fuse 3 (10A) or 3 (15A) is OK. If OK,
REPAIR circuit 932 (GY/WH) for an open.
TEST the system for normal operation. If
the fuse is open, INSTALL a new 15A
fuse. If the fuse opens again, REPAIR the

• Is the voltage greater than 10 volts? circuit  for a short.
D17 CHECK CIRCUIT 321 (GY/WH)

• Measure the resistance between A/C control relay socket pin 5,
circuit 321 (GY/WH) and A/C compressor clutch field coil C100,
circuit 321 (GY/WH).

Yes
GO to D19.
No
REPAIR circuit 321 (BY/WH). TEST the

• Is the resistance less than 5 ohms? system for normal operation.
D18 CHECK THE A/C COMPRESSOR CLUTCH AIR GAP

• Measure the A/C compressor clutch air gap at three equally
spaced locations between the clutch disc and hub assembly and
the A/C compressor clutch pulley.

Yes
ADJUST the A/C compressor clutch air
gap. REFER to Air Conditioning (A/C)
Clutch Air Gap Adjustment in this section.
TEST the system for normal operation.
No
INSTALL a new A/C compressor clutch

• Is the A/C compressor clutch air gap greater than 0.75 mm field coil. REFER to Section 412-03A.
(0.030 in)? TEST the system for normal operation.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST D: THE AIR CONDITIONING (A/C) IS INOPERATIVE/DOES NOT OPERATE CORRECTLY

— DIESEL ENGINE (Continued)

Test Step Result / Action to Take
D19 CHECK THE WAC OUTPUT FROM THE PCM

• Key in ON position.
• With the engine running, measure the voltage between A/C

control relay socket pin 1, circuit 331 (PK/YE) and pin 2, circuit
361 (RD).

Yes
INSTALL a new A/C control relay. CLEAR
the DTCs. TEST the system for normal
operation.
No

• Is the voltage greater than 10 volts? GO to D20.
D20 CHECK VOLTAGE TO A/C CLUTCH RELAY COIL

• Measure the voltage between A/C control relay socket pin 2,
circuit 361 (RD) and ground.

Yes
GO to D21.
No
REPAIR circuit 361 (RD) for an open.

• Is the voltage greater than 10 volts? TEST the system for normal operation.
D21 CHECK CIRCUIT 331 (PK/YE)

• Key in OFF position.
• Disconnect: PCM C176a.
• Measure the resistance between A/C control relay socket pin 1,

circuit 331 (PK/YE) and PCM C176a pin 2, circuit 331 (PK/YE).

Yes
INSTALL a new PCM. REFER to Section
303-14A. TEST the system for normal
operation.
No
REPAIR circuit 331 (PK/YE). CLEAR the
DTCs. TEST the system for normal

• Is the resistance less than 5 ohms? operation.
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST E: THE AIR CONDITIONING (A/C) IS ALWAYS ON — GASOLINE ENGINES

Test Step Result / Action to Take
E1 CHECK FOR VOLTAGE TO THE A/C COMPRESSOR CLUTCH

FIELD COIL
• Disconnect: A/C Compressor Clutch Field Coil C100.
• Key in ON position.
• Place the function selector switch in the OFF position.
• Measure the voltage between A/C compressor clutch field coil

C100, circuit 347 (BK/YE) and ground.

Yes
GO to E2.
No
ADJUST the A/C compressor clutch air
gap. REFER to Air Conditioning (A/C)
Clutch Air Gap Adjustment in this section.

• Is voltage present? TEST the system for normal operation.
E2 CHECK FOR VOLTAGE TO THE A/C CYCLING SWITCH

• Key in OFF position.
• Disconnect: A/C Cycling Switch C130.
• Key in ON position.
• Measure the voltage between A/C cycling switch C130 pin 1,

circuit 348 (VT) and ground.

Yes
GO to E3.
No

• Is voltage present? GO to E4.
E3 CHECK CIRCUIT 348 (VT) FOR A SHORT TO VOLTAGE

• Key in OFF position.
• Disconnect: Function Selector Switch C294a.
• Key in ON position.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST E: THE AIR CONDITIONING (A/C) IS ALWAYS ON — GASOLINE ENGINES (Continued)

Test Step Result / Action to Take
E3 CHECK CIRCUIT 348 (VT) FOR A SHORT TO VOLTAGE

(Continued)

• Measure the voltage between A/C cycling switch C130 pin 1,
circuit 348 (VT) and ground.

Yes
REPAIR circuit 348 (VT) for a short to
voltage. TEST the system for normal
operation.
No
INSTALL a new function selector switch
(19B888). TEST the system for normal

• Is voltage present? operation.
E4 CHECK CIRCUIT 441 (RD/YE) FOR A SHORT TO VOLTAGE

• Key in OFF position.
• Disconnect: Pressure Cutoff Switch C1078.
• Key in ON position.
• Measure the voltage between pressure cutoff switch C1078 pin

3, circuit 441 (RD/YE) and ground.

Yes
REPAIR circuit 347 (BK/YE) for a short to
voltage. TEST the system for normal
operation.
No
REPAIR circuit 441 (RD/YE) for a short to
voltage. TEST the system for normal

• Is voltage present? operation.

PINPOINT TEST F: THE AIR CONDITIONING (A/C) IS ALWAYS ON — DIESEL ENGINE

NOTE: Before carrying out the following test, diagnose any PCM DTCs.
Test Step Result / Action to Take

F1 CHECK PID WACF WITH THE A/C OFF
• Key in ON position. Yes
• Place the function selector switch to the OFF position. REPAIR circuit 331 (PK/YE). TEST the
• Enter the following diagnostic mode on the scan tool: PCM PID system for normal operation.

WACF. No• Does the PCM PID WACF read YES? GO to F2.
F2 CHECK PID ACCS WITH THE A/C OFF

• Enter the following diagnostic mode on the scan tool: PCM PID Yes
ACCS. GO to F3.

• Does the PCM PID ACCS read ON? No
GO to F7.

F3 CHECK FOR VOLTAGE AT THE A/C CYCLING SWITCH
• Key in OFF position.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST F: THE AIR CONDITIONING (A/C) IS ALWAYS ON — DIESEL ENGINE (Continued)

Test Step Result / Action to Take
F3 CHECK FOR VOLTAGE AT THE A/C CYCLING SWITCH

(Continued)

• Disconnect: A/C Cycling Switch C1081.
• Key in ON position.
• Measure the voltage between A/C cycling switch C1081, circuit

348 (VT) and ground.

Yes
GO to F4.
No

• Is voltage present? GO to F5.
F4 CHECK CIRCUIT 348 (VT) FOR A SHORT TO VOLTAGE

• Key in OFF position.
• Disconnect: Function Selector Switch C294a.
• Key in ON position.
• Measure the voltage between A/C cycling switch C1081, circuit

348 (VT) and ground.

Yes
REPAIR circuit 348 (VT) for a short to
voltage. TEST the system for normal
operation.
No
INSTALL a new function selector switch.
REFER to Section 412-04. TEST the

• Is voltage present? system for normal operation.
F5 CHECK CIRCUIT 441 (RD/YE) FOR A SHORT TO VOLTAGE

• Key in OFF position.
• Disconnect: A/C Pressure Cutoff Switch C1078.
• Key in ON position.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST F: THE AIR CONDITIONING (A/C) IS ALWAYS ON — DIESEL ENGINE (Continued)

Test Step Result / Action to Take
F5 CHECK CIRCUIT 441 (RD/YE) FOR A SHORT TO VOLTAGE

(Continued)

• Measure the voltage between A/C pressure cutoff switch C1078,
circuit 441 (RD/YE) and ground.

Yes
REPAIR circuit 441 (RD/YE) for a short to
voltage. TEST the system for normal
operation.
No

• Is voltage present? GO to F6.
F6 CHECK CIRCUIT 347 (BK/YE) FOR A SHORT TO VOLTAGE

• Measure the voltage between A/C pressure cutoff switch C1078,
circuit 347 (BK/YE) and ground.

Yes
REPAIR circuit 347 (BK/YE) for a short to
voltage. TEST the system for normal
operation.
No
INSTALL a new PCM. REFER to Section
303-14A. TEST the system for normal

• Is voltage present? operation.
F7 CHECK FOR VOLTAGE TO THE A/C COMPRESSOR CLUTCH

FIELD COIL
• Key in OFF position.
• Disconnect: A/C Compressor Clutch Field Coil C100.
• Key in ON position.
• Measure the voltage between A/C compressor clutch field coil

C100, circuit 321 (GY/WH) and ground.

Yes
GO to F8.
No
ADJUST the A/C compressor clutch air
gap. REFER to Air Conditioning (A/C)
Clutch Air Gap Adjustment in this section.

• Is voltage present? TEST the system for normal operation.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST F: THE AIR CONDITIONING (A/C) IS ALWAYS ON — DIESEL ENGINE (Continued)

Test Step Result / Action to Take
F8 CHECK CIRCUIT 321 (GY/WH) FOR A SHORT TO VOLTAGE

• Key in OFF position.
• Disconnect: A/C Control Relay.
• Key in ON position.
• Measure the voltage between A/C compressor clutch field coil

C100, circuit 321 (GY/WH) and ground.

Yes
REPAIR circuit 321 (GY/WH) for a short to
voltage. TEST the system for normal
operation.
No
INSTALL a new A/C control relay. TEST

• Is voltage present? the system for normal operation.

PINPOINT TEST G: INSUFFICIENT AIR CONDITIONING (A/C) COOLING — AUXILIARY SYSTEM

Test Step Result / Action to Take
G1 CHECK THE MODE DOOR OPERATION

• Key in OFF position.
• Remove the rear lower body side trim panel. Refer to Section Yes501-05. CHECK the thermostatic expansion valve• Key in ON position. (19849) for correct operation. INSTALL a• With the engine running, cycle the function selector switch new valve if necessary. TEST the systembetween FLR and NORM A/C or MAX A/C. for normal operation.• Check the mode door for operation between the heater core and

evaporator core positions. No
• Does the mode door operate correctly? GO to G2.

G2 CHECK FOR SOURCE VACUUM
• Key in OFF position.
• Disconnect: Auxiliary Vacuum Control Motor.
• Connect the vacuum pump to the vacuum supply hose.
• Key in ON position.
• With the engine running, cycle the function selector switch from

FLR to NORM A/C or MAX A/C.
• Measure the supply hose vacuum.

Yes
GO to G3.
No
LOCATE the vacuum hose restriction or
leak. REPAIR the vacuum hose as
necessary. TEST the system for normal

• Is the vacuum between 61-71 kPa (18-21 in-Hg)? operation.
G3 CHECK THE VACUUM CONTROL MOTOR

• Key in OFF position.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST G: INSUFFICIENT AIR CONDITIONING (A/C) COOLING — AUXILIARY SYSTEM

(Continued)

Test Step Result / Action to Take
G3 CHECK THE VACUUM CONTROL MOTOR (Continued)

• Carry out a vacuum leak test on the auxiliary vacuum control
motor.
— Connect the vacuum pump to the auxiliary vacuum control

motor.
— Apply 61-71 kPa (18-21 in-Hg) of vacuum to the auxiliary

vacuum control motor.
— Check for a vacuum drop.

Yes
INSTALL a new vacuum control motor
(18A318). TEST the system for normal
operation.
No
CHECK for a sticking mode door and
REPAIR as necessary. TEST the system

• Does the vacuum drop? for normal operation.

PINPOINT TEST H: TEMPERATURE CONTROL IS INOPERATIVE/DOES NOT OPERATE CORRECTLY

Test Step Result / Action to Take
H1 CHECK THE VOLTAGE TO THE BLEND DOOR ACTUATOR

• Key in OFF position.
• Disconnect: Blend Door Actuator C289.
• Key in ON position.
• Measure the voltage between blend door actuator C289 pin 7,

circuit 439 (PK/BK) and ground.

Yes
GO to H2.
No
REPAIR circuit 439 (PK/BK). TEST the

• Is the voltage greater than 10 volts? system for normal operation.
H2 CHECK THE GROUND TO THE BLEND DOOR ACTUATOR

• Key in OFF position.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST H: TEMPERATURE CONTROL IS INOPERATIVE/DOES NOT OPERATE CORRECTLY

(Continued)

Test Step Result / Action to Take
H2 CHECK THE GROUND TO THE BLEND DOOR ACTUATOR

(Continued)

• Measure the resistance between blend door actuator C289 pin
8, circuit 57 (BK) and ground.

Yes
GO to H3.
No
REPAIR circuit 57 (BK). TEST the system

• Is the resistance less than 5 ohms? for normal operation.
H3 CHECK THE TEMPERATURE CONTROL LOW SIDE OPERATION

• Measure the resistance between blend door actuator C289 pin
4, circuit 438 (RD/WH) and pin 3, circuit 437 (YE/LG) while
rotating the temperature control switch from full WARM to full
COOL.

Yes
GO to H6.
No

• Does the resistance vary from 150 ohms to 4,700 ohms? GO to H4.
H4 CHECK CIRCUIT 438 (RD/WH) FOR AN OPEN

• Disconnect: Temperature Control Switch C294d.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST H: TEMPERATURE CONTROL IS INOPERATIVE/DOES NOT OPERATE CORRECTLY

(Continued)

Test Step Result / Action to Take
H4 CHECK CIRCUIT 438 (RD/WH) FOR AN OPEN (Continued)

• Measure the resistance between temperature control switch
C294d pin 1, circuit 438 (RD/WH), and blend door actuator
C289 pin 4, circuit 438 (RD/WH).

Yes
GO to H5.
No
REPAIR circuit 438 (RD/WH). TEST the

• Is the resistance less than 5 ohms? system for normal operation.
H5 CHECK CIRCUIT 437 (YE/LG) FOR AN OPEN

• Measure the resistance between temperature control switch
C294d pin 2, circuit 437 (YE/LG), and blend door actuator C289
pin 3, circuit 437 (YE/LG).

Yes
INSTALL a new temperature control
switch. REFER to Section 412-04. TEST
the system for normal operation.
No
REPAIR circuit 437 (YE/LG). TEST the

•  Is the resistance less than 5 ohms? system for normal operation.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST H: TEMPERATURE CONTROL IS INOPERATIVE/DOES NOT OPERATE CORRECTLY

(Continued)

Test Step Result / Action to Take
H6 CHECK THE TEMPERATURE CONTROL HIGH SIDE

OPERATION
• Measure the resistance between blend door actuator C289 pin

6, circuit 436 (RD/LG) and pin 3, circuit 437 (YE/LG) while
rotating the temperature control switch from full WARM to full
COOL.

Yes
GO to H8.
No

• Does the resistance vary from 150 ohms to 4,700 ohms? GO to H7.
H7 CHECK CIRCUIT 436 (RD/LG) FOR AN OPEN

• Disconnect: Temperature Control Switch C294d.
• Measure the resistance between temperature control switch

C294d pin 3, circuit 436 (RD/LG), and blend door actuator C289
pin 4, circuit 436 (RD/LG).

Yes
INSTALL a new temperature control
switch. REFER to Section 412-04. TEST
the system for normal operation.
No
REPAIR circuit 436 (RD/LG). TEST the

•  Is the resistance less than 5 ohms? system for normal operation.
H8 CHECK CIRCUIT 438 (RD/WH) FOR A SHORT TO GROUND

• Disconnect: Temperature Control Switch C294d.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST H: TEMPERATURE CONTROL IS INOPERATIVE/DOES NOT OPERATE CORRECTLY

(Continued)

Test Step Result / Action to Take
H8 CHECK CIRCUIT 438 (RD/WH) FOR A SHORT TO GROUND

(Continued)

• Measure the resistance between temperature control switch
C294d pin 3, circuit 438 (RD/WH), and ground.

Yes
GO to H9.
No
REPAIR circuit 438 (RD/WH). TEST the

• Is the resistance greater than 10,000 ohms? system for normal operation.
H9 CHECK CIRCUIT 437 (YE/LG) FOR A SHORT TO GROUND

• Measure the resistance between temperature control switch
C294d pin 2, circuit 437 (YE/LG), and ground.

Yes
GO to H10.
No
REPAIR circuit 437 (YE/LG). TEST the

• Is the resistance greater than 10,000 ohms? system for normal operation.
H10 CHECK CIRCUIT 436 (RD/LG) FOR A SHORT TO GROUND

• Measure the resistance between temperature control switch
C294d pin 1, circuit 436 (RD/LG), and ground.

Yes
GO to H11.
No
REPAIR circuit 436 (RD/LG). TEST the

• Is the resistance greater than 10,000 ohms? system for normal operation.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST H: TEMPERATURE CONTROL IS INOPERATIVE/DOES NOT OPERATE CORRECTLY

(Continued)

Test Step Result / Action to Take
H11 CHECK FOR A BINDING, STUCK OR BROKEN BLEND DOOR

• Remove the blend door actuator. Yes
• Inspect for a binding, stuck or broken blend door or linkage. REPAIR the blend door/linkage. TEST the
• Is there a binding, stuck or broken blend door or linkage system for normal operation.

condition? No
INSTALL a new temperature blend door
actuator. TEST the system for normal
operation.

PINPOINT TEST I: THE BLOWER MOTOR IS INOPERATIVE

Test Step Result / Action to Take
I1 CHECK CIRCUIT 261 (OG/BK)

• Disconnect: Blower Motor C1227.
• Turn the blower motor switch to the HIGH position.
• Measure the resistance between A/C blower motor C1227,

circuit 261 (OG/BK) and ground.

Yes
GO to I4.
No

• Is the resistance less than 5 ohms? GO to I2.
I2 CHECK CIRCUIT 261 (OG/BK)

• Disconnect: Blower Motor Switch C294b.
• Measure the resistance between blower motor switch C294b,

circuit 261 (OG/BK) and blower motor C1227, circuit 261
(OG/BK).

Yes
GO to I3.
No
REPAIR circuit 261 (OG/BK). TEST the

• Is the resistance less than 5 ohms? system for normal operation.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST I: THE BLOWER MOTOR IS INOPERATIVE (Continued)

Test Step Result / Action to Take
I3 CHECK CIRCUIT 57 (BK)

• Measure the resistance between blower motor switch C294ba,
circuit 57 (BK) and ground.

Yes
INSTALL a new blower motor switch.
REFER to Section 412-04. TEST the
system for normal operation.
No
REPAIR circuit 57 (BK). TEST the system

• Is the resistance less than 5 ohms? for normal operation.
I4 CHECK A/C BLOWER MOTOR CIRCUIT 515 (OG/RD) FOR

VOLTAGE
• Key in ON position.
• Measure the voltage between A/C blower motor C1227, circuit

515 (OG/RD) and ground.

Yes
INSTALL a new blower motor. REFER to
Section 412-04. TEST the system for
normal operation.
No

• Is the voltage greater than 10 volts? GO to I5.
I5 CHECK CIRCUIT 515 (OG/RD)

• Key in OFF position.
• Disconnect: Blower Motor Relay.
• Measure the resistance between the blower motor relay

connector pin 87, circuit 515 (OG/RD) and blower motor C1227,
circuit 515 (OG/RD).

Yes
GO to I6.
No
REPAIR circuit 515 (OG/RD). TEST the

• Is the resistance less than 5 ohms? system for normal operation.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST I: THE BLOWER MOTOR IS INOPERATIVE (Continued)

Test Step Result / Action to Take
I6 CHECK THE BLOWER MOTOR RELAY

• Connect: Blower Motor C1227.
• Key in ON position.
• Connect a fused jumper lead between the blower motor relay

socket pin 30 and pin 87, circuit 515 (OG/RD).

Yes
GO to I7.
No
REPAIR circuit 364 (BK/LG). TEST the

• Does the blower motor operate? system for normal operation.
I7 CHECK CIRCUIT 57 (BK)

• Key in OFF position.
• Measure the resistance between the blower motor relay socket

pin 86, circuit 57 (BK) and ground.

Yes
GO to I8.
No
REPAIR circuit 57 (BK). TEST the system

• Is the resistance less than 5 ohms? for normal operation.
I8 CHECK THE BLOWER MOTOR RELAY

• Key in ON position.
• Measure the voltage between the blower motor relay socket pin

85, circuit 753 (YE/RD) and socket pin 86, circuit 57 (BK).

Yes
INSTALL a new blower motor relay. TEST
the system for normal operation.
No

• Is the voltage greater than 10 volts? GO to I9.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST I: THE BLOWER MOTOR IS INOPERATIVE (Continued)

Test Step Result / Action to Take
I9 CHECK CIRCUIT 753 (YE/RD)

• Key in OFF position.
• Measure the resistance between blower motor relay connector

pin 85, circuit 753 (YE/RD) and function selector switch
C294a-3, circuit 753 (YE/RD).

Yes
GO to I10.
No
REPAIR circuit 753 (YE/RD). TEST the

• Is the resistance less than 5 ohms? system for normal operation.
I10 CHECK CIRCUIT 489 (PK/BK) FOR VOLTAGE

• Key in ON position.
• Measure the voltage between blower motor switch C294b, circuit

489 (PK/BK) and ground.

Yes
INSTALL a new function selector switch.
REFER to Section 412-04. TEST the
system for normal operation.
No
REPAIR circuit 489 (PK/BK). TEST the

• Is the voltage greater than 10 volts? system for normal operation.

PINPOINT TEST J: THE BLOWER MOTOR DOES NOT OPERATE CORRECTLY

Test Step Result / Action to Take
J1 CHECK THE BLOWER MOTOR OPERATION

• Key in ON position. Yes
• Turn the function selector switch to the FLOOR position. If the blower motor does not operate in HI,
• Select all blower speed positions. GO to J2.
• Does the blower motor operate in any position? If the blower motor does not operate in

MED-HI, GO to J3.
If the blower motor does not operate in
MED-LO, GO to J4.
If the blower motor does not operate in
LO, GO to J5.
For all other symptoms, GO to J9.
No
GO to Pinpoint Test I.

J2 CHECK CIRCUIT 261 (OG/BK)
• Key in OFF position.
• Disconnect: Blower Motor Switch C294b.
• Disconnect: Blower Motor C1227.

(Continued)

2004 E-Series, 12/2003 
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST J: THE BLOWER MOTOR DOES NOT OPERATE CORRECTLY (Continued)

Test Step Result / Action to Take
J2 CHECK CIRCUIT 261 (OG/BK) (Continued)

• Measure the resistance between blower motor switch C294b,
circuit 261 (OG/BK) and blower motor C1227, circuit 261
(OG/BK).

Yes
GO to J7.
No
REPAIR circuit 261 (OG/BK). TEST the

• Is the resistance less than 5 ohms? system for normal operation.
J3 CHECK CIRCUIT 269 (LB/OG)

• Key in OFF position.
• Disconnect: Blower Motor Switch C294b.
• Disconnect: Blower Motor Resistor C1228.
• Measure the resistance between blower motor switch C294b,

circuit 269 (LB/OG) and blower motor resistor C1228, circuit 269
(LB/OG).

Yes
GO to J4.
No
REPAIR circuit 269 (LB/OG). TEST the

• Is the resistance less than 5 ohms? system for normal operation.
J4 CHECK CIRCUIT 260 (RD/OG)

• Key in OFF position.
• Disconnect: Blower Motor Switch C294b.
• Disconnect: Blower Motor Resistor C1228.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST J: THE BLOWER MOTOR DOES NOT OPERATE CORRECTLY (Continued)

Test Step Result / Action to Take
J4 CHECK CIRCUIT 260 (RD/OG) (Continued)

• Measure the resistance between blower motor switch C294a,
circuit 260 (RD/OG) and blower motor resistor C1228, circuit 260
(RD/OG).

Yes
GO to J5.
No
REPAIR circuit 260 (RD/OG). TEST the

• Is the resistance less than 5 ohms? system for normal operation.
J5 CHECK BLOWER MOTOR RESISTOR GROUND CIRCUIT 57

(BK)
• Measure the resistance between blower motor resistor C1228,

circuit 57 (BK) and ground.

Yes
GO to J6.
No
REPAIR circuit 57 (BK). TEST the system

• Is the resistance less than 5 ohms? for normal operation.
J6 CHECK THE BLOWER MOTOR RESISTOR CIRCUIT 261

(OG/BK)
• Connect: Blower Motor C1227.
• Measure the resistance between blower motor resistor C1228,

circuit 261 (OG/BK) and blower motor C1227, circuit 261
(OG/BK).

Yes
GO to J7.
No
REPAIR circuit 261 (OG/BK). TEST the

• Is the resistance less than 5 ohms? system for normal operation.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST J: THE BLOWER MOTOR DOES NOT OPERATE CORRECTLY (Continued)

Test Step Result / Action to Take
J7 CHECK THE BLOWER MOTOR SWITCH CIRCUIT 57 (BK)

• Measure the resistance between blower motor switch C294b,
circuit 57 (BK) and ground.

Yes
GO to J8.
No
REPAIR circuit 57 (BK). TEST the system

• Is the resistance less than 5 ohms? for normal operation.
J8 CHECK THE BLOWER MOTOR RESISTOR

• Carry out the blower motor resistor component test in this Yes
section. INSTALL a new blower motor switch.

• Does the blower motor resistor test good? REFER to Section 412-04. TEST the
system for normal operation.
No
INSTALL a new blower motor resistor.
REFER to Section 412-04. TEST the
system for normal operation.

J9 CHECK CIRCUITS 261 (OG/BK), 269 (LB/OG) AND 260 (RD/OG)
FOR A SHORT TO GROUND
• Key in OFF position.
• Disconnect: Blower Motor C1227.
• Disconnect: Blower Motor Resistor C1228.
• Place the blower switch in the lowest setting.
• Measure the resistance between ground and blower motor

resistor C1228, circuit:
— 260 (RD/OG) pin 1
— 261 (OG/BK) pin 2
— 269 (LB/OG) pin 3

Yes
GO to J10.
No
REPAIR the affected circuit. TEST the

• Are the resistances less than 5 ohms? system for normal operation.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST J: THE BLOWER MOTOR DOES NOT OPERATE CORRECTLY (Continued)

Test Step Result / Action to Take
J10 CHECK THE BLOWER MOTOR CIRCUITS FOR SHORTS

TOGETHER
• Measure the resistance between blower motor resistor C1228:

— pin 1, circuit 260 (RD/OG) and pin 2, circuit 261 (OG/BK).
— pin 1, circuit 260 (RD/OG) and pin 3, circuit 269 (LB/OG).
— pin 2, circuit 261 (OG/BK) and pin 3, circuit 269 (LB/OG).

Yes
INSTALL a new blower motor switch.
REFER to Section 412-04. TEST the
system for normal operation.
No
REPAIR the affected circuits. TEST the

• Are the resistances greater than 10,000 ohms? system for normal operation.

PINPOINT TEST K: THE AUXILIARY BLOWER MOTOR IS INOPERATIVE

Test Step Result / Action to Take
K1 CHECK FOR VOLTAGE TO THE AUXILIARY BLOWER MOTOR

• Key in OFF position.
• Disconnect: Auxiliary Blower Motor C4106.
• Key in ON position.
• Set the function selector switch in the FLR position.
• Set the auxiliary blower motor switch in the HI position.
• Measure the voltage between auxiliary blower motor C4106,

circuit 371 (PK/WH) and ground.

Yes
GO to K2.
No

• Is the voltage greater than 10 volts? GO to K4.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST K: THE AUXILIARY BLOWER MOTOR IS INOPERATIVE (Continued)

Test Step Result / Action to Take
K2 CHECK CIRCUIT 261 (OG/BK) TO GROUND

• Measure the resistance between auxiliary blower motor C4106,
circuit 261 (OG/BK) and ground.

Yes
INSTALL a new auxiliary blower motor
relay (14B192). TEST the system for
normal operation.
No

• Is the resistance less than 5 ohms? GO to K3.
K3 CHECK CIRCUIT 261 (OG/BK) FOR AN OPEN

• Measure the resistance between auxiliary blower motor C4106,
circuit 261 (OG/BK) and the auxiliary high speed blower motor
relay socket pin 30, circuit 261 (OG/BK).

Yes
CARRY OUT the relay test on the
auxiliary high speed blower relay. If the
relay tests good, REPAIR circuit 57 (BK).
TEST the system for normal operation.
No
REPAIR circuit 261 (OG/BK) for an open.

• Is the resistance less than 5 ohms? TEST the system for normal operation.
K4 CHECK CIRCUIT 884 (YE/BK) FOR VOLTAGE

• Key in OFF position.
• Disconnect: Auxiliary Blower Motor Relay.
• Measure the voltage between the auxiliary blower motor relay

socket pin 30, circuit 884 (YE/BK) and ground.

Yes
GO to K5.
No
REPAIR circuit 884 (YE/BK) for an open.

• Is the voltage greater than 10 volts? TEST the system for normal operation.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST K: THE AUXILIARY BLOWER MOTOR IS INOPERATIVE (Continued)

Test Step Result / Action to Take
K5 CHECK CIRCUIT 753 (YE/RD) FOR VOLTAGE

• Measure the voltage between the auxiliary blower motor relay
socket pin 85, circuit 753 (YE/RD) and ground.

Yes
GO to K7.
No

• Is the voltage greater than 10 volts. GO to K6.
K6 CHECK CIRCUIT 753 (YE/RD) FOR AN OPEN

• Key in OFF position.
• Measure the resistance between the auxiliary blower motor relay

socket pin 85, circuit 753 (YE/RD) and function selector switch
C294a pin 2, circuit 753 (YE/RD).

Yes
INSTALL a new function selector switch.
TEST the system for normal operation.
No
REPAIR circuit 753 (YE/RD) for an open.

• Is the resistance less than 5 ohms? TEST the system for normal operation.
K7 CHECK CIRCUIT 57 (BK) FOR AN OPEN

• Key in OFF position.
• Measure the resistance between the auxiliary blower motor relay

socket pin 86, circuit 57 (BK) and ground.

Yes
CARRY OUT the relay test on the
auxiliary blower relay. If the relay tests
good, REPAIR circuit 371 (PK/WH). TEST
the system for normal operation.
No
REPAIR circuit 57 (BK) for an open. TEST

• Is the resistance less than 5 ohms? the system for normal operation.
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST L: THE AUXILIARY BLOWER MOTOR DOES NOT OPERATE CORRECTLY

Test Step Result / Action to Take
L1 CHECK THE BLOWER MOTOR OPERATION

• Key in ON position. Yes
• Select all auxiliary blower speed positions. If the blower motor does not operate in HI,
• Does the blower motor operate in any position? GO to L2.

If the blower motor does not operate in
MED-HI, GO to L6.
If the blower motor does not operate in
MED-LO, GO to L7.
If the blower motor does not operate in
LO, GO to L8.
If the blower motor does not operate any
speed except HI, GO to L9.
If the blower motor does operates in HI at
all times, GO to L10.
For all other symptoms, GO to L13.
No
GO to Pinpoint Test K.

L2 CHECK CIRCUIT 57 (BK) FOR AN OPEN
• Key in OFF position.
• Measure the resistance between the auxiliary high speed blower

motor relay socket pin 87, circuit 57 (BK) and ground.

Yes
GO to L3.
No
REPAIR circuit 57 (BK) for an open. TEST

• Is the resistance less than 5 ohms? the system for normal operation.
L3 CHECK CIRCUIT 757 (RD/WH) FOR GROUND

• Key in OFF position.
• Measure the resistance between the auxiliary blower motor relay

socket pin 86, circuit 757 (RD/WH) and ground.

Yes
CARRY OUT the relay test on the
auxiliary blower relay. If the relay tests
good, REPAIR circuit 753 (YE/RD) for an
open. TEST the system for normal
operation.
No

• Is the resistance less than 5 ohms? GO to L4.
L4 CHECK CIRCUIT 57 (BK) FOR AN OPEN

• Key in OFF position.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST L: THE AUXILIARY BLOWER MOTOR DOES NOT OPERATE CORRECTLY (Continued)

Test Step Result / Action to Take
L4 CHECK CIRCUIT 57 (BK) FOR AN OPEN (Continued)

• Measure the resistance between auxiliary blower motor switch
C294c pin 4, circuit 57 (BK) and ground.

Yes
GO to L5.
No
REPAIR circuit 57 (BK) for an open. TEST

• Is the resistance less than 5 ohms? the system for normal operation.
L5 CHECK CIRCUIT 757 (RD/WH) FOR AN OPEN

• Key in OFF position.
• Measure the resistance between the auxiliary blower motor relay

socket pin 86, circuit 757 (RD/WH) and function selector switch
C294a pin 2, circuit 757 (RD/WH).

Yes
INSTALL a new auxiliary blower switch.
TEST the system for normal operation.
No
REPAIR circuit 757 (RD/WH) for an open.

• Is the resistance less than 5 ohms? TEST the system for normal operation.
L6 CHECK CIRCUIT 751 (DB/WH) FOR AN OPEN

• Key in OFF position.
• Measure the resistance between the auxiliary blower motor

resistor pin 3, circuit 751 (DB/WH) and auxiliary blower switch
C294c pin 5, circuit 751 (DB/WH).

Yes
CARRY OUT the component test on the
auxiliary blower motor resistor. If the
resistor tests good, INSTALL a new
auxiliary blower switch. TEST the system
for normal operation.
No
REPAIR circuit 751 (DB/WH) for an open.

• Is the resistance less than 5 ohms? TEST the system for normal operation.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST L: THE AUXILIARY BLOWER MOTOR DOES NOT OPERATE CORRECTLY (Continued)

Test Step Result / Action to Take
L7 CHECK CIRCUIT 752 (YE/RD) FOR AN OPEN

• Key in OFF position.
• Measure the resistance between the auxiliary blower motor

resistor pin 1, circuit 752 (YE/RD) and auxiliary blower switch
C294c pin 1, circuit 752 (YE/RD).

Yes
CARRY OUT the component test on the
auxiliary blower motor resistor. If the
resistor tests good, INSTALL a new
auxiliary blower switch. TEST the system
for normal operation.
No
REPAIR circuit 752 (YE/RD) for an open.

• Is the resistance less than 5 ohms? TEST the system for normal operation.
L8 CHECK CIRCUIT 755 (BN/WH) FOR AN OPEN

• Key in OFF position.
• Measure the resistance between the auxiliary blower motor

resistor pin 2, circuit 755 (BN/WH) and auxiliary blower switch
C294c pin 6, circuit 755 (BN/WH).

Yes
CARRY OUT the component test on the
auxiliary blower motor resistor. If the
resistor tests good, INSTALL a new
auxiliary blower switch. TEST the system
for normal operation.
No
REPAIR circuit 755 (BN/WH) for an open.

• Is the resistance less than 5 ohms? TEST the system for normal operation.
L9 CHECK CIRCUIT 515 (OG/RD) FOR AN OPEN

• Key in OFF position.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST L: THE AUXILIARY BLOWER MOTOR DOES NOT OPERATE CORRECTLY (Continued)

Test Step Result / Action to Take
L9 CHECK CIRCUIT 515 (OG/RD) FOR AN OPEN (Continued)

• Measure the resistance between the auxiliary blower motor
resistor pin 4, circuit 515 (OG/RD) and auxiliary high speed
blower relay pin 87A, circuit 515 (OG/RD).

Yes
CARRY OUT the component test on the
auxiliary blower motor resistor. If the
resistor tests good, INSTALL a new
auxiliary blower switch. TEST the system
for normal operation.
No
REPAIR circuit 515 (OG/RD) for an open.

• Is the resistance less than 5 ohms? TEST the system for normal operation.
L10 CHECK CIRCUIT 757 (RD/WH) FOR A SHORT TO GROUND

• Key in OFF position.
• Measure the resistance between the auxiliary blower motor relay

socket pin 86, circuit 757 (RD/WH) and ground.

Yes
GO to L11.
No
REPAIR circuit 757 (RD/WH) for a short to
ground. TEST the system for normal

• Is the resistance less than 5 ohms? operation.
L11 CHECK CIRCUIT 261 (OG/BK) FOR A SHORT TO GROUND

• Key in OFF position.
• Measure the resistance between the auxiliary blower motor pin

1, circuit 261 (OG/BK) and ground.

Yes
GO to L12.
No
REPAIR circuit 261 (OG/BK) for a short to
ground. TEST the system for normal

• Is the resistance less than 5 ohms? operation.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST L: THE AUXILIARY BLOWER MOTOR DOES NOT OPERATE CORRECTLY (Continued)

Test Step Result / Action to Take
L12 CHECK CIRCUIT 515 (OG/RD) FOR A SHORT TO GROUND

• Key in OFF position.
• Measure the resistance between the auxiliary high speed blower

motor relay pin 87, circuit 515 (OG/RD) and ground.

Yes
INSTALL a new auxiliary high speed
blower motor relay. TEST the system for
normal operation.
No
REPAIR circuit 515 (OG/RD) for a short to
ground. TEST the system for normal

• Is the resistance less than 5 ohms? operation.
L13 CHECK CIRCUIT 751 (DB/WH), 752 (YE/RD) AND 755 (BN/WH)

FOR A SHORT TO GROUND
• Key in OFF position.
• Measure the resistance between ground and auxiliary blower

motor resistor C4107:
— pin 1, circuit 752 (YE/RD).
— pin 2, circuit 755 (BN/WH).
— pin 3, circuit 751 (DB/WH).

Yes
GO to L14.
No
REPAIR the affected circuit(s) for a short
to ground. TEST the system for normal

• Are the resistances less than 5 ohms? operation.
L14 CHECK CIRCUIT 751 (DB/WH), 752 (YE/RD), 755 (BN/WH) AND

515 (OG/RD) FOR A SHORT TOGETHER
• Key in OFF position.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST L: THE AUXILIARY BLOWER MOTOR DOES NOT OPERATE CORRECTLY (Continued)

Test Step Result / Action to Take
L14 CHECK CIRCUIT 751 (DB/WH), 752 (YE/RD), 755 (BN/WH) AND

515 (OG/RD) FOR A SHORT TOGETHER (Continued)

• Measure the resistance between blower motor resistor C4107:
— pin 1, circuit 752 (YE/RD) and pin 2, circuit 755 (BN/WH).
— pin 1, circuit 752 (YE/RD) and pin 3, circuit 751 (DB/WH).
— pin 2, circuit 755 (BN/WH) and pin 3, circuit 751 (DB/WH).

Yes
GO to L15.
No
REPAIR the affected circuit(s) for a short
together. TEST the system for normal

• Are the resistances less than 5 ohms? operation.
L15 CHECK CIRCUIT 371 (PK/WH) FOR A SHORT TO VOLTAGE

• Key in OFF position.
• Measure the voltage between the auxiliary blower motor pin 2,

circuit 371 (PK/WH) and ground.

Yes
CARRY OUT the component test on the
auxiliary blower motor resistor. If the
resistor tests good, INSTALL a new
auxiliary blower switch. TEST the system
for normal operation.
No
REPAIR circuit 371 (PK/WH) for a short to
voltage. TEST the system for normal

• Is the voltage present? operation.

Blower Motor ResistorComponent Tests
Pins Resistance

Blower Motor Resistor 4 and 3 0.2-0.3 ohms

4 and 1 0.9-1.2 ohms

4 and 2 3.3-4.2 ohms
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DIAGNOSIS AND TESTING (Continued)

Auxiliary Blower Motor Resistor 2. NOTE: Spring-type clamps are installed as
original equipment. Installation and
overtightening of non-specification clamps can
cause leakage at the heater water hose
connection and damage the heater core.

Check the integrity of the heater water hose
clamps.

Heater Core — Plugged

WARNING: The heater core inlet hose will
become too hot to handle if the system is
working correctly.

1. Check to see that the engine coolant is at the
correct level.

Blower Motor Resistor
2. Start the engine and turn on the heater.Pins Resistance
3. When the engine coolant reaches operating4 and 3 0.2-0.3 ohms

temperature, feel the heater core inlet and outlet
4 and 1 0.9-1.2 ohms

hose to see if they are hot.
4 and 2 3.3-4.2 ohms

• If the inlet hose is not hot:

X the thermostat is not working correctly.
Heater Core • If the outlet hose is not hot:

WARNING: Carbon monoxide is colorless, X the heater core may have an air pocket.
odorless and dangerous. If it is necessary to

X the heater core may be restricted or
operate the engine with the vehicle in a closed plugged.
area such as a garage, always use an exhaust
collector to vent the exhaust gases outside the Heater Core — Pressure Test
closed area. Use the Radiator/Heater Core Pressure Tester to
1. NOTE: Testing of returned heater cores reveals carry out the pressure test.

that a large percentage of heater cores are good 1. NOTE: Due to space limitations, a bench test
and did not require installation of a new heater may be necessary for pressure testing.
core. If a heater core leak is suspected, the

Drain the coolant from the cooling system. Forheater core must be tested by following the
additional information, refer to Section 303-03.plugged heater  core component test before the

heater core pressure test. Carry out a system 2. Disconnect the heater hoses from the heater
inspection by checking the heater system core. For additional information, refer to
thoroughly as follows: Section 412-02.

Inspect for evidence of coolant leakage at the 3. Install a short piece of heater hose,
heater water hose to heater core attachments. A approximately 101 mm (4 inches) long on each
coolant leak in the heater water hose could heater core tube.
follow the heater core tube to the heater core
and appear as a leak in the heater core.
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DIAGNOSIS AND TESTING (Continued)

4. Fill the heater core and heater hoses with water
and install Plug BT-7422-B and adapter
BT-7422-A from the radiator/heater core
pressure tester in the heater hose ends. Secure
the heater hoses, plug and adapter with hose
clamps.

Evaporator/Condenser Core — On-Vehicle
Leak Test

1. Discharge and recover the refrigerant. For
additional information, refer to Air Conditioning
(A/C) System Recovery, Evacuation and
Charging in this section.

5. Attach the pump and gauge assembly from the 2. NOTE: DO NOT leak test an evaporator core
Radiator/Heater Core Pressure Tester to the with the suction accumulator (19C836) attached
adapter. to the evaporator core tubes.

6. Close the bleed valve at the base of the gauge. Disconnect the suspect evaporator core or
Pump 138 kPa (20 psi) of air pressure into the condenser core from the A/C system. For
heater core. additional information, refer to Section

412-03A.7. Observe the pressure gauge for a minimum of
three minutes. 3. Clean the spring lock couplings. For additional

information, refer to Spring Lock Coupling in8. If the pressure drops, check the heater hose
this section.connections to the core tubes for leaks. If the

heater hoses do not leak, remove the heater 4. Connect the appropriate test fittings from the
core from the vehicle and carry out the bench R-12/R-134a Air Conditioning Test Fitting Set
test. to the evaporator or condenser tube connections.

5. NOTE: The automatic shut-off valves on someHeater Core — Bench Test
gauge set hoses do not open when connected to

1. Remove the heater core from the vehicle. For the test fittings. If available, use hoses without
additional information, refer to Section 412-02. shut-off valves. If hoses with shut-off valves

2. Drain all of the coolant from the heater core. are used, make sure the valve opens when
attached to the test  fittings or install an adapter3. Connect the 101 mm (4 inch) test heater water
which will activate the valve. The test is nothoses with plug and adapter to the core tubes.
valid if the shut-off valve does not open.Then connect the radiator/heater core pressure

tester to the adapter. Connect the red and blue hoses from the
R134-a Manifold Gauge Set to the test fittings4. Apply 138 kPa (20 psi) of air pressure to the
on the evaporator core or condenser core.heater core. Submerge the heater core in water.
Connect the yellow hose to a known good

5. If a leak is observed, install a new heater core. vacuum pump.
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DIAGNOSIS AND TESTING (Continued)

6. Open both gauge set valves and start the • If a very small leak is suspected, allow the
vacuum pump. Allow the vacuum pump to system to set overnight with vacuum applied
operate for a minimum of 45 minutes after the and check for vacuum loss.
gauge set low pressure gauge indicates 101 kPa 9. If the evaporator core or condenser core does
(30 in-Hg). The 45 minute evacuation is leak, as verified by the above procedure, install
necessary to remove any  refrigerant from oil a new evaporator core or condenser core. For
left in the evaporator core or condenser core. If additional information, refer to  Section
the refrigerant is not completely removed from 412-03A.
the oil, outgassing will degrade the vacuum and
appear as a refrigerant leak. A/C Compressor — External Leak Test

7. If the low pressure gauge reading will not drop 1. Install the A/C pressure test adapter on the rear
to 101 kPa (30 in-Hg) when the valves on the head of the A/C compressor using the existing
gauge and manifold set are open and the manifold retaining bolt.
vacuum pump is operating, close the gauge set 2. Connect the high and low pressure lines of a
valves and observe the low pressure gauge. If manifold gauge set or a refrigerant
the pressure rises  rapidly to zero, a large leak recovery/recycling station such as R-134a A/C
is indicated. Recheck the test fitting connections Service Center to the corresponding fittings on
and gauge set connections before installing a the A/C pressure test adapter.
new evaporator core or condenser core.

3. Attach the center hose of the manifold gauge
8. After evacuating for 45 minutes, close the set to a refrigerant container standing in an

gauge set valves and stop the vacuum pump. upright position.
Observe the low pressure gauge; it should

4. Hand-rotate the compressor shaft 2 completeremain at the 101 kPa (30 in-Hg) mark.
revolutions to distribute the oil inside the A/C

• If the low pressure gauge reading rises 34 or compressor.
more kPa (10 or more in-Hg) of vacuum

5. Open the low pressure gauge valve, the highfrom the 101 kPa (30 in-Hg) position in 10
pressure gauge valve and the valve on theminutes, a leak is indicated.
refrigerant container to allow the refrigerant

• If a very small leak is suspected, wait 30 vapor to flow into the A/C compressor.
minutes and observe the vacuum gauge.

6. Using the Refrigerant Leak Detector, check for
• If a small amount of vacuum is lost, operate leaks at the compressor shaft seal, the

the vacuum pump with gauge valves open compressor front/rear head seal and the
for an additional 30 minutes to remove any compressor rear head bolts.
remaining refrigerant from the oil in the

7. If an external leak is found, install a new A/Cevaporator core or condenser core. Then
compressor. Refer to Section 412-03A.recheck for loss of vacuum.

8. When the leak test is complete, recover the
refrigerant from the compressor.
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Torque Specifications (Continued)
SPECIFICATIONS

Description Nm lb-ft lb-in
General Specifications

Oil filler tube bolt 10 — 89
Item Specification

Junction box bracket 28 21 —
Refrigerant Lubricant bolts

PAG Refrigerant WSH-M1C231-B Evaporator outlet 39 29 —
Compressor Oil (R-134a fitting
Systems) F7AZ-19589-DA

Compressor manifold 2 — 18(Motorcraft YN-12-C)
and tube suction fitting

O-Ring Lubricant bracket screw

Refrigerant Compressor ESH-M2C31-A2 Evaporator inlet fitting 2 — 18
Oil (Mineral Oil) bracket screw
F73Z-19577-AA

Compressor manifold 47 35 —(Motorcraft YN-9-A)
and tube suction fitting

Evaporator inlet fitting 18 13 —
Torque Specifications Condenser fittings 39 29 —

(4.6L, 5.4L and 6.8LDescription Nm lb-ft lb-in
engines)

Compressor manifold 20 15 —
Condenser fittings 8 — 71bolt
(6.0L Diesel)

Compressor mounting 25 18 —
Suction accumulator 14 10 —bolts
bolts

Wire harness bracket 47 35 —
Radiator bracket bolts 20 15 —nut
Condenser bracket 12 9 —A/C clutch disc and 20 15 —
boltshub nut

Battery tray bolts 28 21 —
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412-03A-1 412-03A-1Air Conditioning

DESCRIPTION AND OPERATION

The Visteon SC115 A/C compressor has theAir Conditioning
following characteristics:The A/C refrigerant system is a clutch cycling

orifice tube type. The system components are: • Tangential mount design — three lugs.

• The single manifold block of the compressor• A/C compressor (19703)
manifold and tube assembly fits to the suction and• A/C clutch
discharge ports. Two O-ring seals are used for

• condenser core (19712) sealing.
• evaporator core (19860) • An eccentric bushing is driven by the shaft of the

A/C compressor.• suction accumulator (19C836)

• An orbiting scroll driven by the eccentric bushing• connecting refrigerant lines
compresses the refrigerant gas against the walls ofThe refrigeration system operation is controlled by
the fixed scroll.the:

• Single reed-type discharge valve mounted on the
• evaporator core orifice (19D990). back of the fixed scroll. There are no suction
• A/C cycling switch (19E561). valves.

• A/C pressure relief valve (19D644). • Non-serviceable shaft seal fully supported on both
sides by bearings.• pressure cutoff switch (19D594).

• The A/C compressor uses PAG oil or equivalent.The refrigerant system incorporates and A/C
This oil contains special additives required for thecompressor controlled by an A/C cycling switch and
A/C compressor.refrigerant containment switch (high-pressure cutoff

switch). The A/C cycling switch senses low-side • The A/C compressor oil from vehicles equipped
refrigerant pressure to control A/C compressor with an Visteon SC115 A/C compressor may have
operation and prevent evaporator core freeze up. some slightly dark colored streaks while
The refrigerant containment switch senses high-side maintaining a normal oil viscosity. This is normal
refrigerant pressure to interrupt A/C compressor for this A/C compressor because of break-in wear
operation in the event of excessively high of the  scroll seals that can discolor the oil.
refrigerant pressure. • Use standard oil matching procedures when
An A/C pressure relief valve is installed in the installing new compressors.
compressor manifold and tube assembly (19D734)
to protect the refrigerant system against excessively
high refrigerant pressures.

An evaporator core orifice is installed in the
evaporator core inlet tube to meter the liquid
refrigerant into the evaporator core.

A/C Compressor and Clutch Assembly —
Visteon SC115
NOTE: Internal A/C compressor components are
not serviced separately. The Visteon SC115 A/C
compressor is serviced only as an assembly. The
clutch disc and hub (19D786), the clutch pulley and
bearing (19D784), and the clutch field coil Item Part Number Description
(19D798) are  serviceable.

1 19D798 A/C compressor clutch field
NOTE: Installation of a new suction accumulator is coil
not required when repairing the air conditioning 2 W704579 A/C compressor clutch field
system except when there is physical evidence of coil snap ring
system contamination from a failed A/C compressor (Continued)

or damage to the suction accumulator.
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DESCRIPTION AND OPERATION (Continued)

• It cools compressed refrigerant gas by allowingItem Part Number Description
air to pass over fins and tubes to extract heat and3 19D784 Clutch pulley and bearing
by condensing gas to liquid refrigerant as it is

4 W701742 Clutch pulley and bearing
cooled. snap ring

5 19D648 Clutch plate spacer Refrigerant Lines
6 19D786 Clutch disc and hub NOTE: Installation of a new suction accumulator is
7 W704577 Clutch plate nut not required when repairing the air conditioning

system except when there is physical evidence ofThe magnetic A/C clutch has the following
system contamination from a failed A/C compressorcharacteristics:
or damage to the suction accumulator.

• It drives the compressor shaft. The condenser to evaporator line (19835) contains
• When battery voltage is applied to the A/C high pressure liquid refrigerant upstream of the

compressor clutch field coil, the clutch disc and evaporator core orifice.
hub assembly is drawn toward the clutch pulley. The compressor manifold and tube assembly is

• The magnetic force locks the clutch disc and hub attached to the A/C compressor and has the
assembly and the clutch pulley together as one following features:
unit, causing the compressor shaft to rotate.

• The upstream side contains low pressure
• When battery voltage is removed from the A/C refrigerant gas.

compressor clutch field coil, springs in the clutch
• The downstream side contains high pressuredisc and hub assembly move the clutch plate

refrigerant gas.away from the clutch pulley.
• A serviceable high pressure A/C charge port valve

A/C Pressure Relief Valve is located on the downstream side.
An A/C pressure relief valve is incorporated in the • The downstream side also contains a fitting used
compressor manifold and tube assembly to: to mount the pressure cutoff switch . A

long-travel Schrader-type valve stem core is• relieve unusually high refrigerant system discharge
installed in the fitting so that the pressure cutoffpressure buildups. For specifications regarding
switch can be removed without discharging theoperating pressure(s), refer to Section 412-00.
A/C system.

• prevent damage to the A/C compressor and other
system components. Evaporator Core

• avoid total refrigerant loss by closing after the NOTE: Installation of a new suction accumulator is
excessive pressure has been relieved. not required when repairing the air conditioning

system except when there is physical evidence of
Condenser Core system contamination from a failed A/C compressor
NOTE: Installation of a new suction accumulator is or damage to the suction accumulator.
not required when repairing the air conditioning The evaporator core is the plate/fin type with a
system except when there is physical evidence of unique refrigerant flow path.
system contamination from a failed A/C compressor

• A mixture of refrigerant and oil enters the bottomor damage to the suction accumulator.
of the evaporator core through the evaporator coreThe condenser core has the following
inlet tube and is routed so it flows through thecharacteristics:
partitioned plate/fin sections.

• It is an aluminum fin and tube design heat • Refrigerant then moves out of the evaporator core
exchanger located in front of the vehicle radiator through the evaporator core outlet tube.
(8005). 
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DESCRIPTION AND OPERATION (Continued)

Evaporator Core Orifice • A fine mesh screened filter fits tightly around the
bottom of the vapor return tube to filter outNOTE: A new evaporator core orifice should be
refrigerant system contaminant particles.installed whenever a new A/C compressor is

installed. • A desiccant bag is mounted inside the canister to
absorb any moisture which may be in theThe evaporator core orifice has the following
refrigerant system.characteristics:

• A fitting located on the top of the suction• It is located in the evaporator core inlet tube.
accumulator is used to attach the A/C cycling

• It has filter screens located on the inlet and outlet switch. A long-travel Schrader-type valve stem
ends of the tube body. core is installed in the fitting so that the A/C

cycling switch can be removed without• The inlet filter screen acts as a strainer for the
discharging the A/C  system.liquid refrigerant flowing through the A/C

evaporator core orifice.
A/C Cycling Switch

• O-ring seals on the evaporator core orifice prevent
The A/C cycling switch is mounted on a Schraderthe high-pressure liquid refrigerant from bypassing
valve-type fitting on the top of the suctionthe evaporator core orifice.
accumulator.

• Adjustment or service cannot be made to the
• A valve depressor, located inside the threaded endevaporator core orifice assembly, a new

of the A/C cycling switch, presses in on theevaporator core orifice assembly must be installed
Schrader valve stem.as a unit.

• This allows the suction pressure inside the suction
Suction Accumulator accumulator to control the operation of the A/C
NOTE: Installation of a new suction accumulator is cycling switch. 
not required when repairing the air conditioning • The electrical switch contacts open when the
system except when there is physical evidence of suction pressure drops. The contacts close when
system contamination from a failed A/C compressor the suction pressure rises. For specifications
or damage to the suction accumulator. regarding operating pressure(s), refer to  Section
The suction accumulator is mounted to the right of 412-00.
the vehicle centerline. The inlet tube of the suction • When the A/C cycling switch contacts close, the
accumulator attaches directly to the evaporator core A/C compressor clutch field coil is energized.
outlet tube and the outlet tube of the suction

• When the A/C cycling switch contacts open, theaccumulator attaches to the compressor  manifold
A/C compressor clutch field coil is de-energizedand tube assembly.
and A/C compressor operation stops. 

After entering the inlet of the suction accumulator,
• The A/C cycling switch will control theheavier oil-laden refrigerant contacts an internally

evaporator core pressure at a point where themounted dome (which serves as an umbrella) and
plate/fin surface temperature will be maintaineddrips down onto the bottom of the canister.
slightly above freezing.

• A small diameter oil bleed hole, in the bottom of
• This prevents icing of the evaporator core andthe vapor return tube, allows the accumulated

blockage of airflow. heavier liquid refrigerant and oil mixture to
• It is not necessary to discharge the refrigerantre-enter the compressor suction line at a

system to remove the A/C cycling switch.controlled rate.

• As the heavier mixture passes through the small
diameter liquid bleed hole, it has a second chance
to vaporize and recirculate through the A/C
compressor without causing compressor damage
due to slugging.
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DESCRIPTION AND OPERATION (Continued)

Pressure Cutoff Switch The spring lock coupling is a refrigerant line
coupling held together by a garter spring inside aThe pressure cutoff switch is used to interrupt A/C
circular cage.compressor operation in the event of high system

discharge pressures. • When the coupling is connected together, the
flared end of the female fitting slips behind the• The pressure cutoff switch is mounted on a
garter spring inside the cage of the male fitting. Schrader valve-type fitting on the high pressure

side. • The garter spring and cage then prevent the flared
end of the female fitting from pulling out of the• A valve depressor, located inside the threaded end
cage. of the pressure cutoff switch, presses on the

Schrader valve stem. • Three O-ring seals are used to seal between the
two halves of the condenser core couplings, all• This allows the pressure cutoff switch to monitor
other couplings have two O-ring seals. the compressor discharge pressure.

• Use only the O-ring seals listed in the Ford• When the A/C compressor discharge pressure
Master Parts Catalog for the spring lock coupling.rises, the switch contacts open, disengaging the

A/C compressor. When the pressure drops, the • A plastic indicator ring is used on the spring lock
contacts close to allow operation of the A/C couplings of the evaporator core to indicate,
compressor. For additional information regarding during vehicle assembly, that the coupling is
operating  pressure(s), refer to Section 412-00. connected. Once the coupling is connected, the

indicator ring is no longer necessary but will• It is not necessary to discharge the refrigerant
remain  captive by the coupling near the cagesystem to remove the pressure cutoff switch.
opening. 

Spring Lock Coupling • The indicator ring may also be used during
service operations to indicate connection of the
coupling. 

• An A/C tube lock coupling clip (19E746) may be
used to secure the coupling but is not required.

Peanut Fitting

Item Part Number Description

1 — Plastic indicator ring

2 — Female fitting

3 19E746 A/C tube lock coupling clip

4 19E576 A/C tube lock coupling spring

5 — Cage
Item Part Number Description

6 19E889 O-ring seals
1 — Female block

7 — Male fitting
2 W701890-S426 Stud (part of female block)

3 — Male block

4 W520413-S301 Nut

5 19E889 O-ring seal
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DESCRIPTION AND OPERATION (Continued)

Service Gauge Port ValvesWhen disconnecting or connecting peanut fittings,
observe the following: The high pressure service gauge port valve is

located on the compressor manifold and tube• The male and female blocks of the peanut fitting
assembly.are retained with a nut.
The low pressure service gauge port valve is located• Support the female fitting with a wrench to
on the suction accumulator.prevent twisting of the tubes.

• An O-ring seal is installed around the tube on the
male block.

• When correctly assembled, the male and female
fittings should be flush.

• Use only the O-ring seal listed in the Ford Master
Parts Catalog.

Tube-O Fitting

Item Part Number Description

1 19D702 A/C charging valve cap

2 — Low pressure service gauge
port valve

3 — Schrader-type valve

4 — O-ring seal

5 — High pressure service gauge
port valve

Item Part Number Description 6 19D702 A/C charging valve cap
1 — Male fitting

The fitting is an integral part of the refrigeration
2 19E889 O-ring line or component.
3 — Female fitting

• Special couplings are required for both the high
When disconnecting or connecting tube-O fittings, side and low side service gauge ports.
observe the following.

• A new Schrader-type valve core can be installed
• The male and female portions of the fitting are if the seal leaks.

retained with a nut. • Always install the A/C charging valve cap
• Support the female fitting with a wrench to (19D702) on the service gauge port valves after

prevent twisting of the tubes when disconnecting. repairing the refrigerant system.

• An O-ring seal is installed around the tube on the
male side of the fitting.

• Use only the O-ring seal listed in the Ford Master
Parts Catalog.
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DIAGNOSIS AND TESTING

Air Conditioning
Refer to Section 412-00.
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412-03A-1 412-03A-1Air Conditioning

REMOVAL AND INSTALLATION

Air Conditioning (A/C) Compressor — CAUTION: Refrigerant Compressor Oil
(Mineral Oil) F73Z-19577-AA (Motorcraft4.6L, 5.4L, and 6.8L
YN-9-A) should be used to lubricate R-134a
refrigerant system O-ring seals only and shouldMaterial
not be added to R-134a refrigerant systems as an

Item Specification AC compressor lubricant. PAG  Refrigerant
PAG Refrigerant WSH-M1C231-B Compressor Oil F7AZ-19589-DA (Motorcraft
Compressor Oil (R-134a YN-12-C) or equivalent meeting Ford
Systems) specification WSH-M1C231-B only should beF7AZ-19589-DA

used as an A/C compressor lubricant.(Motorcraft YN-12-C)

Refrigerant Compressor ESH-M2C31-A2 NOTE: If installing a new A/C compressor, the
Oil (Mineral Oil)

A/C clutch disc and hub (19D786), A/C compressorF73Z-19577-AA
pulley (19D784) and A/C clutch field coil (19D798)(Motorcraft YN-9-A)
must be inspected and transferred from the old unit

Removal and Installation to the new unit if suitable for reuse.

NOTE: Installation of a new suction accumulator isCAUTION: If installing a new air
not required when repairing the air conditioningconditioning compressor due to an internal
system except when there is physical evidence offailure of the old unit, you must carry out the
system contamination from a failed A/C compressorfollowing procedures to remove contamination
or damage to the suction accumulator.from the air conditioning system.

• If A/C flushing equipment is available, carry 1. With the vehicle in NEUTRAL, position it on a
out flushing of the air conditioning system hoist. For additional information, refer to
prior to installing a new air conditioning Section 100-02.
compressor. For additional information, refer

2. If flushing of the air conditioning system hasto  Section 412-00.
not been carried out, recover the refrigerant. For• If A/C flushing equipment is not available,
additional information, refer to Section 412-00.carry out filtering of the air conditioning

system after a new air conditioning compressor
3. Remove the accessory drive belt (8620) fromhas been installed. For additional information,

the A/C compressor pulley.refer to  Section 412-00.

• Install a new evaporator core orifice (19D990)
as directed by the A/C flushing or filtering
procedure.

• Install a new suction accumulator (19C836) as
directed by the A/C flushing or filtering
procedure.
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REMOVAL AND INSTALLATION (Continued)

4. NOTE: Access the compressor manifold and 8. Disconnect the A/C compressor clutch field coil
tube assembly bolt from the RH front fender electrical connector.
well, between the frame and body.

Loosen the bolt and detach the compressor
manifold and tube assembly from the A/C
compressor.

9. Remove the A/C compressor mounting bolt.

5. Remove the splash shield.

6. Disconnect and detach the crankshaft position
sensor electrical connector and position the wire
harness aside.

10. Remove the bolts and the A/C compressor.

• Discard the O-ring seals.

7. Detach the wire harness from the bracket.
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REMOVAL AND INSTALLATION (Continued)

11. To install, reverse the removal procedure. 12. If filtering of the refrigerant system is not to be
carried out, evacuate, leak test and charge the• If a new A/C compressor is to be installed,
refrigerant system. For additional information,the clutch assembly must be transferred
refer to Section 412-00.from the old unit to the new unit. For

additional information, refer to Clutch and
Clutch Field Coil in this section.

• Install new O-ring seals lubricated in clean
mineral oil.

• If filtering of the refrigerant system is not to
be carried out, lubricate the refrigerant
system with the correct amount of clean
PAG oil. For additional information, refer to
Section 412-00.
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REMOVAL AND INSTALLATION

2. If flushing of the air conditioning system hasAir Conditioning (A/C) Compressor —
not been carried out, recover the refrigerant. For6.0L Diesel
additional information, refer to Section 412-00.

Material 3. Remove the accessory drive belt (8620) from
Item Specification the A/C compressor pulley.

PAG Refrigerant WSH-M1C231-B
4. Remove the bolt.Compressor Oil (R-134a

Systems)
F7AZ-19589-DA
(Motorcraft YN-12-C)

Removal and Installation

CAUTION: If installing a new air
conditioning compressor due to an internal
failure of the old unit, you must carry out the
following procedures to remove contamination
from the air conditioning system.

• If A/C flushing equipment is available, carry
out flushing of the air conditioning system
prior to installing a new air conditioning

5. NOTE: The upper and lower rear compressorcompressor. For additional information, refer
bolts must be removed with the A/Cto  Section 412-00.
compressor.

• If A/C flushing equipment is not available,
Remove the A/C compressor mounting bolts.carry out filtering of the air conditioning

system after a new air conditioning compressor
has been installed. For additional information,
refer to  Section 412-00.

• Install a new evaporator core orifice (19D990)
as directed by the A/C flushing or filtering
procedure.

• Install a new suction accumulator (19C836) as
directed by the A/C flushing or filtering
procedure.

NOTE: If installing a new A/C compressor, the
A/C clutch disc and hub (19D786), A/C compressor
pulley (19D784) and A/C clutch field coil (19D798)
must be inspected and transferred from the old unit 6. Disconnect the field coil electrical connector.
to the new unit if suitable for reuse.

7. Remove the RH front wheel and tire assembly.
NOTE: Installation of a new suction accumulator is
not required when repairing the air conditioning
system except when there is physical evidence of
system contamination from a failed A/C compressor
or damage to the suction accumulator.

1. With the vehicle in NEUTRAL, position it on a
hoist. For additional information, refer to
Section 100-02.
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REMOVAL AND INSTALLATION (Continued)

8. Loosen the bolt and detach the compressor 10. To install, reverse the removal procedure.
manifold and tube. • If a new A/C compressor is to be installed,
• Discard the O-ring seals. the clutch assembly must be transferred

from the old unit to the new unit. For
additional information, refer to Clutch and
Clutch Field Coil in this section.

• Install new O-ring seals.

• If filtering of the refrigerant system is not to
be carried out, lubricate the refrigerant
system with the correct amount of clean
PAG oil. For additional information, refer to
Section 412-00.

11. If filtering of the refrigerant system is not to be
carried out, evacuate, leak test, and charge the
refrigerant system. For additional information,
refer to Section 412-00.9. NOTE: The A/C compressor must be removed

from the bottom.

Remove the A/C compressor.
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REMOVAL AND INSTALLATION

Clutch and Clutch Field Coil

Special Tool(s)

Remover, Compressor Pulley
412-001 (T71P-19703-B)

Holding Fixture, Compressor
Clutch
412-103 (T95L-19703-AH) 3. Remove the A/C clutch disc and hub.

Installer, A/C Compressor
Pulley
412-109 (T97P-19D786-A)

Removal

1. Remove the A/C compressor. For additional 4. Remove the A/C clutch disc and hub spacer.
information, refer to Air Conditioning (A/C)
Compressor — 4.6L, 5.4L, and 6.8L or  Air
Conditioning (A/C) Compressor — 6.0L Diesel
in this section.

2. Remove the A/C clutch disc and hub retaining
nut.

1 Using the special tool, hold the A/C clutch
disc and hub.

2 Remove the nut.
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REMOVAL AND INSTALLATION (Continued)

5. Remove the A/C clutch pulley snap ring. 9. Remove the A/C clutch field coil.

Installation6. CAUTION: Do not use air tools.
Damage to the A/C clutch pulley may result.

1. NOTE: If installing a new A/C compressor, the
Using the special tool, remove the A/C clutch A/C clutch components should be reused unless
pulley. obvious signs of damage are found. If excessive

grooving is found, a new A/C clutch disc and
hub and A/C compressor pulley must be
installed together.  Otherwise, each component
can be installed individually where needed.

Visually inspect the A/C clutch disc and hub,
A/C compressor pulley and A/C clutch field
coil for damage.

• Inspect for physical damage, including
cracked or melted components or
discoloration due to excessive heat.

• Inspect for excessive wear, including
grooving in the A/C clutch disc and hub or
A/C compressor pulley that is more than7. Note the location of the A/C clutch field coil
fingernail depth.connector.

• Inspect for roughness in the A/C compressor
pulley bearing.8. Remove the A/C clutch field coil snap ring.

2. Clean the A/C compressor, A/C clutch field coil
and the A/C clutch pulley mounting surfaces.
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REMOVAL AND INSTALLATION (Continued)

3. CAUTION: There is an indexing
locator on the A/C clutch field coil mounting
surface. Make sure it is correctly aligned
during installation to the A/C compressor.

Align and install the A/C clutch field coil onto
the A/C compressor.

6. NOTE: The snap ring must be installed with
the bevel side up.

Install the A/C clutch pulley snap ring with the
bevel side up.

4. Install the A/C clutch field coil snap ring.

7. Install one nominal thickness A/C clutch disc
and hub spacer onto the A/C compressor shaft.

5. NOTE: The A/C clutch pulley fits tightly to the
A/C compressor. It must be aligned correctly
for installation.

Install the A/C clutch pulley.

1 Install the special tool.

2 Install the pulley.
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REMOVAL AND INSTALLATION (Continued)

8. Install the A/C clutch disc and hub. 10. Measure and adjust (if necessary) the A/C
clutch air gap by removing or adding A/C
clutch disc and hub spacers.

9. Install the clutch disc and hub retaining nut.

1 Using the special tool, hold the A/C clutch
11. Install the A/C compressor. For additionaldisc and hub.

information, refer to Air Conditioning (A/C)
2 Tighten the nut. Compressor — 4.6L, 5.4L, and 6.8L or  Air

Conditioning (A/C) Compressor — 6.0L Diesel
in this section.
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412-03A-1 412-03A-1Air Conditioning

REMOVAL AND INSTALLATION

Evaporator Core

Material

Item Specification

PAG Refrigerant WSH-M1C231-B
Compressor Oil (R-134a
Systems)
F7AZ-19589-DA
(Motorcraft YN-12-C)

Refrigerant Compressor ESH-M2C31-A2
Oil (Mineral Oil)
F73Z-19577-AA
(Motorcraft YN-9-A)

6. Remove the bolt and clamp and the oil filler
Removal and Installation tube.

CAUTION: Refrigerant Compressor Oil
(Mineral Oil) F73Z-19577-AA (Motorcraft
YN-9-A) should be used to lubricate R-134a
refrigerant system O-ring seals only and should
not be added to R-134a refrigerant systems as an
A/C compressor lubricant. PAG  Refrigerant
Compressor Oil F7AZ-19589-DA (Motorcraft
YN-12-C) or equivalent meeting Ford
specification WSH-M1C231-B only should be
used as an A/C compressor lubricant.

NOTE: Installation of a new suction accumulator is
not required when repairing the air conditioning

7. Disconnect the condenser fittings.system except when there is physical evidence of
system contamination from a failed A/C compressor 1 Disconnect the condenser outlet fitting.
or damage to the suction accumulator.

2 Disconnect the condenser inlet fitting.

All vehicles • Discard the O-ring seals.

1. Recover the refrigerant. For additional
information, refer to Section 412-00.

2. Disconnect the battery. For additional
information, refer to Section 414-01.

Vehicles with 4.6L, 5.4L or 6.8L engine

3. Remove the air cleaner assembly. For additional
information, refer to Section 303-12.

4. Remove the battery.

5. Remove the battery tray.

1 Remove the bolts.

2 Remove the battery tray.
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412-03A-2 412-03A-2Air Conditioning

REMOVAL AND INSTALLATION (Continued)

Vehicles with 6.0L diesel engine 12. Remove the bolt and position the ground wire
aside. Disconnect the electrical connector push
pin.8. Remove junction box bracket bolts.

13. Remove the conduit and position the wiring9. Remove the junction box bracket bolt and
aside.position the junction box aside.
• Disconnect the locking tab.

• Remove the bolts.

• Disconnect the push pin and remove the
wiring harness.

10. Remove the engine cover. For additional
information, refer to Section 501-05.

11. NOTE: Charge air cooler (CAC) side shown,
turbocharger side similar.

14. Remove the bolts for the CAC tube and oil fill
Loosen the CAC tube clamps.

tube.
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412-03A-3 412-03A-3Air Conditioning

REMOVAL AND INSTALLATION (Continued)

15. Disconnect the oil fill tube at the valve cover.

All vehicles

16. Remove the retaining nuts, CAC tube, oil fill 19. Remove the washer reservoir filler tube.
tube and bracket.

1 Remove the screws.

2 Remove the washer reservoir filler tube.

17. Remove the bolt and position the MAP sensor
aside.

20. Disconnect the evaporator outlet fitting.

• Discard the O-ring seal.

18. Disconnect the condenser fittings.

• Discard the O-ring seals.
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412-03A-4 412-03A-4Air Conditioning

REMOVAL AND INSTALLATION (Continued)

21. Disconnect the high-pressure cutoff switch
electrical connector.

All vehicles

24. Disconnect the evaporator inlet fitting.
22. NOTE: Vehicle without auxiliary A/C shown,

1 Remove the screw.vehicles with auxiliary A/C similar.
2 Disconnect the evaporator inlet fitting.Disconnect the compressor manifold and tube
• Discard the O-ring seal.suction fitting.

1 Remove the screw.

2 Disconnect the fitting.

• Discard the O-ring seal.

25. Remove the screws and the evaporator housing
support bracket.

Vehicles with auxiliary A/C

23. Disconnect the suction accumulator fitting.

• Discard the O-ring seals.
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412-03A-5 412-03A-5Air Conditioning

REMOVAL AND INSTALLATION (Continued)

26. Remove the evaporator core cover. 27. Remove the evaporator core.

1 Remove the five screws.
28. To install, reverse the removal procedure.

2 Remove the four screws.
• Install new O-rings lubricated in clean

3 Remove the evaporator core cover. mineral oil.

• Lubricate the refrigerant system with the
correct amount of clean PAG oil. For
additional information, refer to Section
412-00.

29. Evacuate, leak-test and charge the refrigerant
system. For additional information refer to
Section 412-00.
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412-03A-1 412-03A-1Air Conditioning

REMOVAL AND INSTALLATION

2. Engage the Fixed Orifice Tool to the A/CEvaporator Core Orifice
evaporator core orifice (19D990).

Special Tool(s)

Broken Orifice Extractor
412-035 (T83L-19990-B)

Fixed Orifice Tube Tool
412-034 (T83L-19990-A)

3. Hold the tool T-handle stationary and rotate the
tool body to remove the A/C evaporator core
orifice.

Material

Item Specification

PAG Refrigerant WSH-M1C231-B
Compressor Oil (R-134a
Systems)
F7AZ-19589-DA
(Motorcraft YN-12-C)

Removal

1. Disconnect the fitting.

1 Remove the screw.

2 Disconnect the fitting.

• For a fixed orifice tube, carry out Steps 2 4. To remove a broken A/C evaporator core
and 3. orifice, screw the end of the Broken Orifice

• For a broken orifice tube, carry out Steps 4 Extractor into the broken A/C evaporator core
and 5. orifice.
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412-03A-2 412-03A-2Air Conditioning

REMOVAL AND INSTALLATION (Continued)

5. Hold the tool T-handle stationary and rotate the 3. Insert the A/C evaporator core orifice into the
tool body to remove the broken A/C evaporator condenser to evaporator tube until seated.
core orifice.

4. Remove the Fixed Orifice Tube Tool.
Installation

1. Lubricate and install the O-ring seals on the
A/C evaporator core orifice in clean PAG oil.

2. Place the A/C evaporator core orifice into the
Fixed Orifice Tube Tool.

5. Install the condenser to evaporator tube. For
additional information, refer to Condenser to
Evaporator Line in this section.
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412-03A-1 412-03A-1Air Conditioning

REMOVAL AND INSTALLATION

Suction Accumulator — 4.6L, 5.4L
and 6.8L

Material

Item Specification

PAG Refrigerant WSH-M1C231-B
Compressor Oil (R-134a
Systems)
F7AZ-19589-DA
(Motorcraft YN-12-C)

Refrigerant Compressor ESH-M2C31-A2
Oil (Mineral Oil)
F73Z-19577-AA

5. Position the washer reservoir filler tube aside.(Motorcraft YN-9-A)

1 Remove the screws.
Removal and Installation

2 Position the filler tube aside.

CAUTION: Refrigerant Compressor Oil
(Mineral Oil) F73Z-19577-AA (Motorcraft
YN-9-A) should be used to lubricate R-134a
refrigerant system O-ring seals only and should
not be added to R-134a refrigerant systems as an
A/C compressor lubricant. PAG  Refrigerant
Compressor Oil F7AZ-19589-DA (Motorcraft
YN-12-C) or equivalent meeting Ford
specification WSH-M1C231-B only should be
used as an A/C compressor lubricant.

NOTE: Installation of a new suction accumulator is
not required when repairing the air conditioning
system except when there is physical evidence of

6. CAUTION: Use a wrench on each sidesystem contamination from a failed A/C compressor
of the fitting to prevent twisting of theor damage to the suction accumulator.
refrigerant line.

All vehicles Disconnect the evaporator outlet fitting.

• Discard the O-ring seal.
1. Recover the refrigerant. For additional

information, refer to Section 412-00.

2. Disconnect the battery. For additional
information, refer to Section 414-01.

3. Remove the battery.

4. Remove the battery tray.

1 Remove the bolts.

2 Remove the battery tray.
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412-03A-2 412-03A-2Air Conditioning

REMOVAL AND INSTALLATION (Continued)

Vehicles without auxiliary A/C

7. CAUTION: Use a wrench on each side
of the fitting to prevent twisting of the
refrigerant line.

Disconnect the compressor manifold and tube
suction fitting.

1 Remove the screw.

2 Disconnect the fitting.

• Discard the O-ring seal.

All vehicles

10. Disconnect the A/C cycling switch electrical
connector.

Vehicles with auxiliary A/C

8. Remove the screw.

11. Remove the suction accumulator.

1 Remove the bolts.

2 Remove the suction accumulator.

9. Disconnect the spring lock coupling.

• Discard the O-ring seals.
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412-03A-3 412-03A-3Air Conditioning

REMOVAL AND INSTALLATION (Continued)

12. To install, reverse the removal procedure. 13. Evacuate, leak test and charge the refrigerant
system. For additional information refer to• Install new O-ring seals lubricated in clean
Section 412-00.mineral oil.

• Lubricate the refrigerant system with the
correct amount of clean PAG oil. For
additional information, refer to Section
412-00.
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412-03A-1 412-03A-1Air Conditioning

REMOVAL AND INSTALLATION

3. Detach and position the junction box aside.Suction Accumulator — 6.0L Diesel

Material

Item Specification

PAG Refrigerant WSH-M1C231-B
Compressor Oil (R-134a
Systems)
F7AZ-19589-DA
(Motorcraft YN-12-C)

Refrigerant Compressor ESH-M2C31-A2
Oil (Mineral Oil)
F73Z-19577-AA
(Motorcraft YN-9-A)

Removal and Installation
4. Disconnect the compressor manifold and tube

suction fitting.CAUTION: Refrigerant Compressor Oil
(Mineral Oil) F73Z-19577-AA (Motorcraft 1 Remove the screw.
YN-9-A) should be used to lubricate R-134a 2 Disconnect the fitting.
refrigerant system O-ring seals only and should

• Discard the O-ring seal.not be added to R-134a refrigerant systems as an
A/C compressor lubricant. PAG  Refrigerant
Compressor Oil F7AZ-19589-DA (Motorcraft
YN-12-C) or equivalent meeting Ford
specification WSH-M1C231-B only should be
used as an A/C compressor lubricant.

NOTE: Installation of a new suction accumulator is
not required when repairing the air conditioning
system except when there is physical evidence of
system contamination from a failed A/C compressor
or damage to the suction accumulator.

1. Recover the refrigerant. For additional
information, refer to Section 412-00.

5. Disconnect the evaporator outlet fitting.
2. Remove the windshield washer reservoir filler • Discard the O-ring seal.

neck bolts.
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412-03A-2 412-03A-2Air Conditioning

REMOVAL AND INSTALLATION (Continued)

6. Detach the wire harness.

1 Disconnect the cycling switch electrical
connector.

2 Remove the nut and stud and detach the
wire harness.

8. To install, reverse the removal procedure.

• Install new O-ring seals lubricated in clean
mineral oil.

• Lubricate the refrigerant system with the
correct amount of clean PAG oil. For
additional information, refer to Section

7. Remove the bolts and the suction accumulator. 412-00.

9. Evacuate, leak test and charge the refrigerant
system. For additional information, refer to
Section 412-00.
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412-03A-1 412-03A-1Air Conditioning

REMOVAL AND INSTALLATION

4. Remove the A/C cycling switch (19E561) fromAir Conditioning (A/C) Cycling Switch
the top of the suction accumulator/drier
(19C836).Material

Item Specification

Refrigerant Compressor ESH-M2C31-A2
Oil (Mineral Oil)
F73Z-19577-AA
(Motorcraft YN-9-A)

Removal and Installation

4.6L, 5.4L and 6.8L vehicles

1. Disconnect the battery. For additional
information, refer to Section 414-01.

2. Remove the battery. 5. To install, reverse the removal procedure.

• Install a new O-ring seal lubricated in cleanAll vehicles
mineral oil.

3. Disconnect the A/C cycling switch connector.
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412-03A-1 412-03A-1Air Conditioning

REMOVAL AND INSTALLATION

Condenser Core — 4.6L, 5.4L and
6.8L

Material

Item Specification

PAG Refrigerant WSH-M1C231-B
Compressor Oil (R-134a
Systems)
F7AZ-19589-DA
(Motorcraft YN-12-C)

Refrigerant Compressor ESH-M2C31-A2
Oil (Mineral Oil)
F73Z-19577-AA
(Motorcraft YN-9-A) 4. CAUTION: Use a wrench on each side

of the fitting to prevent damage to the A/C
Removal and Installation fitting.

Disconnect the condenser core refrigerant lines.
CAUTION: Refrigerant Compressor Oil

1 Disconnect the compressor discharge line.(Mineral Oil) F73Z-19577-AA (Motorcraft
2 Disconnect the condenser to evaporator tubeYN-9-A) should be used to lubricate R-134a

(19835).refrigerant system O-ring seals only and should
not be added to R-134a refrigerant systems as an
AC compressor lubricant. PAG  Refrigerant
Compressor Oil F7AZ-19589-DA (Motorcraft
YN-12-C) or equivalent meeting Ford
specification WSH-M1C231-B only should be
used as an A/C compressor lubricant.

NOTE: Installation of a new suction accumulator is
not required when repairing the air conditioning
system except when there is physical evidence of
system contamination from a failed A/C compressor
or damage to the suction accumulator.

NOTE: If an A/C condenser core leak is suspected,
the A/C condenser core must be leak-tested before it 5. Remove the bolts and the two upper radiator
is removed from the vehicle. For additional mounting brackets.
information, refer to Section 412-00.

1. Recover the refrigerant. For additional
information, refer to Section 412-00.

2. Remove the engine air cleaner and outlet tubes.
For additional information, refer to Section
303-12.

3. Remove the air deflector.

1 Remove the five retaining pins.

2 Remove the air deflector.
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412-03A-2 412-03A-2Air Conditioning

REMOVAL AND INSTALLATION (Continued)

9. NOTE: LH seal shown, RH seal similar.6. CAUTION: Do not damage the cooling
fins while handling the radiator (8005). Remove the two seals.

Move the radiator back to gain access. 1 Remove the eight retaining pins.

2 Remove the two seals.
7. Remove the two A/C condenser mounting

brackets (19702).

1 Remove the bolts.

2 Remove the condenser mounting brackets.

10. To install, reverse the removal procedure.

• Install new O-ring seals lubricated in clean
PAG oil.

• Lubricate the refrigerant system with the
8. CAUTION: Do not damage the cooling correct amount of clean PAG oil. For

fins while handling the A/C condenser core. additional information, refer to Section
412-00.Remove the A/C condenser core.
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412-03A-1 412-03A-1Air Conditioning

REMOVAL AND INSTALLATION

2. Disconnect the condenser fittings.Condenser Core — 6.0L Diesel
• Discard the O-ring seals.

Material

Item Specification

PAG Refrigerant WSH-M1C231-B
Compressor Oil (R-134a
Systems)
F7AZ-19589-DA
(Motorcraft YN-12-C)

Refrigerant Compressor ESH-M2C31-A2
Oil (Mineral Oil)
F73Z-19577-AA
(Motorcraft YN-9-A)

Removal and Installation

CAUTION: Refrigerant Compressor Oil 3. Remove the cooling module. For additional
(Mineral Oil) F73Z-19577-AA (Motorcraft information, refer to Section 303-03.
YN-9-A) should be used to lubricate R-134a
refrigerant system O-ring seals only and should 4. Remove the condenser bracket nuts and the
not be added to R-134a refrigerant systems as an condenser.
A/C compressor lubricant. PAG  Refrigerant
Compressor Oil F7AZ-19589-DA (Motorcraft 5. To install, reverse the removal procedure.
YN-12-C) or equivalent meeting Ford • Install new O-ring seals lubricated in clean
specification WSH-M1C231-B only should be mineral oil.
used as an A/C compressor lubricant.

• Lubricate the refrigerant system with the
correct amount of clean PAG oil. ForNOTE: Installation of a new suction accumulator is
additional information, refer to Sectionnot required when repairing the air conditioning
412-00.system except when there is physical evidence of

system contamination from a failed A/C compressor
6. Evacuate, leak test and charge the refrigerantor damage to the suction accumulator.

system. For additional information, refer to
Section 412-00.1. Recover the refrigerant. For additional

information, refer to Section 412-00.
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412-03A-1 412-03A-1Air Conditioning

REMOVAL AND INSTALLATION

Compressor Manifold and Tube
Assembly — 4.6L, 5.4L and 6.8L

Material

Item Specification

PAG Refrigerant WSH-M1C231-B
Compressor Oil (R-134a
Systems)
F7AZ-19589-DA
(Motorcraft YN-12-C)

Refrigerant Compressor ESH-M2C31-A2
Oil (Mineral Oil)
F73Z-19577-AA

4. Remove the air cleaner assembly. For additional(Motorcraft YN-9-A)
information, refer to Section 303-12.

Removal and Installation
5. Disconnect the pressure cutoff switch electrical

connector.CAUTION: Refrigerant Compressor Oil
(Mineral Oil) F73Z-19577-AA (Motorcraft
YN-9-A) should be used to lubricate R-134a
refrigerant system O-ring seals only and should
not be added to R-134a refrigerant systems as an
AC compressor lubricant. PAG  Refrigerant
Compressor Oil F7AZ-19589-DA (Motorcraft
YN-12-C) or equivalent meeting Ford
specification WSH-M1C231-B only should be
used as an A/C compressor lubricant.

NOTE: Installation of a new suction accumulator is
not required when repairing the air conditioning
system except when there is physical evidence of
system contamination from a failed A/C compressor
or damage to the suction accumulator. 6. CAUTION: Use a wrench on each side

of the fitting to prevent damage to the A/C
1. Recover the refrigerant. For additional fitting.

information, refer to Section 412-00. Disconnect the compressor manifold and tube
assembly from the suction accumulator.

2. With the vehicle in NEUTRAL, position it on a
• Discard the O-ring seal.hoist. For additional information, refer to

Section 100-02.

3. NOTE: Access the compressor manifold and
tube assembly bolt from the RH front fender
well, between the frame and body.

Loosen the bolt and detach the compressor
manifold and tube assembly from the A/C
compressor.

• Discard the O-ring seals.
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412-03A-2 412-03A-2Air Conditioning

REMOVAL AND INSTALLATION (Continued)

8. To install, reverse the removal procedure.7. CAUTION: Use a wrench on each side
of the fitting to prevent damage to the A/C • Install new O-ring seals lubricated in clean
fitting. mineral oil.

Disconnect the compressor manifold and tube • Lubricate the refrigerant system with the
assembly from the condenser and remove the correct amount of clean PAG oil. For
compressor manifold and tube assembly. additional information, refer to Section

412-00.• Discard the O-ring seal.

9. Evacuate, leak test, and charge the refrigerant
system. For additional information, refer to
Section 412-00.
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412-03A-1 412-03A-1Air Conditioning

REMOVAL AND INSTALLATION

3. Disconnect the condenser fittings.Compressor Manifold and Tube
Assembly — 6.0L Diesel • Discard the O-ring seals.

Material

Item Specification

PAG Refrigerant WSH-M1C231-B
Compressor Oil (R-134a
Systems)
F7AZ-19589-DA
(Motorcraft YN-12-C)

Refrigerant Compressor ESH-M2C31-A2
Oil (Mineral Oil)
F73Z-19577-AA
(Motorcraft YN-9-A)

Removal and Installation
4. Disconnect the compressor manifold and tube

CAUTION: Refrigerant Compressor Oil suction fitting.
(Mineral Oil) F73Z-19577-AA (Motorcraft 1 Remove the screw.
YN-9-A) should be used to lubricate R-134a

2 Disconnect the fitting.refrigerant system O-ring seals only and should
• Discard the O-ring seal.not be added to R-134a refrigerant systems as an

A/C compressor lubricant. PAG  Refrigerant
Compressor Oil F7AZ-19589-DA (Motorcraft
YN-12-C) or equivalent meeting Ford
specification WSH-M1C231-B only should be
used as an A/C compressor lubricant.

NOTE: Installation of a new suction accumulator is
not required when repairing the air conditioning
system except when there is physical evidence of
system contamination from a failed A/C compressor
or damage to the suction accumulator.

1. Remove the A/C compressor. For additional
information, refer to Air Conditioning (A/C)
Compressor — 6.0L Diesel in this section. 5. Remove the compressor manifold and tube

bracket bolt.
2. Remove the RH intercooler tube.
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412-03A-2 412-03A-2Air Conditioning

REMOVAL AND INSTALLATION (Continued)

6. Disconnect the pressure cutoff switch electrical 9. Evacuate, leak test and charge the refrigerant
connector. system. For additional information, refer to

Section 412-00.
7. Remove the compressor manifold and tube

assembly.

8. To install, reverse the removal procedure.

• Install new O-ring seals lubricated in clean
mineral oil.

• Lubricate the refrigerant system with the
correct amount of clean PAG oil. For
additional information, refer to Section
412-00.
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412-03A-1 412-03A-1Air Conditioning

REMOVAL AND INSTALLATION

Condenser to Evaporator Line

Material

Item Specification

PAG Refrigerant WSH-M1C231-B
Compressor Oil (R-134a
Systems)
F7AZ-19589-DA
(Motorcraft YN-12-C)

Refrigerant Compressor ESH-M2C31-A2
Oil (Mineral Oil)
F73Z-19577-AA
(Motorcraft YN-9-A)

Vehicles with 4.6L, 5.4L or 6.8L engine
Removal and Installation

3. Remove the engine air cleaner (9600) and the
CAUTION: Refrigerant Compressor Oil air cleaner outlet tube (9B659). For additional

(Mineral Oil) F73Z-19577-AA (Motorcraft information, refer to Section 303-12.
YN-9-A) should be used to lubricate R-134a
refrigerant system O-ring seals only and should 4. CAUTION: Use a wrench on each side
not be added to R-134a refrigerant systems as an of the fitting to prevent damage to the A/C
AC compressor lubricant. PAG  Refrigerant fitting.
Compressor Oil F7AZ-19589-DA (Motorcraft

Disconnect the condenser core refrigerant lines.YN-12-C) or equivalent meeting Ford
1 Disconnect the compressor discharge line.specification WSH-M1C231-B only should be

used as an A/C compressor lubricant. 2 Disconnect the condenser to evaporator tube
(19835).

NOTE: Installation of a new suction accumulator is
• Discard the O-ring seals.not required when repairing the air conditioning

system except when there is physical evidence of
system contamination from a failed A/C compressor
or damage to the suction accumulator.

All vehicles

1. Recover the refrigerant. For additional
information, refer to Section 412-00.

Vehicles with 6.0L diesel engine

2. Disconnect the condenser fitting.

• Discard the O-ring seal.
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412-03A-2 412-03A-2Air Conditioning

REMOVAL AND INSTALLATION (Continued)

Vehicles with auxiliary A/C All vehicles

5. Remove the four clamps. 7. CAUTION: Use a wrench on each side
of the fitting to prevent damage to the A/C1 Remove the screw.
fitting.2 Remove the clamp.
Disconnect the A/C evaporator core (19860)
fitting.

1 Remove the screw.

2 Disconnect the A/C evaporator core fitting.

• Discard the O-ring seal.

6. Disconnect the underbody tube spring lock
coupling.

• Discard the O-ring seals.

8. Remove the condenser-to-evaporator tubes.

9. To install, reverse the removal procedure.

• Install new O-ring seals lubricated in clean
mineral oil.

• Lubricate the refrigerant system with the
correct amount of clean PAG oil. For
additional information, refer to Section
412-00.

10. Evacuate, leak test and charge the A/C system.
For additional information, refer to Section
412-00.
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412-03B-1 412-03B-1Auxiliary Climate Control

General Specifications (Continued)
SPECIFICATIONS

Item Specification
General Specifications

O-ring Lubricant
Item Specification

Refrigerant Compressor ESH-M2C31-A2
Lubricants Oil (Mineral Oil)

F73Z-19577-AAPAG Refrigerant WSH-M1C231-B
(Motorcraft YN-9-A)Compressor Oil (R-134a

Systems) F7AZ-19589-DA
(Motorcraft YN-12-C)
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412-03B-1 412-03B-1Auxiliary Climate Control

Heater Core
DESCRIPTION AND OPERATION

Auxiliary Climate Control The auxiliary A/C system uses a rear-mounted
heater core (18476) which operates in the sameAn optional auxiliary air conditioning and heating
manner as the front mounted heater core. Forsystem is available on the Econoline vehicles. The
additional information, refer to  Section 412-02.auxiliary climate control housing is located on the

LH side of the vehicle between the side windows A/C Evaporator Core
and the floorpan, behind the rear wheel  well.

The auxiliary A/C system uses a rear-mounted A/C
Air Distribution evaporator core (19860) which operates in the same

manner as the front mounted A/C evaporator core.Vehicles with trim have a vertical duct that supplies
For additional information, refer to  Sectionair to the integral headliner air conditioning duct.
412-03A.Air is supplied to the passengers through six

adjustable registers. The heater floor duct is integral Thermostatic Expansion Valve
to the side trim panel and has four  fixed registers
for optimum heater air distribution. The trim panel
connects directly to the auxiliary A/C-heater unit.

Vehicles without trim do not have overhead
registers, heater floor ducts or registers. A unique
A/C register is used to distribute air-conditioned air,
and a heater outlet duct assembly distributes heated
air.

System Airflow

The function selector switch (located in the front
A/C control (19980)) controls the air distribution for
both the front and auxiliary systems.

• The mode door is driven by a vacuum control
motor (18A318) to its predetermined position.

• When the function selector switch is in the
FLOOR or MIX position, the auxiliary system
will direct air to the floor. 

• When the function selector switch is in the VENT
position, the auxiliary system will direct air to the
overhead vents.

• When the function selector switch is in the
NORM A/C or MAX A/C position,
air-conditioned air is distributed through the A/C
registers.

Item Part Number Description• The auxiliary system uses only recirculated air
from the vehicle interior. Outside air intake is not 1 19849 Thermostatic expansion valve
available. 2 19860 A/C evaporator core

Blower Motor A thermostatic expansion valve (TXV) (19849)
regulates the flow of refrigerant into the auxiliaryThe auxiliary climate control assembly contains a
A/C evaporator core. It is also the dividing point inblower motor (19805). It is controlled by the heater
the system between low- and high-pressure sides.blower motor switch (18578) on the front climate

control assembly.

Copyright  2003, Ford Motor Company
Last updated: 10/24/2003 2004 E-Series, 11/2003 



412-03B-2 412-03B-2Auxiliary Climate Control

DESCRIPTION AND OPERATION (Continued)

The temperature sensing bulb measures the • When the bulb senses a low temperature, the
temperature of the refrigerant in the suction line and TXV starts closing to shut off the refrigerant to
transmits it to the TXV. This temperature variation the auxiliary A/C evaporator core.
regulates the refrigerant flow to the auxiliary A/C
evaporator core.

• When the bulb senses a high temperature, the
TXV opens and provides refrigerant through the
auxiliary A/C evaporator core. 
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DIAGNOSIS AND TESTING

Air Conditioning
Refer to Section 412-00.

Copyright  2003, Ford Motor Company
Last updated: 10/24/2003 2004 E-Series, 11/2003 
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4. Disconnect the refrigerant line spring lock
REMOVAL AND INSTALLATION

couplings.Air Conditioning and Heater
• Discard the O-ring seals.Assembly

Material

Item Specification

PAG Refrigerant WSH-M1C231-B
Compressor Oil for
(R-134a Systems)
F7AZ-19589-DA
(Motorcraft YN-12-C)

Refrigerant Compressor ESH-M2C31-A2
Oil (Mineral Oil)
F73Z-19577-AA
(Motorcraft YN-9-A)

Removal
5. If equipped, remove the LH quarter trim panel.

For additional information, refer to SectionCAUTION: Refrigerant Compressor Oil
501-05.(Mineral Oil) F73Z-19577-AA (Motorcraft

YN-9-A) should be used to lubricate R-134a
6. Remove the auxiliary plenum chamber (18471).refrigerant system O-rings seals only and should

not be added to R-134a refrigerant systems as an 1 Remove the screw.
A/C compressor lubricant. PAG  Refrigerant 2 Remove the auxiliary plenum chamber.
Compressor Oil F7AZ-19589-DA (Motorcraft
YN-12-C) or equivalent meeting Ford
specification WSH-M1C231-B only should be
used as an A/C compressor lubricant.

1. Recover the refrigerant. For additional
information, refer to Section 412-00.

2. Drain the engine cooling system. For additional
information, refer to Section 303-03.

3. Disconnect the heater hoses (18472).
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REMOVAL AND INSTALLATION (Continued)

7. NOTE: Do not spill any remaining coolant or 8. To install, reverse the removal procedure.
refrigerant oil while removing the air • Lubricate the coolant hoses using plain
conditioning and heater assembly. water, if needed.
Remove the air conditioning and heater • Install new O-ring seals lubricated in clean
assembly. mineral oil.
1 Remove the screws. • Lubricate the refrigerant system with the
2 Remove the air conditioning and heater correct amount of clean PAG oil. For

assembly. additional information, refer to Section
412-00.

9. Evacuate, leak test and charge the refrigerant
system. For additional information, refer to
Section 412-00.

10. Fill the engine cooling system. For additional
information, refer to Section 303-03.

2004 E-Series, 11/2003 



412-03B-1 412-03B-1Auxiliary Climate Control

3. Remove the blower motor resistor (18591).
REMOVAL AND INSTALLATION

Blower Motor Resistor 1 Remove the screws.

2 Remove the blower motor resistor.
Removal and Installation

1. If equipped, remove the LH quarter trim panel.
For additional information, refer to Section
501-05.

2. Disconnect the blower motor resistor electrical
connector.

4. To install, reverse the removal procedure.
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3. NOTE: Note the location of the blower motor
REMOVAL AND INSTALLATION

wheel (18504) on the blower motor.Blower Motor
Remove the blower motor wheel.

Removal and Installation 1 Remove the retaining clip.

2 Remove the blower motor wheel.
1. If equipped, remove the LH quarter trim panel.

For additional information, refer to Section
501-05.

2. Remove the blower motor (19805).

1 Disconnect the blower motor electrical
connector.

2 Remove the blower motor housing cooling
tube (19A786).

3 Remove the screws.

4 Remove the blower motor.

4. To install, reverse the removal procedure.
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REMOVAL AND INSTALLATION

Evaporator Core

Removal and Installation

1. Remove the air conditioning and heater
assembly. For additional information, refer to
Air Conditioning and Heater Assembly in this
section.

2. Disconnect the evaporator core spring lock
couplings.

• Discard the O-ring seals. 5. Remove the A/C evaporator core (19860).

1 Remove the seal.

2 Remove the A/C evaporator core.

3. Position the heater water hoses out of the way.

6. Remove the seal.

4. Remove the evaporator case cover.

1 Remove the screws.

2 Remove the evaporator case cover. 7. Remove the thermostatic expansion valve
(TXV).

8. To install, reverse the removal procedure.
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2. Rotate the A/C register with the removal tool to
REMOVAL AND INSTALLATION

align the retaining ears with the clearanceRegister — Overhead A/C
openings and remove the A/C register.

Removal

1. Fabricate a removal tool from a 1/8 inch
diameter rod.

Installation

1. To install, reverse the removal procedure.
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4. Remove the heater core.
REMOVAL AND INSTALLATION

Heater Core 1 Remove the heater core case seal.

2 Remove the heater core.
Removal and Installation

NOTE: If a heater core leak is suspected, the heater
core must be leak tested before it is removed from
the vehicle. For additional information, refer to
Section 412-00.

1. If equipped, remove the LH quarter trim panel.
For additional information, refer to Section
501-05.

2. Remove the heater core cover.

1 Remove the screws.

2 Remove the heater core cover.
5. To install, reverse the removal procedure.

• Lubricate the coolant hoses with plain water,
if needed.

6. Fill the engine cooling system. For additional
information, refer to Section 303-03.

3. Clamp off and disconnect the heater hoses.
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3. Remove the thermostatic expansion valve
REMOVAL AND INSTALLATION

(TXV) (19849).Thermostatic Expansion Valve
1 CAUTION: Use a wrench on each

Material side of the fitting to prevent damage to
the A/C fitting.Item Specification
Disconnect the refrigerant lines.Refrigerant Compressor ESH-M2C31-A2

Oil (Mineral Oil) 2 Remove the TXV.
F73Z-19577-AA
(Motorcraft YN-9-A)

Removal and Installation

1. CAUTION: Refrigerant Compressor
Oil (Mineral Oil) F73Z-19577-AA
(Motorcraft YN-9-A) should be used to
lubricate R-134a refrigerant system O-rings
seals only and should not be added to R-134a
refrigerant systems as an A/C compressor
lubricant. PAG  Refrigerant Compressor Oil
F7AZ-19589-DA (Motorcraft YN-12-C) or
equivalent meeting Ford specification
WSH-M1C231-B only should be used as an 4. To install, reverse the removal procedure.
A/C compressor lubricant.

• Install new O-ring seals lubricated in clean
Remove the A/C evaporator core (19860). For mineral oil.
additional information, refer to Evaporator Core
in this section.

2. NOTE: Care must be taken not to damage the
capillary bulb or tube.

Separate the capillary bulb from the outer
evaporator outlet tube.

1 Remove the A/C insulating tape and save
for reuse.

2 Remove the clip securing the capillary bulb
to the tube.
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REMOVAL AND INSTALLATION

Auxiliary Blend Door Actuator

Removal

1. Remove the air conditioning and heater
assembly. For additional information, refer to
Air Conditioning and Heater Assembly in this
section.

2. Remove the vacuum line.

4. Disconnect the vent door from the vacuum
control motor.

Installation

1. To install, reverse the removal procedure.

3. Remove the vacuum control motor (18A318).

1 Remove the screw.

2 Unsnap and remove the vacuum control
motor.
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GENERAL PROCEDURES
A/C refrigerant analysisAir Conditioning (A/C) System Check

— Retail Procedure
2. Carry out air conditioning refrigerant analysis.

For additional information, refer to RefrigerantNOTE: This Retail Procedure is not eligible for
Identification Testing in this section.claims on Ford paid repairs (warranty and ESP).
• If the refrigerant fails the analysis,

NOTE: The engine should be run at idle for 10 discontinue diagnosis and make
minutes with the air conditioning on and set to recommendations for repairs.
MAX A/C (if equipped) or FULL COOL and

• If the refrigerant passes the analysis, carry
RECIRC (if equipped) before carrying out this retail

out the air conditioning system check.
procedure.

Air conditioning system check
NOTE: Read and follow all of the Warnings,
Cautions and Notes at the beginning of this section

3. Connect an R-134a manifold gauge set orbefore continuing.
refrigerant service center with gauges to the

Visual inspection refrigerant system.

• With the vehicle in park, parking brake set,
1. Open the hood and visually inspect the heating thermometer installed in center panel vent,

and air conditioning systems for the following: and air conditioning system on and set to
MAX A/C (if equipped) or FULL COOL• Coolant reservoir for correct coolant level
and RECIRC (if equipped), start the engine.

• Heater hoses for deterioration or loose
• Record the air refrigerant system pressuresconnections

while running the engine at 1,500 rpm and
• Radiator and condenser for foreign material allow the engine to return to idle.

or damaged fins restricting airflow, loose
• Operate the blower motor in all controlmounting or connections

positions and check for correct blower speed
• Accessory drive belt(s) and cooling fan(s) changes.

for wear or physical damage
• With the blower motor on MED HI, operate

• Refrigerant lines and connections for the air discharge mode selector in all
physical damage or loose connections positions and check for correct airflow in

• Compressor for physical damage or loose each position.
connections • Operate the temperature blend selector in all

• Suction accumulator (if equipped) or positions and check for correct change in
receiver/drier (if equipped) for physical discharge temperature. Check the air
damage or loose connections discharge temperature with the selector in

the coolest position and the air conditioning• Wiring and connectors for excessive wear,
on and set to MAX A/C (if  equipped) orloose or damaged connections, or incorrect
FULL COOL and RECIRC (if equipped) torouting
determine if the air discharge temperature is
acceptable for the current ambient air
temperature.

• Carry out the ATC self-test (if applicable).

If the refrigerant system pressures were low,
carry out the refrigerant system leak test.
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GENERAL PROCEDURES (Continued)

Refrigerant system leak test

4. Use either an ultraviolet (UV) or an electronic
leak detector to check for leaks at all refrigerant
lines, connections, and components.

After all tests have been completed, report all
findings and recommended repairs to your
service advisor before carrying out further
diagnostic procedures.
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GENERAL PROCEDURES

Spring Lock Coupling 3. CAUTION: Do not use a screwdriver
or similar tool to remove the A/C tube lock
coupling spring; this can cause axialSpecial Tool(s)
scratches across the O-ring seal grooves

Remover, Refrigerant Coupling resulting in refrigerant leaks.Spring
412-039 (T84L-19623-B) Remove the spring lock coupling spring with a

small hooked wire.

Material

Item Specification

PAG Refrigerant WSH-M1C231-B
Compressor Oil (R-134a
Systems)
YN-12-D

Disconnect

1. Remove the spring lock coupling clip, if
Cleaningequipped.

1. Fabricate a cleaning tool from a 1/8-in diameter2. CAUTION: Do not use metal tools to
brazing rod.remove the O-ring seals. They can cause

axial scratches across the O-ring seal
grooves, resulting in refrigerant leaks.

Push the tool into the cage opening to release
the female fitting from the spring lock coupling
spring and pull the fitting apart.

• Remove the O-ring seals using a
non-metallic tool.

2. Cut an abrasive pad from maroon colored 3M
Scotch Brite with the dimensions
corresponding to the coupling size.

Coupling Size Pad Size

3/8 in 25 x 50 mm (1 x 2 in)

1/2 in 25 x 50 mm (1 x 2 in)

5/8 in 25 x 76 mm (1 x 3 in)

3/4 in 25 x 102 mm (1 x 4 in)
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412-00-2 412-00-2Climate Control System - General Information

GENERAL PROCEDURES (Continued)

3. Assemble the pad to the tool.

10. Remove any foreign material from the grooves
with a lint-free cloth.

4. Coat the abrasive pad with PAG oil.
Connect

5. Roll the pad on the tool and install it in a
variable speed drill motor. 1. Install the spring lock coupling spring.

6. CAUTION: Maintain low speed drill
rotation when inserting or removing the
cleaning tool to prevent axial scratches which
may cause future leaks.

Polish for one minute at moderate speed (less
than 1,500 rpm) or until the surface is clean
and free of scratches or foreign material.

2. Lubricate the inside of the coupling with PAG
oil.

7. Clean the fitting with a lint-free cloth.

8. Inspect the surface for grooves or scratches. If
grooves and scratches are still present, install a
new component.

9. Clean the O-ring seal grooves with a 300 mm
(12 in) length of natural fiber string.

• Loop the string around the grooves and pull
the string back and forth.
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GENERAL PROCEDURES (Continued)

4. Connect the spring lock coupling fittings with a3. CAUTION: Use only the new O-ring
twisting motion until the spring lock couplingseals. The use of any O-ring seals other than
spring snaps over the flared end of the femalethose specified in the Ford Master Parts
fitting.Catalog may result in intermittent leakage

during vehicle operation.

Install the O-ring seals.

5. Install the spring lock coupling clip.
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GENERAL PROCEDURES

Heater Hose Coupling

Special Tool(s)

Remover, Heater Hose Inlet
Tube
412-042 (T85T-18539-AH)

Disconnect

5. Plug the heater water hose.
1. WARNING: The engine must be off,

6. Remove the white coupling retainer from thefully cool and the cooling system fully
tube.depressurized before attempting to

disconnect any heater water hoses. Failure to
7. Spread the retainer tabs apart and slide thecomply with this warning can result in

retainer off the tube.serious injury or burns from hot liquid
escaping out of the  engine cooling system.

Depressurize the engine cooling system.

2. Push the heater water hose toward the tube to
fully expose the locking tabs.

3. NOTE: When compressing the white coupling
retainer, the Heater Hose Disconnect Tool must
be perpendicular to and on the highest point of
the coupling.

Push the special tool over the coupling retainer
windows to compress the retainer locking tabs.

8. Discard the retainer.

4. NOTE: A slight twisting motion while pulling
on the heater water hose may be necessary to
assist in the removal.

Pull the heater water hose away from the heater
core tube.
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GENERAL PROCEDURES (Continued)

Connect 3. Push the heater water hose with a quick
disconnect coupling onto the tube.

1. Clean the tubes and lubricate with plain water.

2. Install a new coupling retainer, spacer, and
lubricated O-ring seals into the quick disconnect
coupling housing.

4. Make sure the coupling is fully engaged by
lightly pulling on the heater water hose.
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GENERAL PROCEDURES

3. Set the climate controls.Refrigerant System Tests
• If equipped with manual climate control, set

Special Tool(s) the A/C controls for normal A/C-PANEL
mode, full COOL temperature, FRESH air,

R-134a Refrigerant Center
HI Blower. If the vehicle has a fresh176-00002 or equivalent
air/recirc button, set it to FRESH. If the
vehicle has an A/C switch or compressor
on switch, set it to A/C ON.

• If equipped with ATC, set temperature to
15° C (60° F) (lowest possible temp setting)
with the dual function disabled (ifR-134a Refrigerant Center
equipped). Manually set blower on high. If023-00174 or equivalent
the vehicle has a fresh air/recirc button, set
it to FRESH. If the  vehicle has an A/C
switch or compressor on switch, set it to
A/C ON.

• If the vehicle is equipped with auxiliary
R-134a Manifold Gauge Set climate control, set the auxiliary controls to
023-00047 or equivalent full COOL in the PANEL mode at HI

blower speed.

4. Open all vehicle windows and leave the hood
open for the test. Open the rear hatch and/or
rear doors (if equipped).

Procedure 1 — Ambient Temperature At 5. Confirm the compressor clutch is engaged and
or Below 38°C (100°F) the engine cooling fan(s) are operating or

engaged. Allow the vehicle to idle until the
NOTE: The system performance can be evaluated suction (low-side) and discharge (high-side)
and diagnosed by analysis of the compressor suction pressures are stable or fluctuate in a range that
and discharge pressures. The following procedure is repeats.
used to determine if the system is operating at
normal pressures. 6. Record the ambient (shop) temperature.

NOTE: The procedure varies depending on the 7. Record the discharge pressure. If the pressure is
ambient (shop) temperature. If the ambient fluctuating, record the average value.
temperature is 38°C (100°F) or lower, follow
Procedure 1. If the ambient temperature is over
38°C (100°F), follow Procedure 2.

NOTE: If the A/C compressor cycles at any time
during this test, refer to the diagnostic table.

1. Drive the vehicle or run the engine until it
reaches normal operating temperature.

2. Connect a manifold gauge set or refrigerant
service center with high-pressure and
low-pressure gauges to the refrigerant system.
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GENERAL PROCEDURES (Continued)

8. Determine if the discharge pressure falls within
the normal operating limits using the Normal
Refrigerant Discharge Pressures chart.

9. Record the suction pressure. If the pressure is
fluctuating, record the average value.
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GENERAL PROCEDURES (Continued)

10. Determine if the suction pressure falls between
normal operating limits using the Normal
Refrigerant Suction Pressures chart.

11. Proceed to the diagnostic table. 3. Set the climate controls.

• If equipped with manual climate control, setProcedure 2 — Ambient Temperature Above
the A/C controls for normal A/C-PANEL38°C (100°F)
mode, full COOL temperature, FRESH air,
MED LO blower. If the vehicle has a freshNOTE: The system performance can be evaluated
air/recirc button, set it to FRESH. If theand diagnosed by analysis of the compressor suction
vehicle has an A/C switch or  compressorand discharge pressures. The following procedure is
on switch, set it to A/C ON.used to determine if the system is operating at

• If equipped with ATC, set temperature tonormal pressures.
15°C (60°F) (lowest possible temp setting).

NOTE: The procedure varies depending on the Manually set blower to MED LO (3 to 4
ambient (shop) temperature. If the ambient bars). If the vehicle has a fresh air/recirc
temperature is 38°C (100°F) or lower, follow button, set it to FRESH. If the vehicle has
Procedure 1. If the ambient temperature is over an A/C switch or  compressor on switch, set
38°C (100°F), follow Procedure 2. it to A/C ON.

• If the vehicle is equipped with auxiliary
1. Drive the vehicle or run the engine until it climate control, set the auxiliary controls to

reaches normal operating temperature. full COOL in the PANEL mode at MED
LO blower speed.2. Connect a manifold gauge set or refrigerant

service center with high-pressure and
low-pressure gauges to the refrigerant system.
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GENERAL PROCEDURES (Continued)

4. Open all vehicle windows and leave the hood 6. Record the ambient (shop) temperature.
open for the test. Open the rear hatch and/or

7. Record the discharge pressure. If the pressure isrear doors (if equipped).
fluctuating, record the average value.

5. Confirm the compressor clutch is engaged and
8. Determine if the discharge pressure falls withinthe engine cooling fan(s) are operating or

the normal operating limits using the Normalengaged. Allow the vehicle to idle until the
Refrigerant Discharge Pressures chart.suction (low-side) and discharge (high-side)

pressures are stable or fluctuate in a range that
repeats.

9. Record the suction pressure. If the pressure is
fluctuating, record the average value.
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GENERAL PROCEDURES (Continued)

10. Determine if the suction pressure falls between
normal operating limits using the Normal
Refrigerant Suction Pressures chart.

Diagnostic Table11. Proceed to the diagnostic table.

1. NOTE: The following table is used to guide
diagnosis of the refrigerant system if operating
pressures are outside normal limits.

Refer to the chart below.

High (Discharge) Pressure Low (Suction) Pressure Component — Causes

High or clutch cycling High Condenser — inadequate airflow.

High Normal to high Engine — overheating.

Normal to high Normal Refrigerant overcharge — air in
refrigerant.

Normal to low High Fixed orifice tube — missing O-rings
leaking/missing.

Normal to low Normal to high A/C suction line — partially
restricted or pluggeda.

Normal to low Low or clutch cycling Low refrigerant charge, A/C suction
line — partially restricted or pluggedb

A/C  cycling switch — sticking
closed.
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GENERAL PROCEDURES (Continued)

High (Discharge) Pressure Low (Suction) Pressure Component — Causes

Erratic operation or compressor not running A/C cycling switch — poor
connection at A/C clutch connector or
clutch cycling switch connector. A/C
electrical circuit erratic — see A/C
Electrical Circuit Wiring Diagram.

Normal to low High Compressor — low performance.

Additional Possible Cause Components Associated With Inadequate Compressor Operation

• Compressor drive belt — loose
• Compressor clutch — slipping
• Clutch coil open — shorted, or loose mounting
• Control assembly switch — dirty contacts or sticking open
• Clutch wiring circuit — high resistance, open or blown fuse
• Compressor operation interrupted by engine computer

Additional Possible Cause Components Associated With a Damaged Compressor

• Incorrect clutch air-gap
• Suction accumulator — refrigerant oil bleed hose plugged
• Refrigerant leaks

a Low pressure reading will be normal to high if pressure is taken at accumulator and if restriction is downstream of
service access valve.

b Low pressure reading will be low if pressure is taken near the compressor and restriction is upstream of service
access valve.
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GENERAL PROCEDURES

2. Remove the clutch plate. Add or removeAir Conditioning (A/C) Clutch Air Gap
spacers between the clutch plate hub and theAdjustment
compressor shaft until the clearance is within
specification.

1. Check the A/C clutch air gap at 3 equally
spaced places between the clutch plate and the
A/C clutch pulley.
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GENERAL PROCEDURES

Electronic Leak Detection

Special Tool(s)

H10PM Refrigerant Leak
Detector With Battery
216-00001 or equivalent

CAUTION: Good ventilation is necessary
in the area where electronic A/C leak testing is to 2. If a leak is found, recover the refrigerant. For
be carried out. If the surrounding air is additional information, refer to Air Conditioning
contaminated with refrigerant gas, the leak (A/C) System Recovery, Evacuation and
detector will indicate this gas all the time. Odors Charging in this section.
from other chemicals  such as antifreeze, diesel

• Repair the system.fuel, disc brake cleaner or other cleaning solvents
• Test the system for normal operation.can cause the same problem. Using a fan to

ventilate the area to be tested before proceeding
with the leak detection procedure is helpful in
removing small traces of  contamination from the
air, but the fan should be turned off during
actual testing.

1. NOTE: The system pressure should be between
413-551 kPa (60-80 psi) at 24°C (75°F) with
the engine off.

Leak test the refrigerant system using the leak
detector. Follow the instructions included with
the leak detector for handling and operation
techniques.
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GENERAL PROCEDURES
Special Tool(s)Fluorescent Dye Leak Detection

Deluxe Injector Loop Kit
219-00069 or equivalentSpecial Tool(s)

R-134a Refrigerant Center
176-00002 or equivalent

R-134a Leak Detection Dye
164-R6060

R-134a Refrigerant Center
023-00174 or equivalent

Fluorescent Dye Detection

R-134a Manifold Gauge Set NOTE: Ford Motor Company vehicles are produced
023-00047 or equivalent with R-134a fluorescent dye installed in the

refrigerant system from the factory. The location of
leaks can be pinpointed by the bright yellow-green
glow of the fluorescent dye under a UV lamp. Since
more than one leak can exist, make sure to inspect
each component, line and fitting in the refrigerant
system for a leak.120 Watt UV Spot Lamp

164-R0721 or equivalent
1. Check for leaks using a Rotunda-approved UV

lamp.

• Inspect all components, lines and fittings of
the refrigerant system.

High Intensity UV Lamp — 12
Volt
164-R6000 or equivalent

R-134a Fluorescent Dye Injector
164-R0775 or equivalent

2. If a leak is found, recover the refrigerant. For
additional information, refer to Air Conditioning(Continued)

(A/C) System Recovery, Evacuation and
Charging in this section.

3. Repair the refrigerant system leak(s).
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GENERAL PROCEDURES (Continued)

4. Evacuate and charge the refrigerant system. For NOTE: Only connect the R-134a fluorescent dye
injector to a manifold and gauge set or R-134aadditional information, refer to Air Conditioning
service center when fluorescent dye is to be(A/C) System Recovery, Evacuation and
injected. The R-134a fluorescent dye injector has aCharging in this section.
one way check valve that will prevent refrigerant

5. After the leak(s) is repaired, remove any traces system  recovery and evacuation.
of fluorescent dye with a general purpose oil

NOTE: Refrigerant system pressure should besolvent.
between 413-551 kPa (60-80 psi) at 24°C (75°F)
with the engine off.6. Verify the repair by running the vehicle for a

short period of time and rechecking the area of
1. Connect an R-134a A/C refrigerant servicethe leak with a Rotunda-approved UV lamp.

center or a manifold and gauge set to the
refrigerant system service port valves.

2. Verify that the valves on the fluorescent dye
injector are closed.

Fluorescent Dye Injection — Using an A/C
Refrigerant Center and Dye Injector

NOTE: Fluorescent refrigerant system dye is added
to the refrigerant system at the factory to assist in

3. Fill the fluorescent dye injector reservoir with 7refrigerant system leak diagnosis using a
ml (0.25 oz) of fluorescent dye.Rotunda-approved ultraviolet blacklight. It is not

necessary to add additional dye to the refrigerant
system before diagnosing leaks, even if a significant
amount of refrigerant has been removed from the
system. Replacement suction accumulators and
receiver/driers are shipped with a fluorescent dye
‘‘wafer’’ included in the desiccant bag which will
dissolve after approximately 30 minutes of
continued A/C operation. It is not necessary to add
dye after flushing or filtering the refrigerant system
because a new suction accumulator or receiver/drier
is installed as part of the flushing or  filtering
procedure. Additional refrigerant system dye should
only be added if more than 50% of the refrigerant
system lubricant capacity has been lost due to a

4. Install the fluorescent dye injector between the
fitting separation, hose rupture or other damage.

low-pressure service gauge port valve and the
R-134a refrigerant service center or manifoldNOTE: Before using the R-134a fluorescent dye
gauge set.injector for the first time, refer to the

manufacturer’s instructions on evacuation of any
non-condensable gasses from the hoses.
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GENERAL PROCEDURES (Continued)

5. Open all valves and inject the fluorescent dye
into the refrigerant system.

6. When fluorescent dye injection is complete,
close all valves.

7. Recover the refrigerant from the R-134a
fluorescent dye injector.

8. Remove the fluorescent dye injector from the
low-pressure service gauge port valve and the
R-134a A/C refrigerant service center or
manifold gauge set.

2. Fill the deluxe injector loop kit reservoir with 7
Fluorescent Dye Injection — Using a Dye ml (0.25 oz) of fluorescent dye.Injector Loop Kit

NOTE: Fluorescent refrigerant system dye is added
to the refrigerant system at the factory to assist in
refrigerant system leak diagnosis using a
Rotunda-approved ultraviolet blacklight. It is not
necessary to add additional dye to the refrigerant
system before diagnosing leaks, even if a significant
amount of refrigerant has been removed from the
system. Replacement suction accumulators and
receiver/driers are shipped with a fluorescent dye
‘‘wafer’’ included in the desiccant bag which will
dissolve after approximately 30 minutes of
continued A/C operation. It is not necessary to add
dye after flushing or filtering the refrigerant system 3. Install the deluxe injector loop kit between the
because a new suction accumulator or receiver/drier high-pressure and low-pressure service gauge
is installed as part of the flushing or  filtering port valves.
procedure. Additional refrigerant system dye should
only be added if more than 50% of the refrigerant 4. CAUTION: Make sure all tools and
system lubricant capacity has been lost due to a hoses are clear of the engine cooling fan and
fitting separation, hose rupture or other damage. drive belt before starting the engine.

NOTE: Before using the R-134a fluorescent dye Start the engine.
injector for the first time, refer to the equipment

5. Open the high-pressure service valve.manufacturer’s instructions on evacuation of
non-condensable gasses from the hoses.

NOTE: Refrigerant system pressure should be
between 413-551 kPa (60-80 psi) at 24°C (75°F).

1. Verify that the valves on the deluxe injector
loop kit are closed.
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GENERAL PROCEDURES (Continued)

6. Open the deluxe injector loop kit valves and 8. NOTE: Close the valves on the deluxe injector
inject the fluorescent dye into the refrigerant loop kit while the A/C compressor is operating.
system. Close the valves on the deluxe injector loop kit.

7. Close the high-pressure service valve to allow 9. NOTE: Leave all valves on the special tool
the pressure inside the deluxe injector loop kit closed when not in use.
to equalize with the suction side of the

Disconnect the high-pressure and low-pressurerefrigerant system.
service valves and remove the deluxe injector
loop kit from the vehicle.
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Air Conditioning (A/C) System CAUTION: An A/C refrigerant analyzer
must be used before the recovery of any vehicle’sFlushing
A/C refrigerant. Failure to do so puts the shop’s
bulk refrigerant at risk of contamination. If theSpecial Tool(s)
vehicle’s A/C refrigerant is contaminated, refer

A/C Flush and Purge Machine the customer to  the service facility that carried
219-00022 (part of 219-00023) out the last A/C service. If the customer wishesor equivalent

to pay the additional cost, use the A/C recovery
equipment that is designated for recovering
contaminated A/C refrigerant. All contaminated
A/C refrigerant must be  disposed of as
hazardous waste. For all equipment, follow the

A/C Flush and Purge Fitting Kit equipment manufacturer procedures and
219-00024 (part of 219-00023) instructions.
or equivalent

CAUTION: Suction accumulator or
receiver/drier, thermal expansion valve (TXV)
and/or evaporator core orifice, and hoses with
mufflers, should be removed when flushing the

A/C Flush Adapter Kit A/C system. Internal plumbing of these devices
219-00074 or equivalent makes it impossible to correctly  remove any

residual-flushing agent. These components are
typically discarded after A/C system
contamination. Hoses without mufflers can
normally be reused unless they are clogged with
foreign material. The 3.785 liters (1 gallon) of
A/C System  Flushing Solvent YN-23 and FL1-A

Material
filter used in A/C Flush and Purge Machine

Item Specification 219-00022 are intended for use on one vehicle
only. They may be used to flush both the A/CA/C System Flushing —

Solvent condenser core and the A/C evaporator core on
YN-23 an individual vehicle, but under no
PAG Refrigerant WSH-M1C231-B circumstances should they be used on more than
Compressor Oil (R-134a one vehicle.
Systems)
YN-12-D NOTE: Prior to using the A/C Flush and Purge

Machine 219-00022 for the first time, review the
WARNING: Use extreme care and observe operating instructions.

all safety and service precautions related to the
use of refrigerants. NOTE: Only the A/C Flush and Purge Machine kit

219-00023, which includes A/C Flush and Purge
WARNING: Due to refrigerant hazards, Machine 219-00022, A/C Flush and Purge Fitting

always wear safety goggles and non-penetrable Kit 219-00024 and A/C Systems Flushing Solvent,
gloves when working on or flushing A/C systems. is approved for use on Ford vehicles. No other

flushing device  or solvent is approved for flushing
heat exchangers (A/C condenser, A/C evaporator).
Use of any other flusher or solvent may cause
damage to the A/C system and the flushing unit.
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GENERAL PROCEDURES (Continued)

NOTE: Ford Motor Company has approved a 4. NOTE: Use 3.785L (1 gal) of A/C Systems
procedure to provide technicians with a non-CFC Flushing Solvent to flush the heat exchanger for
method of flushing contaminated A/C system heat a minimum of 15 minutes. The flush solvent
exchangers. The procedure allows the specific may be used for one or both heat exchangers in
components to be cleaned and flushed while the A/C system. However, the flush solvent is
installed in their normal  in-vehicle location. The intended for one vehicle  only. The filter used
types of contamination flushed include particle on the flushing unit is also intended for use on
matter that results from A/C compressor or one vehicle only. 
desiccant failure and gummy residue that can form Flush the heat exchanger for a minimum of 15
when refrigerant oil is overheated during A/C minutes.
compressor seizure. The flushing  process is a
2-step procedure that involves the use of an A/C 5. Apply 621-862 kPa (90-125 psi) pressurized air
Flush and Purge Machine 219-00022 to: to the component for a minimum of 30 minutes.

The 30-minute purge time is required to force• circulate the flushing solvent through the heat
and evaporate all residual solvent from the A/Cexchanger in the reverse direction of normal
system component. Failure to successfullyrefrigerant flow (back-flushing). Particulate matter
remove all  residual solvent within thepicked up during flushing is filtered from the
component can result in system damage whenreturning solvent before the solvent is returned to
reconnected and operated. Dispose of the usedthe reservoir for continued circulation.
flush solvent and filter in accordance with local,

• remove the flushing solvent from the heat state and federal regulations.
exchanger. In this step of the procedure,
pressurized air 621-862 kPa (90-125 psi) is used 6. NOTE: A/C system filtering as described in
to push and evaporate any remaining flush solvent this section is optional if system flushing is
from the heat exchanger. carried out. However, the filter kit use is

recommended after flushing if the A/C system
1. Recover the refrigerant. For additional contamination is extensive.

information, refer to Air Conditioning (A/C)
Install a new A/C evaporator core orifice (ifSystem Recovery, Evacuation and Charging in
equipped) and/or TXV (if equipped) in anythis section.
vehicle being serviced for an internal A/C
compressor or desiccant failure.2. Disconnect the refrigerant lines from the heat

exchanger(s) to be flushed.
7. Install new refrigerant hoses with mufflers if

clogged with foreign material.3. Connect the A/C flush and purge machine
fitting kit and the A/C flush and purge machine

8. Install a new suction accumulator (if equipped),to the heat exchanger to be flushed. Do not
receiver/drier (if equipped) or receiver/drierflush through the evaporator core orifice (if
cartridge (if equipped) in any vehicle beingequipped), TXV (if equipped) or hoses with
serviced for an internal A/C compressor ormufflers. Internal  plumbing and material
desiccant failure.make-up of these components make it

impossible to correctly remove foreign material
9. Reconnect the heat exchanger being serviced.or residual flushing solvent.

10. If a new A/C compressor is not to be installed,
lubricate the refrigerant system with the correct
amount of clean PAG oil. For additional
information, refer to Refrigerant Oil Adding in
this section.
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GENERAL PROCEDURES (Continued)

11. If a new A/C compressor is not to be installed,
evacuate, leak test and charge the A/C system.
For additional information, refer to Air
Conditioning (A/C) System Recovery,
Evacuation and Charging in this  section.
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GENERAL PROCEDURES
MaterialAir Conditioning (A/C) System

Item SpecificationRecovery, Evacuation and Charging
PAG Refrigerant WSH-M1C231-B
Compressor Oil (R-134aSpecial Tool(s)
Systems)

R-134a Refrigerant Center YN-12-D
176-00002 or equivalent

Refrigerant System Recovery

NOTE: Ford Motor Company recommends use of
an A/C service center to carry out recovery,
evacuation and charging of the refrigerant system. If
an A/C service center is not available, refrigerantR-134a Refrigerant Center
system recovery, evacuation and charging may be023-00174 or equivalent
accomplished using a separate recovery station,
vacuum pump, charging meter and manifold gauge
set.

NOTE: Leaks in refrigerant system service
equipment, hoses or gauges can cause a leak in

R-134a Manifold Gauge Set vacuum that may be misinterpreted as a problem
023-00047 or equivalent

with the vehicle’s refrigerant system. It is necessary
to leak-test all refrigerant system service equipment,
hoses and gauges on a weekly basis to verify that
no leaks are present.

1. Prior to recovering, you must verify the purity
1.2 CFM Vacuum Pump of the refrigerant. For additional information,
023-00162 or equivalent refer to Refrigerant Identification Testing in this

section.

2. Connect an R-134a refrigerant service center to
the low- and high-pressure service gauge port
valves following the operating instructions

4.0 CFM Vacuum Pump provided by the equipment manufacturer.
023-00163 or equivalent

3. Recover the refrigerant from the system
following the operating instructions provided by
the equipment manufacturer.

4. Once the refrigerant service center has
recovered the refrigerant, switch OFF the powerAutomatic Refrigerant Charging

Meter supply.
023-00155 or equivalent

5. Allow the system to set for about 2 minutes,
and observe the system vacuum reading. If the
vacuum is not lost, disconnect the recovery
equipment.

6. If the system does lose vacuum, repeat Steps 3
through 5 until the vacuum level remains stable
for 2 minutes.
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GENERAL PROCEDURES (Continued)

Refrigerant System Evacuation Using an7. Carry out the required repairs.
R-134a Manifold Gauge Set

Refrigerant System Evacuation Using an
R-134a Service Center NOTE: Ford Motor Company recommends use of

an A/C service center to carry out recovery,
NOTE: Ford Motor Company recommends use of evacuation and charging of the refrigerant system. If
an A/C service center to carry out recovery, an A/C service center is not available, refrigerant
evacuation and charging of the refrigerant system. If system recovery, evacuation and charging may be
an A/C service center is not available, refrigerant accomplished using a separate recovery station,
system recovery, evacuation and charging may be vacuum pump, charging meter and manifold gauge
accomplished using a separate recovery station, set.
vacuum pump, charging meter and manifold gauge
set. NOTE: Leaks in refrigerant system service

equipment, hoses or gauges can cause a leak in
NOTE: Leaks in refrigerant system service vacuum that may be misinterpreted as a problem
equipment, hoses or gauges can cause a leak in with the vehicle’s refrigerant system. It is necessary
vacuum that may be misinterpreted as a problem to leak-test all refrigerant system service equipment,
with the vehicle’s refrigerant system. It is necessary hoses and gauges on a weekly basis to verify that
to leak-test all refrigerant system service equipment, no leaks are present.
hoses and gauges on a weekly basis to verify that
no leaks are present. 1. Connect the R-134a manifold gauge set to the

low-side and high-side service gauge port
1. Connect an R-134a service center to the low- valves.

and high-pressure service gauge port valves
following the operating instructions provided by 2. Connect the center (yellow) hose from the
the equipment manufacturer. manifold gauge set to the suction port on the

vacuum pump.
2. Evacuate the system until the low-pressure

gauge reads at least 99.4 kPa (29.5 in-Hg) of 3. Open all valves on the R-134a manifold gauge
vacuum and as close to 101.1 kPa (30 in-Hg) as set and both service gauge port valves.
possible. Continue to operate the vacuum pump
for a minimum of 45 minutes. 4. Turn on the vacuum pump and evacuate the

system until the low-pressure gauge reads at
3. Turn OFF the vacuum pump. Observe the least 99.4 kPa (29.5 in-Hg) of vacuum and as

low-pressure gauge for 5 minutes to make sure close to 101.1 kPa (30 in-Hg) as possible.
that the system vacuum is held. If vacuum is Continue to operate the vacuum pump for a
not held for 5 minutes, leak test the system, minimum of 45 minutes.
repair the leak and evacuate the system again.

5. Close the high-side and low-side valves on the
manifold gauge set (not the service gauge port
valves) and turn OFF the vacuum pump.

6. Observe the low-pressure gauge for 5 minutes
to make sure that the system vacuum is held. If
vacuum is not held for 5 minutes, leak test the
system, repair the leak and evacuate the system
again.
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GENERAL PROCEDURES (Continued)

Refrigerant System Charging Using an Refrigerant System Charging
R-134a Service Center

NOTE: Ford Motor Company recommends use of
NOTE: Ford Motor Company recommends use of an A/C service center to carry out recovery,
an A/C service center to carry out recovery, evacuation and charging of the refrigerant system. If
evacuation and charging of the refrigerant system. If an A/C service center is not available, refrigerant
an A/C service center is not available, refrigerant system recovery, evacuation and charging may be
system recovery, evacuation and charging may be accomplished using a separate recovery station,
accomplished using a separate recovery station, vacuum pump, charging meter and manifold gauge
vacuum pump, charging meter and manifold gauge set.
set.

NOTE: Leaks in refrigerant system service
NOTE: Leaks in refrigerant system service equipment, hoses or gauges can cause a leak that
equipment, hoses or gauges can cause a leak that may be misinterpreted as a problem with the
may be misinterpreted as a problem with the vehicle’s refrigerant system. It is necessary to
vehicle’s refrigerant system. It is necessary to leak-test all refrigerant system service equipment,
leak-test all refrigerant system service equipment, hoses and  gauges on a weekly basis to verify that
hoses and  gauges on a weekly basis to verify that no leaks are present.
no leaks are present.

1. Lubricate the refrigerant system with the correct
1. Lubricate the refrigerant system with the correct amount of clean PAG oil. For additional

amount of clean PAG oil. For additional information, refer to Refrigerant Oil Adding in
information, refer to Refrigerant Oil Adding in this section.
this section.

2. Assemble the R-134a manifold gauge set,
2. Connect an R-134a A/C service center to the automatic refrigerant charging meter and

low-side and high-side service gauge port R-134a supply tank following the automatic
valves following the operating instructions refrigerant charging meter operating
provided by the equipment manufacturer. instructions.

3. Set the refrigerant charge amount, and charge 3. Charge the refrigerant system following the
the refrigerant system following the instructions automatic refrigerant charging meter operating
provided by the equipment manufacturer. instructions.

4. If the refrigerant flow stops before the
refrigerant charge is complete, start the engine,
select A/C operation and allow the refrigerant
charge to complete.
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Refrigerant System Filtering CAUTION: An A/C refrigerant analyzer
must be used before the recovery of any vehicle’sFollowing Air Conditioning (A/C)
A/C refrigerant. Failure to do so puts the shop’sCompressor Installation
bulk refrigerant at risk of contamination. If the
vehicle’s A/C refrigerant is contaminated, referSpecial Tool(s)
the customer to  the service facility that carried

A/C Flush and Purge Fitting Kit out the last A/C service. If the customer wishes
219-00024 or equivalent to pay the additional cost, use the A/C recovery

equipment that is designated for recovering
contaminated A/C refrigerant. All contaminated
A/C refrigerant must be  disposed of as
hazardous waste. For all equipment, follow the
equipment manufacturer’s procedures and

A/C Flush Adapter Kit instructions.
219-00074 or equivalent

CAUTION: On vehicles being serviced for
an internal compressor or desiccant failure, a
new suction accumulator or receiver/drier,
thermal expansion valve or evaporator core
orifice and any hoses containing mufflers must

Set, A/C Fittings be installed prior to filtering  the A/C system.
412-DS028 (014-00333, Internal plumbing of these devices makes it
D93L-19703-B) or equivalent impossible to correctly remove any foreign

material/debris. These components are typically
discarded after A/C system contamination. Hoses
without mufflers can normally be reused unless
they are clogged with foreign material. The filter
is intended for use on one vehicle only.Adapter Set, In-Line Connector

Leak Check
412-DS036 or equivalent 1. Orient the filter inlet toward the A/C condenser

core.

Material

Item Specification

PAG Refrigerant WSH-M1C231-B
Compressor Oil (R-134a
Systems)
YN-12-D

WARNING: Use extreme care and observe
all safety and service precautions related to the
use of refrigerants.

WARNING: Due to refrigerant hazards,
always wear safety goggles and non-penetrable
gloves when working on A/C systems.

Copyright  2003, Ford Motor Company
Last updated: 9/6/2006 2004 E-Series, 12/2003 



412-00-2 412-00-2Climate Control System - General Information

GENERAL PROCEDURES (Continued)

5. Check all refrigerant system hoses, lines and2. CAUTION: The flexible extension
the position of the newly installed filters to beadapters included in the A/C Flush Adapter
sure they do not interfere with other engineKit (219-00074) are designed for low-pressure
compartment components. If necessary, useflushing and are not designed for use with a
tie-straps to make adjustments.charged refrigerant system. Do not make the

condenser fitting connections using the
6. Provide adequate airflow to the front of theflexible extension adapters or damage to the

vehicle (with a fan, if necessary). Select A/Cadapters and loss of refrigerant will occur.
operation and set the blower motor speed to

NOTE: The pancake filter is not permanently maximum. Start the engine and let it idle
installed and will be removed at the end of this briefly. Make sure the A/C system is operating
procedure. correctly.
Disconnect the condenser outlet fitting and
temporarily install the pancake filter between 7. Gradually bring the engine up to 1,200 rpm by
the 2 halves of the fitting. running it at lower rpms for short periods (first

at 800 rpm, then at 1,000 rpm). Set the engine1 Use flexible refrigerant hose of 17,238 kPa
at 1,200 rpm and run it for one hour with the(2,500 psi) burst rating.
A/C system operating.

2 Make the connections using the correct
adapters. 8. Stop the engine.

9. Recover the refrigerant. For additional
information, refer to Air Conditioning (A/C)
System Recovery, Evacuation and Charging in
this section.

10. Remove the fittings, flexible hoses and pancake
filter from between the condenser and the
condenser to evaporator tube.

11. Discard the pancake filter. It can be used one
time only.

12. Reconnect the condenser outlet fitting.
3. Lubricate the refrigerant system with the correct

amount of clean refrigerant compressor oil. For 13. Evacuate, charge and leak-test the refrigerant
additional information, refer to Refrigerant Oil system. For additional information, refer to Air
Adding in this section. Conditioning (A/C) System Recovery,

Evacuation and Charging in this section.
4. Evacuate and charge the refrigerant system. For

additional information, refer to Air Conditioning
(A/C) System Recovery, Evacuation and
Charging in this section.
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Refrigerant Oil AddingRefrigerant Oil Adding

CAUTION: During normal A/C operation,Special Tool(s)
oil is circulated through the system with the

Dye/Lubricant Injector refrigerant, and a small amount is retained in164-R0775
each component. If certain components of the
system are removed, some of the refrigerant oil
will go with the component.  To maintain the
original total oil charge, it is necessary to
compensate for the oil lost by adding oil to the
system with the new part.

Add-On Module Kit
219-00069 1. Refer to the chart below for refrigerant oil

adding amounts and methods of installation.

Material

Item Specification

PAG Refrigerant WSH-M1C231-B
Compressor Oil (R-134a
Systems)
YN-12-D

Component PAG Oil Amount Method of Adding

A/C See heading below Add directly to A/C compressor before
Compressor installation.

Suction See heading below Add directly to suction accumulator inlet port or
Accumulator or inject to low-side service port during system
Receiver/Drier charging.

Evaporator Core 45 ml (1.5 fl oz) added to the amount collected Add directly to evaporator core inlet tube or
during refrigerant recovery inject to low-side service port during system

charging.

Condenser Core 60 ml (2 fl oz) added to the amount collected Add directly to condenser core inlet or inject to
during refrigerant recovery low-side service port during system charging.

Evaporator Core The amount collected during refrigerant recovery Inject to low-side service port during system
Orifice or charging.

Thermostatic
Expansion

Valve

A/C Pressure 60 ml (2 fl oz) added to the amount collected Inject to low-side service port during system
Relief Valve during refrigerant recovery charging.

Refrigerant 60 ml (2 fl oz) added to the amount collected Inject to low-side service port during system
Hose/Line during refrigerant recoverya charging.
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Component PAG Oil Amount Method of Adding

O-ring Leak 60 ml (2 fl oz) added to the amount collected Inject to low-side service port during system
Repair during refrigerant recoveryb charging.

Service Port 60 ml (2 fl oz) added to the amount collected Inject to low-side service port during system
Leak Repair during refrigerant recovery charging.

a If an excessive amount of refrigerant oil is lost due to a hose rupture/separation or other damage, the total system
refrigerant oil capacity must be  added.

b The amount specified may be used for one or multiple O-ring leak repairs. Do not multiply the refrigerant oil
amount by the number of O-ring leaks being  repaired.

Refrigerant Oil Adding for New A/C 3. Verify that all the valves on the dye/lubricant
Compressor Installation injector are closed.

NOTE: Service A/C compressors are shipped
without refrigerant oil.

1. Rotate the old A/C compressor shaft 8 to 10
full rotations (clockwise) while collecting the
refrigerant oil in a clean measuring cup.

• Add the same amount plus the amount
collected during refrigerant recovery.

Refrigerant Oil Adding for New Suction
Accumulator or Receiver/Drier
Installation

4. Fill the dye/lubricant injector with the correct1. Drill one 12.7 mm (1/2 in) hole in the old
amount of clean, new PAG oil.suction accumulator or receiver/drier cylinder

and drain the oil into a clean measuring cup.

2. Add the quantity of oil drained, plus the
amount collected during refrigerant recovery
and 60 ml (2 fl oz).

Oil Injection Using a Dye/Lubricant
Injector

NOTE: If fluorescent leak detection dye is also to
be added during A/C charging, the dye may be
added to the dye/lubricant injector along with the
refrigerant oil.

1. Evacuate the refrigerant system. For additional 5. Install the dye/lubricant injector between the
information, refer to Air Conditioning (A/C) low-side service gauge port valve and the
System Recovery, Evacuation and Charging in refrigerant service station or manifold gauge set.
this section.

2. Assemble the dye/lubricant injector using the
correct adapters to match the amount of
refrigerant compressor oil to be injected.
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GENERAL PROCEDURES (Continued)

6. Open all valves and charge the refrigerant
system. For additional information, refer to Air
Conditioning (A/C) System Recovery,
Evacuation and Charging in this section.
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3. The percentage of air contained in the sampleRefrigerant Identification Testing
will be displayed if the R-134a content is 98%
or greater. The scan tool eliminates the effect ofSpecial Tool(s)
air when determining the refrigerant sample

Refrigerant Identifier with content because air is not considered a
Air-Radiator contaminant,  although air can affect A/C
198-00003 or equivalent

system performance. When the scan tool has
determined that a refrigerant source is pure
(R-134a is 98% or greater by weight) and air
concentration levels are 2% or greater by
weight, the scan tool will prompt the user if  an
air purge is desired.Refrigerant Identification

4. If contaminated refrigerant is detected, repeat
1. NOTE: An A/C refrigerant analyzer must be the refrigerant identification test to verify that

used to identify gas samples taken directly from the refrigerant is indeed contaminated.
the refrigeration system or storage containers
prior to recovering or charging the refrigerant Contaminated Refrigerant Handling
system.

Follow the instructions included with the CAUTION: If contaminated refrigerant is
refrigerant identifier to obtain the sample for detected, DO NOT recover the refrigerant into
testing. R-134a recovery/recycling equipment.

NOTE: A new suction accumulator or receiver/drier2. The scan tool will display one of the following:
must be installed as directed by the air conditioning• If the purity level of R-134a is 98% or
system flushing procedure.greater by weight, the green PASS light

emitting diode (LED) will light. The weight 1. Recover the contaminated refrigerant using
concentrations of R-134a, R-12, R-22, suitable recovery-only equipment designed for
hydrocarbons and air will be displayed on capturing and storing contaminated refrigerant
the digital display. only.

• If refrigerant R-134a does not meet the 98% • If this equipment is not available, contact an
purity level, the red FAIL LED will light A/C service facility in your area with the
and an alarm will sound alerting the user of correct equipment to carry out this service.
potential hazards. The weight concentrations
of R-134a, R-12, R-22 and hydrocarbons 2. Determine and correct the cause of the
will be displayed on the  digital display. customers initial concern.

• If hydrocarbon concentrations are 2% or
greater by weight, the red FAIL LED will 3. Flush the air conditioning system.
light, ‘‘Hydrocarbon High’’ will be
displayed on the digital display, and an
alarm will sound alerting the user of
potential hazards. The weight concentrations
of  R-134a, R-12, R-22 and hydrocarbons
will also be displayed on the digital display.
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412-00-2 412-00-2Climate Control System - General Information

GENERAL PROCEDURES (Continued)

4. Dispose of the contaminated refrigerant in
accordance with all federal, state and local
regulations.
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412-00-1 412-00-1Climate Control System - General Information

GENERAL PROCEDURES

5. Insert the ends of the mini-tube vacuum hoseVacuum Hose Repair — Mini-Tube
approximately 9 mm (3/8 inch) into the ends of
the standard 1/8 inch repair vacuum hoseSpecial Tool(s)
section.

Vacuum Pump Kit
416-D002 (D95L-7559-A) or
equivalent

1. Measure the length of the damaged area of the
mini-tube vacuum hose.

2. Cut a piece of standard 1/8 inch inner diameter
vacuum hose approximately 25 mm (1 inch
longer than the damaged area of the mini-tube
vacuum hose). 6. Shake the repair joint after assembly to make

sure the solvent is dispersed and the vacuum
3. Cut off the mini-tube vacuum hose on each side line is not plugged.

of the damaged area.

7. Test the system for a vacuum leak in the repair
4. WARNING: Read the warning area.

information on the product label to prevent • Use the Vacuum Pump or equivalent.
possible personal injury.

Dip the mini-tube hose ends in commercially
available paint thinner containing methyl ethyl
ketone (MEK). This solvent will seal the
mini-tube in the vacuum hose.
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412-00-1 412-00-1Climate Control System - General Information

GENERAL PROCEDURES

• Chemical odorsAir Conditioning (A/C) Odor
Treatment • Environmental odors

• Human and other interior-generated odors
Special Tool(s) • Microbiological odors

Flexible Applicator Tool Kit Before determining that A/C order treatment is
258-00004 required, the source and the circumstances under

which the odor occurs must be determined.

NOTE: Chemical odors are usually constant
regardless of the climate control system setting
although they may be enhanced by A/C operation.

30 oz Sure Shot Pressure Most chemical odors are caused by fluid leaks or
Sprayer incorrectly cured adhesives. Chemical odors can be
167-R4700 or equivalent eliminated  by repairing the leaking component and

removing any residue.

NOTE: Environmental odors usually occur for a
short time and diminish after the vehicle passes
through the affected area. These odors are typically

Material only detected when the vehicle windows are open,
or when the climate control system is operating in aItem Specification
mode that allows for fresh air. Environmental odors

A/C Cooling Coil Coating —
cannot be eliminated because they are external inYN-29
source, but they may be minimized by switching to

A/C Odor Treatment a climate control setting that uses recirculated air.

NOTE: Human and other interior-generated odors
WARNING: Avoid contact with eyes and occur while the source is present and may linger for

skin. Contact with eyes and skin will cause a short time after. These odors may be more
irritation. Wear chemical goggles when using the noticeable during A/C operation. Human odors may
A/C cooling coil coating. be eliminated by removing the source and cleaning

the  affected area.
WARNING: This procedure should only be

carried out in well ventilated areas. Open all
windows and doors of the vehicle. Leave doors
and windows open during the entire procedure.
Avoid breathing vapors.

WARNING: Read all instructions and
warnings packaged with the A/C cooling coil
coating. For additional information, see the
material safety data sheet (MSDS) for this
product.

NOTE: There are typically 4 types of objectionable
odors found in a vehicle:
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412-00-2 412-00-2Climate Control System - General Information

GENERAL PROCEDURES (Continued)

Odor Source Odor DescriptionNOTE: Microbiological odors, if in the A/C
system, usually last for about 30 seconds after the Environmental Odors
system is turned on. They will be detected while the Exhaust Exhaust, fuel or burning
A/C is turned on and using either outside or type smell
recirculated air. Microbiological odors that occur in Industrial Pollutants Various smells
areas other than the A/C system (for example, water

Dust Musty, mildew or wetin doors or wet carpeting) may last indefinitely and
cement type smell

will be more intense when recirculated air is used.
Pollen Sweet smellMicrobiological odors will not be present at

Tobacco Burning, tar smelltemperatures at or below 10°C (50°F).
Human and Other Interior Generated OdorsMicrobiological odors can be eliminated by

removing the source and treating the affected area. Body Secretions Body odor
Standing water must be allowed to drain and dry Perfuming Agents Sweet or fragrance smell
out. A/C systems may be treated by using A/C

Clothing Musty, mildew or bodycooling coil coating as described in the service odors
procedure below.

Food/Beverage Sweet, musty, mildew or
Microbiological odors result from microbial growth fishy smell
supported by warm temperatures and moisture. Microbiological Odors
Microbiological odors are described as

Microbiological Odors Musty, mildew smellmusty/mildew type smells and may occur on/in:
Occurring Inside of A/C lasting about 30 seconds

System after A/C is turned on• foam seals.
Microbiological Odors Musty, mildew smell• rubber seals.

Occurring Outside of A/C lasting indefinitely and
• adhesives. System possibly more pronounced

when using recirculated• standing water.
air

• water soaked carpet/trim.

1. Identify the type of odor present in the vehicle. 2. Identify the source of the odor.
Do not proceed with A/C odor treatment if the • Check the passenger and driver side carpet
odor source is found to be outside of the A/C for moisture. Continue diagnosis if moisture
system. Refer to the following chart for is found.
examples.

• Check the blower motor and blower motor
cover (if equipped) for moisture resultingOdor Source Odor Description
from water bypassing the cowl bafflingChemical Odors
system. Continue diagnosis if moisture is

Coolant Sweet smell present.
Fuel Gasoline or diesel fuel • Check the evaporator core drain tube forsmell

restriction.
Oil Oil type or burning smell

• Check the cowl top panel and air inlet
Power Steering Fluid Oil type or burning smell screen for standing water or foreign
Transmission Fluid Oil type or burning smell material. If possible, remove any standing

Washer Fluid Alcohol type smell water and clean the air inlet screen using a
wet/dry vacuum.Gear Lube Garlic/sulfur smell

Refrigerant Oil Ether type smell 3. Open all vehicle windows.
Carpet/trim Adhesives Fishy, urine or sweet

smell 4. Disconnect the low-side A/C pressure switch
Evaporator Core Coating Wet cement type smell (cycling or low-charge protection) electrical

connector.
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412-00-3 412-00-3Climate Control System - General Information

GENERAL PROCEDURES (Continued)

5. Remove the evaporator air discharge 11. CAUTION: To avoid damage to the
temperature sensor (if equipped). vehicle interior, do not spill or spray this

product on any interior surface.
6. Set the following.

Add one full bottle of A/C cooling coil coating
• Enable the A/C using fresh air inlet. to the applicator or sprayer.
• Adjust the temperature setting to full warm.

12. Insert the nozzle into the evaporator housing• Adjust the blower motor speed to HI.
and direct the spray toward the evaporator core
face. Spray the entire evaporator core face until7. Run the engine for 25 minutes to dry out the
empty.A/C system.

13. Install the blower motor and blower motor8. Turn the ignition OFF.
resistor (if equipped) or blower motor speed
control (if equipped).9. Remove the blower motor.

14. Install the evaporator air discharge temperature10. NOTE: Blower motor speed controls that are
sensor (if equipped),mounted outside of the evaporator core housing

and not exposed to the blower motor airflow do
15. Repeat Steps 6 through 8 to cure the evaporatornot need to be removed.

core coating.
Remove the blower motor resistor (if equipped)
or blower motor speed control (if equipped and 16. Connect the low-side A/C pressure switch
exposed to the inside of the evaporator core (cycling or low-charge protection) electrical
housing). connector.
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412-01-1 412-01-1Air Distribution and Filtering

DESCRIPTION AND OPERATION

The air distribution system is designed to provideAir Distribution
airflow from the defrost nozzle when no vacuum isNOTE: The air distribution system of this vehicle
applied to any of the vacuum control motors. Thiscannot be equipped with a cabin air filter.
is done to prevent a situation where defrost cannot

There are two sources of air available to the air be obtained due to a system vacuum leak.
distribution system:

Air enters the passenger compartment from the:
• outside air

• instrument panel registers (19893).
• recirculated air

• heater outlet floor duct (18C433).
Recirculated air is only used during MAX A/C (if

• windshield defroster nozzle (18490).equipped) and OFF modes.
• side window demisters.Air distribution within the vehicle is determined by
Passenger compartment air is exhausted from thethe function selector switch position. Airflow mode
vehicle through open windows or cab air vents.doors are used to direct airflow within the plenum

chamber (18471). Vacuum control motors (18A318)
are used to position these airflow mode  doors.
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412-01-1 412-01-1Air Distribution and Filtering

DIAGNOSIS AND TESTING

Air Distribution
Refer to Section 412-00.
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412-01-1 412-01-1Air Distribution and Filtering

REMOVAL AND INSTALLATION

Register — RH and LH

Removal and Installation

1. Use a small screwdriver to pull out on the two
side tabs inside the A/C register (19893).

2. Grasp the center knob and remove the A/C
register.

3. To install, reverse the removal procedure.
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412-01-1 412-01-1Air Distribution and Filtering

REMOVAL AND INSTALLATION
InstallationRegister — Center

1. Install the louver assembly.Removal

1. Remove the cluster finish panel. For additional
information, refer to Section 501-12.

2. Remove the center finish panel. For additional
information, refer to Section 501-12.

3. CAUTION: Use care not to damage
the center finish panel.

Drill out the heat stakes on the A/C register
(19893) and remove the A/C register.

2. CAUTION: Use care when melting the
heat stakes not to melt, warp, or damage the
center finish panel.

Install the register.

1 Install the register over the service heat
stakes.

2 Use a soldering iron to melt the heat stakes.

4. Remove the louver assembly.

• Use a screwdriver to pry out the louver
assembly.

3. Install the center finish panel. For additional
information, refer to Section 501-12.

4. Install the instrument cluster finish panel. For
additional information, refer to Section 501-12.
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412-01-1 412-01-1Air Distribution and Filtering

REMOVAL AND INSTALLATION

4. Remove the plenum chamber (18471).Plenum Chamber
1 Remove the screws.

Removal and Installation 2 Remove the plenum chamber.

1. Remove the instrument panel (04320). For
additional information, refer to Section 501-12.

2. Disconnect the vacuum hose connector.

5. To install, reverse the removal procedure.

3. Disconnect the vacuum hose.
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412-01-1 412-01-1Air Distribution and Filtering

DISASSEMBLY AND ASSEMBLY

Plenum Chamber

Disassembly and Assembly

1. Remove the plenum chamber. For additional
information, refer to Plenum Chamber in this
section.

2. Remove the floor/defrost door vacuum control
motor (18A318).

1 Disconnect vacuum lines.

2 Remove the screws.
4. Remove the vacuum lines.3 Lift the vacuum control motor off the mode

door pivot shaft.

4 Remove the vacuum control motor.

5. To assemble, reverse the disassembly procedure.

3. Remove the panel door vacuum control motor.

1 Disconnect the vacuum line.

2 Remove the screws.

3 Lift the vacuum control motor off the mode
door pivot shaft.

4 Remove the vacuum control motor.
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412-01-1 412-01-1Air Distribution and Filtering

DISASSEMBLY AND ASSEMBLY

Instrument Panel Air Distribution
Ducts

Disassembly and Assembly

1. Remove the instrument panel. For additional
information, refer to Section 501-12.

2. Remove the two screws and position the wire
harness aside.

6. Remove the instrument cluster finish panel.

1 Remove the bolts.

2 Remove the instrument cluster finish panel.

• Disconnect the electrical connectors.

3. Remove the LH floor duct.

1 Remove the screws.

2 Remove the LH floor duct.

7. Remove the screw.

4. Remove the RH panel register.

5. Remove the headlamp switch knob.

1 Remove the headlamp switch knob.

2 Rotate the headlamp switch bezel
counterclockwise and remove.
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412-01-2 412-01-2Air Distribution and Filtering

DISASSEMBLY AND ASSEMBLY (Continued)

8. Remove the three LH panel duct screws. 11. Remove the four screws and the instrument
cluster.

• Disconnect the electrical connectors.

9. Remove the four RH panel duct screws and the
RH panel duct.

12. Remove the screws in the instrument cluster
opening.

10. Remove the two instrument panel reinforcement
screws and the ground bolt.

13. Remove the LH panel duct.

14. To assemble, reverse the disassembly procedure.
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412-02-1 412-02-1Heating and Ventilation

Torque Specifications (Continued)
SPECIFICATIONS

Description Nm lb-ft
Torque Specifications

Suction accumulator bracket 14 10
Description Nm lb-ft bolts

Battery tray bolts 28 21
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412-02-1 412-02-1Heating and Ventilation

DESCRIPTION AND OPERATION

• The blower motor (19805) draws outside airHeating and Defrosting
through the air inlet duct from just below theThe heating and defrosting system has the following
windshield during all system operations except forfeatures:
OFF and MAX A/C, if equipped (when

• Controls the temperature and, during A/C recirculated air is used).
operation (if equipped), reduces the relative • All airflow from the blower motor passes through
humidity of the air inside the vehicle. the A/C evaporator core (19860), if equipped.

• Delivers heated or cooled air (if equipped with • The temperature is then regulated by reheating a
A/C) to maintain the vehicle interior temperature portion of the air and blending it with the
and comfort level. remaining cool air to the desired temperature.

• Controls the blower motor speed. • The temperature blending is varied by the air
• Cooling or heating can be adjusted to maintain the temperature control door, which regulates the

desired temperature. amount of air that flows through and around the
heater core (18476), where it is then mixed and• System uses a reheat method (if equipped with
distributed.A/C) to provide conditioned air to the passenger

compartment.

Component Locations

Item Part Number Description Item Part Number Description

3 18478 Heater core housing (contains1 19B555 Evaporator core housing
heater core 18476)(contains blower motor

19805)

2 18472 Heater hoses
(Continued)
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412-02-2 412-02-2Heating and Ventilation

DESCRIPTION AND OPERATION (Continued)

Heater Core Blower Motor

The heater core consists of fins and tubes arranged The blower motor pulls air from the air inlet and
to extract heat from the engine coolant and transfer forces it into the plenum assembly where it is mixed
it to air passing through the heater core. and distributed. The blower motor has four speeds

and is controlled by the blower motor switch and
resistor.
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412-02-1 412-02-1Heating and Ventilation

DIAGNOSIS AND TESTING

Heating and Defrosting
Refer to Section 412-00.
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412-02-1 412-02-1Heating and Ventilation

REMOVAL AND INSTALLATION
Vehicles equipped with A/CBlower Motor

5. NOTE: This step must be carried out if theRemoval and Installation
vehicle is equipped with an A/C system.

Vehicles with 4.6L, 5.4L or 6.8L engine Move the suction accumulator (19C836).

1 Remove the three screws.
1. Disconnect the battery. For additional 2 Move the suction accumulator.

information, refer to Section 414-01.

2. Remove the battery (10655).

3. Remove the battery tray.

1 Remove the screws.

2 Remove the battery tray.

All vehicles

6. NOTE: To ease removal, align the flat spot on
the blower motor mounting plate with the
accumulator.

Remove the blower motor (19805).

1 Disconnect the blower motor electricalVehicles equipped with 6.0L diesel engine
connector.

2 Remove the blower motor housing tube4. Move the junction block assembly.
(19A786).• Remove the three screws.

3 Remove four screws.

4 Remove the retaining clip.

5 Remove the blower motor.
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412-02-2 412-02-2Heating and Ventilation

REMOVAL AND INSTALLATION (Continued)

7. NOTE: Note the location of the blower motor 8. To install, reverse the removal procedure.
wheel (18504) on the blower motor.

Remove the blower motor wheel.

1 Remove the retaining clip.

2 Remove the blower motor wheel.
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412-02-1 412-02-1Heating and Ventilation

REMOVAL AND INSTALLATION

Auxiliary Heater Core Housing

Removal and Installation

1. Remove the heater core. For additional
information, refer to Heater Core in this section.

2. Remove the nuts and the heater core housing.

• Disconnect the temperature blend door
actuator electrical connector.

3. To install, reverse the removal procedure.
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412-02-1 412-02-1Heating and Ventilation

REMOVAL AND INSTALLATION

5. Remove the washer reservoir.Evaporator Core Housing
1 Remove the nut.

Removal and Installation 2 Remove the bolt.

3 Remove the washer reservoir.
1. Remove the heater core housing. For additional

• Disconnect the washer hose and washerinformation, refer to Auxiliary Heater Core
pump electrical connector.Housing in this section.

2. Remove the evaporator core. For additional
information, refer to Section 412-03A.

3. Detach the wire harness.

1 Remove the nut and stud.

2 Disconnect the electrical connector.

3 Disconnect the electrical connector and
position the wire harness aside.

6. Disconnect the blower motor electrical
connector.

4. Remove the suction accumulator.

1 Remove the nuts.

2 Remove the suction accumulator.

7. Disconnect the blower motor resistor electrical
connector.

Copyright  2003, Ford Motor Company
Last updated: 10/24/2003 2004 E-Series, 12/2003 



412-02-2 412-02-2Heating and Ventilation

REMOVAL AND INSTALLATION (Continued)

8. Disconnect the vacuum connector and detach
the wire harness pin-type retainer.

12. Position the evaporator core housing forward
and remove the two fresh air inlet duct screws.

9. Remove the screws and position the wire
harness aside.

13. Remove the fresh air inlet duct.

1 Remove the screw.

2 Remove the fresh air inlet duct.10. Position the auxiliary A/C lines aside (if
equipped). • Detach the vacuum line retainer.

1 Remove the bolt.

2 Position the auxiliary A/C lines aside.

14. Deflect the LH battery tray bracket (4.6L, 5.4L
or 6.8L) or the LH junction box bracket (6.0L
Diesel) to provide clearance for evaporator core

11. Working from inside the vehicle, remove the housing removal.
three nuts.
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412-02-3 412-02-3Heating and Ventilation

REMOVAL AND INSTALLATION (Continued)

15. Remove the evaporator core housing. 16. To install, reverse the removal procedure.
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412-02-1 412-02-1Heating and Ventilation

REMOVAL AND INSTALLATION

Heater Core

Removal and Installation

NOTE: If a heater core leak is suspected, the heater
core must be pressure leak tested before it is
removed from the vehicle. For additional
information, refer to Section 412-00.

1. Drain the engine cooling system. For additional
information, refer to Section 303-03.

2. Disconnect the heater hoses at the heater core.
5. Remove the bolts and the instrument panel

reinforcement bracket.

3. Remove the instrument panel finish panel.

6. Remove the screws and position the wire
harness aside.

4. Remove the bolts and the instrument panel
reinforcement.
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412-02-2 412-02-2Heating and Ventilation

REMOVAL AND INSTALLATION (Continued)

7. Remove the screws and the heater core cover.

9. To install, reverse the removal procedure.

• Clean and lubricate the coolant hoses with
8. NOTE: Use care not to spill the coolant plain water only, if needed.

remaining in the heater core during removal.

Remove the heater core. 10. Fill the engine cooling system. For additional
information, refer to Section 303-03.

2004 E-Series, 12/2003 



412-02-1 412-02-1Heating and Ventilation

DISASSEMBLY AND ASSEMBLY

4. Remove the temperature blend door actuatorAuxiliary Heater Core Housing
motor (19E616).

Disassembly and Assembly 1 Remove the screws.

2 Remove the temperature blend door actuator
1. Remove the seal. motor.

2. Remove the seals. 5. To assemble, reverse the disassembly procedure.

3. Drain the heater core.
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412-02-1 412-02-1Heating and Ventilation

DISASSEMBLY AND ASSEMBLY

3. Remove the heater blower motor switch resistorEvaporator Core Housing
(18591).

Disassembly and Assembly 1 Remove the two screws.

2 Remove the heater blower motor switch
1. Remove the evaporator core housing. For resistor.

additional information, refer to Evaporator Core
Housing in this section.

2. Remove the blower motor (19805).

1 Remove the blower motor housing tube
(19A786).

2 Remove the four screws.

3 Remove the retaining clip.

4 Remove the blower motor.

4. To assemble, reverse the disassembly procedure.
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412-04-1 412-04-1Control Components

SPECIFICATIONS

Torque Specifications

Description Nm lb-ft

Battery Tray Bolts 28 21
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412-04-1 412-04-1Control Components

DESCRIPTION AND OPERATION

Control Components
The manual climate control system heats or cools (if
equipped with A/C) the vehicle interior depending
on the function selector position and the temperature
selected. Function selector position determines
heating or cooling (if equipped with  A/C) and air
distribution. The temperature blend control setting
determines air temperature.

The manual climate control components are used to:

• select air inlet source (outside or recirculated).

• select blower motor speed.

• select discharge air temperature (temperature
blend).

• select discharge air location (defrost, panel, floor).

• select A/C compressor clutch operation (if
equipped with A/C).
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412-04-2 412-04-2Control Components

DESCRIPTION AND OPERATION (Continued)

Component Locations
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412-04-3 412-04-3Control Components

DESCRIPTION AND OPERATION (Continued)

Control System OutputsItem Part Number Description

1 18A318 Vacuum control motor Blower Switch Resistor
(floor/defrost door)

Blower Motor Resistor Thermal Limiter
2 18A318 Vacuum control motor (panel

door)

3 18A318 Vacuum control motor (air
inlet door)

4 19E616 Temperature blend door
actuator motor

5 18591 Heater blower motor switch
resistor

6 19980 Climate control assembly

Control System Inputs

Climate Control Assembly

The climate control assembly has three system The blower motor resistor has the following
controls: features:
• The function selector switch combines a vacuum • The assembly is located on the passenger side of

selector valve with two electrical switches to the vehicle on the evaporator housing.
supply battery positive voltage to the A/C clutch

• Three resistance elements are mounted on thecircuit (if equipped with A/C) and the blower
resistor board to provide four blower motormotor control circuit.
speeds.

• The temperature selection is accomplished with a
• Depending on the blower switch position, seriespotentiometer connected to the electric

resistance is added or bypassed in the blowertemperature blend door actuator that controls
motor circuit to decrease or increase blower motorpositioning of the temperature blend door.
speed.Movement of the control knob (18519) from

COOL (Blue) to WARM  (Red) causes a • An overheating protective device (thermal limiter)
corresponding movement on the air temperature will open the resistor coil circuit when the
control door and determines the temperature that temperature reaches 121°C (250°F) interrupting
the system will maintain. the blower motor operation in all speeds except

HI.• The blower motor switch controls blower motor
speed by adding or bypassing resistors in the • The thermal limiter cannot be reset and is not
heater blower motor switch resistor (18591). serviceable.
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412-04-1 412-04-1Control Components

DIAGNOSIS AND TESTING

Control Components
Refer to Section 412-00.
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412-04-1 412-04-1Control Components

REMOVAL AND INSTALLATION

Climate Control Assembly

Removal and Installation

1. Remove the headlamp switch knob.

1 Remove the headlamp switch knob.

2 Rotate the headlamps switch bezel
counterclockwise and remove.

5. Disconnect the vacuum and electrical
connectors.

2. Remove the audio unit. For additional
information, refer to Section 415-01.

3. Remove the instrument panel finish panel.

1 Remove the screws.

2 Remove the instrument panel finish panel. 6. Remove the climate control assembly.
• Disconnect the electrical connectors.

7. To install, reverse the removal procedure.

4. Remove the climate control assembly.

1 Remove the screws.

2 Remove the climate control assembly.
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412-04-1 412-04-1Control Components

REMOVAL AND INSTALLATION

Switches

Removal and Installation

1. Remove the climate control assembly. For
additional information, refer to Climate Control
Assembly in this section.

2. Remove the climate control switch knobs.

3. Remove the A/C-heater function selector
switch.

1 Remove the screw. 5. Remove the heater blower motor switch
(18578).2 Remove the A/C-heater function selector

switch. 1 Remove the screw.

2 Remove the heater blower motor switch.

4. Remove the temperature control switch.

1 Remove the screw. 6. To install, reverse the removal procedure.
2 Remove the temperature control switch.
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412-04-1 412-04-1Control Components

REMOVAL AND INSTALLATION

Temperature Blend Door Actuator

Removal and Installation

1. Remove the temperature blend door actuator
(19E616).

1 Disconnect the temperature blend door
actuator connector.

2 Remove the four screws.

3 Remove the temperature blend door
actuator.

2. To install, reverse the removal procedure.
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412-04-1 412-04-1Control Components

REMOVAL AND INSTALLATION

Blower Motor Resistor

Removal and Installation

4.6L, 5.4L and 6.8L vehicles

1. Disconnect the battery (10655). For additional
information, refer to Section 414-01.

2. Remove the battery.

3. Remove the battery tray.

1 Remove the screws. 5. Remove the blower motor resistor (18591).

2 Remove the battery tray. 1 Remove the two screws.

2 Remove the blower motor resistor.

All vehicles

6. To install, reverse the removal procedure.
4. Disconnect the blower motor resistor electrical

connector.
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412-04-1 412-04-1Control Components

REMOVAL AND INSTALLATION

3. Remove the two screws.Vacuum Control Motor —
Floor/Defrost Door

Removal and Installation

1. Remove the access panel.

• Use a screwdriver to pry the access panel
out.

4. Remove the vacuum control motor (18A318).

1 Lift up on the vacuum control motor arm to
disengage it from the door crank.

2 Remove the vacuum control motor.

2. Remove the vacuum lines.

5. To install, reverse the removal procedure.
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412-04-1 412-04-1Control Components

REMOVAL AND INSTALLATION

3. Remove the two screws.Vacuum Control Motor — Panel Door

Removal and Installation

1. Remove the access panel.

• Use a screwdriver to pry the access panel
out.

4. Remove the vacuum control motor (18A318).

1 Lift up on the vacuum control motor arm to
disengage it from the door crank.

2 Remove the vacuum control motor.

2. Remove the vacuum line.

5. To install, reverse the removal procedure.
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412-04-1 412-04-1Control Components

REMOVAL AND INSTALLATION

4. Remove the vacuum line.Vacuum Control Motor — Air Inlet
Door

Removal and Installation

1. Remove the instrument panel finish panel.

5. Remove the two screws.

2. Remove the bolts and the instrument panel
reinforcement.

3. Remove the bolts and the instrument panel
reinforcement bracket.
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412-04-2 412-04-2Control Components

REMOVAL AND INSTALLATION (Continued)

6. Remove the vacuum control motor (18A318). 7. To install, reverse the removal procedure.

1 Lift the vacuum control motor arm off of
the door crank.

2 Remove the vacuum control motor.
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412-04-1 412-04-1Control Components

REMOVAL AND INSTALLATION

3. Disconnect the vacuum harness.Vacuum Reservoir Tank

Removal

1. Remove the evaporator core housing assembly.
For additional information, refer to Section
412-02.

2. Remove the vacuum reservoir tank.

1 Remove the screw.

2 Drill out the heat stake.

• Remove the vacuum reservoir tank.

Installation

1. NOTE: Use a screw in place of the heat stake
to install the vacuum reservoir.

Follow the removal procedure in reverse order.
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413-00-1 413-00-1Instrument Cluster and Panel Illumination

DESCRIPTION AND OPERATION

Instrument Cluster and Panel
Illumination
Instrument Cluster and Panel Illumination Components

The instrument cluster and panel lighting is poweredItem Part Number Description
and controlled by the headlamp switch. The1 — Rear blower control assembly
instrument cluster has six instrument panel lamp

2 18806 Audio unit sockets and bulbs for illumination.
3 — Climate control assembly

4 10849 Instrument cluster
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413-01A-1 413-01A-1Instrument Cluster — Conventional

DESCRIPTION AND OPERATION

Instrument Cluster
The instrument cluster consists of the following
components:

Instrument Cluster Component Locations

Item Part Number Description Item Part Number Description

15 — Check gauge warning1 — Engine oil pressure gauge
indicator2 — Fuel gauge

16 — Safety belt warning Indicator3 — Left turn signal indicator
17 — BRAKE system warning4 — Tachometer

indicator
5 — Speedometer (mph shown,

18 — Water in fuel warningkm/h similar)
indicator (diesel only)

6 — Right turn signal indicator
19 — Low fuel warning indicator

7 — Engine coolant temperature
20 — Wait to start indicator (dieselgauge

only)
8 — Battery voltage gauge

21 — Check engine soon warning
9 — Engine air filter warning indicator

indicator (diesel only)
22 — Anti-lock brake system (ABS)

10 — Odometer/trip odometer warning indicator
11 — High beam indicator 23 — Air bag warning indicator
12 — Select/reset button 24 — Check fuel cap warning

indicator (if equipped)13 — Transmission range selector

14 — Charging system warning
indicator

(Continued)
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413-01A-1 413-01A-1Instrument Cluster — Conventional

DIAGNOSIS AND TESTING

The SELECT/RESET button has three functions.Instrument Cluster
First, pressing the SELECT/RESET button willRefer to Wiring Diagrams Cell 60, Instrument
toggle between the odometer and trip odometerCluster for schematic and connector information.
settings. When the trip odometer is displayed,

Special Tool(s) pressing and holding the SELECT/RESET button
will reset the  trip odometer. There are two trip73III Automotive Meter
odometers available: A and B. Pressing the105-R0057 or equivalent
SELECT/RESET button while in trip odometer will
toggle between trip odometer A and trip odometer
B. Lastly, the instrument cluster self-test is entered
by pressing and  holding the SELECT/RESET
button down with the key in the OFF position, then
turning the key to RUN.Instrument Gauge System Tester

014-R1063 or equivalent The instrument cluster receives odometer rolling
count status from the PCM and stores the mileage
in non-volatile memory (NVM). When the
instrument cluster fails to receive the odometer
rolling count status for more than two seconds, the
odometer display will show dashes.

Worldwide Diagnostic System
Tachometer(WDS)

418-F224, The instrument cluster receives tachometer
New Generation STAR (NGS) information from the PCM via the SCP network.
Tester
418-F052, or equivalent Fuel Gauge and Low Fuel Warning Indicator
diagnostic tool with appropriate

NOTE: It is critical to follow the pinpoint testadapter cable
diagnostic methods to make sure the correct mode is

Instrument Cluster Installation being used during diagnostics.

The instrument cluster gauges are not installed The instrument cluster receives the fuel level signal
separately. The instrument cluster illumination from the fuel level sensor, part of the fuel pump
lamps, warning indicator lamps, and the instrument module. The fuel level sensor measures variable
cluster lens and mask are the only parts that may be resistance in the fuel tank depending on the current
installed separately. fuel level. When the fuel level is low,  the

resistance in the unit is low (15 ohms ± 2 ohms).
Principles of Operation When the fuel level is high, the resistance in the

unit is high (160 ohms ± 4 ohms).Speedometer/Odometer
The instrument cluster uses 4 different operatingThe instrument cluster receives vehicle speed
modes to calculate the fuel level:information from the powertrain control module

(PCM) via the standard corporate protocol (SCP) • anti-slosh (default mode)
network. On vehicles equipped with gasoline • key OFF fueling
engines, the PCM receives its signal from the output

• key ON fuelingshaft  speed sensor (OSS). On vehicles equipped
with diesel engines, the PCM receives its signal • recovery
from the vehicle speed sensor (VSS). After a fuel fill up, the time for the fuel gauge to

move from empty (E) to full (F) ranges from 2
seconds to 55 minutes depending on which
operating mode the fuel gauge is in.
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413-01A-2 413-01A-2Instrument Cluster — Conventional

DIAGNOSIS AND TESTING (Continued)

The default fuel gauge mode is called the anti-slosh Recovery mode is incorporated into the instrument
mode. To prevent fuel gauge changes from fuel cluster strategy to recover from a missing fuel level
slosh (gauge instability due to changes in fuel message during a refueling event. Missing fuel level
sender readings caused by fuel moving around in messages result from intermittent opens in the fuel
the tank), the fuel gauge takes approximately 55 sender or its circuits. Recovery  mode (empty [E] to
minutes to go from full (F) to empty (E). full [F] approximately 20 minutes) is initiated when

the following 2 conditions are met:The key OFF fueling mode (2 seconds to read
empty [E] to full [F]) requires 3 conditions be met: • The instrument cluster is in the anti-slosh (default)

mode.• The key must be in the OFF position when
refueling the vehicle. • The actual fuel level in the tank is greater than

what is being displayed by the fuel gauge.• At least 15 percent of the vehicle’s fuel capacity
must be added to the fuel tank.  When the fuel gauge reads approximately 1/16th

tank, the instrument cluster illuminates the low fuel• The instrument cluster must receive a valid key
warning indicator.ON fuel sender reading within 1 second of the

key being put into the RUN position. The key ON Battery Voltage Meter and Charging System
sample readings are considered valid if the fuel Warning Indicator
sender reading is between 15 ohms ± 2 ohms and

The instrument cluster detects system voltage either160 ohms ± 4 ohms. If these conditions are not
directly from the generator (single generatormet, the fuel gauge stays in the anti-slosh mode,
system). When the system voltage is too low, thewhich results in a slow to read full (F) event.
instrument cluster activates the charging system

The key ON fueling mode (approximately 90 warning indicator.
seconds to read empty [E] to full [F]) requires 3
conditions be met: Oil Pressure Gauge

The instrument cluster sends a signal voltage to the• The transmission is in park (P).
normally open oil pressure switch. When low oil

• The key is in the RUN position. pressure is detected, the switch closes, grounding
• At least 15 percent of the vehicle’s fuel capacity the circuit and causing the oil pressure gauge to

must be added to the fuel tank. display low pressure.
In key ON fueling mode, a 30 second timer

Engine Coolant Temperature Gaugeactivates after the transmission is put into the park
The instrument cluster receives information on the(P) position. When the 30 second time has elapsed
engine coolant temperature from the PCM via theand at least 15 percent of the vehicle’s fuel capacity
SCP network. When the engine coolant temperaturehas been added, the fuel gauge response  time is 90
is within normal operating range, the gauge needleseconds to read from empty (E) to full (F). When
will be in the normal range (between ‘‘H’’ andthe transmission is shifted out of park (P), the fuel
‘‘C’’).gauge strategy reverts to the anti-slosh mode. This

mode prevents slow to read full events from
Safety Belt Warning Indicatorhappening if the customer refuels the  vehicle with
The driver safety belt switch is hardwired to thethe key in the RUN position.
instrument cluster. When the safety belt is
unbuckled, the driver safety belt switch grounds the
circuit and the instrument cluster illuminates the
safety belt warning indicator. When the safety  belt
is engaged, the ground is removed, causing the lamp
to turn off.
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DIAGNOSIS AND TESTING (Continued)

Brake Warning Indicator High Beam Indicator

The brake warning indicator receives its ground The high beam indicator will illuminate when the
signals from the following sources: multifunction switch is in the high beam position

and sends a battery signal to the instrument cluster.
• The parking brake switch provides a ground when

the parking brake is engaged. Right and Left Turn Indicator
• NOTE: The brake fluid level switch is part of the The right and left turn indicators will illuminate

master cylinder and is not serviced separately. when the multifunction switch is in either turn
signal position or hazard lamps position and sends aThe brake fluid level switch provides a ground
battery signal to the instrument cluster.when the brake fluid level is low.

The ignition switch provides the brake warning Wait to Start Indicator (Diesel Only)
indicator prove-out by supplying a ground when it

The PCM provides the ground for the wait to startis in the START position.
indicator. The glow plugs and the wait to start
indicator operate at the same time. The lightAnti-Lock Brake System (ABS) Warning
illuminates until the PCM has provided time for theIndicator
glow plugs to heat the combustion chamber. TheThe instrument cluster receives status information
PCM then opens the indicator ground circuit,from the ABS module through a hardwired circuit
turning off the indicator lamp. The wait to startfrom the ABS module. When the ABS module
indicator prove-out is in the RUN position and isdetects a fault, it grounds the circuit, causing the
controlled by the PCM.ABS warning indicator to illuminate.

Water in Fuel Indicator (Diesel Only)Air Bag Warning Indicator
The water in fuel indicator receives a ground signalThe air bag warning indicator circuit is grounded by
when water is sensed in the fuel. The PCM providesthe restraint control module (RCM), through a
the ground for the water in fuel warning indicator.hardwired circuit, when the RCM detects a fault in
The water in fuel indicator prove-out is in the RUNthe air bag system. Failure of the air bag warning
position and is controlled by the  PCM.indicator to prove out once the key is  turned to the

RUN position indicates a fault in the air bag Engine Air Filter Warning Indicator (Diesel
system. Only)

When the engine air filter sensor detects that a newService Engine Soon Warning Indicator
air filter needs to be installed, it grounds a signalWhen there is a fault in the engine control system,
from the PCM. The PCM then sends a signal to thethe PCM sends a message via the SCP network to
instrument cluster via the SCP communicationsthe instrument cluster, causing the service engine
network to activate the engine air filter  warningsoon warning indicator to illuminate.
indicator.

Fuel Filler Cap Loose Warning Indicator (if Inspection and Verificationequipped)
1. Verify the customer concern by operating theWhen the PCM detects that there is a leak in the

system.evaporative emissions (EVAP) system that could be
2. Visually inspect for obvious signs ofthe result of a loose fuel filler cap, the PCM sends a

mechanical and electrical damage.message via the SCP network to the instrument
cluster, causing the fuel filler cap loose  warning
indicator to illuminate.

2004 E-Series, 12/2003 



413-01A-4 413-01A-4Instrument Cluster — Conventional

DIAGNOSIS AND TESTING (Continued)

Visual Inspection Chart 4. Check the wiring harness for obvious signs of
shorts, opens, bad connections, or damage.Mechanical Electrical

5. If the cause is not visually evident, connect the• Engine oil filter • Central junction box
• Vehicle speed sensor (CJB) fuse(s): diagnostic tool to the data link connector (DLC)

gear — 14 (5A) and select the vehicle to be tested from the
• Engine oil level — 15 (5A) diagnostic tool menu. If the diagnostic tool does
• Temperature gauge — 22 (15A) not communicate with the vehicle:needle • Battery junction box
• Oil pressure gauge (BJB) fuse(s): • check that the program card is correctly

needle — 7 (60A) installed.
• Fuel filler cap — 22 (60A)

• check the connections to the vehicle.• Circuitry
• Vehicle speed sensor • check the ignition switch position.

(VSS)
6. If the diagnostic tool still does not communicate• Output shaft speed

sensor (OSS) with the vehicle, refer to the diagnostic tool
• Powertrain control operating manual.

module (PCM)
7. Carry out the diagnostic tool data link test. If• Instrument cluster

• Fuel level sender the diagnostic tool responds with:
• Oil pressure switch • SCP, ISO or UBP circuit fault; all electronic• Engine air filter sensor

control units no response/not equipped, refer• Engine coolant
to Section 418-00.temperature (ECT)

sensor • No response/not equipped for the instrument
• Anti-lock brake system

cluster, GO to Pinpoint Test A.(ABS) module
• Multifunction switch • System passed, retrieve and record the

continuous diagnostic trouble codes (DTCs),
erase the continuous DTCs and carry out3. Verify that the following systems are working
self-test diagnostics for the instrumentcorrectly.
cluster.

• charging system 8. If the DTCs retrieved are related to the concern,
• fuel system GO to the Instrument Cluster Diagnostic

Trouble Code (DTC) Index.• engine oiling system
9. If no DTCs related to the concern are retrieved,• engine cooling system

GO to Symptom Chart.• vehicle speed control system

If the system(s) are not working correctly, refer to
the appropriate section of the Workshop Manual.

Instrument Cluster Diagnostic Trouble Code (DTC) Index

DTC Description Source Action

B1201 Fuel Sender Circuit Failure Instrument GO to Pinpoint Test B.
Cluster

B1204 Fuel Sender Circuit Short to Ground Instrument GO to Pinpoint Test B.
Cluster

B1205 Reset Button Circuit Failure Instrument VERIFY that the instrument cluster bezel
Cluster is aligned correctly and the Select/Reset

button is not binding. REPAIR as
necessary. If the switch is not binding,
INSTALL a new instrument cluster.
REFER to  Instrument Cluster in this
section.
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413-01A-5 413-01A-5Instrument Cluster — Conventional

DIAGNOSIS AND TESTING (Continued)

Instrument Cluster Diagnostic Trouble Code (DTC) Index (Continued)

DTC Description Source Action

B1317 Battery Voltage High Instrument INSPECT the charging system. REFER
Cluster to Section 414-00.

B1318 Battery Voltage Low Instrument GO to Pinpoint Test A.
Cluster

NOTE:  If other DTCs are present,B1342 ECU Is Defective Instrument
REPAIR them before installing a newCluster
component.
CLEAR the DTCs. RETRIEVE the
DTCs. If DTC B1342 is retrieved again,
INSTALL a new module. REFER to
Instrument Cluster in this section.
REPEAT the self-test.

B1345 Heated Backlite Input Circuit Short to Instrument REFER to Section 412-00.
Ground Cluster

B1352 Ignition Key-In Circuit Failure Instrument REFER to Section 413-09.
Cluster

B1360 Ignition Run/Acc Circuit Open Instrument GO to Pinpoint Test A.
Cluster

B1607 Illuminated Entry Input Circuit Failure Instrument REFER to Section 417-02.
Cluster

B2143 Non-Volatile Memory Failure Instrument INSTALL a new instrument cluster.
Cluster REFER to Instrument Cluster in this

section. REPEAT the self-test.

B2477 Module Configuration Failure Instrument Attempt to re-configure the instrument
Cluster cluster again. If B2477 is retrieved again,

INSTALL a new instrument cluster.
REFER to Instrument Cluster in this
section. REPEAT the self-test.

B2658 Wait to Start Warning Indicator Circuit Instrument CARRY-OUT the instrument cluster
Open Cluster self-test. If the wait to start indicator

proves out normally, REFER to
Powertrain Control/Emissions Diagnosis
(PC/ED) manual to continue diagnosis.
Otherwise, INSTALL a new instrument
cluster. REFER to  Instrument Cluster in
this section.

C1284 Oil Pressure Switch Failure Instrument GO to Pinpoint Test D.
Cluster

P1139 Water in Fuel Indicator Circuit Open Instrument CARRY-OUT the instrument cluster
Cluster self-test. If the water in fuel indicator

proves out normally, REFER to
Powertrain Control/Emissions Diagnosis
(PC/ED) manual to continue diagnosis.
Otherwise, INSTALL a new instrument
cluster. REFER to  Instrument Cluster in
this section.

U1027 Invalid/Missing Data for Engine RPM Instrument GO to Pinpoint Test F.
Cluster

U1041 Invalid/Missing Data for Vehicle Speed Instrument GO to Pinpoint Test H.
Cluster
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DIAGNOSIS AND TESTING (Continued)

Instrument Cluster Diagnostic Trouble Code (DTC) Index (Continued)

DTC Description Source Action

U1058 Invalid/Missing Data for Instrument REFER to Section 307-05.
Transmission/Transaxle/PRNDL Cluster

U1059 Invalid/Missing Data for Instrument REFER to Section 307-05.
Transmission/Transaxle/PRNDL Cluster

U1073 Invalid/Missing Data for Engine Coolant Instrument GO to Pinpoint Test E.
Cluster

U1123 Invalid/Missing Data for Odometer Instrument GO to Pinpoint Test H.
Cluster

U1262 SCP Communication Bus Fault Instrument REFER to Section 418-00 to continue
Cluster diagnostics.

ABS Module Diagnostic Trouble Code (DTC) Index

DTC Description Source Action

C1220 ABS Lamp Output Circuit Short to ABS Module GO to Pinpoint Test L.
Battery

Instrument Cluster Dealer Test Mode
To enter the Instrument Cluster Dealer Test Mode,
press and hold the instrument cluster
SELECT/RESET button and then turn the ignition
switch to the RUN position. Continue pressing the
SELECT/RESET button (five seconds) until tESt is
displayed  in the odometer. The SELECT/RESET
button must be released within three seconds of the
odometer displaying tESt to begin the dealer test
mode. Depress the SELECT/RESET button to
advance through the following steps until dtc is
displayed. Depressing  the SELECT/RESET button
will display any continuous DTCs stored before
proceeding to the next step.

Odometer Display Description

GAGE Activates gauge sweep of all gauges, then displays present gauge values. Also carries
out the checksum tests on ROM and EE.

All segments illuminated Illuminates all odometer segments.

bulb Illuminates all micro-controlled lamps and LEDs (low oil pressure/high coolant
temperature, low fuel, service engine soon, brake, low range). Install a new bulb or
LED as necessary.

r Returns to normal operation of all micro-controlled lamps and LEDs and displays
hexadecimal value for ROM level (used when requesting assistance from the hotline).

EE Displays hexadecimal value for EE level (used when requesting assistance from the
hotline).

dt Displays hexadecimal coding of final manufacturing test date (used when requesting
assistance from the hotline).

dtc Displays continuous DTCs. Pressing the SELECT/RESET button will display any
DTCs stored before proceeding to the next step.
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DIAGNOSIS AND TESTING (Continued)

Odometer Display Description

enG Displays the speed in mph. Speedometer will indicate present speed within tolerances.
Display will show 0 if input is not received, if input received is invalid for one second
or more, or if speed is 0.

m Displays the speed data (mph) received from the PCM via the SCP network. Displays
the metric speed in kph. Speedometer will indicate present speed within tolerances.
Display will show 0 if input is not received, if input received is invalid for  one second
or more, or if speed is 0.

tAc Displays the tachometer data received from the PCM via the SCP network. Tachometer
will indicate present speed within tolerances. Display will show 0 if input is not
received, if input received is invalid for one second or more, or if engine  rpm is 0.

FUEL Displays the actual A/D fuel level. The fuel gauge will display a filtered fuel level
value. This filter will keep the pointer from moving suddenly or erratically. If the value
displayed is between 0 and 20, the circuit is shorted.  GO to Pinpoint Test B.
• 255=open send +/-0
• 232=Full stop +/-10
• 215=Full mark +/-10
• 178=3/4 mark +/-8
• 138=1/2 mark +/-7
• 93=1/4 mark +/-5
• 41=E mark +/-4
• 54=‘‘LOW FUEL’’ (0-59)
• 0-18=short (0-20 max.)

OIL Displays the code (0-255) for the oil pressure switch input to the instrument cluster.
Displays the oil pressure reading input to the instrument cluster. Oil pressure gauge
will indicate present oil pressure. Normal oil pressure (greater than 6  psi) will display
a value between 000 and 176. A low oil pressure (less than 6 psi) or an inoperative
engine oil pressure switch will display a value greater than 176.

dEGC Display of engine temperature in Degrees C input from cylinder head temperature
sensor. If the value displayed is -40C, the SCP message for engine temperature has not
been received for more than 5 seconds. GO to Pinpoint Test E.
• 49 C=‘‘C’’ mark
• 60 C=Normal band start
• 120 C=Normal band end
• 119 C=Temperature warning indicator ON
• ‘‘-40’’ C=No SCP Message for 5 sec

br Displays the brake fluid level input to the instrument cluster.

bAtt Displays the code (0-255) battery voltage input to the instrument cluster. Battery
voltage gauge will indicate present battery voltage.
• 93-102=6.9-9.1 volts (low voltage)
• 115-124=8.5-10.7 volts (norm band start)
• 215-225=15.8-18 volts (norm band end)
• 230-241=16.9-19.1 volts (high voltage)

rhEo Displays the present hexadecimal value for the instrument cluster backlighting pulse
width modulated (PWM) input to the instrument cluster (used when requesting
assistance from the hotline).

rhi PWM input duty cycle.
rhS SCP hexadecimal dimming step (used when requesting assistance from the hotline).
rho Output driver counts in hexadecimal format (used when requesting assistance from the

hotline).

Cr Displays the present RUN/START sense input. Display will show -L with the ignition
switch in the START position and -h with the ignition switch in the RUN position.

ALtF Displays 8-bit hexadecimal value for alternate fuel level. Display will show a value
between OO and FF if the message is received.

2004 E-Series, 12/2003 
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DIAGNOSIS AND TESTING (Continued)

Odometer Display Description

PA-PE7 Not used.

GAGE Repeats test display cycle.

Turn the ignition switch to the OFF position or
press and hold the SELECT/RESET button for three
or more seconds and release to exit Instrument
Cluster Dealer Test Mode. If no DTCs related to the
concern are retrieved, proceed to the Symptom
Chart to continue diagnostics.

Symptom Chart

Symptom Chart

Condition Possible Sources Action
• No communication with the • Instrument cluster. • GO to Pinpoint Test A.

instrument cluster • Circuitry.
• Incorrect fuel gauge • Fuel pump module. • GO to Pinpoint Test B.

indication • Circuitry.
• Fuel tank.
• Instrument cluster.

• Incorrect voltage gauge • Circuitry. • GO to Pinpoint Test C.
indication • Instrument cluster.

• PCM (dual generator only).
• Incorrect oil pressure gauge • Circuitry. • GO to Pinpoint Test D.

indication • Engine oil pressure switch.
• Instrument cluster.

• Incorrect temperature gauge • Circuitry. • GO to Pinpoint Test E.
indication • Engine coolant temperature

(ECT) sender.
• Incorrect tachometer • Circuitry. • GO to Pinpoint Test F.

indication • Instrument cluster.
• The low fuel warning • Instrument cluster. • GO to Pinpoint Test G.

indicator is never/always on
• The speedometer/odometer is • Powertrain control module • GO to Pinpoint Test H.

inoperative (PCM) (gasoline only).
• Output shaft speed sensor

(OSS) (gasoline only).
• Vehicle speed sensor (VSS)

(diesel only).
• Instrument cluster.
• Circuitry.

• Inaccurate speedometer • Instrument cluster. • GO to Pinpoint Test H.
reading • Circuitry.

• Speedometer inoperative but • Instrument cluster. • INSTALL a new instrument
odometer functions correctly cluster. REFER to Instrument

Cluster in this section.
• Trip odometer inoperative, • Instrument cluster. • VERIFY trip/reset lever is not

speedometer OK binding; otherwise, INSTALL
a new instrument cluster.
REFER to Instrument Cluster
in this section.

• The tachometer is inoperative • Circuitry. • GO to Pinpoint Test F.
• Instrument cluster.
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DIAGNOSIS AND TESTING (Continued)

Symptom Chart (Continued)

Condition Possible Sources Action
• The temperature warning • Instrument cluster. • CARRY-OUT the instrument

indicator does not operate • Circuitry. cluster self-test. If the
correctly temperature gauge operates

correctly, REFER to
Powertrain Control/Emissions
Diagnosis (PC/ED) manual to
continue diagnosis. Otherwise,
GO to Pinpoint Test E.

• The safety belt warning • Instrument cluster. • GO to Pinpoint Test I.
indicator is inoperative • Circuitry.
(chime is inoperative) • Warning chime/module.

• The BRAKE warning • Circuitry. • GO to Pinpoint Test J.
indicator is never on • Instrument cluster.

• Parking brake switch.
• Brake fluid level switch.

• The BRAKE warning • Circuitry. • REFER to Section 206-00.
indicator is always on • Base brake system.

• Anti-lock brake system (ABS)
module.

• The charging system warning • Instrument cluster. • CARRY-OUT the instrument
indicator is never on • Circuitry. cluster self-test. If the

charging system warning
indicator illuminates, GO to
Pinpoint Test K. Otherwise,
INSTALL a new instrument
cluster. REFER to Instrument
Cluster in this  section.

• The anti-lock brake system • Instrument cluster. • GO to Pinpoint Test L.
(ABS) warning indicator is • Circuitry.
inoperative • ABS module.

• The service engine soon • Instrument cluster. • If the bulb proves out
indicator is inoperative • Circuitry. normally, REFER to

• Powertrain control module Powertrain Control/Emissions
(PCM). Diagnosis (PC/ED) manual to

continue diagnosis. Otherwise,
INSTALL a new instrument
cluster. REFER to Instrument
Cluster in this section.

• The high beam indicator is • Instrument cluster. • GO to Pinpoint Test M.
inoperative • Circuitry.

• The LH turn indicator is • Instrument cluster. • GO to Pinpoint Test N.
inoperative • Circuitry.

• The RH turn lamp indicator is • Instrument cluster. • GO to Pinpoint Test O.
inoperative • Circuitry.

• The air bag warning indicator • Instrument cluster. • GO to Pinpoint Test P.
is inoperative • Restraint control module

(RCM).
• Circuitry.
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DIAGNOSIS AND TESTING (Continued)

Symptom Chart (Continued)

Condition Possible Sources Action
• The water in fuel warning • Instrument cluster. • CARRY-OUT the instrument

indicator is inoperative (diesel • Circuitry. cluster self-test. If the water
only) • Powertrain control module in fuel warning indicator

(PCM). proves out normally, REFER
• Fuel water switch. to Powertrain

Control/Emissions Diagnosis
(PC/ED) manual to continue
diagnosis. Otherwise,
INSTALL a new instrument
cluster. REFER to
Instrument Cluster in this
section.

• The wait to start indicator is • Instrument cluster. • CARRY-OUT the instrument
inoperative (diesel only) • Circuitry. cluster self-test. If the wait to

• Powertrain control module start indicator proves out
(PCM). normally, REFER to

Powertrain Control/Emissions
Diagnosis (PC/ED) manual to
continue diagnosis. Otherwise,
INSTALL a new instrument
cluster. REFER to
Instrument Cluster in this
section.

• The engine air filter warning • Instrument cluster. • CARRY-OUT the instrument
indicator is inoperative • Powertrain control module cluster self-test. If the engine

(PCM). air filter warning indicator
• Engine air filter sensor. proves out normally, REFER
• Circuitry. to Powertrain

Control/Emissions Diagnosis
(PC/ED) manual to continue
diagnosis. Otherwise,
INSTALL a new instrument
cluster. REFER to
Instrument Cluster in this
section.

• The fuel filler cap loose • Circuitry. • VERIFY that there are no
warning indicator is always • Powertrain control module applicable diagnostic trouble
on (PCM). codes (DTCs) stored in the

• Instrument cluster. PCM. REFER to Powertrain
Control/Emissions Diagnosis
(PC/ED) manual. If the fuel
filler cap warning indicator
remains illuminated after all
PCM DTCs have been
addressed and cleared,
INSTALL a new instrument
cluster. REFER to Instrument
Cluster in this section.

• The instrument cluster is • Instrument cluster. • GO to Pinpoint Test Q.
inoperative • Circuitry.
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DIAGNOSIS AND TESTING (Continued)

Pinpoint Tests

PINPOINT TEST A: NO COMMUNICATION WITH THE INSTRUMENT CLUSTER

Test Step Result / Action to Take
A1 CHECK THE INSTRUMENT CLUSTER VOLTAGE SUPPLY

• Key in OFF position.
• Disconnect: Instrument Cluster C220a.
• Disconnect: Instrument Cluster C220b.
• Key in ON position.
• Measure the voltage between the following instrument cluster

pins, harness side and ground:

Instrument Cluster
Connector/Pin Circuit

C220a-5 1044 (WH/YE)
YesC220b-1 729 (RD/WH) GO to A2.

C220b-2 295 (LB/PK) No
REPAIR the circuit(s) in question. TEST

• Are the voltages greater than 10 volts? the system for normal operation.
A2 CHECK THE INSTRUMENT CLUSTER GROUND CIRCUITS 938

(BK/LG) AND 57 (BK)
• Key in OFF position. Yes
• Measure the resistance between the instrument cluster C220a REFER to Section 418-00 to continue

pin 10, circuit 57 (BK), harness side and ground; and between communication diagnostics.
the instrument cluster C220b pin 14, circuit 938 (BK/LG), Noharness side and ground. REPAIR the circuit(s) in question. TEST• Are the resistances less than 5 ohms? the system for normal operation.

PINPOINT TEST B: INCORRECT FUEL GAUGE INDICATION

Test Step Result / Action to Take
B1 CHECK THE FUEL GAUGE OPERATION

• Key in OFF position.
• NOTE: The fuse must be removed to reset the fuel gauge

timers. Failure to complete this step may result in erroneous test
results.
Remove the central junction box (CJB) fuse 22 (15A). Wait 1
minute and reinstall the fuse.

• Disconnect: Fuel Pump Module C3127.
• Connect one lead of the instrument gauge system tester to the

fuel pump module C3127 pin 2, circuit 29 (YE/WH), harness
side and the other lead to the fuel pump module C3127 pin 3,
circuit 651 (BK/YE), harness side.

• Key in ON position.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST B: INCORRECT FUEL GAUGE INDICATION (Continued)

Test Step Result / Action to Take
B1 CHECK THE FUEL GAUGE OPERATION (Continued)

• Apply the brake and move the transmission shift lever from P
(park) to D (drive). Wait 10 seconds, and move the transmission
shift lever back to P (park). Wait 30 seconds. Do not change the
tool settings or the ignition switch position until 30  seconds
have elapsed.

• Key in OFF position.
• Set the tester to 160 ohms.
• Key in ON position.
• Apply the brake and move the transmission shift lever from P

(park) to D (drive). Wait 10 seconds, and move the transmission
shift lever back to P (park). Wait 30 seconds. Do not change the
tool settings or the ignition switch position until 30  seconds
have elapsed.

• Key in OFF position.
• Wait 30 seconds. Do not change the tool settings or the ignition

switch position until 30 seconds have elapsed.
• Set the tester to 15 ohms.
• Key in ON position.
• Apply the brake and move the transmission shift lever from P

(park) to D (drive). Wait 10 seconds, and move the transmission
shift lever back to P (park). Wait 30 seconds. Do not change the
tool settings or the ignition switch position until 30  seconds
have elapsed.

• Observe the fuel gauge. The fuel gauge should read E (empty)
or below.

• Key in OFF position.
• Wait 30 seconds. Do not change the tool settings or the ignition

switch position until 30 seconds have elapsed.
• Set the tester to 160 ohms. Yes
• Key in ON position. DISCONNECT the instrument gauge

system tester. GO to B2.NOTE: Wait 1 minute for the fuel gauge to respond.
Observe the fuel gauge. The fuel gauge should read F (full ) or No
above. DISCONNECT the instrument gauge

• Does the fuel gauge operate correctly? system tester. GO to B4.
B2 INSPECT THE FUEL TANK

• Visually inspect the fuel tank for any damage or deformation. Yes
• Is the fuel tank OK? GO to B3.

No
INSTALL a new fuel tank. REFER to
Section 310-01A. TEST the system for
normal operation.

B3 INSPECT THE FUEL LEVEL SENDER AND PUMP ASSEMBLY
• Visually inspect the fuel pump module for damaged wiring or Yes

connectors. INSTALL a new fuel level sender. REFER
• Visually inspect the float and float rod for damage or obstruction. to Section 310-01A. TEST the system for
• Are the fuel pump and wiring OK? normal operation.

No
REPAIR as necessary. REFER to Section
310-01A. TEST the system for normal
operation.

B4 CHECK CIRCUIT 29 (YE/WH) FOR OPEN AND SHORT TO
GROUND
• Key in OFF position.
• Disconnect: Instrument Cluster C220a.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST B: INCORRECT FUEL GAUGE INDICATION (Continued)

Test Step Result / Action to Take
B4 CHECK CIRCUIT 29 (YE/WH) FOR OPEN AND SHORT TO

GROUND (Continued)

• Measure the resistance between the instrument cluster C220a
pin 17, circuit 29 (YE/WH), harness side and the fuel pump
module C3127 pin 2, circuit 29 (YE/WH), harness side; and
between the instrument cluster C220a pin 17, circuit 29
(YE/WH),  harness side and ground.

Yes
GO to B5.

• Is the resistance less than 5 ohms between the instrument No
cluster and the fuel pump module and greater than 10,000 REPAIR the circuit. TEST the system for
ohms between the instrument cluster and ground? normal operation.

B5 CHECK CIRCUIT 651 (BK/YE) FOR OPEN AND SHORT TO
GROUND
• Key in OFF position.
• Measure the resistance between the instrument cluster C220a

pin 16, circuit 651 (BK/YE), harness side and the fuel pump
module C3127 pin 3, circuit 651 (BK/YE), harness side; and
between the instrument cluster C220a pin 16, circuit 651
(BK/YE),  harness side and ground.

Yes
GO to B6.

• Is the resistance less than 5 ohms between the instrument No
cluster and the fuel pump module and greater than 10,000 REPAIR the circuit. TEST the system for
ohms between the instrument cluster and ground? normal operation.

B6 CHECK FOR CORRECT INSTRUMENT CLUSTER OPERATION
• Disconnect all the instrument cluster connectors. Yes
• Check for: INSTALL a new instrument cluster.

REFER to Instrument Cluster in this• corrosion section. TEST the system for normal• pushed-out pins operation.• Connect all the instrument cluster connectors and make sure
they seat correctly. No

• Operate the system and verify the concern is still present. The system is operating correctly at this
• Is the concern still present? time. Concern may have been caused by

a loose or corroded connector. CLEAR the
DTCs. REPEAT the self-test.
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST C: INCORRECT VOLTAGE GAUGE INDICATION

Test Step Result / Action to Take
C1 RETRIEVE THE RECORDED DTCS FROM BOTH CONTINUOUS

AND ON-DEMAND INSTRUMENT CLUSTER SELF-TESTS
• Use the recorded instrument cluster DTCs from the continuous Yes

and on-demand self-tests. If DTC B1317 or B1318 is retrieved,
• Are any instrument cluster DTCs recorded? REFER to Section 414-00 to continue

diagnosis.
 For all other DTCs, REFER to the
Instrument Cluster Diagnostic Trouble
Code (DTC) Index.
No
GO to C2.

C2 CARRY OUT THE VOLTMETER ACTIVE COMMAND USING THE
DIAGNOSTIC TOOL
• Connect the diagnostic tool.
• Key in ON position.
• Enter the following diagnostic mode on the diagnostic tool:

Instrument Cluster Active Command. Yes• Select the instrument cluster voltmeter active command. REPAIR the charging system. REFER to• Trigger the instrument cluster voltmeter gauge pointer command. Section 414-00 to continue diagnosis.Scroll in three increments: 0%, 50% and 100%.
• Did the voltmeter start at L (low) when at 0%, move to half No

at 50% and H (high) at 100%? GO to C3.
C3 CHECK FOR CORRECT INSTRUMENT CLUSTER OPERATION

• Disconnect all the instrument cluster connectors. Yes
• Check for: INSTALL a new instrument cluster.

REFER to Instrument Cluster in this• corrosion section. TEST the system for normal• pushed-out pins operation.• Connect all the instrument cluster connectors and make sure
they seat correctly. No

• Operate the system and verify the concern is still present. The system is operating correctly at this
• Is the concern still present? time. Concern may have been caused by

a loose or corroded connector. CLEAR the
DTCs. REPEAT the self-test.

PINPOINT TEST D: INCORRECT OIL PRESSURE GAUGE INDICATION

Test Step Result / Action to Take
D1 RETRIEVE THE RECORDED DTCS FROM BOTH CONTINUOUS

AND ON-DEMAND INSTRUMENT CLUSTER SELF-TESTS
NOTE: For correct operation of the oil pressure gauge, make sure Yes
the engine oil is at the correct level and the connector is securely If DTC C1284 is retrieved, INSTALL a new
mated to the engine oil pressure switch. During hard braking, a engine oil pressure switch. TEST the
momentary drop in oil pressure is normal. system for normal operation.
• Use the recorded instrument cluster DTCs from the continuous  For all other DTCs, REFER to the

and on-demand self-tests. Instrument Cluster Diagnostic Trouble
• Are any instrument cluster DTCs recorded? Code (DTC) Index.

No
GO to D2.

D2 CARRY OUT THE OIL PRESSURE GAUGE POINTER POSITION
ACTIVE COMMAND USING THE DIAGNOSTIC TOOL
• Connect the diagnostic tool.
• Key in START position.
• Enter the following diagnostic mode on the diagnostic tool:

Instrument Cluster Active Command.
• Select the instrument cluster oil gauge pointer position active Yescommand. Trigger the oil pressure gauge pointer position active GO to D3.command ON then OFF.
• Did the engine oil pressure gauge read mid-range when No

selected ON and L when selected OFF? GO to D6.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST D: INCORRECT OIL PRESSURE GAUGE INDICATION (Continued)

Test Step Result / Action to Take
D3 CHECK THE ENGINE OIL PRESSURE

• Carry out the engine oil pressure test. Refer to Section 303-00. Yes
• Key in ON position. GO to D4.
• Is the oil pressure within specification? No

REPAIR the engine oil pressure. REFER
to Section 303-00.

D4 CHECK CIRCUIT 31 (WH/RD) AND CIRCUIT 1308 (BN/OG) FOR
AN OPEN OR SHORT TO GROUND
NOTE: For gasoline engines, check circuit 31 (WH/RD) only. For
diesel engines, check circuit 31 (WH/RD) and circuit 1308 (BN/OG).
• Key in OFF position.
• Disconnect:  Instrument Cluster C220a.
• Disconnect: Engine Oil Pressure Switch C103.
• Measure the resistance between the instrument cluster C220a

pin 13, circuit 31 (WH/RD), harness side and the engine oil
pressure switch C103 pin 1, circuit 31 (WH/RD) (gasoline) or
circuit 1308 (BN/OG) (diesel), harness side; and between the
instrument cluster C220a pin 13, circuit 31 (WH/RD), harness
side and ground.

Yes
GO to D5.

• Is the resistance less than 5 ohms between the instrument No
cluster and the engine oil pressure switch; and greater than REPAIR the circuit in question. TEST the
10,000 ohms between the instrument cluster and ground? system for normal operation.

D5 CHECK CIRCUIT 31 (WH/RD) FOR SHORT TO POWER
• Key in ON position.
• Measure the voltage between the instrument cluster C220a pin

13, circuit 31 (WH/RD), harness side and ground.

Yes
REPAIR the circuit. TEST the system for
normal operation.
No
INSTALL a new engine oil pressure
switch. TEST the system for normal

• Is any voltage present? operation.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST D: INCORRECT OIL PRESSURE GAUGE INDICATION (Continued)

Test Step Result / Action to Take
D6 CHECK FOR CORRECT INSTRUMENT CLUSTER OPERATION

• Disconnect all the instrument cluster connectors. Yes
• Check for: INSTALL a new instrument cluster.

REFER to Instrument Cluster in this• corrosion section. TEST the system for normal• pushed-out pins operation.• Connect all the instrument cluster connectors and make sure
they seat correctly. No

• Operate the system and verify the concern is still present. The system is operating correctly at this
• Is the concern still present? time. Concern may have been caused by

a loose or corroded connector. CLEAR the
DTCs. REPEAT the self-test.

PINPOINT TEST E: INCORRECT TEMPERATURE GAUGE INDICATION

Test Step Result / Action to Take
E1 RETRIEVE THE RECORDED DTCS FROM BOTH CONTINUOUS

AND ON-DEMAND INSTRUMENT CLUSTER SELF-TESTS
• Use the recorded instrument cluster DTCs from the continuous Yes

and on-demand self-tests. If DTC U1073 is retrieved, REFER to
• Are any instrument cluster DTCs recorded? Powertrain Control/Emissions Diagnosis

(PC/ED) manual to continue diagnosis.
 For all other DTCs, REFER to the
Instrument Cluster Diagnostic Trouble
Code (DTC) Index.
No
GO to E2.

E2 CARRY OUT THE COOLANT TEMPERATURE GAUGE ACTIVE
COMMAND USING THE DIAGNOSTIC TOOL
• Connect the diagnostic tool.
• Key in ON position.
• Enter the following diagnostic mode on the diagnostic tool: YesInstrument Cluster Active Command. REFER to Powertrain Control/Emissions• Select the instrument cluster engine coolant active command. Diagnosis (PC/ED) manual to continue• Trigger the engine coolant command. Scroll in three increments: diagnosis.0%, 50% and 100%.
• Did the temperature gauge start at cold when at 0%, move No

to half at 50% and full hot at 100%? GO to E3.
E3 CHECK FOR CORRECT INSTRUMENT CLUSTER OPERATION

• Disconnect all the instrument cluster connectors. Yes
• Check for: INSTALL a new instrument cluster.

REFER to Instrument Cluster in this• corrosion section. TEST the system for normal• pushed-out pins operation.• Connect all the instrument cluster connectors and make sure
they seat correctly. No

• Operate the system and verify the concern is still present. The system is operating correctly at this
• Is the concern still present? time. Concern may have been caused by

a loose or corroded connector. CLEAR the
DTCs. REPEAT the self-test.

PINPOINT TEST F: INCORRECT TACHOMETER INDICATION/THE TACHOMETER IS INOPERATIVE

Test Step Result / Action to Take
F1 CARRY OUT THE TACHOMETER ACTIVE COMMAND USING

THE DIAGNOSTIC TOOL
• Connect the diagnostic tool.
• Key in ON position.
• Enter the following diagnostic mode on the diagnostic tool: YesInstrument Cluster Active Command. REFER to Powertrain Control/Emissions• Select the instrument cluster tachometer active command. Diagnosis (PC/ED) manual to continue• Trigger the tachometer and scroll in increments of 10%. Monitor diagnosis.the tachometer gauge. The tachometer should increase in

increments of 600 rpm for each 10% change. No
• Does the tachometer gauge increase within specification? GO to F2.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST F: INCORRECT TACHOMETER INDICATION/THE TACHOMETER IS INOPERATIVE

(Continued)

Test Step Result / Action to Take
F2 CHECK FOR CORRECT INSTRUMENT CLUSTER OPERATION

• Disconnect all the instrument cluster connectors. Yes
• Check for: INSTALL a new instrument cluster.

REFER to Instrument Cluster in this• corrosion section. TEST the system for normal• pushed-out pins operation.• Connect all the instrument cluster connectors and make sure
they seat correctly. No

• Operate the system and verify the concern is still present. The system is operating correctly at this
• Is the concern still present? time. Concern may have been caused by

a loose or corroded connector. CLEAR the
DTCs. REPEAT the self-test.

PINPOINT TEST G: THE LOW FUEL WARNING INDICATOR IS NEVER/ALWAYS ON

Test Step Result / Action to Take
G1 CHECK THE FUEL GAUGE OPERATION

• Key in ON position. Yes
• Observe the fuel gauge operation. GO to G2.
• Does the fuel gauge operate correctly? No

GO to Pinpoint Test B.
G2 CHECK FOR CORRECT INSTRUMENT CLUSTER OPERATION

• Disconnect all the instrument cluster connectors. Yes
• Check for: INSTALL a new instrument cluster.

REFER to Instrument Cluster in this• corrosion section. TEST the system for normal• pushed-out pins operation.• Connect all the instrument cluster connectors and make sure
they seat correctly. No

• Operate the system and verify the concern is still present. The system is operating correctly at this
• Is the concern still present? time. Concern may have been caused by

a loose or corroded connector. CLEAR the
DTCs. REPEAT the self-test.

PINPOINT TEST H: THE SPEEDOMETER/ODOMETER IS INOPERATIVE/THE SPEEDOMETER IS
INACCURATE

Test Step Result / Action to Take
H1 CHECK THE SPEEDOMETER SIGNAL USING THE DIAGNOSTIC

TOOL AT 48 KM/H (30 MPH)
NOTE: Vehicle must be traveling at a steady speed while carrying
out this test.
NOTE: Only carry out Test Step H1 if speed limits do not allow Test
Step H2 to be carried out.
• Connect the diagnostic tool. Yes• Key in ON position. GO to H2.• Enter the following diagnostic mode on the diagnostic tool: PCM

PIDs. No
• Monitor the VSS PID (diesel), or OSS PID (gasoline), while REFER to the Powertrain

driving the vehicle at 48 km/h (30 mph). Control/Emissions Diagnosis (PC/ED)
• Does the diagnostic tool read 45-57 km/h (28-35 mph)? manual.

H2 CHECK THE SPEEDOMETER SIGNAL USING THE DIAGNOSTIC
TOOL AT 97 KM/H (60 MPH)
NOTE: Vehicle must be traveling at a steady speed while carrying Yes
out this test. GO to H3.
• Monitor the VSS PID (diesel), or OSS PID (gasoline), while No

driving the vehicle at 97 km/h (60 mph). REFER to the Powertrain
• Does the diagnostic tool read 94-100 km/h (58-62 mph)? Control/Emissions Diagnosis (PC/ED)

manual.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST H: THE SPEEDOMETER/ODOMETER IS INOPERATIVE/THE SPEEDOMETER IS

INACCURATE (Continued)

Test Step Result / Action to Take
H3 CHECK FOR CORRECT INSTRUMENT CLUSTER OPERATION

• Disconnect all the instrument cluster connectors. Yes
• Check for: INSTALL a new instrument cluster.

REFER to Instrument Cluster in this• corrosion section. TEST the system for normal• pushed-out pins operation.• Connect all the instrument cluster connectors and make sure
they seat correctly. No

• Operate the system and verify the concern is still present. The system is operating correctly at this
• Is the concern still present? time. Concern may have been caused by

a loose or corroded connector. CLEAR the
DTCs. REPEAT the self-test.

PINPOINT TEST I: THE SAFETY BELT WARNING INDICATOR IS INOPERATIVE

Test Step Result / Action to Take
I1 CHECK THE SAFETY BELT SWITCH SIGNAL

• Key in OFF position.
• Disconnect: Instrument Cluster C220b.
• Key in ON position.
• Measure the resistance between the instrument cluster C220b

pin 25, circuit 85 (BN/LB), harness side and ground, while
buckling and unbuckling the driver safety belt.

Yes
INSTALL a new instrument cluster.
REFER to Instrument Cluster in this
section. TEST the system for normal
operation.
No
If the resistance is always less than 5
ohms, GO to I2.• Is the resistance less than 5 ohms with the driver seat belt

unbuckled, and greater than 10,000 ohms with the driver If the resistance is always greater than
seat belt buckled? 10,000 ohms, GO to I3.

I2 CHECK CIRCUIT 85 (BN/LB) FOR A SHORT TO GROUND
• Key in OFF position.
• Disable the airbag system. REFER to Section 501-20B.
• Disconnect: Driver Safety Belt Switch C323.
• Measure the resistance between the instrument cluster C220b

pin 25, circuit 85 (BN/LB), harness side and ground.

Yes
REPAIR the circuit. TEST the system for
normal operation.
No
INSTALL a new driver safety belt switch.
REFER to Section 501-20A. TEST the

• Is the resistance less than 5 ohms? system for normal operation.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST I: THE SAFETY BELT WARNING INDICATOR IS INOPERATIVE (Continued)

Test Step Result / Action to Take
I3 CHECK CIRCUIT 85 (BN/LB) FOR AN OPEN

• Key in OFF position.
• Disconnect: Driver Safety Belt Switch C323.
• Measure the resistance between the instrument cluster C220b

pin 25, circuit 85 (BN/LB), harness side and the driver safety
belt switch C323 pin 4, circuit 85 (BN/WH), harness side.

Yes
GO to I4.
No
REPAIR the circuit. TEST the system for

• Is the resistance less than 5 ohms? normal operation.
I4 CHECK 57 (BK) FOR AN OPEN

• Disconnect: Driver Safety Belt Switch C323.
• Measure the resistance between the driver safety belt switch

C323 pin 3, circuit 57 (BK), harness side and ground.

Yes
INSTALL a new driver safety belt switch.
REFER to Section 501-20A. TEST the
system for normal operation.
No
REPAIR the circuit. TEST the system for

• Is the resistance less than 5 ohms? normal operation.

PINPOINT TEST J: THE BRAKE WARNING INDICATOR IS NEVER ON

Test Step Result / Action to Take
J1 CHECK BRAKE WARNING OPERATION

• Apply the parking brake. Yes
• Key in ON position. GO to J5.
• Does the brake warning indicator illuminate? No

GO to J2.
J2 CHECK THE PARKING BRAKE SWITCH

• Disconnect: Parking Brake Switch C2015.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST J: THE BRAKE WARNING INDICATOR IS NEVER ON (Continued)

Test Step Result / Action to Take
J2 CHECK THE PARKING BRAKE SWITCH (Continued)

• Connect a fused (10A) jumper wire between the parking brake
switch C2015 pin 1, circuit 162 (LG/RD), harness side and
ground.

Yes
REMOVE the jumper wire, GO to J3.
No

•  Does the brake warning indicator illuminate? REMOVE the jumper wire, GO to J4.
J3 CHECK CIRCUIT 57 (BK) FOR AN OPEN

• Key in OFF position.
• Measure the resistance between the parking brake switch C2015

pin 2, circuit 57 (BK), harness side and ground.

Yes
INSTALL a new parking brake switch.
REFER to Section 206-05. TEST the
system for normal operation.
No
REPAIR the circuit. TEST the system for

•  Is the resistance less than 5 ohms? normal operation.
J4 CHECK CIRCUIT 162 (LG/RD) FOR AN OPEN

• Key in OFF position.
• Disconnect: Instrument Cluster C220b.
• Measure the resistance between the instrument cluster C220b

pin 9, circuit 162 (LG/RD), harness side and the parking brake
switch C2015 pin 1, circuit 162 (LG/RD), harness side.

Yes
GO to J8.
No
REPAIR the circuit. TEST the system for

•  Is the resistance less than 5 ohms? normal operation.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST J: THE BRAKE WARNING INDICATOR IS NEVER ON (Continued)

Test Step Result / Action to Take
J5 CHECK THE BRAKE FLUID SWITCH

• Disconnect: Brake Fluid Level Switch C124. Yes
• Does the brake warning indicator illuminate? GO to J7.

No
GO to J6.

J6 CHECK THE BRAKE FLUID LEVEL SWITCH CIRCUITS 531
(DG/YE) AND 512 (TN/LG) FOR A SHORT
• Key in OFF position.
• Disconnect: Instrument Cluster C220b.
• Measure the resistance between the instrument cluster C220b

pin 19, circuit 531 (DG/YE), harness side and the instrument
cluster C220b pin 20, circuit 512 (TN/LG), harness side.

Yes
GO to J8.
No
REPAIR the circuits. TEST the system for

•  Is the resistance greater than 10,000 ohms? normal operation.
J7 CHECK CIRCUIT 57 (BK) FOR AN OPEN

• Key in OFF position.
• Measure the resistance between the brake fluid level switch

C124 pin 1, circuit 57 (BK), harness side and ground.

Yes
INSTALL a new master cylinder. REFER
to Section 206-06. TEST the system for
normal operation.
No
REPAIR the circuit. TEST the system for

•  Is the resistance less than 5 ohms? normal operation.
J8 CHECK FOR CORRECT INSTRUMENT CLUSTER OPERATION

• Disconnect all the instrument cluster connectors. Yes
• Check for: INSTALL a new instrument cluster.

REFER to Instrument Cluster in this• corrosion section. TEST the system for normal• pushed-out pins operation.• Connect all the instrument cluster connectors and make sure
they seat correctly. No

• Operate the system and verify the concern is still present. The system is operating correctly at this
• Is the concern still present? time. Concern may have been caused by

a loose or corroded connector.
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST K: THE CHARGING SYSTEM WARNING INDICATOR IS INOPERATIVE

NOTE: For single generator systems, only carry out Test Step K1. For dual generator systems,
only carry out Test Step K2.

Test Step Result / Action to Take
K1 CHECK CIRCUIT 904 (LG/RD) FOR AN OPEN — SINGLE

GENERATOR SYSTEM
• Key in OFF position.
• Disconnect: Instrument Cluster C220a.
• Disconnect: Generator C102a.
• Measure the resistance between the generator C102a pin 3,

circuit 904 (LG/RD), harness side and the instrument cluster
C220a pin 14, circuit 904 (LG/RD), harness side.

Yes
GO to K2.
No
REPAIR the circuit. TEST the system for

• Is the resistance less than 5 ohms? normal operation.
K2 CHECK CIRCUIT 904 (LG/RD) FOR AN OPEN — DUAL

GENERATOR SYSTEM
• Key in OFF position. Yes• Disconnect: Instrument Cluster C220a. REFER to Section 414-00 to continue• Disconnect: PCM C175. diagnosis of the charging system.• Measure the resistance between the instrument cluster C220a

pin 14, circuit 904 (LG/RD), harness side and the PCM C175 pin No
30, circuit 904 (LG/RD), harness side. REPAIR the circuit 904 (LG/RD). TEST

• Is the resistance less than 5 ohms? the system for normal operation.

PINPOINT TEST L: THE ABS WARNING INDICATOR IS INOPERATIVE

Test Step Result / Action to Take
L1 CARRY-OUT THE INSTRUMENT CLUSTER SELF-TEST

• Connect the diagnostic tool. Yes
• Key in ON position. GO to L2.
• Carry-out the instrument cluster self-test. No• Does the ABS warning lamp illuminate during the self-test? INSTALL a new instrument cluster.

REFER to Instrument Cluster in this
section. TEST the system for normal
operation.

L2 CHECK CIRCUIT 603 (DG) FOR AN OPEN
• Key in OFF position.
• Disconnect: Instrument Cluster C220b.
• Disconnect: ABS Module C135.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST L: THE ABS WARNING INDICATOR IS INOPERATIVE (Continued)

Test Step Result / Action to Take
L2 CHECK CIRCUIT 603 (DG) FOR AN OPEN (Continued)

• Measure the resistance between the ABS module C135 pin 15,
circuit 603 (DG), harness side and the instrument cluster C220b
pin 24, circuit 603 (DG), harness side.

Yes
REFER to Section 206-09 to continue
diagnosis of the ABS system.
No
REPAIR the circuit. TEST the system for

• Is the resistance less than 5 ohms? normal operation.

PINPOINT TEST M: THE HIGH BEAM INDICATOR IS INOPERATIVE

Test Step Result / Action to Take
M1 CHECK THE HIGH BEAM HEADLAMPS

• Key in ON position. Yes
• Turn the high beam headlamps on. Observe the high beam GO to M2.

headlamps. No• Do the high beam headlamps operate correctly? REFER to Section 417-01 to continue
diagnosis of the high beams.

M2 CHECK CIRCUIT 12 (LG/BK) FOR POWER SUPPLY
• Key in OFF position.
• Disconnect: Instrument Cluster C220a.
• Key in ON position.
• Turn on the high beam headlamps.
• Measure the voltage between the instrument cluster C220a pin

12, circuit 12 (LG/BK), harness side and ground.

Yes
GO to M3.
No
REPAIR the circuit. TEST the system for

• Is the voltage greater than 10 volts? normal operation.
M3 CHECK FOR CORRECT INSTRUMENT CLUSTER OPERATION

• Disconnect all the instrument cluster connectors. Yes
• Check for: INSTALL a new instrument cluster.

REFER to Instrument Cluster in this• corrosion section. TEST the system for normal• pushed-out pins operation.• Connect all the instrument cluster connectors and make sure
they seat correctly. No

• Operate the system and verify the concern is still present. The system is operating correctly at this
• Is the concern still present? time. Concern may have been caused by

a loose or corroded connector. CLEAR the
DTCs. REPEAT the self-test.
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST N: THE LH TURN INDICATOR IS INOPERATIVE

Test Step Result / Action to Take
N1 CHECK THE LH TURN SIGNAL LAMPS

• Key in ON position. Yes
• Operate the LH turn signal. Observe the exterior LH turn lamps. GO to N2.
• Do the LH turn lamps operate correctly? No

REFER to Section 417-01 to continue
diagnosis of the turn signals.

N2 CHECK CIRCUIT 3 (LG/WH) FOR POWER SUPPLY
• Key in OFF position.
• Disconnect: Instrument Cluster C220a.
• Key in ON position.
• Operate the LH turn signal.
• Measure the voltage between the instrument cluster C220a pin

4, circuit 3 (LG/BK), harness side and ground.

Yes
GO to N3.
No

• Does the voltage alternate between 0 volts and greater than REPAIR the circuit. TEST the system for
10 volts? normal operation.

N3 CHECK FOR CORRECT INSTRUMENT CLUSTER OPERATION
• Disconnect all the instrument cluster connectors. Yes
• Check for: INSTALL a new instrument cluster.

REFER to Instrument Cluster in this• corrosion section. TEST the system for normal• pushed-out pins operation.• Connect all the instrument cluster connectors and make sure
they seat correctly. No

• Operate the system and verify the concern is still present. The system is operating correctly at this
• Is the concern still present? time. Concern may have been caused by

a loose or corroded connector. CLEAR the
DTCs. REPEAT the self-test.

PINPOINT TEST O: THE RH TURN INDICATOR IS INOPERATIVE

Test Step Result / Action to Take
O1 CHECK THE RH TURN SIGNAL LAMPS

• Key in ON position. Yes
• Operate the RH turn signal. Observe the exterior RH turn lamps. GO to O2.
• Do the RH turn lamps operate correctly? No

REFER to Section 417-01 to continue
diagnosis of the turn signals.

O2 CHECK CIRCUIT 2 (WH/LB) FOR POWER SUPPLY
• Key in OFF position.
• Disconnect: Instrument Cluster C220a.
• Key in ON position.
• Operate the RH turn signal.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST O: THE RH TURN INDICATOR IS INOPERATIVE (Continued)

Test Step Result / Action to Take
O2 CHECK CIRCUIT 2 (WH/LB) FOR POWER SUPPLY (Continued)

• Measure the voltage between instrument cluster C220a pin 18,
circuit 2 (WH/LB), harness side and ground.

Yes
GO to O3.
No

• Does the voltage alternate between 0 volts and greater than REPAIR the circuit. TEST the system for
10 volts? normal operation.

O3 CHECK FOR CORRECT INSTRUMENT CLUSTER OPERATION
• Disconnect all the instrument cluster connectors. Yes
• Check for: INSTALL a new instrument cluster.

REFER to Instrument Cluster in this• corrosion section. TEST the system for normal• pushed-out pins operation.• Connect all the instrument cluster connectors and make sure
they seat correctly. No

• Operate the system and verify the concern is still present. The system is operating correctly at this
• Is the concern still present? time. Concern may have been caused by

a loose or corroded connector. CLEAR the
DTCs. REPEAT the self-test.

PINPOINT TEST P: THE AIR BAG WARNING INDICATOR IS INOPERATIVE

Test Step Result / Action to Take
P1 CARRY-OUT THE INSTRUMENT CLUSTER SELF-TEST

• Connect the diagnostic tool. Yes
• Key in ON position. GO to P2.
• Carry-out the instrument cluster self-test. No• Does the air bag warning lamp illuminate during the INSTALL a new instrument cluster.self-test? REFER to Instrument Cluster in this

section. TEST the system for normal
operation.

P2 CHECK CIRCUIT 608 (BK/YE) FOR AN OPEN
• Key in OFF position.
• Disconnect: Instrument Cluster C220a.
• Disconnect: RCM C310a.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST P: THE AIR BAG WARNING INDICATOR IS INOPERATIVE (Continued)

Test Step Result / Action to Take
P2 CHECK CIRCUIT 608 (BK/YE) FOR AN OPEN (Continued)

• Measure the resistance between the instrument cluster C220a
pin 3, circuit 608 (BK/YE), harness side and the RCM C310a pin
15, circuit 608 (BK/YE), harness side.

Yes
REFER to Section 501-20B to continue
diagnosis of the restraints control system.
No
REPAIR the circuit. TEST the system for

• Is the resistance less than 5 ohms? normal operation.

PINPOINT TEST Q: THE INSTRUMENT CLUSTER IS INOPERATIVE

Test Step Result / Action to Take
Q1 CHECK THE INSTRUMENT CLUSTER VOLTAGE SUPPLY

• Key in OFF position.
• Disconnect: Instrument Cluster C220a.
• Disconnect: Instrument Cluster C220b.
• Key in ON position.
• Measure the voltage between the following instrument cluster

pins, harness side and ground:

Instrument Cluster Pin Circuit

C220a pin 5 1044 (WH/YE)
YesC220b pin 1 729 (RD/WH) GO to Q2.

C220b pin 2 295 (LB/PK) No
REPAIR the circuit(s) in question. TEST

• Are the voltages greater than 10 volts? the system for normal operation.
Q2 CHECK THE INSTRUMENT CLUSTER GROUND CIRCUITS 938

(BK/LG) AND 57 (BK)
• Key in OFF position. Yes• Measure the resistance between the instrument cluster C220a GO to Q3.pin 10, circuit 57 (BK), harness side and ground; and between

the instrument cluster C220b pin 14, circuit 938 (BK/LG), No
harness side and ground. REPAIR the circuit(s) in question. TEST

• Are the resistances less than 5 ohms? the system for normal operation.
Q3 CHECK FOR CORRECT INSTRUMENT CLUSTER OPERATION

• Disconnect all the instrument cluster connectors. Yes
• Check for: INSTALL a new instrument cluster.

REFER to Instrument Cluster in this• corrosion section. TEST the system for normal• pushed-out pins operation.• Connect all the instrument cluster connectors and make sure
they seat correctly. No

• Operate the system and verify the concern is still present. The system is operating correctly at this
• Is the concern still present? time. Concern may have been caused by

a loose or corroded connector.
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413-01A-1 413-01A-1Instrument Cluster — Conventional

REMOVAL AND INSTALLATION

4. Remove the instrument panel finish panel.Instrument Cluster
1 Remove the bolts.

Removal and Installation 2 Remove the instrument panel finish panel.

• Disconnect the electrical connectors.
CAUTION: Electronic modules are

sensitive to electrical charges. If exposed to these
charges, damage may result.

NOTE: Prior to removal of the module, it is
necessary to upload module configuration
information to the diagnostic tool. this information
needs to be downloaded into the new module once
installed. For additional information, refer to
Section 418-01.

1. Depower the supplemental restraint system
(SRS). For additional information, refer to
Section 501-20B.

5. Remove the instrument cluster.2. Remove the audio unit. For additional
1 Remove the bolts.information, refer to Section 415-01.

X Remove the transmission range indicator
3. Remove the headlamp switch knob. and disconnect the electrical connectors.

1 Remove the headlamp switch knob. 2 Remove the instrument cluster.
2 Rotate the headlamp switch bezel

counterclockwise and remove.

6. To install, reverse the removal procedure.

Copyright  2003, Ford Motor Company
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413-01A-1 413-01A-1Instrument Cluster — Conventional

REMOVAL AND INSTALLATION

Warning Indicator Bulb

Removal and Installation

1. Remove the instrument cluster. For additional
information, refer to Instrument Cluster in this
section.

2. NOTE: Remove the desired miniature bulb by
turning it a quarter turn counterclockwise.

Remove the instrument cluster bulbs.

1 Remove the warning indicator bulbs.
3. To install, reverse the removal procedure.2 Remove the illumination bulbs.

Copyright  2003, Ford Motor Company
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REMOVAL AND INSTALLATION

Instrument Cluster Lens

Removal and Installation

1. Remove the instrument cluster. For additional
information, refer to Instrument Cluster in this
section.

2. Disengage the 4 locking tabs and remove the
instrument cluster lens.

3. To install, reverse the removal procedure.

Copyright  2003, Ford Motor Company
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SPECIFICATIONS

Torque Specifications

Description Nm lb-ft lb-in

Fuel tank pressure 55 41 —
sensor

Fuel tank temperature 37 27 —
sensor

Natural Gas Vehicle 9 — 80
(NGV) module
assembly nuts

Copyright  2003, Ford Motor Company
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413-01B-1 413-01B-1Instrument Cluster — Natural Gas Vehicle

For additional information regarding the base
DESCRIPTION AND OPERATION

instrument cluster function, refer to SectionInstrument Cluster — Natural Gas
413-01A.Vehicle

The natural gas fuel indication system consists of
the following components:

• the natural gas vehicle (NGV) module

• the fuel gauge located in the instrument cluster

• the fuel tank pressure sensor

• the fuel tank temperature sensor

Copyright  2003, Ford Motor Company
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413-01B-1 413-01B-1Instrument Cluster — Natural Gas Vehicle

Principles of Operation
DIAGNOSIS AND TESTING

Instrument Cluster — Natural Gas WARNING:  Do not modify the system
Vehicle (NGV) configuration or components, or install new
Refer to Wiring Diagrams Cell 28 for schematic and components with parts not specially designed for
connector information. use with natural gas. Ford Motor Company has
Refer to Wiring Diagrams Cell 60 for schematic and specially designed the materials, components, and
connector information. system configuration for the  5.4L natural gas

vehicle, and each particular system is precisely
Special Tool(s) calibrated for efficient operation. The use of

different parts or materials can produce an73III Automotive Meter
105-R0057 or equivalent untested configuration that could result in fire,

personal injury, or cause engine damage.  Failure
to follow these instructions may result in
personal injury or death.

WARNING:  It is important that the
natural gas vehicle be correctly maintained by

Worldwide Diagnostic System Ford natural gas trained personnel. If a concern
(WDS)

occurs, it is important that correctly trained418-F224,
personnel diagnose the cause. If the problemNew Generation STAR (NGS)
relates to the fuel system,  correct new partTester
installation is imperative to keep the vehicle418-F052, or equivalent

diagnostic tool with appropriate operating at normal performance. Natural gas
adapter cable components and gasoline fuel components are not

interchangeable. If the vehicle is not repaired in
accordance with natural gas-fueled  vehicle
procedures, damage can occur and the warranty
may be invalidated. Failure to follow these
instructions may result in personal injury or
death.

NOTE:  All standard production components and
systems receive routine repairs under base warranty
procedures.

Natural Gas Vehicle (NGV) Module
The NGV module assembly:

• consists of a 90-pin module and a bracket and
four retainers.

• houses the unique electronics required for natural
gas fuel systems.

• is located on the LH inner fender.

The NGV module carries out the following
functions:

• injector drivers: the NGV module accepts eight
unmodified injector signals from the powertrain
control module (PCM) and allows a
peak-and-sustain current to flow through the
injector solenoids.

Copyright  2003, Ford Motor Company
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413-01B-2 413-01B-2Instrument Cluster — Natural Gas Vehicle

DIAGNOSIS AND TESTING (Continued)

• fuel gauge driver: the NGV module uses fuel tank Fuel gauge accuracy can be affected by certain
temperature and fuel tank pressure inputs to conditions. These conditions will cause abnormal
calculate the density of the fuel. A look-up table fuel gauge movement, possibly causing unnecessary
is used to determine the output signal to the fuel diagnostics. Make sure the following conditions do
gauge. not exist before continuing with fuel  indication

system diagnostics:Fuel Tank Pressure Sensor
The fuel tank pressure sensor: A. Fast filling

— After fast filling a vehicle, the fuel gauge• contains integral solid state circuitry that outputs a
reading can drop as much as 1/16 of a tank.voltage signal that is proportional to pressure.
This is caused by the rapid expansion and• has an output that is linear from 0 kPa (0 psi) up
compression of the fuel during fast fills.to 34,473.79 kPa (5000 psi).
This is considered normal gauge movement.

• is mounted in the rear fuel tank solenoid valve.
— Fast filling with the ignition switch in the

Fuel Tank Temperature Sensor RUN position can cause the NGV module
The fuel tank temperature sensor: to store DTCs in error. With the ignition

switch in the RUN position, the NGV• changes resistance in response to the temperature
module is monitoring the sensors. Duringof the fuel in the fuel tank; as the surrounding
fast fill situations, the fuel tank  temperaturetemperature increases, the resistance decreases
drops to extremely low temperatures; this(the voltage signal also decreases).
may cause the fuel tank temperature sensor

• provides a signal to the NGV module that
to drop below its operating temperature

indicates the temperature of the fuel.
range, causing the NGV module to store a

• is mounted in the rear fuel tank solenoid valve. DTC. When fast filling is complete, the fuel
tank temperature sensor  will return toDiagnostic Instructions
normal operation after it reaches normal

The NGV module monitors the components and operating temperature range. However, the
circuitry required for fuel indication during normal DTC will still be stored.
operation. If an error or concern is detected, the

B. Fuel system leaksNGV module will store a diagnostic trouble code
— NOTE:  Refer to Section 310-00B  for the(DTC) in memory. DTCs are retrieved from the

Fuel System Leak Test.NGV  module using the diagnostic tool. If a
concern exists with the instrument cluster that is not After repair of a fuel system that has been
related to the fuel indication system, refer to Section drained, the fuel gauge will display Empty
413-01A. DO NOT carry out NGV  module during the initial key-on of the ignition
diagnostics. The components monitored by the NGV switch since there is no pressure in the fuel
module include the: lines. After 4-5 key-ons, the fuel gauge will

display the appropriate  reading.• fuel tank temperature sensor

• fuel tank pressure sensor Inspection and Verification
• circuitry 1. Verify the customer concern.

2. Observe the indicators, warning displays, and
gauges to determine if they are operating
correctly with the ignition switch:

• in RUN with the engine off.

• in START before the ignition switch is
released.

• in RUN with the engine running.

3. Visually inspect for obvious signs of
mechanical and electrical damage:
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413-01B-3 413-01B-3Instrument Cluster — Natural Gas Vehicle

DIAGNOSIS AND TESTING (Continued)

Visual Inspection Chart • check the ignition switch position.

Mechanical Electrical 6. If the diagnostic tool still does not communicate
with the vehicle, refer to the diagnostic tool• Fuel tank(s) • Central junction box

• Solenoid(s) (CJB) Fuse 8 (30A) operating manual.
• Fuel line(s) • Battery junction box 7. Carry out the diagnostic tool data link test. If(BJB) fuse(s):

the diagnostic tool responds with:— 7 (60A)
— 13 (20A) • SCP, ISO or UBP circuit fault; all electronic
— 21 (30A) control units no response/not equipped, refer

• Circuitry
to Section 418-00.• Fuel tank pressure

sensor • No response/not equipped for the NGV
• Fuel tank temperature module, refer to Powertrain

sensor Control/Emissions Diagnosis (PC/ED)• Instrument cluster
manual.• NGV module

• No response/not equipped for the instrument
cluster, refer to Section 413-01A.4. If an obvious cause for an observed or reported

• System passed, retrieve and record theconcern is found, correct the cause (if possible)
continuous diagnostic trouble codes (DTCs),before proceeding to the next step.
erase the continuous DTCs for the NGV5. If the cause of the concern is not visually
module and carry out self-test diagnosticsevident, connect the diagnostic tool to the data
for the instrument cluster.link connector and select the vehicle to be

8. If the DTCs retrieved are related to the concern,tested from the diagnostic tool menu. If the
go to the Natural Gas Vehicle (NGV) Modulediagnostic tool does not communicate with the
Diagnostic Trouble Code (DTC) Index tovehicle:
continue diagnostics.• check that the program card is correctly

9. If no DTCs related to the concern are retrieved,installed.
GO to Symptom Chart to continue diagnostics.• check the connections to the vehicle.

Natural Gas Vehicle (NGV) Module Diagnostic Trouble Code (DTC) Index

DTC Description Source Action

B1219 Fuel Tank Pressure Sensor NGV Module GO to Pinpoint Test A.
Circuit Failure

(greater than 4.76 volts)

B1220 Fuel Tank Pressure Sensor NGV Module GO to Pinpoint Test A.
Circuit Open

(less than 0.24 volts)

B1222 Fuel Tank Temperature NGV Module GO to Pinpoint Test C.
Sensor Circuit Failure
(less than 0.195 volts)

B1223 Fuel Tank Temperature NGV Module GO to Pinpoint Test B.
Sensor Circuit Open

(greater than 4.585 volts)

B1317 Battery Voltage High NGV Module GO to Pinpoint Test D.
(greater than 15 volts)

B1318 Battery Voltage Low NGV Module GO to Pinpoint Test D.
(less than 5 volts)

P0606 ECM/PCM Internal Failure NGV Module GO to Pinpoint Test E.
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DIAGNOSIS AND TESTING (Continued)

Symptom Chart

Symptom Chart

Condition Possible Sources Action
• No communication with the • Circuitry. • REFER to the Powertrain

natural gas vehicle (NGV) • NGV module. Control/Emissions Diagnosis
module (PC/ED) manual to continue

diagnosis.
• No communication with the • Circuitry. • REFER to Section 413-01A.

instrument cluster • Instrument cluster.
• Incorrect fuel gauge • Circuitry. • GO to Pinpoint Test F.

indication • Instrument cluster.
• Natural gas vehicle (NGV)

module.

Pinpoint Tests

PINPOINT TEST A:  DTC B1219 — FUEL TANK PRESSURE SENSOR CIRCUIT FAILURE HIGH INPUT
(GREATER THAN 4.76 VOLTS)/DTC B1220 — FUEL TANK PRESSURE SENSOR CIRCUIT OPEN (LESS

THAN 0.24 VOLTS)

Test Step Result / Action to Take
A1 USE THE CONTINUOUS RECORDED DTCs

• Using the NGV module recorded DTCs; Yes
• Is DTC B1220 present? GO to A2.

No
If DTC B1219 is present, GO to A5.

A2 CHECK FUEL TANK PRESSURE CIRCUIT 1161 (DG/OG) FOR A
SHORT TO SIGNAL RETURN CIRCUIT 1163 (BN)
NOTE: This test will verify if the fuel tank pressure sensor output
signal wire is shorted to sensor return signal.
• Key in OFF position.
• Disconnect: NGV Module C1009.
• Disconnect: Fuel Tank Pressure Sensor C3166.
• Measure the resistance between the NGV module C1009 pin 37,

circuit 1161 (DG/OG), harness side and the NGV module C1009
pin 89, circuit 1163 (BN), harness side.

Yes
GO to A3.
No
REPAIR the circuits. CLEAR the DTCs.

• Is the resistance greater than 10,000 ohms? TEST the system for normal operation.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST A:  DTC B1219 — FUEL TANK PRESSURE SENSOR CIRCUIT FAILURE HIGH INPUT

(GREATER THAN 4.76 VOLTS)/DTC B1220 — FUEL TANK PRESSURE SENSOR CIRCUIT OPEN (LESS
THAN 0.24 VOLTS) (Continued)

Test Step Result / Action to Take
A3 CHECK CIRCUITS TO THE FUEL TANK PRESSURE SENSOR

•

• Measure the resistance between the fuel tank pressure sensor
C3166, harness side and the NGV module C1009, harness side;
and between the fuel tank pressure sensor C3166, harness side
and ground as follows:

C3166 Pin C1009 Pin Circuit

1 89 1163 (BN)
(signal return)

2 74 1160 (BN/WH)
(voltage reference)

3 37 1161 (DG/OG) Yes
GO to A4.(sensor)
No

• Are the resistances less than 5 ohms between the REPAIR the circuit(s) in question. CLEAR
components; and greater than 10,000 ohms between the the DTCs. TEST the system for normal
fuel tank pressure sensor and ground? operation.

A4 CHECK FOR VOLTAGE TO THE FUEL TANK PRESSURE
SENSOR
• Connect: NGV Module C1009.
• Key in ON position.
• Measure the voltage between the fuel tank pressure sensor

C3166 pin 2, circuit 1160 (BN/WH), harness side and the fuel
tank pressure sensor C3166 pin 1, circuit 1163 (BN), harness
side.

Yes
INSTALL a new fuel tank pressure sensor.
REFER to Section 310-01B. CLEAR the
DTCs. TEST the system for normal
operation.
No

• Is the voltage 4-6 volts? GO to A8.

(Continued)

2004 E-Series, 11/2003 



413-01B-6 413-01B-6Instrument Cluster — Natural Gas Vehicle

DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST A:  DTC B1219 — FUEL TANK PRESSURE SENSOR CIRCUIT FAILURE HIGH INPUT

(GREATER THAN 4.76 VOLTS)/DTC B1220 — FUEL TANK PRESSURE SENSOR CIRCUIT OPEN (LESS
THAN 0.24 VOLTS) (Continued)

Test Step Result / Action to Take
A5 CHECK CIRCUIT 1160 (BN/WH) FOR A SHORT TO CIRCUIT

1161 (DG/OG)
• Key in OFF position.
• Disconnect: NGV Module C1009.
• Disconnect: Fuel Tank Pressure Sensor C3166.
• Measure the resistance between the fuel tank pressure sensor

C3166 pin 2, circuit 1160 (BN/WH), harness side and the fuel
tank pressure sensor C3166 pin 3, circuit 1161 (DG/OG),
harness side.

Yes
GO to A6.
No
REPAIR the circuits. CLEAR the DTCs.

• Is the resistance greater than 10,000 ohms? TEST the system for normal operation.
A6 CHECK CIRCUIT 1161 (DG/OG) FOR A SHORT TO POWER

• Key in ON position.
• Measure the voltage between the fuel tank pressure sensor

C3166 pin 3, circuit 1161 (DG/OG), harness side and ground.

Yes
REPAIR the circuit. CLEAR the DTCs.
TEST the system for normal operation.
No

• Is any voltage present? GO to A7.
A7 CHECK THE FUEL TANK PRESSURE SENSOR FOR AN

INTERNAL SHORT
• Key in OFF position.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST A:  DTC B1219 — FUEL TANK PRESSURE SENSOR CIRCUIT FAILURE HIGH INPUT

(GREATER THAN 4.76 VOLTS)/DTC B1220 — FUEL TANK PRESSURE SENSOR CIRCUIT OPEN (LESS
THAN 0.24 VOLTS) (Continued)

Test Step Result / Action to Take
A7 CHECK THE FUEL TANK PRESSURE SENSOR FOR AN

INTERNAL SHORT (Continued)

• Measure the resistance between the fuel tank pressure sensor
C3166 pin 2, circuit 1160 (BN/WH), component side and the fuel
tank pressure sensor C3166 pin 3, circuit 1161 (DG/OG),
component side.

Yes
GO to A8.
No
INSTALL a new fuel tank pressure sensor.
REFER to Section 310-01B. CLEAR the
DTCs. TEST the system for normal

• Is the resistance greater than 10,000 ohms? operation.
A8 USE THE CONTINUOUS RECORDED DTCs

NOTE: This test verifies if the NGV module will see a low input
signal while the fuel tank pressure sensor is disconnected.
• Connect: NGV Module C1009. Yes• Connect: Fuel Tank Pressure Sensor C3166. INSTALL a new fuel tank pressure sensor.• Connect the diagnostic tool. REFER to Section 310-01B. TEST the• Key in ON position. system for normal operation.• Clear the DTCs.
• Carry out the NGV module self-test. No
• Is DTC B1220 present? GO to A9

A9 CHECK FOR CORRECT NGV MODULE OPERATION
• Disconnect the NGV module connector. Yes
• Check for: INSTALL a new NGV module. REFER to

Section 310-01B. CLEAR the DTCs. TEST• corrosion the system for normal operation.• pushed-out pins
• Connect the NGV module connector and make sure it seats No

correctly. The system is operating correctly at this
• Operate the system and verify the concern is still present. time. The concern may have been caused
• Is the concern still present? by a loose or corroded connector. CLEAR

the DTCs. TEST the system for normal
operation.

PINPOINT TEST B:  DTC B1223 — FUEL TANK TEMPERATURE SENSOR CIRCUIT OPEN (GREATER
THAN 4.585 VOLTS)

Test Step Result / Action to Take
B1 CHECK CIRCUIT 1163 (BN) FOR AN OPEN

• Key in OFF position.
• Disconnect: NGV Module C1009.
• Disconnect: Fuel Tank Temperature Sensor C3124.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST B:  DTC B1223 — FUEL TANK TEMPERATURE SENSOR CIRCUIT OPEN (GREATER

THAN 4.585 VOLTS) (Continued)

Test Step Result / Action to Take
B1 CHECK CIRCUIT 1163 (BN) FOR AN OPEN (Continued)

• Measure the resistance between the NGV module C1009 pin 89,
circuit 1163 (BN), harness side and the fuel tank temperature
sensor C3124 pin 2, circuit 1163 (BN), harness side.

Yes
GO to B2.
No
REPAIR the circuit. CLEAR the DTCs.

• Is the resistance less than 5 ohms? TEST the system for normal operation.
B2 CHECK CIRCUIT 1162 (LG/RD) FOR AN OPEN

• Measure the resistance between the NGV module C1009 pin 33,
circuit 1162 (LG/RD), harness side and the fuel tank temperature
sensor C3124 pin 1, circuit 1162 (LG/RD), harness side.

Yes
GO to B3.
No
REPAIR the circuit. CLEAR the DTCs.

• Is the resistance less than 5 ohms? TEST the system for normal operation.
B3 CHECK CIRCUIT 1162 (LG/RD) FOR A SHORT TO POWER

• Key in OFF position.
• Disconnect: NGV Module C1009.
• Key in ON position.

(Continued)

2004 E-Series, 11/2003 



413-01B-9 413-01B-9Instrument Cluster — Natural Gas Vehicle

DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST B:  DTC B1223 — FUEL TANK TEMPERATURE SENSOR CIRCUIT OPEN (GREATER

THAN 4.585 VOLTS) (Continued)

Test Step Result / Action to Take
B3 CHECK CIRCUIT 1162 (LG/RD) FOR A SHORT TO POWER

(Continued)

• Measure the voltage between the NGV module C1009 pin 33,
circuit 1162 (LG/RD), harness side and ground.

Yes
REPAIR the circuit. CLEAR the DTCs.
TEST the system for normal operation.
No

• Is any voltage present? GO to B4.
B4 CHECK THE FUEL TANK TEMPERATURE SENSOR PIDS

• Key in OFF position.
• Connect: NGV Module.
• Disconnect: Fuel Tank Temperature Sensor C3124.
• Key in ON position.
• Connect the diagnostic tool.
• Install a jumper wire (5A) between the fuel tank temperature

sensor C3124 pin 1, circuit 1162 (LG/RD), harness side and the
fuel tank temperature sensor C3124 pin 2, circuit 1163 (BN),
harness side. Monitor the fuel tank temperature sensor PID  with
the jumper wire connected, and with the jumper wire
disconnected.

Yes
INSTALL a new fuel temperature sensor.
REFER to Section 310-01B. TEST the• Does the PID read between -38°C (-36.4°F) and -42°C system for normal operation.(-43.6°F) with the jumper wire disconnected and read

between 111°C (231.8°F) and 135°C (275°F) with the jumper No
wire connected? GO to B5.

B5 CHECK FOR CORRECT NGV MODULE OPERATION
• Disconnect the NGV module connector. Yes
• Check for: INSTALL a new NGV module. REFER to

Section 310-01B. CLEAR the DTCs. TEST• corrosion the system for normal operation.• pushed-out pins
• Connect the NGV module connector and make sure it seats No

correctly. The system is operating correctly at this
• Operate the system and verify the concern is still present. time. The concern may have been caused
• Is the concern still present? by a loose or corroded connector. CLEAR

the DTCs. TEST the system for normal
operation.
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST C:  DTC B1222 — FUEL TANK TEMPERATURE SENSOR CIRCUIT SHORT TO GROUND

(LOW INPUT)

Test Step Result / Action to Take
C1 CHECK THE CIRCUITS TO THE FUEL TANK TEMPERATURE

SENSOR
• Key in OFF position.
• Disconnect: NGV Module C1009.
• Disconnect: Fuel Tank Temperature Sensor C3124.
• Measure the resistance between the NGV module C1009 pin 33,

circuit 1162 (LG/RD), harness side and the NGV module C1009
pin 89, circuit 1163 (BN), harness side.

Yes
GO to C2.
No
REPAIR the circuits. CLEAR the DTCs.

• Is the resistance greater than 1 mega ohms? TEST the system for normal operation.
C2 CHECK CIRCUIT 1163 (BN) FOR A SHORT TO CHASSIS

GROUND
• Measure the resistance between the NGV module C1009 pin 89,

circuit 1163 (BN), harness side and ground.

Yes
REPAIR the circuit. CLEAR the DTCs.
TEST the system for normal operation.
No

• Is the resistance less than 1 mega ohms? GO to C3.

(Continued)
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413-01B-11 413-01B-11Instrument Cluster — Natural Gas Vehicle

DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST C:  DTC B1222 — FUEL TANK TEMPERATURE SENSOR CIRCUIT SHORT TO GROUND

(LOW INPUT) (Continued)

Test Step Result / Action to Take
C3 CHECK CIRCUIT 1162 (LG/RD) FOR A SHORT TO CHASSIS

GROUND
• Measure the resistance between the NGV module C1009 pin 33,

circuit 1162 (LG/RD), harness side and ground.

Yes
REPAIR the circuit. CLEAR the DTCs.
TEST the system for normal operation.
No

• Is the resistance less than 1 mega ohms? GO to C4.
C4 CHECK THE FUEL TANK TEMPERATURE SENSOR PIDS

• Key in OFF position.
• Connect: NGV Module C1009.
• Install a jumper wire (5A) between the fuel tank temperature

sensor C3124 pin 1, circuit 1162 (LG/RD), harness side and the
fuel tank temperature sensor C3124 pin 2, circuit 1163 (BN),
harness side. Monitor the fuel tank temperature sensor PID  with
the jumper wire connected, and with the jumper wire
disconnected.

Yes
INSTALL a new fuel temperature sensor.
REFER to Section 310-01B. TEST the• Does the PID read between -38°C (-36.4°F) and -42°C system for normal operation.(-43.6°F) with the jumper wire disconnected and read

between 111°C (231.8°F) and 135°C (275°F) with the jumper No
wire connected? GO to C5.

C5 CHECK FOR CORRECT NGV MODULE OPERATION
• Disconnect the NGV module connector. Yes
• Check for: INSTALL a new NGV module. REFER to

Section 310-01B. CLEAR the DTCs. TEST• corrosion the system for normal operation.• pushed-out pins
• Connect the NGV module connector and make sure it seats No

correctly. The system is operating correctly at this
• Operate the system and verify the concern is still present. time. The concern may have been caused
• Is the concern still present? by a loose or corroded connector. CLEAR

the DTCs. TEST the system for normal
operation.
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST D:  DTC B1317 — BATTERY VOLTAGE HIGH (GREATER THAN 15 VOLTS)/DTC B1318

— BATTERY VOLTAGE LOW (LESS THAN 5 VOLTS)

Test Step Result / Action to Take
D1 CHECK THE BATTERY VOLTAGE WITH THE ENGINE RUNNING

• Key in START position.
• Measure the voltage across the battery terminals.

Yes
REFER to Section 414-00  to continue
diagnosis of the charging system.
No

• Is the voltage greater than 15 volts or less than 5 volts? GO to D2.
D2 CHECK FOR DAMAGED MODULE PINS OR MODULE HARNESS

CONNECTOR TERMINALS
• Key in OFF position. Yes
• Disconnect: NGV Module C1009. REPAIR the NGV connector, pins and
• Inspect the NGV module C1009 connector, pins and terminals terminals as necessary. GO to D5.

for damage. No• Is any damage present? GO to D3.
D3 CHECK THE POWER SUPPLY TO THE NGV MODULE

• Key in ON position.
• Measure the voltage between the NGV module C1009 pin 45,

circuit 361 (RD), harness side and ground; and between the
NGV module C1009 pin 60, circuit 361 (RD), harness side and
ground.

Yes
GO to D4.
No
REPAIR the circuit(s) in question. TEST

• Are the voltages between 10 and 14 volts? the system for normal operation.
D4 CHECK THE NGV MODULE GROUND

• Key in OFF position.
• Measure the resistance between the NGV module C1009,

harness side and ground as follows:

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST D:  DTC B1317 — BATTERY VOLTAGE HIGH (GREATER THAN 15 VOLTS)/DTC B1318

— BATTERY VOLTAGE LOW (LESS THAN 5 VOLTS) (Continued)

Test Step Result / Action to Take
D4 CHECK THE NGV MODULE GROUND (Continued)

C1009 Pin Circuit

1 570 (BK/WH)

2 570 (BK/WH)

3 570 (BK/WH)

4 570 (BK/WH)

17 570 (BK/WH)

19 570 (BK/WH)

21 570 (BK/WH)

23 570 (BK/WH)

Yes
GO to D5.
No
REPAIR the circuit(s) in question. CLEAR
the DTCs. TEST the system for normal

• Are the resistances less than 5 ohms? operation.
D5 CHECK FOR CORRECT NGV MODULE OPERATION

• Disconnect the NGV module connector. Yes
• Check for: INSTALL a new NGV module. REFER to

Section 310-01B. CLEAR the DTCs. TEST• corrosion the system for normal operation.• pushed-out pins
• Connect the NGV module connector and make sure it seats No

correctly. The system is operating correctly at this
• Operate the system and verify the concern is still present. time. The concern may have been caused
• Is the concern still present? by a loose or corroded connector. CLEAR

the DTCs. TEST the system for normal
operation.

PINPOINT TEST E:  DTC P0606 — ELECTRONIC CONTROL MODULE (ECM) INTERNAL FAILURE

Test Step Result / Action to Take
E1 CHECK FOR DAMAGED MODULE PINS OR MODULE HARNESS

CONNECTOR TERMINALS
• Key in OFF position. Yes
• Disconnect: NGV Module C1009. REPAIR the NGV connector, pins and
• Inspect the NGV module C1009 connector, pins and terminals terminals as necessary. GO to E4.

for damage. No• Is damage present? GO to E2.
E2 CHECK THE POWER SUPPLY TO THE NGV MODULE

• Key in ON position.

(Continued)
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413-01B-14 413-01B-14Instrument Cluster — Natural Gas Vehicle

DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST E:  DTC P0606 — ELECTRONIC CONTROL MODULE (ECM) INTERNAL FAILURE

(Continued)

Test Step Result / Action to Take
E2 CHECK THE POWER SUPPLY TO THE NGV MODULE

(Continued)

• Measure the voltage between the NGV module C1009 pin 45,
circuit 361 (RD), harness side and ground; and between the
NGV module C1009 pin 60, circuit 361 (RD), harness side and
ground.

Yes
GO to E3.
No

• Are the voltages greater than 10 volts? GO to E4.
E3 CHECK THE NGV MODULE GROUND

• Key in OFF position.
• Measure the resistance between the NGV module C1009,

harness side and ground as follows:

C1009 Pin Circuit

1 570 (BK/WH)

2 570 (BK/WH)

3 570 (BK/WH)

4 570 (BK/WH)

17 570 (BK/WH)

19 570 (BK/WH)

21 570 (BK/WH)

23 570 (BK/WH)

Yes
GO to E4.
No
REPAIR the circuit(s) in question. CLEAR
the DTCs. TEST the system for normal

• Are the resistances less than 5 ohms? operation.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST E:  DTC P0606 — ELECTRONIC CONTROL MODULE (ECM) INTERNAL FAILURE

(Continued)

Test Step Result / Action to Take
E4 CHECK FOR CORRECT NGV MODULE OPERATION

• Disconnect the NGV module connector. Yes
• Check for: INSTALL a new NGV module. REFER to

Section 310-01B. CLEAR the DTCs. TEST• corrosion the system for normal operation.• pushed-out pins
• Connect the NGV module connector and make sure it seats No

correctly. The system is operating correctly at this
• Operate the system and verify the concern is still present. time. The concern may have been caused
• Is the concern still present? by a loose or corroded connector. CLEAR

the DTCs. TEST the system for normal
operation.

PINPOINT TEST F: INCORRECT FUEL GAUGE INDICATION

Test Step Result / Action to Take
F1 CHECK FOR CORRECT FUEL GAUGE OPERATION

• Key in ON position.
• Connect the diagnostic tool.
• Enter the following diagnostic mode on the diagnostic tool:

Instrument Cluster Active Command.
• Select the instrument cluster fuel level control active command. YesTrigger, monitor, and scroll the fuel level at: 0% , 50%, and GO to F2.100%.
• Does the fuel gauge display: E with 0%, half with 50%, and No

F with 100%? GO to F5.
F2 CHECK THE FUEL TANK PRESSURE PID

• Depressurize and repressurize the fuel system. Refer to Section
310-00B. Yes• Enter the following diagnostic mode on the diagnostic tool: NGV GO to F3.Module PID.

• Monitor the NGV module fuel tank pressure PID while observing No
the fuel filler neck venting kit gauge. INSTALL a new fuel tank pressure

• Does the PID and the fuel filler neck venting kit gauge transducer. REFER to Section 310-01B.
display ± 150 psi of each other? TEST the system for normal operation.

F3 CHECK THE FUEL TANK TEMPERATURE PID
• Enter the following diagnostic mode on the diagnostic tool: NGV YesModule PID. GO to F4.• Measure the temperature of the fuel line near where the

temperature sensor is located and observe the reading. No
• Monitor the NGV module fuel tank temperature PID while INSTALL a new fuel tank temperature

observing the fuel line temperature reading. sensor. REFER to Section 310-01B. TEST
• Are the temperatures ± 3.3°C (6°F) of each other? the system for normal operation.

F4 CHECK FOR CORRECT NGV MODULE OPERATION
• Disconnect the NGV module connector. Yes
• Check for: INSTALL a new NGV module. REFER to

Section 310-01B. CLEAR the DTCs. TEST• corrosion the system for normal operation.• pushed-out pins
• Connect the NGV module connector and make sure it seats No

correctly. The system is operating correctly at this
• Operate the system and verify the concern is still present. time. The concern may have been caused
• Is the concern still present? by a loose or corroded connector. CLEAR

the DTCs. TEST the system for normal
operation.

F5 CHECK FOR CORRECT INSTRUMENT CLUSTER OPERATION
• Disconnect the instrument cluster connectors. Yes
• Check for: INSTALL a new instrument cluster.

REFER to Section 413-01A. CLEAR the• corrosion DTCs. TEST the system for normal• pushed-out pins operation.• Connect all the instrument cluster connectors and make sure
they seat correctly. No

• Operate the system and verify the concern is still present. The system is operating correctly at this
• Is the concern still present? time. The concern may have been caused

by a loose or corroded connector. CLEAR
the DTCs. TEST the system for normal
operation.
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413-01B-1 413-01B-1Instrument Cluster — Natural Gas Vehicle

REMOVAL AND INSTALLATION

Instrument Cluster — Natural Gas
Vehicle (NGV)

Removal and Installation

For additional information, refer to Section
413-01A.

Copyright  2003, Ford Motor Company
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REMOVAL AND INSTALLATION

Warning Indicator Bulb

Removal and Installation

For additional information, refer to Section
413-01A.
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REMOVAL AND INSTALLATION

Cluster Lens

Removal and Installation

For additional information, refer to Section
413-01A.

Copyright  2003, Ford Motor Company
Last updated: 08/27/2003 2004 E-Series, 11/2003 



413-00-1 413-00-1Instrument Cluster and Panel Illumination

Inspection and Verification
DIAGNOSIS AND TESTING

Instrument Cluster and Panel 1. Verify the customer concern.
Illumination 2. Visually inspect for the following obvious signs
Refer to Wiring Diagrams Cell 71 for schematic and of electrical damage.
connector information.

Visual Inspection Chart
Special Tool(s)

Mechanical Electrical
73 III Automotive Meter or • Headlamp switch • Central junction box
equivalent (CJB) fuse 36 (5A)
105-R0057 • Bulbs

• Circuitry

3. If the fault is not visually evident, determine
the symptom and proceed to Symptom Chart.

Symptom Chart

Symptom Chart

Condition Possible Sources Action
• The Control Illumination Is • Central junction box (CJB) • GO to Pinpoint Test A.

Inoperative/Always On fuse 36 (5A).
• Circuitry.
• Headlamp switch.

• The Instrument Panel • Headlamp switch mounting. • GO to Pinpoint Test B.
Illumination Does Not Dim • Headlamp switch.

• The Instrument Cluster • Circuitry. • GO to Pinpoint Test C.
Illumination Is Inoperative • Instrument cluster printed

circuit.
• Bulbs.

• The Climate Control • Bulbs. • GO to Pinpoint Test D.
Illumination Is Inoperative • Circuitry.

• The Audio System • Circuitry. • GO to Pinpoint Test E.
Illumination Is Inoperative • Radio.

• A Single Illumination Source • Circuit. • GO to Pinpoint Test F.
Is Inoperative • Bulbs.

Pinpoint Tests

PINPOINT TEST A: THE CONTROL ILLUMINATION IS INOPERATIVE/ALWAYS ON

Test Step Result / Action to Take
A1 CHECK THE OPERATION OF THE INTERIOR ILLUMINATION

• Key in ON position. Yes
• Be sure the headlamp switch is in the OFF position. GO to A2.
• Is the interior illumination on? No

GO to A5.
A2 CHECK CIRCUIT 1045 (DB/WH) FOR A SHORT TO POWER

• Key in OFF position.
• Disconnect: Headlamp Switch C205.

(Continued)
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413-00-2 413-00-2Instrument Cluster and Panel Illumination

DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST A: THE CONTROL ILLUMINATION IS INOPERATIVE/ALWAYS ON (Continued)

Test Step Result / Action to Take
A2 CHECK CIRCUIT 1045 (DB/WH) FOR A SHORT TO POWER

(Continued)

• Measure the voltage between the headlamp switch C205 pin I,
circuit 1045 (DB/WH), harness side and ground.

Yes
REPAIR the circuit. TEST the system for
normal operation.
No

• Is any voltage present? GO to A3.
A3 CHECK CIRCUIT 19 (LB/RD) FOR A SHORT TO POWER

• Key in OFF position.
• Remove the CJB fuse 36 (5A).
• Measure the voltage on the output side (right pin) of the CJB

fuse 36 (5A), circuit 19 (LB/RD).

Yes
REPAIR the circuit. TEST the system for
normal operation.
No

• Is any voltage present? GO to A4.
A4 CHECK THE HEADLAMP SWITCH MOUNTING

• Rotate the headlamp switch knob and shaft from fully
counterclockwise to fully clockwise.

Yes
INSTALL a new headlamp switch. REFER
to Section 417-01. TEST the system for
normal operation.
No
MOUNT the headlamp switch securely.

• Is the headlamp switch mounted securely? TEST the system for normal operation.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST A: THE CONTROL ILLUMINATION IS INOPERATIVE/ALWAYS ON (Continued)

Test Step Result / Action to Take
A5 CHECK THE SUPPLY TO CJB FUSE 36 (5A)

• Pull the headlamp switch to the PARK position and rotate the
headlamp switch knob fully counterclockwise, without turning on
the interior lamps.

• Remove CJB fuse 36 (5A).
• Measure the voltage on the feed side (left pin) of CJB fuse 36

(5A), circuit 1045 (DB/WT).

Yes
INSTALL a new CJB. TEST the system for
normal operation.
No

• Is the voltage greater than 10 volts? GO to A6.
A6 CHECK THE CONTINUITY OF CIRCUIT 1045 (DB/WH)

• Disconnect: Headlamp Switch C205.
• Measure the resistance between the headlamp switch C205 pin

I, circuit 1045 (DB/WH), harness side and CJB fuse 36 (5A) feed
side (left pin).

Yes
GO to A4.
No
REPAIR the circuit or INSTALL a new
CJB, as necessary. TEST the system for

• Is the resistance less than 5 ohms? normal operation.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST A: THE CONTROL ILLUMINATION IS INOPERATIVE/ALWAYS ON (Continued)

Test Step Result / Action to Take
A7 CHECK CIRCUIT 195 (TN/WH) INPUT TO THE HEADLAMP

SWITCH
• Measure the voltage between headlamp switch C205 pin B2,

circuit 195 (TN/WH), harness side and ground.

Yes
INSTALL a new headlamp switch. REFER
to Section 417-01. TEST the system for
normal operation.
No
REPAIR the circuit. TEST the system for

• Is the voltage greater than 10 volts? normal operation.

PINPOINT TEST B: THE INSTRUMENT PANEL ILLUMINATION DOES NOT DIM

Test Step Result / Action to Take
B1 CHECK THE HEADLAMP SWITCH MOUNTING

• Rotate the headlamp switch knob and shaft from fully
counterclockwise to fully clockwise.

Yes
INSTALL a new headlamp switch. REFER
to Section 417-01. TEST the system for
normal operation.
No
MOUNT the headlamp switch securely.

• Is the headlamp switch mounted securely? TEST the system for normal operation.

PINPOINT TEST C: THE INSTRUMENT CLUSTER ILLUMINATION IS INOPERATIVE

Test Step Result / Action to Take
C1 CHECK THE ILLUMINATION SUPPLY CIRCUIT FOR AN OPEN

• Disconnect: Instrument Cluster C220b.
• Key in ON position.

(Continued)
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413-00-5 413-00-5Instrument Cluster and Panel Illumination

DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST C: THE INSTRUMENT CLUSTER ILLUMINATION IS INOPERATIVE (Continued)

Test Step Result / Action to Take
C1 CHECK THE ILLUMINATION SUPPLY CIRCUIT FOR AN OPEN

(Continued)

• Measure the voltage between the instrument cluster C220b pin
26, circuit 19 (LB/RD), harness side and ground.

Yes
GO to C2.
No
REPAIR the circuit. TEST the system for

• Is the voltage greater than 10 volts? normal operation.
C2 CHECK THE CONTINUITY OF THE ILLUMINATION GROUND

CIRCUIT
• Disconnect: Instrument Cluster C220a.
• Key in OFF position.
• Measure the resistance between instrument cluster C220a pin

10, circuit 57 (BK), harness side and ground.

Yes
INSTALL a new instrument cluster.
REFER to Section 413-01A. TEST the
system for normal operation.
No
REPAIR the circuit. TEST the system for

• Is the resistance less than 5 ohms? normal operation.

PINPOINT TEST D: THE CLIMATE CONTROL ILLUMINATION IS INOPERATIVE

Test Step Result / Action to Take
D1 CHECK THE SUPPLY VOLTAGE

• Disconnect: Climate Control C294e.
• Disconnect: Rear Climate Control C951.

(Continued)
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413-00-6 413-00-6Instrument Cluster and Panel Illumination

DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST D: THE CLIMATE CONTROL ILLUMINATION IS INOPERATIVE (Continued)

Test Step Result / Action to Take
D1 CHECK THE SUPPLY VOLTAGE (Continued)

• Pull the headlamp switch to the PARK position and rotate the
headlamp switch knob fully counterclockwise, without turning on
the interior lamps.

• Measure the voltage between the front climate control C294e pin
2 or the rear climate control C951 pin 2, circuit 19 (LB/RD),
harness side and ground.

Yes
GO to D2.
No
REPAIR the circuit. TEST the system for

• Is the voltage greater than 10 volts? normal operation.
D2 CHECK THE GROUND CIRCUIT FOR AN OPEN

• Measure the resistance between the front climate control C294e
pin 1 or the rear climate control C951 pin 1, circuit 57 (BK),
harness side and ground.

Yes
INSTALL a new illumination lamp. TEST
the system for normal operation.
No
REPAIR the circuit. TEST the system for

• Is the resistance less than 5 ohms? normal operation.
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST E: THE AUDIO SYSTEM ILLUMINATION IS INOPERATIVE

Test Step Result / Action to Take
E1 CHECK THE SUPPLY CIRCUIT FOR AN OPEN

• Disconnect: Audio Unit C2188a.
• Pull the headlamp switch to the PARK position and rotate the

headlamp switch knob fully counterclockwise, without turning on
the interior lamps.

• Measure the voltage between the audio unit C2188a pin 1,
circuit 19 (LB/RD), harness side and ground.

Yes
REMOVE the audio unit and SEND it to
an authorized audio repair facility. TEST
the system for normal operation.
No
REPAIR circuit 19 (LB/R). TEST the

• Is the voltage greater than 10 volts? system for normal operation.

PINPOINT TEST F: A SINGLE ILLUMINATION SOURCE IS INOPERATIVE

Test Step Result / Action to Take
F1 CHECK THE SUPPLY VOLTAGE

• Disconnect: Inoperative Illumination Source.

(Continued)

2004 E-Series, 11/2003 



413-00-8 413-00-8Instrument Cluster and Panel Illumination

DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST F: A SINGLE ILLUMINATION SOURCE IS INOPERATIVE (Continued)

Test Step Result / Action to Take
F1 CHECK THE SUPPLY VOLTAGE (Continued)

• Pull the headlamp switch to the PARK position and rotate the
headlamp switch knob fully counterclockwise, without turning on
the interior lamps.

Yes
GO to F2.

• Measure the voltage between the inoperative source connector, No
circuit 19 (LB/RD), harness side and ground. REPAIR the circuit. TEST the system for

• Is the voltage greater than 10 volts? normal operation.
F2 CHECK THE GROUND CIRCUIT FOR AN OPEN

• Measure the resistance between the inoperative source Yes
connector, circuit 57 (BK), harness side and ground. INSTALL a new lamp for the one in

• Is the resistance less than 5 ohms? question. TEST the system for normal
operation.
No
REPAIR the circuit. TEST the system for
normal operation.
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Installation
REMOVAL AND INSTALLATION

Bulb — Instrument Cluster
1. To install, reverse the removal procedure.

Removal

1. Remove the instrument cluster; refer to Section
413-01A.

2. Remove the instrument cluster illumination
bulbs.

Copyright  2003, Ford Motor Company
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413-06-1 413-06-1Horn

Torque Specifications (Continued)
SPECIFICATIONS

Description Nm lb-ft lb-in
Torque Specifications

Battery Ground Cable 7-10 — 62-89
Description Nm lb-ft lb-in

Horn Bolt 19-26 14-19 —

Copyright  2003, Ford Motor Company
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413-06-1 413-06-1Horn

DESCRIPTION AND OPERATION

The horn switch is part of the driver air bagHorn
module. For additional information, refer to SectionThe horn system components are shown in the
501-20B.following illustration.

Component Location

Item Part Number Description

1  3600 Steering wheel

2 12A581 Battery junction box (BJB)

3  13802 Horn

Copyright  2003, Ford Motor Company
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413-06-1 413-06-1Horn

DIAGNOSIS AND TESTING
Visual Inspection ChartHorn

Refer to Wiring Diagrams Cell 44, Horn/Cigar Mechanical Electrical
Lighter for schematic and connector information. • Loose horn • Horn

• Battery junction box
Special Tool(s) (BJB) fuse 27 (15A)

• Circuitry73III Automotive Meter
• Horn switch105-R0057 or equivalent
• Horn relay

3. If an obvious cause for an observed or reported
concern is found, correct the cause (if possible)
before proceeding to the next step.

4. If a fault is not visually evident, determine theInspection and Verification
symptom and GO to Symptom Chart.

1. Verify the customer concern.

2. Visually inspect for obvious signs of
mechanical or electrical damage.

Symptom Chart

Symptom Chart

Condition Possible Sources Action
• The horn is inoperative • Circuit • GO to Pinpoint Test A.

• Horn relay
• Horn switch (part of driver

air bag module)
• Clockspring
• Horn

• The horn is always on • Circuit • GO to Pinpoint Test B.
• Horn relay
• Horn switch (part of driver

air bag module)
• Clockspring

Pinpoint Tests

PINPOINT TEST A: THE HORN IS INOPERATIVE

Test Step Result / Action to Take
A1 CHECK THE RELAY

• Key in OFF position. Yes
• Carry out the Horn Relay component test. Refer to Wiring If equipped with speed control, GO to A2.

Diagrams Cell 149 for component testing. If not equipped with speed control, GO to
• Is the horn relay OK? A3.

No
INSTALL a new horn relay. TEST the
system for normal operation.

A2 CHECK THE SPEED CONTROL OPERATION
• Road test the vehicle and verify that the speed control operates Yes

correctly. GO to A3.
• Does the speed control operate correctly? No

REFER to Section 310-03 to continue
diagnosis of the speed control system.

(Continued)
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413-06-2 413-06-2Horn

DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST A: THE HORN IS INOPERATIVE (Continued)

Test Step Result / Action to Take
A3 CHECK THE HORN SUPPLY CIRCUIT

• Disconnect: Horn Relay C1006.
• Connect a fused (10A) jumper wire between the horn relay

C1006 pin 3, circuit 460 (YE/LB), harness side and the horn
relay C1006 pin 5, circuit 6 (YE/LG), harness side.

Yes
GO to A6.
No

• Does the horn sound? GO to A4.
A4 CHECK CIRCUIT 460 (YE/LB) (SUPPLY CIRCUIT) FOR

VOLTAGE
• Remove the jumper wire.
• Measure the voltage between the horn relay C1006 pin 3 circuit

460 (YE/LB), harness side and ground.

Yes
GO to A5.
No
REPAIR the circuit. TEST the system for

• Is the voltage greater than 10 volts? normal operation.
A5 CHECK CIRCUIT 6 (YE/LG) FOR AN OPEN

• Disconnect: Horn C1256.
• Connect a fused (10A) jumper wire between the horn relay

C1006 pin 3, circuit 460 (YE/LB), harness side and the horn
relay C1006 pin 5, circuit 6 (YE/LG), harness side.

(Continued)
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413-06-3 413-06-3Horn

DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST A: THE HORN IS INOPERATIVE (Continued)

Test Step Result / Action to Take
A5 CHECK CIRCUIT 6 (YE/LG) FOR AN OPEN (Continued)

• Measure the voltage between the horn C1256 pin 1 (early
production), circuit 6 (YE/LG), harness side and ground; or
between the horn C1256 pin 2 (late production), circuit 6
(YE/LG), harness side and ground.

Yes
If late production, GO to A13.
If early production, INSTALL a new horn.
REFER to Horn in this section.
No
REPAIR the circuit. TEST the system for

• Is the voltage greater than 10 volts? normal operation.
A6 CHECK CIRCUIT 460 (YE/LB) (CONTROL CIRCUIT) FOR AN

OPEN
• Measure the voltage between the horn relay C1006 pin 2

(YE/LB), harness side and ground.

Yes
GO to A7.
No
 REPAIR the circuit. TEST the system for

• Is the voltage greater than 10 volts? normal operation.
A7 CHECK CIRCUIT 1 (DB) FOR AN OPEN

• Connect: Horn Relay C1006.
• Disconnect: Clockspring C218b.
• Measure the voltage between the clockspring C218b pin 1,

circuit 1 (DB), harness side and ground.

Yes
GO to A8.
No
REPAIR the circuit. TEST the system for

• Is the voltage greater than 10 volts? normal operation.

(Continued)
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413-06-4 413-06-4Horn

DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST A: THE HORN IS INOPERATIVE (Continued)

Test Step Result / Action to Take
A8 CHECK FOR VOLTAGE TO THE HORN SWITCH

• Connect: Clockspring C218b.
• Disconnect: Horn Switch.
• Measure the voltage between the horn switch pin 1, circuit 1

(DB), harness side and ground.

Yes
If equipped with speed control, INSTALL a
new driver air bag. REFER to Section
501-20B. TEST the system for normal
operation.
No
If not equipped with speed control, GO to

• Is the voltage greater than 10 volts? A9.
A9 CHECK THE HORN SWITCH WIRING HARNESS FOR VOLTAGE

SUPPLY CIRCUIT
• Inspect the horn switch wiring harness for shorts, opens or any Yes

damage. GO to A10.
• Is the horn switch wiring harness OK? No

INSTALL a new horn switch harness.
TEST the system for normal operation.

A10 CHECK THE CLOCKSPRING FOR AN OPEN
• Disconnect: Clockspring C218b.
• Connect a fused (5A) jumper wire between the horn switch

terminals.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST A: THE HORN IS INOPERATIVE (Continued)

Test Step Result / Action to Take
A10 CHECK THE CLOCKSPRING FOR AN OPEN (Continued)

• Measure the resistance between the clockspring C218b pin 1,
circuit 1 (DB), component side and C218b pin 6, circuit 57 (BK),
component side.

Yes
GO to A12.
No

• Is the resistance less than 5 ohms? GO to A11.
A11 CHECK THE HORN SWITCH WIRING HARNESS (GROUND

SUPPLY CIRCUIT)
• Inspect the horn switch wiring harness for shorts, opens or any Yes

damage. INSTALL a new clockspring. REFER to
• Is the horn switch wiring harness OK? Section 501-20B. TEST the system for

normal operation.
No
INSTALL a new horn switch harness.
TEST the system for normal operation.

A12 CHECK THE HORN SWITCH
• Connect: Horn Switch.
• Measure the resistance between the clockspring C218b pin 1,

circuit 1 (DB), component side and C218b pin 6, circuit 57 (BK),
component side.

Yes
REPAIR circuit 57 (BK). TEST the system
for normal operation.
No

• Is the resistance less than 5 ohms with the horn switch INSTALL a new driver air bag. REFER to
pressed, and greater than 10,000 ohms with the horn switch Section 501-20B. TEST the system for
released? normal operation.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST A: THE HORN IS INOPERATIVE (Continued)

Test Step Result / Action to Take
A13 CHECK CIRCUIT 57 (BK) FOR AN OPEN

• Measure the resistance between the horn C1256 circuit 57 (BK),
pin 1, harness side and ground.

Yes
INSTALL a new horn. REFER to Horn in
this section.
No
REPAIR the circuit. TEST the system for

• Is the resistance less than 5 ohms? normal operation.

PINPOINT TEST B: THE HORN IS ALWAYS ON

Test Step Result / Action to Take
B1 CHECK CIRCUIT 6 (YE/LG) FOR A SHORT TO VOLTAGE

• Key in OFF position. Yes
• Disconnect: Horn Relay. REPAIR the circuit. TEST the system for
• Does the horn continue to sound? normal operation.

No
GO to B2.

B2 CHECK THE HORN RELAY
• Carry out the horn relay component test. Refer to Wiring Yes

Diagrams Cell 149 for component testing. REINSTALL the horn relay, GO to B3.
• Is the horn relay OK? No

INSTALL a new horn relay. TEST the
system for normal operation.

B3 CHECK THE HORN SWITCH
• Deactivate the air bag system. Refer to Section 501-20B. Yes
• Disconnect: Horn Switch. GO to B4.
• Does the horn continue to sound? No

INSTALL a new driver air bag module.
REFER to Section 501-20B. TEST the
system for normal operation.

B4 CHECK THE CLOCKSPRING
• Disconnect: Clockspring C218b. Yes
• Does the horn continue to sound? REPAIR circuit 1 (DB). TEST the system

for normal operation.
No
INSTALL a new clockspring. REFER to
Section 501-20B. TEST the system for
normal operation.
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413-06-1 413-06-1Horn

REMOVAL AND INSTALLATION

Horn

Removal and Installation

1. Remove the horn.

1 Disconnect the connector.

2 Remove the bolt.

3 Remove the horn.

2. To install, reverse the removal procedure.

Copyright  2003, Ford Motor Company
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413-09-1 413-09-1Warning Devices

DESCRIPTION AND OPERATION

The following four distinct chime rates are used toWarning Devices
indicate warning:The warning chime module is incorporated within

the instrument cluster. The system components • Safety belt warning chime is one chime per
include the following: second.

• Key-in-ignition warning is two chimes per second.• instrument cluster
• Headlamp on warning is four chimes per second.• safety belt warning switch (warning lamp and

repetitive chime) • Door ajar warning is a single chime.
• key-in-ignition switch (repetitive chime) For the removal and installation of the instrument

cluster, refer toSection 413-01A or Section 413-01B.• headlamp switch on warning (repetitive chime)

• door ajar switch (warning lamp and single tone)

Copyright  2003, Ford Motor Company
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413-09-1 413-09-1Warning Devices

DIAGNOSIS AND TESTING
Belt MinderWarning Devices
The belt minder feature is configurable. Refer toRefer to Wiring Diagrams Cell 21 for schematic and
Section 418-01. To configure without using aconnector information.
diagnostic tool, refer to  Belt MinderRefer to Wiring Diagrams Cell 60 for schematic and
Deactivating/Activating in this section.connector information.

Refer to Wiring Diagrams Cell 66 for schematic and The belt minder feature supplements the current
connector information. safety belt warning function. The belt minder

feature is enabled after the current safety belt
Special Tool(s) warning is complete. The belt minder reminds the

driver that their safety belt is unbuckled by73III Automotive Meter
105-R0057 or equivalent intermittently sounding a chime and illuminating the

safety belt warning lamp in the instrument cluster
once the vehicle speed has exceeded three mph.
While activated, the belt minder alternates the chime
and indicator from ON for six seconds to OFF  for
30 seconds.

Worldwide Diagnostic System The belt minder reminder stops when:
(WDS)
418-F224, • the driver safety belt is buckled.
New Generation STAR (NGS) • the ignition is turned to OFF or ACC.
Tester

• five minutes have elapsed since the belt minder418-F052, or equivalent
diagnostic tool with appropriate has started.
adapter cable

Door Ajar Warning Chime
Principles of Operation The door ajar warning chime warns that a door is

ajar. The door ajar warning chime is a single chime
Safety Belt Warning Chime with a one second duration. The door ajar chime
The safety belt warning chime warns that the safety will sound when the driver or passenger door
belt is not fastened. The safety belt warning chime becomes ajar while the ignition switch is in the
will sound when the driver safety belt is not RUN position.
fastened and the ignition switch is turned to RUN or

The door ajar warning chime inputs are:START.

The safety belt warning chime will stop sounding • ignition switch RUN position
when: • door ajar switches

• the safety belt is fastened. The output is the instrument cluster chime.

• the ignition switch is switched to the OFF/LOCK Key-In-Ignition Warning Chime
or ACC position. The key-in-ignition chime warns that the key is in

• the chime has sounded for six seconds. the ignition when the driver door is ajar. The
key-in-ignition warning chime will sound when allThe safety belt warning chime inputs are:
the following conditions are met:

• ignition switch START position (clutch pedal
• The driver door is ajar.depressed)
• The key is in the ignition.• ignition switch RUN position
• The ignition switch is in the OFF/LOCK or ACC• driver safety belt switch

position.
Output is the instrument cluster chime.

Copyright  2003, Ford Motor Company
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413-09-2 413-09-2Warning Devices

DIAGNOSIS AND TESTING (Continued)

Visual Inspection ChartThe key-in-ignition warning chime will stop
sounding when: Mechanical Electrical

• Key-in-ignition warning • Central junction box• The driver door is closed.
switch (CJB) fuse(s):

• The key is removed from the ignition. • Door open warning — 30 (15A)
lamp switch — 33 (15A)• The ignition switch is switched to the RUN

• Safety belt warning — 45 (10A)position.
indicator switch • Damaged wiring harness

The key-in-ignition warning chime inputs are: • Headlamp switch • Loose or corroded
connections

• ignition switch RUN position • Instrument cluster

• ignition switch ACC position

• key-in-ignition switch 3. If the concern remains after the inspection,
connect the diagnostic tool to the data link• LH door ajar switch
connector (DLC) located beneath the instrument

Output is the instrument cluster chime. panel and select the vehicle to be tested from
the diagnostic tool menu. If the diagnostic toolHeadlamp On Warning Chime
does not  communicate with the vehicle:The headlamp on warning chime warns that the

headlamps are on while the driver door is ajar. The • check that the program card is correctly
headlamp on warning chime will sound when all the installed.
following conditions are met:

• check the connections to the vehicle.
• The driver door is ajar. • check the ignition switch position.
• The headlamp switch is in the PARK or HEAD 4. If the diagnostic tool still does not communicate

position. with the vehicle, refer to the diagnostic tool
• The ignition switch state is in the OFF/LOCK manual.

position. 5. Carry out the diagnostic tool data link test. If
• The key is out of the ignition switch. the diagnostic tool responds with:

The headlamp on warning chime will stop sounding • SCP or UBP = all electronic control units
when any one of the conditions above are removed. no response/not equipped, refer to Section

418-00.The headlamp on warning chime inputs are:
• No response/not equipped for instrument

• ignition switch OFF/LOCK cluster, go to Section 413-01A or Section
• headlamp switch 413-01B.
• driver door ajar switch • System passed, retrieve and record the

continuous diagnostic trouble codes (DTCs),• key-in-ignition switch
erase the continuous DTCs, and carry out

Inspection and Verification the self-test diagnostics for the instrument
cluster.1. Verify the customer concern.

6. If the DTCs retrieved are related to the concern,2. Visually inspect for obvious signs of
go to the Instrument Cluster Diagnostic Troublemechanical or electrical damage.
Code (DTC) Index to continue diagnostics.

7. If no DTCs related to the concern are retrieved,
GO to Symptom Chart.

Instrument Cluster Diagnostic Trouble Code (DTC) Index

DTC Description Source Action

B1352 Ignition Key-In Circuit Failure Instrument Cluster GO to Pinpoint
Test B.
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413-09-3 413-09-3Warning Devices

DIAGNOSIS AND TESTING (Continued)

Instrument Cluster Diagnostic Trouble Code (DTC) Index (Continued)

DTC Description Source Action

— All Other DTCs Instrument Cluster REFER to Section
419-10.

Symptom Chart

Symptom Chart

Condition Possible Sources Action
• No communication with the • Circuitry. • REFER to Section 413-01A

instrument cluster module • Instrument cluster. or Section 413-01B.
• All chimes are inoperative • Instrument cluster. • INSTALL a new instrument

cluster. REFER to Section
413-01A or Section 413-01B.

• The safety belt warning • Circuitry. • GO to Pinpoint Test A.
chime is inoperative • Safety belt switch.

• Instrument cluster.
• The belt minder feature is not • Circuitry. • GO to Pinpoint Test A.

operating correctly • Safety belt switch.
• Instrument cluster.

• A chime is inoperative — key • Circuitry. • GO to Pinpoint Test B.
in ignition (with door ajar) • Headlamp switch.

• Instrument cluster.
• A chime is • Circuitry. • GO to Pinpoint Test C.

inoperative—head/parking • Headlamp switch.
lamps ON (with door ajar) • Instrument cluster.

• The chime sounds when the • Circuitry. • GO to Pinpoint Test D.
driver door is ajar (no key in • Key-in-ignition switch.
the ignition and headlights • Instrument cluster.
off)

• A chime does not operate • Instrument cluster. • GO to Pinpoint Test D.
correctly — the air bag • Circuitry.
warning tone

Pinpoint Tests

PINPOINT TEST A: THE SAFETY BELT WARNING CHIME IS INOPERATIVE

Test Step Result / Action to Take
A1 CHECK THE CHIME

NOTE: Verify if the belt minder is in the deactivated or activated
mode.
• Connect the diagnostic tool. Yes• Key in ON position. GO to A2.• In the active command mode select Warning Lamps and Chime.
• Request the chime ON. No
• Did the chime sound? GO to A3.

A2 CHECK THE DRIVER SAFETY BELT SWITCH
• Key in OFF position. Yes

GO to A3.Make sure the safety belt is unlatched.
• Key in ON position. No
• Does the safety belt warning lamp illuminate? DIAGNOSE safety belt warning indicator.

REFER to Section 413-01A or Section
413-01B.

(Continued)
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413-09-4 413-09-4Warning Devices

DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST A: THE SAFETY BELT WARNING CHIME IS INOPERATIVE (Continued)

Test Step Result / Action to Take
A3 VERIFY THE SYMPTOM

• Key in OFF position. Yes
• Key in ON position. GO to A4.
• Is the symptom still present? No

The system is working correctly.
A4 CHECK FOR CORRECT INSTRUMENT CLUSTER OPERATION

• Disconnect all the instrument cluster connectors. Yes
• Check for: INSTALL a new instrument cluster.

REFER to Section 413-01A or Section• corrosion 413-01B. TEST the system for normal• pushed-out pins operation.• Connect all the instrument cluster connectors and make sure
they seat correctly. No

• Operate the system and verify the concern is still present. The system is operating correctly at this
• Is the concern still present? time. The concern may have been caused

by a loose or corroded connector. CLEAR
the DTCs. TEST the system for normal
operation.

PINPOINT TEST B: A CHIME IS INOPERATIVE—KEY IN IGNITION (WITH DOOR AJAR)

Test Step Result / Action to Take
B1 CHECK FOR FAULTY INSTRUMENT CLUSTER CHIME

FUNCTION
• Key in ON position.
• Connect the diagnostic tool.
• Enter the following diagnostic mode on the diagnostic tool:

Instrument Cluster ACM.
YesIn the Active Command Mode select Warning Lamps and  GO to B2.Chime.

• Select the Chime ON. No
• Did the chime sound? GO to B6.

B2 MONITOR THE INSTRUMENT CLUSTER PID IGN KEY
• Enter the following diagnostic mode on the diagnostic tool:

Instrument Cluster PID.
YesMonitor the instrument cluster PID IGN KEY while inserting and GO to B3.removing the key from the ignition switch.

• Do the instrument cluster PID IGN KEY values agree with No
the key positions? GO to B4.

B3 CHECK THE DRIVER DOOR AJAR PID
• Key in ON position. Yes
• Monitor the instrument cluster PID D DR SW while opening GO to B6.

and closing the driver front door. No• Does the PID agree with the door position? DIAGNOSE the door ajar switches.
REFER to Section 417-02.

B4 CHECK FOR A FAULTY KEY-IN-IGNITION SWITCH
• Disconnect: Clockspring C218b.

(Continued)
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413-09-5 413-09-5Warning Devices

DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST B: A CHIME IS INOPERATIVE—KEY IN IGNITION (WITH DOOR AJAR) (Continued)

Test Step Result / Action to Take
B4 CHECK FOR A FAULTY KEY-IN-IGNITION SWITCH (Continued)

• While monitoring the instrument cluster PID IGN KEY, connect
a fused (10A) jumper wire from the clockspring C218b pin3,
circuit 158 (BK/PK) harness side and ground.

Yes
INSTALL a new key-in-ignition switch.
TEST the system for normal operation.

• Does PID IGN KEY read OUT then IN when the circuit was No
jumpered to ground? REMOVE the jumper wire. GO to B5.

B5 CHECK CIRCUIT 158 (BK/PK) FOR AN OPEN
• Key in OFF position.
• Disconnect: Instrument Cluster C220b.
• Measure the resistance between the clockspring C218b pin 3,

circuit 158 (BK/PK) harness side and the instrument cluster
C220b pin 9, circuit 158 (BK/PK) harness side.

Yes
GO to B6.
No
REPAIR the circuit. TEST the system for

• Is the resistance less than 5 ohms? normal operation.
B6 VERIFY THE SYMPTOM

• Key in OFF position. Yes• Connect: Instrument Cluster 220b. GO to B7.• Connect: Clockspring C218a.
• Key in ON position. No
• Is the symptom still present? The system is working correctly.

B7 CHECK FOR CORRECT INSTRUMENT CLUSTER OPERATION
• Disconnect all the instrument cluster connectors. Yes
• Check for: INSTALL a new instrument cluster.

REFER to Section 413-01A or Section• corrosion 413-01B. TEST the system for normal• pushed-out pins operation.• Connect all the instrument cluster connectors and make sure
they seat correctly. No

• Operate the system and verify the concern is still present. The system is operating correctly at this
• Is the concern still present? time. The concern may have been caused

by a loose or corroded connector. CLEAR
the DTCs. TEST the system for normal
operation.
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST C: A CHIME IS INOPERATIVE-HEAD/PARKING LAMPS ON (WITH DOOR AJAR)

Test Step Result / Action to Take
C1 CHECK THE CHIME FUNCTION

• Key in ON position.
• Connect the diagnostic tool.
• Enter the following diagnostic mode on the diagnostic tool:

Instrument Cluster ACM.
YesIn the Active Command Mode, select Warning Lamps and GO to C2.Chime.

• Select the chime ON. No
• Does the chime sound? GO to C6.

C2 CHECK THE DRIVER DOOR AJAR PID D DR SW
• Enter the following diagnostic mode on the diagnostic tool:

Instrument Cluster PID.
YesMonitor the instrument cluster PID D DR SW while opening GO to C3.and closing the driver door.

• Does the instrument cluster PID D DR SW agree with the No
door positions? REFER toSection 417-02.

C3 CHECK THE HEADLAMP SWITCH PID PARK SW
• Monitor the instrument cluster PID PARK SW while turning the Yes

headlamps on and off. GO to C4.
• Do the instrument cluster PID PARK SW values agree with Nothe headlamp switch positions? GO to C5.

C4 CHECK THE HEADLAMP SWITCH
• Carry out the headlamp switch component test. Refer to Wiring Yes

Diagrams Cell 149 for component testing. GO to C5.
• Is the headlamp switch OK? No

INSTALL a new headlamp switch. REFER
to Section 417-01. TEST the system for
normal operation.

C5 CHECK CIRCUIT 14 (BN) FOR AN OPEN
• Key in OFF position.
• Disconnect: Headlamp Switch C205.
• Disconnect: Instrument Cluster C220b.
• Measure the resistance between headlamp switch C205 pin R1,

circuit 14 (BN), harness side and the instrument cluster C220b
pin 7, circuit 14 (BN), harness side.

Yes
GO to C6.
No
REPAIR the circuit. TEST the system for

• Is the resistance less than 5 ohms? normal operation.
C6 VERIFY THE SYMPTOM

• Key in OFF position. Yes• Connect: Instrument Cluster C220b. GO to C7.• Connect: Headlamp Switch C205.
• Key in ON position. No
• Is the symptom still present? The system is working correctly.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST C: A CHIME IS INOPERATIVE-HEAD/PARKING LAMPS ON (WITH DOOR AJAR)

(Continued)

Test Step Result / Action to Take
C7 CHECK FOR CORRECT INSTRUMENT CLUSTER OPERATION

• Disconnect all the instrument cluster connectors. Yes
• Check for: INSTALL a new instrument cluster.

REFER to Section 413-01A or Section• corrosion 413-01B. TEST the system for normal• pushed-out pins operation.• Connect all the instrument cluster connectors and make sure
they seat correctly. No

• Operate the system and verify the concern is still present. The system is operating correctly at this
• Is the concern still present? time. The concern may have been caused

by a loose or corroded connector. CLEAR
the DTCs. TEST the system for normal
operation.

PINPOINT TEST D: A CHIME DOES NOT OPERATE CORRECTLY— AIR BAG WARNING TONE

Test Step Result / Action to Take
D1 CHECK THE AIR BAG WARNING LAMP OPERATION

• Key in OFF position. Yes
• Key in ON position. GO to D2.
• Does the air bag warning lamp illuminate? No

DIAGNOSE the air bag warning lamp.
REFER to Section 413-01A or Section
413-01B.

D2 CHECK EXTERNAL CHIME REQUEST PID IPCHIME
• Key in ON position.

Yes• Enter the following diagnostic mode on the diagnostic tool:
GO to D3.Instrument Cluster PID.

Monitor the instrument cluster PID IPCHIME. No
• Does the instrument cluster PID IPCHIME indicate ON? GO to D5.

D3 CHECK FOR A FAULTY RESTRAINT CONTROL MODULE (RCM)
• Disconnect: RCM C2041. Yes
• Does the instrument cluster PID IPCHIME still read ON? GO to D4.

No
DIAGNOSE the RCM module. REFER to
Section 501-20B.

D4 CHECK CIRCUIT 1083 (LB/BK) FOR A SHORT TO GROUND
• Disconnect: Instrument Cluster C220b.
• Measure the resistance between the instrument cluster C220b

pin 10, circuit 1083 (LB/PK), harness side and ground.

Yes
GO to D5.
No
REPAIR the circuit. TEST the system for

• Is the resistance greater than 10,000 ohms? normal operation.
D5 VERIFY THE SYMPTOM

• Key in OFF position. Yes• Connect: Instrument Cluster C220b. GO to D6.• Connect: RCM C2041.
• Key in ON position. No
• Is the symptom still present? The system is working correctly.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST D: A CHIME DOES NOT OPERATE CORRECTLY— AIR BAG WARNING TONE

(Continued)

Test Step Result / Action to Take
D6 CHECK FOR CORRECT INSTRUMENT CLUSTER OPERATION

• Disconnect all the instrument cluster connectors. Yes
• Check for: INSTALL a new instrument cluster.

REFER to Section 413-01A or Section• corrosion 413-01B. TEST the system for normal• pushed-out pins operation.• Connect all the instrument cluster connectors and make sure
they seat correctly. No

• Operate the system and verify the concern is still present. The system is operating correctly at this
• Is the concern still present? time. The concern may have been caused

by a loose or corroded connector. CLEAR
the DTCs. TEST the system for normal
operation.
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GENERAL PROCEDURES

3. NOTE: Steps 3 and 4 must be completedBelt Minder Deactivating/Activating
within 50 seconds or the procedure must be
repeated.Preparation
Buckle then unbuckle the safety belt 9 times,
ending with the safety belt unbuckled. The air1. Before deactivating/activating the safety belt
bag warning indicator then illuminates for 3minder, set the parking brake.
seconds.

2. Place the transmission in PARK.
4. Within 10 seconds of the air bag warning

indicator illuminating, buckle then unbuckle the3. Turn the key to the OFF position.
safety belt. This enables the safety belt minder
if disabled, or disables the safety belt minder if4. Close all the vehicle doors.
enabled.

5. Unbuckle the driver safety belt.
5. The following sequence of events confirms the

6. Place the headlamp switch in the OFF position. safety belt minder is enabled:

• flashing of the air bag warning indicator 4Deactivating/Activating
times per second for 3 seconds

• 3 seconds with the air bag warning indicator1. Turn the key to the ON position. (Do not start
offthe engine.)

• flashing of the air bag warning indicator 4
2. Wait until the safety belt warning indicator times per second for 3 seconds again

turns off (approximately 1 minute).
6. The air bag warning indicator flashing 4 times

per second for 3 seconds provides confirmation
that the safety belt minder is disabled.

7. After confirmation, the deactivation/activation
procedure is complete.

Copyright  2003, Ford Motor Company
Last updated: 08/27/2003 2004 E-Series, 12/2003 



414-00-1 414-00-1Charging System — General Information

General Specifications (Continued)
SPECIFICATIONS

Item Specification
General Specifications

Diesel engine (6G) 65/110 amps
Item Specification

Duel Generator — Diesel Engine
Single Generator — Gas/Diesel Engine

Voltage 12 volts
Voltage 12 volts

Upper (VR42) 95/140 amps
Gasoline engine (3G) 70/115 amps

Lower (4G) 75/120 amps
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414-00-1 414-00-1Charging System — General Information

DESCRIPTION AND OPERATION

The dual generator package consists of anCharging System
upper/lower dual generator system. The 6.0L upperThe charging system is a negative ground system
generator is a VR42 140-amp generator with aconsisting of the following:
2.79:1 pulley ratio. The 6.0L lower generator is a

• generator(s) 4G 120-amp generator with a 3.00:1 pulley ratio.
The  upper and lower generators are not• internal voltage regulator
interchangeable.

• charging system warning indicator
This system is also monitored and controlled by the

• storage battery PCM. The PCM monitors both the upper and lower
• necessary wiring and cables generator I circuits to determine the output of both

generators and sets possible diagnostic trouble codesThe generator(s) are belt-driven by the engine
(DTCs). The PCM controls the lower  generator byaccessory drive system. For additional information,
turning it off when the glow plug system isrefer to Section 303-05.
commanded on by the PCM to avoid possible

The battery is a 12-volt direct current source damage (excessive voltage) to the glow plugs. As
connected in a negative ground system. The battery soon as the glow plug system stops cycling, the
case is sealed and includes 2 vent holes to release PCM will supply voltage to the lower generator.
gases. The battery has 3 major functions:

The generators operate independently of the other.
• engine cranking power source Control is through internal voltage regulators. If one

generator fails, the other generator can maintain• voltage stabilizer for the electrical system
system performance under light load conditions.• temporary power when electrical loads exceed the
Under heavy load, the PCM detects a  concern, setsgenerator output current
a DTC and illuminates the warning indicator.

The single generator system consists of the
On the dual generator system, the PCM controls thegenerator mounted on the top right of the engine
charging system warning indicator and commands(diesel) or top center of the engine (gasoline). The
the light on if the PCM detects a concern on thegasoline engine uses a 3G 115-amp generator with a
monitored circuits.2.52:1 pulley ratio. The 6.0L diesel engine  uses a

6G 110-amp generator with a 2.79:1 pulley ratio.
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414-00-1 414-00-1Charging System — General Information

DIAGNOSIS AND TESTING

Charging System
Refer to Wiring Diagrams Cell 12, Charging System
for schematic and connector information.

Special Tool(s)

73III Automotive Meter
105-R0057 or equivalent

SABRE Premium Battery and Connector C102a End View (Diesel Engine,
Electrical System Tester Single Generator)
010-00736 or equivalent

Diesel Engine

I Circuit 904 (LG/RD)

A Circuit 35 (OG/LB)

Principles of Operation Functionality

In a single generator system, with the key in the
ON position, voltage is applied through the warning
indicator I circuit to the voltage regulator. This
turns the regulator on, allowing current to flow from
the battery sense A circuit to the  generator field
coil. When the engine is started, the generator
begins to generate alternating current (AC) which is
internally converted to direct current (DC). This
current is then supplied to the electrical system
through the output terminal (B+)  of the generator.

Once the generator begins generating current, a
voltage signal is taken from the generator stator and
fed back to the regulator S circuit 4 (WH/BK)

Connector C102a End View and C102b Side View (gasoline engine only). The stator circuit is external
on gas engines and internal on diesel  engines. ThisGasoline Engine
voltage feedback signal (typically half of the batteryA Circuit 35 (OG/LB)
voltage) is used to turn off the charging system

S Circuit 4 (WH/BK) warning indicator on gasoline engines.
I Circuit 904 (LG/RD) With the system functioning normally, the generator

output current is determined by the voltage of the A
circuit 35 (OG/LB). The A circuit 35 (OG/LB)
voltage is compared to a set voltage internal to the
regulator. The regulator controls the  generator field
current to maintain the correct generator output.

The set voltage varies with temperature and is
typically higher in cold temperatures than in warm
temperatures. This allows for better battery recharge
in the winter and reduces the chance of
overcharging in the summer.

Copyright  2003, Ford Motor Company
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414-00-2 414-00-2Charging System — General Information

DIAGNOSIS AND TESTING (Continued)

Positive Battery Output (B+) Circuit 38 Inspection and Verification
(BK/OG)

WARNING: Batteries contain sulfuric acid.
The generator output is supplied through the battery Avoid contact with skin, eyes, or clothing. Also,
positive output (B+) terminal on the rear of the shield your eyes when working near batteries to
generator to the battery and electrical system. protect against possible splashing of the acid

solution. In case of acid contact with skin orI Circuit 904 (LG/RD) — Single Generator
eyes, flush  immediately with water for a

The I (ignition) circuit is used to turn on the voltage minimum of 15 minutes and get prompt medical
regulator. This circuit is powered up when the key attention. If acid is swallowed, call a physician
is in the ON position. Voltage is supplied from the immediately. Failure to follow these instructions
ignition switch to the central junction box (CJB) may result in personal injury.
fuse 45 (10A), then to the  instrument cluster and

WARNING: Batteries normally producethrough the charging system warning indicator
explosive gases which may cause personal injury.(battery icon) to the generator. This circuit is also
Therefore, do not allow flames, sparks or lightedused to turn the charging system warning indicator
substances to come near the battery. Whenon if there is a fault in the charging system
charging or working near a battery, alwaysoperation.
shield your face and protect your  eyes. Always

A Circuit 35 (OG/LB) provide ventilation. Failure to follow these
instructions may result in personal injury.The A (battery sense) circuit 35 (OG/LB) is used to

sense the battery voltage. This voltage is used by WARNING: When lifting a plastic-cased
the regulator to determine the generator output. This battery, excessive pressure on the end walls could
circuit is used to supply current to the generator cause acid to spew through the vent caps
field (rotor). The amount of current  supplied to the resulting in personal injury, damage to the
rotor determines the generator output. vehicle or to the battery. Lift with a battery

carrier or with your hands on  opposite corners.S Circuit 4 (WH/BK)
Failure to follow these instructions may result in

The S (stator) circuit 4 (WH/BK) is used to feed personal injury.
back a voltage signal from the generator to the

CAUTION: Do not make jumperregulator. This voltage is used by the regulator to
connections except as directed. Incorrectturn off the charging system warning indicator. The
connections may damage the voltage regulatorS circuit is fed back externally on  gasoline engines
test terminals, fuses, or fuse links.and internally on diesel engines.

CAUTION: Do not allow any metal object
to come in contact with the generator housing
and internal diode cooling fins. A short circuit
may result and burn out the diodes.

NOTE: All voltage measurements are referenced to
the negative (-) battery post unless otherwise
specified.

NOTE: When the battery has been disconnected
and reconnected, some abnormal drive symptoms
may occur while the powertrain control module
(PCM) relearns its fuel trim. The vehicle may need
to be driven to relearn the strategy.

1. Verify the customer concern.

2. Visually inspect for obvious signs of
mechanical or electrical damage.
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414-00-3 414-00-3Charging System — General Information

DIAGNOSIS AND TESTING (Continued)

Visual Inspection Chart • With the key ON and the engine off, the
charging system warning indicator should beMechanical Electrical
on.

• Battery case, posts, • Battery junction box
hold-down clamp, (BJB) fuse(s): • With the engine running, the charging
cables and connections — Mega fuse system warning indicator should be off.

• Generator drive belt for — 23 (10A)
4. Verify the battery condition. Refer to Sectioncondition and to make • Central junction box

414-01.sure there is proper (CJB) fuse(s): 
tension between the belt — 14 (5A)
and the pulley. Refer to — 23 (10A)
Section 303-05. • Circuitry

• Battery charge • Charging system
• Generator pulley warning indicator

• Cables
• Fusible links

3. Check the operation of the charging system
warning indicator in the instrument cluster.
Normal operation is as follows:

• With the key OFF, the charging system
warning indicator should be off.

Normal Charging System Voltages and Charging System Warning Indicator Operation

S
Circuit

4 Charging
A (WH/BK) I Engine System

Circuit (gasoline Circuit Generator B+ to Warning
35 engines 904 Circuit 38 Battery Indicator

Key Position (OG/LB) only) (LG/RD) (BK/OG) Battery Ground Operation

OFF 12 volts 0 volts 0 volts 12 volts 12 volts 0 volts Off

ON-engine off 12 volts 0 volts 1-3 volts 12 volts 12 volts 0 volts Illuminated

ON-engine 13- 6-8 volts 8- 9 13- 13-15 0 volts Off
running  15 volts volts  15 volts volts

5. If an obvious cause for an observed or reported 6. If the cause is not visually evident, verify the
concern is found, correct the cause (if possible) symptom and GO to Symptom Chart.
before proceeding to the next step.

Symptom Chart

Symptom Chart

Condition Possible Sources Action
• The battery is discharged or • Corroded terminal(s) • GO to Pinpoint Test A.

battery voltage is low • Loose connection(s)
• High key-off current drain(s)
• Battery
• Generator

• The charging system warning • Circuitry • GO to Pinpoint Test B.
indicator is on with the • Voltage regulator
engine running (the charging • Generator
system voltage does not
increase)
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DIAGNOSIS AND TESTING (Continued)

Symptom Chart (Continued)

Condition Possible Sources Action
• The charging system • Circuitry • GO to Pinpoint Test C.

overcharges (battery voltage • Voltage regulator
is greater than 15.5 volts) • Generator

• The charging system warning • Circuitry • GO to Pinpoint Test D.
indicator is on with the • Instrument cluster
engine running and the • Voltage regulator
battery increases voltage • Generator

• The charging system warning • Bulb • GO to Pinpoint Test E.
indicator is off with the • Circuitry
ignition switch in the RUN • Instrument cluster
position and the engine off • Voltage regulator

• Generator
• The charging system warning • Corroded terminal(s) • GO to Pinpoint Test F.

indicator flickers or is • Fuse(s)
intermittent • Circuitry

• Voltage regulator
• Generator

• The generator is noisy • Bolts or brackets • GO to Pinpoint Test G.
• Drive belt
• Generator or pulley

• Radio interference • Generator • GO to Pinpoint Test H.
• Circuitry
• In-vehicle entertainment

system

Pinpoint Tests NOTE: All voltage measurements are referenced to
the negative (-) battery post unless otherwiseCAUTION: Do not make jumper
specified.connections except as directed. Incorrect

connections may damage the voltage regulator
test terminals, fuses, or fuse links.

CAUTION: Do not allow any metal object
to come in contact with the generator housing
and/or internal diode cooling fins. A short circuit
may result and burn out the diodes.

PINPOINT TEST A: THE BATTERY IS DISCHARGED OR BATTERY VOLTAGE IS LOW

NOTE: 6.0L diesel generator is shown; all others are similar.
Test Step Result / Action to Take

A1 CHECK THE BATTERY CONDITION
• Carry out the Battery — Condition Test to determine if the Yes

battery can hold a charge and is OK for use. Refer to Section GO to A2.
414-01. No• Does the battery pass the condition test? INSTALL a new battery. REFER to

Section 414-01. TEST the system for
normal operation.

A2 CHECK THE GENERATOR OUTPUT
• Carry out the Generator On-Vehicle Load Test and No Load Yes

Test. Refer to Component Tests in this section. GO to A3.
• Does the generator pass the component tests? No

INSTALL a new generator. REFER to
Section 414-02.

(Continued)
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414-00-5 414-00-5Charging System — General Information

DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST A: THE BATTERY IS DISCHARGED OR BATTERY VOLTAGE IS LOW (Continued)

Test Step Result / Action to Take
A3 CHECK FOR CURRENT DRAINS

• Carry out the Battery — Drain Testing. Refer to Component Yes
Tests in this section. REPAIR as necessary. TEST the system

• Are any circuits causing excessive current drains? for normal operation.
No
GO to A4.

A4 CHECK THE VEHICLE GROUNDS
• Key in START position.
• Measure the voltage drop between the generator housing and

the negative battery terminal.

Yes
GO to A5.
No
CHECK the engine ground, generator
ground, and the battery for corrosion.
REPAIR as necessary. TEST the system

• Is the voltage drop less than 0.1 volt? for normal operation.
A5 CHECK THE VOLTAGE DROP IN B+ CIRCUIT 38 (BK/OG)

• Measure the voltage drop between the generator B+ circuit 38
(BK/OG) connection and the positive battery terminal.

Yes
VERIFY if the customer left any
component(s) on or if there is an
intermittent excessive battery draw. TEST
the system for normal operation.
No
CHECK for corrosion in the battery
positive cable and/or connections. REPAIR
as necessary. TEST the system for normal

• Is the voltage drop less than 0.1 volt? operation.
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414-00-6 414-00-6Charging System — General Information

DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST B: THE CHARGING SYSTEM WARNING INDICATOR IS ON WITH THE ENGINE

RUNNING (THE CHARGING SYSTEM VOLTAGE DOES NOT INCREASE)

NOTE: 6.0L diesel generator is shown; all others are similar.
Test Step Result / Action to Take

B1 CHECK THE GENERATOR B+ CIRCUIT 38 (BK/OG)
• Measure the voltage between the generator B+ terminal, circuit

38 (BK/OG), component side and ground.

Yes
GO to B2.
No
REPAIR the circuit. TEST the system for

• Is the voltage equal to battery positive voltage (B+)? normal operation.
B2 CHECK THE A CIRCUIT 35 (OG/LB) FOR VOLTAGE

• Disconnect: Generator C102a.
• Measure the voltage between the generator C102a-3, circuit 35

(OG/LB), harness side and ground.

Yes
GO to B3.
No
REPAIR the circuit. TEST the system for

• Is the voltage equal to battery positive voltage (B+)? normal operation.
B3 CHECK THE I CIRCUIT 904 (LG/RD) FOR AN OPEN

• Key in ON position.

(Continued)
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414-00-7 414-00-7Charging System — General Information

DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST B: THE CHARGING SYSTEM WARNING INDICATOR IS ON WITH THE ENGINE

RUNNING (THE CHARGING SYSTEM VOLTAGE DOES NOT INCREASE) (Continued)

Test Step Result / Action to Take
B3 CHECK THE I CIRCUIT 904 (LG/RD) FOR AN OPEN (Continued)

• With the key in the ON position and the engine off, measure the
voltage between the generator C102a-1, circuit 904 (LG/RD),
harness side and ground.

Yes
GO to B4.
No
REPAIR the circuit. TEST the system for

• Is the voltage equal to battery positive voltage (B+)? normal operation.
B4 CHECK FOR VOLTAGE DROP IN B+ CIRCUIT 38 (BK/OG)

• Key in OFF position.
• Connect: Generator C102a.
• Key in START position.
• With the engine running, turn the headlamps on and the blower

motor to the HIGH position.
• With the engine at 2,000 rpm, measure the voltage drop

between the generator B+ terminal, circuit 38 (BK/OG),
component side and the positive battery terminal.

Yes
If the generator has an external stator
circuit 4 (WH/BK), GO to B5. If the
generator has an internal stator circuit,
INSTALL a new generator. REFER to
Section 414-02.
No
REPAIR the high resistance in the B+
circuit 38 (BK/OG). TEST the system for

• Is the voltage drop less than 0.5 volt? normal operation.
B5 CHECK THE GENERATOR INTEGRITY

• With the engine running at approximately 2,000 rpm, full-field the Yes
generator by grounding the F (field) terminal on the voltage INSTALL a new regulator. REFER to
regulator. Section 414-02.

• Does the charging system achieve approximately 75% of full Nooutput? INSTALL a new generator. REFER to
Section 414-02.

PINPOINT TEST C: THE CHARGING SYSTEM OVERCHARGES (BATTERY VOLTAGE IS GREATER THAN
15.5 VOLTS)

Test Step Result / Action to Take
C1 CHECK FOR A VOLTAGE DROP IN THE A CIRCUIT 35 (OG/LB)

• Disconnect: Generator C102a.
• Key in ON position.

(Continued)
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414-00-8 414-00-8Charging System — General Information

DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST C: THE CHARGING SYSTEM OVERCHARGES (BATTERY VOLTAGE IS GREATER THAN

15.5 VOLTS) (Continued)

Test Step Result / Action to Take
C1 CHECK FOR A VOLTAGE DROP IN THE A CIRCUIT 35 (OG/LB)

(Continued)

• Measure the voltage drop between the generator C102a-3,
circuit 35 (OG/LB), harness side and the positive battery
terminal.

Yes
If the generator has an external stator
circuit 4 (WH/BK), GO to C2. If the
generator has an internal stator circuit,
INSTALL a new generator. REFER to
Section 414-02.
No
REPAIR the high resistance in A circuit 35
(OG/LB). TEST the system for normal

• Is the voltage drop less than 0.5 volt? operation.
C2 CHECK THE GENERATOR AND BATTERY GROUND

CONNECTIONS
• Key in OFF position. Yes
• Check the ground connections between the generator and the INSTALL a new regulator. REFER to

engine, and the battery and the engine. Section 414-02. TEST the system for
• Are all ground connections clean and tight? normal operation.

No
REPAIR the ground connections as
necessary. TEST the system for normal
operation.

PINPOINT TEST D: THE CHARGING SYSTEM WARNING INDICATOR IS ON WITH THE ENGINE
RUNNING AND THE BATTERY INCREASES VOLTAGE

Test Step Result / Action to Take
D1 CHECK THE I CIRCUIT 904 (LG/RD) FOR A SHORT TO

GROUND
• Key in OFF position. Yes
• Disconnect: Generator C102a. REPAIR I circuit 904 (LG/RD). TEST the
• Key in ON position. system for normal operation.

With the key in the ON position, check the charging system No
warning indicator. If the generator has an external stator

• Is the charging system warning indicator illuminated? circuit 4 (WH/BK), GO to D2. If the
generator has an internal stator circuit,
INSTALL a new generator. REFER to
Section 414-02.

D2 CHECK THE S CIRCUIT 4 (WH/BK) INTEGRITY
• Key in OFF position.
• Connect: Generator C102a.
• Key in START position.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST D: THE CHARGING SYSTEM WARNING INDICATOR IS ON WITH THE ENGINE

RUNNING AND THE BATTERY INCREASES VOLTAGE (Continued)

Test Step Result / Action to Take
D2 CHECK THE S CIRCUIT 4 (WH/BK) INTEGRITY (Continued)

• With the engine running at approximately 2,000 rpm, measure
the voltage between the generator S terminal C102b, circuit 4
(WH/BK) (back-probed), harness side and ground.

Yes
INSTALL a new regulator. REFER to
Section 414-02. TEST the system for
normal operation.
No
INSTALL a new generator. REFER to
Section 414-02. TEST the system for

• Is the voltage greater than 5 volts? normal operation.

PINPOINT TEST E: THE CHARGING SYSTEM WARNING INDICATOR IS OFF WITH THE IGNITION
SWITCH IN THE RUN POSITION AND THE ENGINE OFF

Test Step Result / Action to Take
E1 CHECK THE CHARGING SYSTEM WARNING INDICATOR

• Key in OFF position.
• Disconnect: Generator C102a.
• With the engine off, connect a fused (15A) jumper wire between

the generator C102a-1, circuit 904 (LG/RD), harness side and
ground.

Yes
If the generator has an external stator
circuit 4 (WH/BK), INSTALL a new
regulator. REFER to Section 414-02. If the
generator has an internal stator circuit,
INSTALL a new  generator. REFER to
Section 414-02. TEST the system for
normal operation.
No
REFER to Section 413-01A (conventional)
or Section 413-01B (natural gas) for

• Key in ON position. diagnosis and testing of the  instrument
• Is the charging system warning indicator illuminated? cluster.

PINPOINT TEST F: THE CHARGING SYSTEM WARNING INDICATOR FLICKERS OR IS INTERMITTENT

NOTE: 6.0L diesel generator is shown, all others are similar.
Test Step Result / Action to Take

F1 CHECK FOR LOOSE CONNECTIONS
• Check all generator, battery, and power distribution connections Yes

for looseness, corrosion, loose or bent terminals, or loose GO to F2.
eyelets. No• Are all connections clean and tight? REPAIR as necessary. TEST the system

for normal operation.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST F: THE CHARGING SYSTEM WARNING INDICATOR FLICKERS OR IS INTERMITTENT

(Continued)

Test Step Result / Action to Take
F2 CHECK THE FUSE CONNECTIONS

• Key in START position. Yes
REPAIR the loose fuse connection(s) asWith the engine running, check the central junction box (CJB)
necessary. TEST the system for normalfuse 14 (5A) in I circuit 904 (LG/RD) for looseness by wiggling
operation.the fuse and noting the charging system warning indicator

operation. No
• Does the charging system warning indicator flicker? GO to F3.

F3 CHECK THE A CIRCUIT 35 (OG/LB) CONNECTIONS
• Key in OFF position.
• Connect a fused (15A) jumper wire between the generator

C102a-3, circuit 35 (OG/LB) (back-probed), harness side and the
positive battery terminal.

Yes
If the generator has an external stator
circuit 4 (WH/BK), GO to F4. If the
generator has an internal stator circuit, GO
to F5.

• Key in START position. No
With the engine running, note the charging system warning REPAIR the loose connection(s) in circuit
indicator operation. 35 (OG/LB). TEST the system for normal

• Does the charging system warning indicator flicker? operation.
F4 INSPECT THE S TERMINAL

• Key in OFF position. Yes
• Check the generator S terminal C102b to make sure it is GO to F5.

correctly mated to the generator and making good contact with Nothe S terminal on the generator. REPAIR as necessary. TEST the system• Is the S terminal in satisfactory condition? for normal operation.
F5 CHECK THE GENERATOR BRUSHES

• Remove the generator. Refer to Section 414-02.
• Measure the resistance between the A and F terminals on the

voltage regulator.

Yes
INSTALL a new generator. Refer to
Section 414-02. TEST the system for
normal operation.
No

• Is the resistance less than 5 ohms? GO to F6.
F6 CHECK FOR A GROUNDED SLIP RING

• Remove the voltage regulator. Refer to Section 414-02.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST F: THE CHARGING SYSTEM WARNING INDICATOR FLICKERS OR IS INTERMITTENT

(Continued)

Test Step Result / Action to Take
F6 CHECK FOR A GROUNDED SLIP RING (Continued)

• Measure the resistance between the generator slip rings.

Yes
INSTALL a new generator. REFER to
Section 414-02. TEST the system for
normal operation.
No
If the generator has an external stator
circuit 4 (WH/BK), INSTALL a new
regulator. REFER to Section 414-02. If the
generator has an internal stator circuit,
INSTALL a new  generator. REFER to
Section 414-02. TEST the system for

• Is the resistance greater than 10,000 ohms? normal operation.

PINPOINT TEST G: THE GENERATOR IS NOISY

Test Step Result / Action to Take
G1 CHECK FOR ACCESSORY DRIVE BELT NOISE AND LOOSE

MOUNTING BRACKETS
• Key in OFF position.
• Check the accessory drive belt for damage and correct Yesinstallation. Refer to Section 303-05. GO to G2.• Check the accessory mounting brackets and generator pulley for

looseness or misalignment. No
• Is the accessory drive free of damage and correctly REPAIR as necessary. TEST the system

installed? for normal operation.
G2 CHECK THE GENERATOR FOR EXCESSIVE ELECTRICAL

NOISE
• Disconnect: Generator C102c. Yes
• Key in START position. GO to G3.
• With the engine running, determine if the generator is still noisy. No• Is the noise still present? INSTALL a new generator. REFER to

Section 414-02. TEST the system for
normal operation.

G3 CHECK THE GENERATOR FOR MECHANICAL NOISE
• Turn all accessories off. With the engine running, use a Yes

stethoscope or equivalent listening device to probe the generator INSTALL a new generator. REFER to
for unusual mechanical noise. Section 414-02. TEST the system for

• Is the generator the noise source? normal operation.
No
REFER to Section 303-00 to diagnose the
source of the engine noise.

PINPOINT TEST H: RADIO INTERFERENCE

Test Step Result / Action to Take
H1 VERIFY THE GENERATOR IS THE SOURCE OF RADIO

INTERFERENCE
NOTE: If the original equipment manufactured (OEM) audio unit has
been replaced with an aftermarket unit, the vehicle may not pass
this test. Return the vehicle to OEM condition before following this
pinpoint test.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST H: RADIO INTERFERENCE (Continued)

Test Step Result / Action to Take
H1 VERIFY THE GENERATOR IS THE SOURCE OF RADIO

INTERFERENCE (Continued)

• Key in START position.
YesStart and run the engine.
REFER to Section 415-00 for diagnosis• Tune the radio to a station where the interference is present.
and testing of the in-vehicle entertainment• Key in OFF position.
system.• Disconnect: Generator C102c.

• Key in START position. No
With the engine running, determine if the interference is still INSTALL a new generator. REFER to
present. Section 414-02. TEST the system for

• Is the interference present with the generator disconnected? normal operation.

Component Tests 1. Make sure the junction box/fuse panels are
accessible without turning on the interior or

Battery — Drain Tests underhood lights.
WARNING:  Do not attempt this test on a 2. Drive the vehicle at least 5 minutes at over 48

lead-acid battery that has recently been km/h (30 mph) to turn on and operate the
recharged. Explosive gases may cause personal vehicle systems.
injury. Failure to follow these instructions may 3. Allow the vehicle to sit with the key OFF for at
result in personal injury. least 40 minutes to allow the modules to time

out/power down.CAUTION:  To prevent damage to the
meter, do not crank the engine or operate 4. Connect a fused jumper wire between the
accessories that draw more than 10A. negative battery cable and the negative battery

post to prevent modules from resetting and toNOTE:  No production vehicle should have more
catch capacitive drains.than a 50 mA (0.050 amp) draw.

5. Disconnect the negative battery cable from theNOTE:  Many modules draw 10 mA (0.010 amp)
post without breaking the connection of theor more continuously.
jumper wire.NOTE:  Use an in-line ammeter between the

6. NOTE: It is very important that continuity isbattery positive or negative post and its respective
not broken between the battery and the negativecable.
battery cable when connecting the meter. If thisNOTE:  Typically, a drain of approximately 1 amp
happens, the entire procedure must be repeated.can be attributed to an engine compartment lamp,
Connect the tester between the negative batteryglove compartment lamp, or interior lamp staying
cable and the post. The meter must be capableon continually. Other component failures or wiring
of reading milliamps and should have a 10 ampshorts may be located by selectively pulling fuses
capability.to pinpoint the location of the current drain. When

the current drain is found, the meter reading will 7. NOTE: If the meter settings need to be
fall to an acceptable level. If the drain is still not switched or the test leads need to be moved to
located after checking all the fuses, it may be due to another jack, the jumper wire must be
the generator. reinstalled to avoid breaking continuity.
NOTE:  To accurately test the drain on a battery, Remove the jumper wire.
an in-line digital ammeter must be used. Use of a

NOTE: Amperage draw varies from vehicle totest lamp or voltmeter is not an accurate method
vehicle depending on the equipment package.due to the number of electronic modules.
Compare to a similar vehicle for reference.

Check for current drains on the battery in excess of
NOTE: No production vehicle should have more50 milliamps (0.050 amp) with all the electrical
than a 50 mA (0.050 amp) draw.accessories off and the vehicle at rest. Current

drains can be tested with the following procedure:
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DIAGNOSIS AND TESTING (Continued)

8. If the draw is found to be excessive, pull the 3. Carry out the Load Test and No-Load Test
fuses from the battery junction box/central according to the following component tests:
junction box one at a time and note the current

Generator On-Vehicle Tests — Load Testdrop. Do not reinstall the fuses until you are
finished testing. 1. Switch the tester to the ammeter function.

9. Check the wiring schematic in the wiring 2. Connect the positive and negative leads of the
diagram for any circuits that run from the battery tester to the corresponding battery
battery without passing through the terminals.
battery/central junction box. Disconnect these 3. Connect the current probe to the generator B+
circuits if the draw is still excessive. output terminal, circuit 38 (BK/OG).

4. With the engine running at approximately 2,000Battery — Electronic Drains Which Shut Off
When the Battery Cable is Disconnected rpm, adjust the tester load bank to determine

the output of the generator. The generator1. Repeat the steps of the battery drain testing.
output should be at least 87 amps.

2. Make sure all the doors are closed and all
accessories are off. Without starting the engine,
turn the key to the ON position for a moment
and then OFF. Wait for the illuminated entry
lamps to turn off (if equipped).

3. Connect the ammeter and read the amperage
draw.

The current reading (current drain) should be less
than 50 mA (0.05 amp). If the current drain exceeds
50 mA (0.05 amp), and if this drain did not show in
previous tests, the drain is most likely caused by an
inoperative electronic component.  As in previous
tests, remove the fuses from the battery/central
junction box one at a time to locate the problem 5. With the engine running, turn the A/C on (if
circuit. equipped), the blower motor on high speed, and

the headlamps on high beam.
Generator On-Vehicle Tests

6. Increase the engine speed to approximately
CAUTION: To prevent damage to the 2,000 rpm. The voltage should increase a

generator, do not make the jumper wire minimum of 0.5 volt above the base voltage.
connections except as directed. • If the voltage does not increase as specified,

carry out the Generator On-Vehicle Tests —CAUTION: Do not allow any metal object
No Load Test in this section.to come in contact with the housing and the

internal diode cooling fins with key ON or OFF. • If the voltage increases as specified, the
A short circuit may result and burn out the charging system is operating normally.
diodes.

Generator On-Vehicle Tests — No-Load TestNOTE: The battery posts and cable clamps must be
1. Switch the tester to the voltmeter function.clean and tight for accurate meter indications.
2. Connect the voltmeter positive lead to theNOTE: Refer to the battery tester manual for

generator B+ terminal and the negative lead tocomplete directions for testing the charging system.
ground.1. Turn off all lamps and electrical components.

3. Turn all electrical accessories off.2. Place the vehicle in NEUTRAL and apply the
parking brake.
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DIAGNOSIS AND TESTING (Continued)

4. With the engine running at approximately 2,000
rpm, check the generator output voltage. The
voltage should be between 13.0 and 15.0 volts.
If not, GO to Symptom Chart or refer to the
pinpoint test.
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414-00-1 414-00-1Charging System — General Information

DIAGNOSIS AND TESTING
Upper Generator C102a End View (Diesel Engine)Charging System — Dual Generators

Refer to Wiring Diagrams Cell 12, Charging System Diesel Engine
for schematic and connector information. I Circuit 904 (LG/RD)

A Circuit 35 (OG/LB)Special Tool(s)

73III Automotive Meter
105-R0057 or equivalent

SABRE Premium Electrical
System Tester
010-00736 or equivalent

Lower Generator C1251a End View (DieselWorldwide Diagnostic System
Engine)(WDS)

Vehicle Communication Module Diesel Engine
(VCM) with appropriate A Circuit 35 (OG/LB)
adapters, or equivalent

I Circuit 1183 (WH/YE)diagnostic tool

FunctionalityMicro 490 Digital Battery
Analyzer With the key in the ON position (dual generator
162-00004 or equivalent

system), voltage is supplied by the powertrain
control module (PCM)-controlled I circuit 1183
(WH/YE) to I circuit 904 (LG/RD) to the upper
generator and through the I circuit 1185 (YE) from
the  PCM to the I circuit 1183 (WH/YE) at the
lower generator. If the glow plug system is notPrinciples of Operation
cycling, the PCM maintains voltage to the lower
generator. If the glow plug system is cycling, the
PCM supplies voltage to the lower generator
momentarily to  verify there is a volt drop, then
shuts off the voltage on the lower generator I circuit
1185 (YE)/1183 (WH/YE). Once the glow plug
system stops cycling, the PCM supplies voltage on
the lower generator I circuit 1185 (YE)/1183
(WH/YE), which turns  the regulator on allowing
current to flow from the battery sense A circuit to
the generator field coil, at which time it begins to
function normally. The PCM maintains voltage on
the upper generator I circuit 1183 (WH/YE) / 904
(LG/RD), which turns  on the regulator, allowing
current to flow from the battery sense A circuit to
the generator field coil.

Copyright  2003, Ford Motor Company
Last updated: 2/18/2005 2004 E-Series, 12/2003 



414-00-2 414-00-2Charging System — General Information

DIAGNOSIS AND TESTING (Continued)

Inspection and VerificationOnce the generator begins generating current, a
voltage signal is taken from the generator stator and WARNING: Batteries contain sulfuric acid.
fed back to the regulator internally. This voltage Avoid contact with skin, eyes, or clothing. Also,
feedback signal (typically one-half of the battery shield your eyes when working near batteries to
voltage) is used by the PCM to turn off  the protect against possible splashing of the acid
charging system warning indicator. solution. In case of acid contact with skin or
With the system functioning normally, the generator eyes, flush  immediately with water for a
output current is determined by the voltage of the A minimum of 15 minutes and get prompt medical
circuit 35 (OG/LB). The A circuit 35 (OG/LB) attention. If acid is swallowed, call a physician
voltage is compared to a set voltage internal to the immediately. Failure to follow these instructions
regulator, and the regulator controls the  generator may result in personal injury.
field current to maintain the correct generator

WARNING: Batteries normally produceoutput.
explosive gases which may cause personal injury.

The set voltage varies with temperature and is Therefore, do not allow flames, sparks or lighted
typically higher in cold temperatures and lower in substances to come near the battery. When
warm temperatures. This allows for more efficient charging or working near a battery, always
battery recharge in the winter and reduces the shield your face and protect your  eyes. Always
chance of overcharging in the summer. provide ventilation. Failure to follow these

instructions may result in personal injury.Battery Positive Output (B+) Circuit 1119
(RD) (Upper Generator), 2037 (RD) (Lower WARNING: When lifting a plastic-cased
Generator) battery, excessive pressure on the end walls could
The generator output is supplied through the battery cause acid to spew through the vent caps
positive output (B+) terminal on the rear of the resulting in personal injury, damage to the
generator to the battery and the electrical system. vehicle or to the battery. Lift with a battery

carrier or with your hands on  opposite corners.
I Circuit — Dual Generator Failure to follow these instructions may result in
The I (ignition) circuit is used to turn on the voltage personal injury.
regulator(s). This circuit is powered up when the

CAUTION: Do not make jumperkey is in the ON position. When the PCM detects
connections except as directed. Incorrectthe key is in the ON position, the PCM provides
connections may damage the voltage regulatorvoltage to the upper generator I circuit  1183
test terminals, fuses, or fusible links.(WH/YE)/904 (LG/RD) and to the lower generator I

circuit 1185 (YE)/1183 (WH/YE). The voltage to CAUTION: Do not allow any metal object
the lower generator is only momentary unless the to come in contact with the generator housing
glow plug system is not cycling. Once the glow and internal diode cooling fins. A short circuit
plugs stop cycling, the PCM provides constant may result and burn out the diodes.
voltage on the lower generator I circuit 1185 NOTE: While carrying out any pinpoint test,
(YE)/1183 (WH/YE). disregard any DTCs set while following any specific

pinpoint test. After the completion of any test, beA Circuit
sure to clear all codes in the PCM.

The A circuit or battery sense circuit is used to
NOTE: All voltage measurements are referenced tosense battery voltage. This voltage is used by the
the negative (-) battery post unless otherwiseregulator to determine the generator output.
specified.

NOTE: When the battery has been disconnected
and reconnected, some abnormal drive symptoms
may occur while the powertrain control module
(PCM) relearns its fuel trim. The vehicle may need
to be driven to relearn the strategy.

1. Verify the customer concern.
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414-00-3 414-00-3Charging System — General Information

DIAGNOSIS AND TESTING (Continued)

2. Visually inspect for obvious signs of 5. Observe the charging system warning indicator
mechanical or electrical damage. status under the following conditions:

• The charging system warning indicatorVisual Inspection Chart
illuminates with the key in the ON position

Mechanical Electrical and with the engine OFF.
• Battery case, posts, • Battery junction box • The charging system warning indicator is off

hold-down clamp, (BJB) fuse 23 (10A) with the engine running.
cables, and connections • Charging system
for damage warning indicator • The charging system warning indicator is off

• Generator drive • Circuitry with the key in the OFF position.
(serpentine) belt for • Cables

6. NOTE: The PCM requires 3 key cyclescondition and tension to
re-learn the configuration.make sure there is no

slip between the belt NOTE: On California vehicles, the malfunction
and the pulley. Refer to

indicator lamp (MIL) illuminates if the lowerSection 303-05.
generator circuit has 12 volts (which the PCM• Battery condition

• Generator pulley has commanded off) for 2 consecutive drive
cycles.

Check the battery voltage before and after3. If the inspection reveals obvious concern(s) that
starting the engine to determine if the batterycan be readily identified, service as necessary.
voltage increases. Refer to the Normal Charging4. Verify the battery condition. Refer to Section
System Voltages chart.414-01.

Normal Charging System Voltages

NOTE: When testing the I circuit with the engine running, make sure to load the charging
system by turning the blower motor to the HIGH position and the headlamps on high beam.

Generator
B+ Circuit
1119 (RD)

(Upper Charging
Generator), System
2037 (RD) Engine to Warning

Key A Circuit 35 I Circuit 904 (Lower Battery Indicator
Position (OG/LB) (LG/RD) Generator) Battery Ground Operation

Key OFF 12V 0V 12V 12V 0V Off

Key ON - 12V 1-3V (glow 12V 12V 0V Illuminated
engine off plugs off)

Engine 13- 15V 8- 9V 13- 15V 13- 15V 0V Off
running

7. If the concern remains after the inspection, 8. If the diagnostic tool still does not communicate
connect the diagnostic tool to the data link with the vehicle, refer to the diagnostic tool
connector (DLC) located beneath the instrument operating manual.
panel and select the vehicle to be tested from 9. Carry out the diagnostic tool data link test. If
the diagnostic tool menu. If the vehicle the diagnostic tool responds with:
selection cannot be  entered:

• CAN or ISO circuits fault; all electronic
• Check that the program card is correctly control units no response/not equipped, refer

installed. to Section 418-00.
• Check the connections to the vehicle. • No response/not equipped for powertrain
• Check the ignition switch position. control module (PCM), refer to the

Powertrain Control/Emissions Diagnosis
(PC/ED) manual.
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414-00-4 414-00-4Charging System — General Information

DIAGNOSIS AND TESTING (Continued)

• System passed, retrieve and record the 10. If the DTCs retrieved are related to the concern,
continuous diagnostic trouble codes (DTCs), go to the Powertrain Control Module (PCM)
erase the continuous DTCs, and carry out Diagnostic Trouble Code (DTC) Index or the
the self-test diagnostics for the PCM. Instrument Cluster Diagnostic Trouble Code

(DTC) Index.

11. If no DTCs related to the concern are retrieved,
GO to Symptom Chart to continue diagnostics.

Powertrain Control Module (PCM) Diagnostic Trouble Code (DTC) Index

DTC Description Action

P0620 Dual generator upper fault detected GO to Pinpoint Test T.

P1148 Dual generator lower fault detected GO to Pinpoint Test U.

P1149 Dual generator lower circuit fault GO to Pinpoint Test V.
detected

P0623 Dual generator battery lamp circuit REFER to Section 413-01A
fault detected (conventional) or Section 413-01B

(natural gas).

P1397 System voltage out of self-test range GO to Pinpoint Test Q.

Instrument Cluster Diagnostic Trouble Code (DTC) Index

DTC Description Action

B1317 Battery voltage high GO to Pinpoint Test Q.

B1318 Battery voltage low GO to Pinpoint Test Q.

Symptom Chart

Symptom Chart

Condition Possible Sources Action
• The charging system warning • I circuit 1183/904 or • GO to Pinpoint Test I.

indicator is on with the 1185/1183
engine running (the charging • B+ circuit fusible links
system voltage does not • B+ circuit
increase) • Upper generator

• Lower generator
• Powertrain control module

(PCM)
• The charging system warning • Upper generator connector • GO to Pinpoint Test J.

indicator is off with the C102a unplugged
ignition switch in the RUN • Lower generator connector
position and the engine OFF C1251 unplugged

• I circuit 1183/904 or
1185/1183

• Lamp circuit 904
• Upper generator
• Lower generator
• Instrument cluster
• Powertrain control module

(PCM)
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414-00-5 414-00-5Charging System — General Information

DIAGNOSIS AND TESTING (Continued)

Symptom Chart (Continued)

Condition Possible Sources Action
• The charging system warning • Lamp circuit 904 • GO to Pinpoint Test K.

indicator is on with the • Instrument cluster
engine running and the • A circuit 35
battery increases voltage • I circuit 1183/904 or

1185/1183
• Upper generator
• Lower generator
• Powertrain control module

(PCM)
• The charging system warning • B+ circuit fusible links • GO to Pinpoint Test L.

indicator operates correctly • B+ circuit
but the battery voltage does • Upper generator
not increase • Lower generator

• Loose or damaged harness
connectors

• The battery is discharged or • High key-off loads • GO to Pinpoint Test M.
battery voltage is low • Upper generator connector

C102a unplugged
• Lower generator connector

C1251a unplugged
• B+ circuit fusible links
• B+ circuit
• A circuit 35
• I circuit 1183/904 or

1185/1183
• Upper generator
• Lower generator

• The charging system warning • Upper generator connector • GO to Pinpoint Test N.
indicator flickers or is C102a unplugged
intermittent • Lower generator connector

C1251a unplugged
• I circuit 1183/904 or

1185/1183
• Lamp circuit 904
• Upper generator
• Lower generator
• Instrument cluster
• Powertrain control module

(PCM)
• The charging system • A circuit fuse • GO to Pinpoint Test O.

overcharges (battery voltage • A circuit 35
is greater than 15.5 volts) • Upper generator

• Lower generator
• Battery leakage or damage • Battery • GO to Pinpoint Test P.

• A circuit 35
• Upper generator
• Lower generator

• The voltage gauge reads high • Upper generator • GO to Pinpoint Test Q.
or low • Lower generator

• Instrument cluster
• The generator(s) is noisy • Loose bolts/brackets • GO to Pinpoint Test R.

• Drive belt
• Upper generator
• Lower generator
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414-00-6 414-00-6Charging System — General Information

DIAGNOSIS AND TESTING (Continued)

Symptom Chart (Continued)

Condition Possible Sources Action
• Radio interference • Upper generator • GO to Pinpoint Test S.

• Lower generator
• Wiring/routing
• In-vehicle entertainment

system
• Dual generator upper fault • Upper generator connector • GO to Pinpoint Test T.

detected (P0620) C102a unplugged
• B+ circuit fusible links
• B+ circuit
• A circuit 35
• I circuit 1183/904
• Upper generator

• Dual generator lower fault • Lower generator connector • GO to Pinpoint Test U.
detected (P1148) C1251a unplugged

• B+ circuit fusible links
• B+ circuit
• A circuit 35
• I circuit 1185/1183
• Lower generator

• Dual generator lower circuit • I circuit 1185/1183 • GO to Pinpoint Test V.
fault detected (P1149) • Lower generator

• Dual generator battery lamp • Lamp circuit 904 • REFER to Section 413-01A
circuit fault detected (P0623) • Instrument cluster (conventional) or Section

413-01B (natural gas).

Pinpoint Tests NOTE: The dual generator I circuit/bulb circuit
4-way connector MUST be connected beforeCAUTION: Do not make jumper
disconnecting or connecting the battery. The PCMconnections except as directed. Incorrect
relearns its parameters every time it is disconnectedconnections may damage the voltage regulator
and connected to power. Failure to follow thistest terminals.
procedure  causes the PCM to misinterpret the

CAUTION: Do not allow any metal object charging system as a single generator system,
to come in contact with the generator housing causing the loss of DTC capability and control.
and internal diode cooling fins. NOTE: All voltage measurements are referenced to
NOTE: While carrying out any pinpoint test, the negative (-) battery post unless otherwise
disregard any DTCs set while following any specific specified.
pinpoint test. After the completion of any test, make
sure to clear all codes in the powertrain control
module (PCM).

PINPOINT TEST I: THE CHARGING SYSTEM WARNING INDICATOR IS ON WITH THE ENGINE RUNNING
(THE CHARGING SYSTEM VOLTAGE DOES NOT INCREASE)

Test Step Result / Action to Take
I1 CHECK THE DTCS IN THE POWERTRAIN CONTROL MODULE

(PCM)
• Connect the diagnostic tool. Yes
• Key in ON position. GO to the appropriate pinpoint test listed

in the Symptom Chart.With the key in the ON position, and the engine OFF, check the
PCM for DTCs with the diagnostic tool. No

• Do generator fault codes exist? GO to I2.
I2 CHECK I CIRCUIT 904 (LG/RD) FOR VOLTAGE

• Key in OFF position.
• Disconnect the diagnostic tool.

(Continued)
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414-00-7 414-00-7Charging System — General Information

DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST I: THE CHARGING SYSTEM WARNING INDICATOR IS ON WITH THE ENGINE RUNNING

(THE CHARGING SYSTEM VOLTAGE DOES NOT INCREASE) (Continued)

Test Step Result / Action to Take
I2 CHECK I CIRCUIT 904 (LG/RD) FOR VOLTAGE (Continued)

• Disconnect: Upper Generator C102a.
• Key in ON position.
• With the key in the ON position, and the engine OFF, measure

the voltage at the upper generator C102a-1, I circuit 904
(LG/RD), harness side and ground.

Yes
GO to I4.
No

• Is the voltage greater than 10 volts? GO to I3.
I3 CHECK I CIRCUIT 1183 (WH/YE)/904 (LG/RD) FOR AN OPEN

• Key in OFF position.
• Disconnect: PCM C176c.
• Measure the resistance between the PCM C176c-1, circuit 1183

(WH/YE), harness side and the upper generator C102a-1, circuit
904 (LG/RD), harness side.

Yes
GO to I8.
No
REPAIR I circuit 1183 (WH/YE)/904
(LG/RD). TEST the system for normal

• Is the resistance less than 5 ohms? operation.
I4 CHECK THE VOLTAGE TO THE LOWER GENERATOR

• Key in OFF position.
• Disconnect: Lower Generator C1251a.
• Key in ON position.

(Continued)
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414-00-8 414-00-8Charging System — General Information

DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST I: THE CHARGING SYSTEM WARNING INDICATOR IS ON WITH THE ENGINE RUNNING

(THE CHARGING SYSTEM VOLTAGE DOES NOT INCREASE) (Continued)

Test Step Result / Action to Take
I4 CHECK THE VOLTAGE TO THE LOWER GENERATOR

(Continued)

• Measure the voltage between the lower generator C1251a-1,
circuit 1183 (WH/YE), harness side and ground.

Yes
GO to I6.
No

• Is the voltage greater than 10 volts? GO to I5.
I5 CHECK THE LOWER GENERATOR I CIRCUIT 1185 (YE)/1183

(WH/YE) FOR AN OPEN
• Key in OFF position.
• Connect: Upper Generator C102a.
• Disconnect: Lower Generator C1251a.
• Disconnect: PCM C176c.
• Measure the resistance between the PCM C176c-4, circuit 1185

(YE), harness side and the lower generator C1251a-1, circuit
1183 (WH/YE), harness side.

Yes
GO to I8.
No
REPAIR I circuit 1185 (YE)/1183 (WH/YE).

• Is the resistance less than 5 ohms? TEST the system for normal operation.
I6 CHECK THE UPPER GENERATOR OUTPUT

• Connect: PCM C176c. Yes
• Key in START position. GO to I7.
• Carry out the generator load test on the upper generator. Refer Noto Component Tests, Generator On-Vehicle Tests in this section. INSTALL a new upper generator. REFER• Is the upper generator OK? to Section 414-02. TEST the system for

normal operation.
I7 CHECK THE LOWER GENERATOR OUTPUT

• Key in OFF position. Yes• Connect: Lower Generator C1251a. GO to I8.• Disconnect: Upper Generator C102a.
• Key in START position. No
• Carry out the generator load test on the lower generator. Refer INSTALL a new lower generator. REFER

to Component Tests, Generator On-Vehicle Tests in this section. to Section 414-02. TEST the system for
• Is the lower generator OK? normal operation.

(Continued)
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414-00-9 414-00-9Charging System — General Information

DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST I: THE CHARGING SYSTEM WARNING INDICATOR IS ON WITH THE ENGINE RUNNING

(THE CHARGING SYSTEM VOLTAGE DOES NOT INCREASE) (Continued)

Test Step Result / Action to Take
I8 CHECK FOR CORRECT PCM OPERATION

• Disconnect all the PCM connectors. Yes
• Check for: INSTALL a new PCM. REFER to Section

303-14B. REPEAT the PCM self-test.• corrosion TEST the system for normal operation.• pushed-out pins
• Connect all the PCM connectors and make sure they seat No

correctly. The system is operating correctly at this
• Operate the system and verify the concern is still present. time. The concern may have been caused
• Is the concern still present? by a loose or corroded connector. CLEAR

the DTCs. REPEAT the self-test. TEST
the system for normal operation.

PINPOINT TEST J: THE CHARGING SYSTEM WARNING INDICATOR IS OFF WITH THE IGNITION
SWITCH IN THE RUN POSITION AND THE ENGINE OFF

Test Step Result / Action to Take
J1 CHECK THE DTCS IN THE POWERTRAIN CONTROL MODULE

(PCM)
• Connect the diagnostic tool. Yes
• Key in ON position. GO to the appropriate pinpoint test listed
• With the key in the ON position, and the engine OFF, check the in the Symptom Chart.

PCM for DTCs with the diagnostic tool. No• Do generator fault codes exist? GO to J2.
J2 CHECK THE CHARGING SYSTEM WARNING INDICATOR

OPERATION
• Key in OFF position.
• Disconnect the diagnostic tool.
• Disconnect: PCM C176a.
• Key in ON position.
• With the key in the ON position, and the engine OFF, connect a

fused (15A) jumper wire between the PCM C176a-30, circuit 904
(LG/RD), harness side and ground.

Yes
GO to J3.
No
REFER to Section 413-01A (conventional)

• Does the charging system warning indicator illuminate? or Section 413-01B (natural gas).
J3 CHECK FOR CORRECT PCM OPERATION

• Disconnect all the PCM connectors. Yes
• Check for: INSTALL a new PCM. REFER to Section

303-14B. CLEAR the DTCs. REPEAT the• corrosion PCM self-test.• pushed-out pins
• Connect all the PCM connectors and make sure they seat No

correctly. The system is operating correctly at this
• Operate the system and verify the concern is still present. time. The concern may have been caused
• Is the concern still present? by a loose or corroded connector. CLEAR

the DTCs. REPEAT the self-test.
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST K: THE CHARGING SYSTEM WARNING INDICATOR IS ON WITH THE ENGINE

RUNNING AND THE BATTERY INCREASES VOLTAGE

Test Step Result / Action to Take
K1 CHECK THE DTCS IN THE POWERTRAIN CONTROL MODULE

(PCM)
• Connect the diagnostic tool. Yes
• Key in ON position. GO to the appropriate pinpoint test listed

in the Symptom Chart.With the key in the ON position, and the engine OFF, check the
PCM for DTCs with the diagnostic tool. No

• Are generator fault codes present? GO to K2.
K2 CHECK THE SYSTEM FOR OVERCHARGING

• Key in OFF position.
• Disconnect the diagnostic tool.
• Key in START position.
• With the engine running and all accessories off, measure the

voltage at the primary (passenger side) battery terminals while
varying the engine rpm.

Yes
GO to Pinpoint Test O.
No

• Is the voltage greater than 15.5 volts? GO to K3.
K3 CHECK THE CHARGING SYSTEM WARNING INDICATOR

OPERATION
• Key in OFF position.
• Connect: Lower Generator C1251a.
• Disconnect: PCM C176a.

Yes• Key in ON position.
GO to K4.With the key in the ON position, and the engine OFF, monitor

the charging system warning indicator. No
• Is the indicator illuminated? GO to K5.

K4 CHECK THE WARNING INDICATOR CIRCUIT
• Key in OFF position.
• Disconnect: Instrument Cluster C220b.
• Measure the resistance between the PCM C176a-30, circuit 904

(LG/RD) harness side and ground.

Yes
REFER to Section 413-01A (conventional)
or Section 413-01B (natural gas).
No
REPAIR the circuit. TEST the system for

• Is the resistance greater than 10,000 ohms? normal operation.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST K: THE CHARGING SYSTEM WARNING INDICATOR IS ON WITH THE ENGINE

RUNNING AND THE BATTERY INCREASES VOLTAGE (Continued)

Test Step Result / Action to Take
K5 CHECK THE LOWER GENERATOR A CIRCUIT

• Key in OFF position.
• Connect: Upper Generator C102a.
• Disconnect: Lower Generator C1251a.
• With the key in the ON position, and the engine OFF, measure

the voltage at the lower generator connector C1251a-3, A circuit
35 (OG/LB), harness side and ground.

Yes
GO to K6.
No
CHECK lower generator A circuit 35
(OG/LB). REPAIR as necessary. TEST the

• Is the voltage equal to battery voltage? system for normal operation.
K6 CHECK FOR CORRECT PCM OPERATION

• Disconnect all the PCM connectors. Yes
• Check for: INSTALL a new PCM. REFER to Section

303-14B. CLEAR the DTCs. REPEAT the• corrosion PCM self-test.• pushed-out pins
• Connect all the PCM connectors and make sure they seat No

correctly. The system is operating correctly at this
• Operate the system and verify the concern is still present. time. The concern may have been caused
• Is the concern still present? by a loose or corroded connector. CLEAR

the DTCs. REPEAT the self-test.

PINPOINT TEST L: THE CHARGING SYSTEM WARNING INDICATOR OPERATES CORRECTLY BUT THE
BATTERY VOLTAGE DOES NOT INCREASE

Test Step Result / Action to Take
L1 CHECK THE DTCS IN THE POWERTRAIN CONTROL MODULE

(PCM)
• Connect the diagnostic tool. Yes
• Key in ON position. GO to the appropriate pinpoint test listed

in the Symptom Chart.With the key in the ON position, and the engine OFF, check the
PCM for DTCs with the diagnostic tool. No

• Do generator fault codes exist? GO to L2.
L2 CHECK THE UPPER AND LOWER GENERATOR CONNECTIONS

• Key in OFF position. Yes
• Disconnect the diagnostic tool. GO to L3.
• Check the battery terminals and all the generator connectors for Nocorrosion, damage, and correct connection. REPAIR the connections as necessary.• Are all the connections clean and tight? TEST the system for normal operation.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST L: THE CHARGING SYSTEM WARNING INDICATOR OPERATES CORRECTLY BUT THE

BATTERY VOLTAGE DOES NOT INCREASE (Continued)

Test Step Result / Action to Take
L3 CHECK THE OUTPUT (B+) CIRCUIT 1119 (RD) OF THE UPPER

GENERATOR
• Check the voltage at the upper generator B+ terminal, circuit

1119 (RD), harness side and ground.

Yes
GO to L4.
No
REPAIR upper generator output (B+)
circuit 1119 (RD) (including the fusible
links) as necessary. TEST the system for

• Is the voltage equal to battery voltage? normal operation.
L4 CHECK THE OUTPUT (B+) CIRCUIT 2037 (RD) OF THE LOWER

GENERATOR
• Check the voltage at the lower generator B+ terminal, circuit

2037 (RD), harness side and ground.

Yes
GO to L5.
No
REPAIR lower generator output (B+)
circuit 2037 (RD) (including the fusible
links) as necessary. TEST the system for

• Is the voltage equal to battery voltage? normal operation.
L5 CHECK THE BATTERY CONDITION

• Carry out the Battery — Condition Test to determine if the Yes
battery can hold a charge and is OK for use. Refer to Section GO to L6.
414-01. No• Are the batteries OK? INSTALL a new applicable battery. TEST

the system for normal operation.
L6 CHECK THE UPPER GENERATOR OUTPUT

• Disconnect: Lower Generator C1251a. Yes
• Check the upper generator output. Refer to Component Tests, GO to L7.

Generator On-Vehicle Tests in this section. No• Is the upper generator OK? INSTALL a new generator. REFER to
Section 414-02. CLEAR the DTCs. TEST
the system for normal operation.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST L: THE CHARGING SYSTEM WARNING INDICATOR OPERATES CORRECTLY BUT THE

BATTERY VOLTAGE DOES NOT INCREASE (Continued)

Test Step Result / Action to Take
L7 CHECK THE LOWER GENERATOR OUTPUT

• Key in OFF position. Yes
• Connect: Lower Generator C1251a. The system is OK. VERIFY the symptoms
• Disconnect: Upper Generator C102a. from the Symptom Chart and TEST the
• Check the lower generator output. Refer to Component Tests, system for normal operation. COMPARE

Generator On-Vehicle Tests in this section. to a similar vehicle.
• Is the lower generator OK? No

INSTALL a new lower generator. REFER
to Section 414-02. CLEAR the DTCs.
TEST the system for normal operation.

PINPOINT TEST M: THE BATTERY IS DISCHARGED OR BATTERY VOLTAGE IS LOW

Test Step Result / Action to Take
M1 CHECK THE DTCS IN THE POWERTRAIN CONTROL MODULE

(PCM)
• Connect the diagnostic tool. Yes
• Key in ON position. GO to the appropriate pinpoint test listed
• With the key in the ON position, and the engine OFF, check the in the Symptom Chart.

PCM for DTCs with the diagnostic tool. No• Are generator fault codes present? GO to M2.
M2 CHECK THE BATTERY CONDITION

• Key in OFF position. Yes• Disconnect the diagnostic tool. GO to M3.• Carry out the Battery — Condition Test to determine if the
battery can hold a charge and is OK for use. Refer to Section No
414-01. INSTALL a new battery(s). TEST the

• Is the battery(s) OK? system for normal operation.
M3 CHECK THE BATTERY DRAIN

• Make sure all interior lights and switches are off and all doors Yes
are closed. Carry out the battery drain test. Refer to Component REPAIR the battery drain as necessary.
Tests, Battery — Drain Testing in this section. TEST the system for normal operation.

• Is the drain greater than 0.05 amp? No
GO to M4.

M4 CHECK THE UPPER GENERATOR OUTPUT
• Disconnect: Lower Generator C1251a. Yes
• Key in START position. GO to M5.
• With the key in the ON position, and the engine running, check Nothe upper generator output. Refer to Component Tests, INSTALL a new upper generator. REFERGenerator On-Vehicle Tests in this section. to Section 414-02. CLEAR the DTCs.• Is the upper generator OK? TEST the system for normal operation.

M5 CHECK THE LOWER GENERATOR OUTPUT
• Key in OFF position.
• Connect: Lower Generator C1251a. Yes• Disconnect: Upper Generator C102a. GO to M6.• Key in START position.
• With the key in the ON position, and the engine running, check No

the lower generator output. Refer to Component Tests, INSTALL a new lower generator. REFER
Generator On-Vehicle Tests in this section. to Section 414-02. CLEAR the DTCs.

• Is the lower generator OK? TEST the system for normal operation.
M6 CHECK THE OTHER SYSTEMS FOR DRAINS

• Check for drains from the electronic modules. Refer to Yes
Component Tests, Battery — Electronic Drains Which Shut Off CHARGE the batteries. TEST the system
When the Battery Cable is Disconnected in this section. for normal operation.

• Are the electronic modules OK? No
REPAIR as necessary. TEST the system
for normal operation.
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST N: THE CHARGING SYSTEM WARNING INDICATOR FLICKERS OR IS INTERMITTENT

Test Step Result / Action to Take
N1 CHECK THE DTCS IN THE POWERTRAIN CONTROL MODULE

(PCM)
• Connect the diagnostic tool. Yes
• Key in ON position. GO to the appropriate pinpoint test listed

in the Symptom Chart.With the key in the ON position, and the engine OFF, check the
PCM for DTCs with the diagnostic tool. No

• Do generator fault codes exist? GO to N2.
N2 CHECK THE BATTERY VOLTAGE

• Key in START position.
• With the key in the ON position, and the engine running, and all

accessories turned off, measure the voltage at the battery while
varying the engine rpm.

Yes
GO to Pinpoint Test O.
No

• Is the voltage greater than 15.5 volts? GO to N3.
N3 CHECK THE CHARGING SYSTEM INDICATOR OPERATION

• Key in OFF position.
• Key in ON position. Yes• With the key in the ON position, and the engine OFF, enter the GO to N4.following diagnostic mode on the diagnostic tool: Active

Commands. Command the charging system warning indicator No
on. REFER to Section 413-01A (conventional)

• Does the charging system warning indicator illuminate? or Section 413-01B (natural gas).
N4 CHECK THE PCM OPERATION

• Key in OFF position. Yes
• Disconnect the diagnostic tool. The PCM is operating correctly. CHECK
• Key in ON position. the generator circuits (including the

generators) for intermittent shorts orWith the key in the ON position, and the engine OFF, monitor
opens. TEST the system for normalthe charging system warning indicator.
operation.• Is the lamp illuminated?
No
GO to N5.

N5 CHECK FOR CORRECT PCM OPERATION
• Disconnect all the PCM connectors. Yes
• Check for: INSTALL a new PCM. REFER to Section

303-14B. CLEAR the DTCs. REPEAT the• corrosion PCM self-test.• pushed-out pins
• Connect all the PCM connectors and make sure they seat No

correctly. The system is operating correctly at this
• Operate the system and verify the concern is still present. time. The concern may have been caused
• Is the concern still present? by a loose or corroded connector. CLEAR

the DTCs. REPEAT the self-test.
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST O: THE CHARGING SYSTEM OVERCHARGES (BATTERY VOLTAGE IS GREATER THAN

15.5 VOLTS)

Test Step Result / Action to Take
O1 CHECK THE DTCS IN THE POWERTRAIN CONTROL MODULE

(PCM)
• Connect the diagnostic tool. Yes
• Key in ON position. GO to the appropriate pinpoint test listed
• With the key in the ON position, and the engine OFF, check the in the Symptom Chart.

PCM for DTCs with the diagnostic tool. No• Are generator fault codes present? GO to O2.
O2 CHECK THE BATTERY VOLTAGE

• Key in OFF position.
• Disconnect the diagnostic tool.
• Key in START position.
• With the key in the ON position, and the engine running and all

accessories turned off, measure the voltage at either battery
while varying the engine rpm.

Yes
GO to O3.
No

• Is the voltage greater than 15.5 volts? GO to O7.
O3 CHECK THE UPPER GENERATOR OUTPUT

• Key in OFF position.
• Disconnect: Lower Generator C1251a.
• Key in START position.
• Note: After starting the engine, wait at least 2 minutes for the

glow plugs to turn off. With the key in the ON position, and the
engine running and all accessories turned off, measure the
voltage at either battery while varying the engine rpm.

Yes
GO to O4.
No

• Is the voltage greater than 15.5 volts? GO to O5.
O4 CHECK THE UPPER GENERATOR A CIRCUIT

• Key in OFF position.
• Connect: Lower Generator C1251a.
• Disconnect: Upper Generator C102a.
• Key in ON position.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST O: THE CHARGING SYSTEM OVERCHARGES (BATTERY VOLTAGE IS GREATER THAN

15.5 VOLTS) (Continued)

Test Step Result / Action to Take
O4 CHECK THE UPPER GENERATOR A CIRCUIT (Continued)

• With the key in the ON position, and the engine OFF, measure
the voltage drop between the upper generator C102a-3, A circuit
35 (OG/LB) harness side and the battery positive terminal.

Yes
INSTALL a new upper generator. REFER
to Section 414-02. CLEAR the DTCs.
TEST the system for normal operation.
No
REPAIR the upper generator A circuit 35
(OG/LB) for high resistance. CLEAR the
DTCs. TEST the system for normal

• Is the voltage drop less than 0.5 volt? operation.
O5 CHECK THE LOWER GENERATOR OUTPUT

• Key in OFF position.
• Disconnect: Upper Generator C102a.
• Connect: Lower Generator C1251a.
• Key in START position.
• Note: After starting the engine, wait at least 2 minutes for the

glow plugs to turn off. With the key in the ON position, and the
engine running and all accessories turned off, measure the
voltage at either battery while varying the engine rpm.

Yes
GO to O6.
No

• Is the voltage greater than 15.5 volts? GO to O7.
O6 CHECK THE LOWER GENERATOR A CIRCUIT

• Key in OFF position.
• Connect: Upper Generator C102a.
• Disconnect: Lower Generator C1251a.
• Key in ON position.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST O: THE CHARGING SYSTEM OVERCHARGES (BATTERY VOLTAGE IS GREATER THAN

15.5 VOLTS) (Continued)

Test Step Result / Action to Take
O6 CHECK THE LOWER GENERATOR A CIRCUIT (Continued)

• With the key in the ON position, and the engine OFF, measure
the voltage drop between the lower generator C1251a-3, A
circuit 35 (OG/LB) harness side and the positive battery terminal.

Yes
INSTALL a new lower generator. REFER
to Section 414-02. CLEAR the DTCs.
TEST the system for normal operation.
No
REPAIR the lower generator A circuit 35
(OG/LB) for high resistance. CLEAR the
DTCs. TEST the system for normal

• Is the voltage drop less than 0.5 volt? operation.
O7 CHECK THE GROUNDS

• Key in OFF position. Yes
• Check the ground connections between the generators and the CHECK both upper and lower generator A

engine, and the batteries and the engine. circuits for intermittent opens/shorts.
• Are all the ground connections clean and tight? REPAIR as necessary. CLEAR the DTCs.

TEST the system for normal operation.
No
REPAIR as necessary.

PINPOINT TEST P: BATTERY LEAKAGE OR DAMAGE

Test Step Result / Action to Take
P1 CHECK FOR ACID LEAKAGE AND DAMAGE

• Check for acid damage to both the battery wire harness and to Yes
the body. REPAIR the damaged areas as

• Is acid damage present? necessary. TEST the system for normal
operation.
No
GO to P2.

P2 CHECK THE CHARGING SYSTEM FOR OVERCHARGING
• Key in START position.
• With the engine running and all accessories off, increase the

engine speed to 2,000 rpm and measure the voltage at the
battery.

Yes
GO to Pinpoint Test O.
No

• Is the voltage greater than 15.5 volts? GO to P3.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST P: BATTERY LEAKAGE OR DAMAGE (Continued)

Test Step Result / Action to Take
P3 CHECK THE BATTERY MOUNTING

• Key in OFF position. Yes
GO to P4.Check both batteries for correct mounting in the battery trays.

• Are the batteries correctly mounted? No
REPAIR as necessary. TEST the system
for normal operation.

P4 CHECK FOR BATTERY CONTACT
• Check both batteries to make sure there are no fasteners or Yes

other parts contacting the battery case causing excess pressure. REPAIR as necessary. TEST the system
• Is anything contacting the battery case? for normal operation.

No
GO to P5.

P5 CHECK THE BATTERY CASE FOR DAMAGE
• Check both battery cases for damage, such as cracks or poor Yes

seals. GO to P6.
• Are the batteries OK? No

INSTALL a new battery. REFER to
Section 414-01. TEST the system for
normal operation.

P6 CHECK THE BATTERY CAPACITY
• Check the battery capacity of both batteries. Refer to Battery — Yes

Condition Test in Section 414-01. The system is OK. TEST the system for
• Are the batteries OK? normal operation.

No
INSTALL a new applicable battery. TEST
the system for normal operation.

PINPOINT TEST Q: THE VOLTAGE GAUGE READS HIGH OR LOW

Test Step Result / Action to Take
Q1 CHECK THE BATTERY VOLTAGE

• Key in START position.
• With the engine running and all accessories turned off, increase

the engine speed to 2,000 rpm and measure the voltage at the
battery.

Yes
For readings more than 15.5 volts, GO to
Pinpoint Test O.
For readings less than 13 volts, GO to
Pinpoint Test M.

• Is the battery voltage more than 15.5 volts or less than 13 No
volts? GO to Q2.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST Q: THE VOLTAGE GAUGE READS HIGH OR LOW (Continued)

Test Step Result / Action to Take
Q2 CHECK THE VOLTAGE GAUGE OPERATION

• With the engine still running, monitor the voltage gauge reading
and the battery voltage.

Yes
The voltage gauge is operating normally.
No
The voltage gauge is inaccurate. REFER
to Section 413-01A (conventional) or
Section 413-01B (natural gas) to  continue

• Are the voltage readings consistent? diagnostics.

PINPOINT TEST R: THE GENERATOR (S) IS NOISY

Test Step Result / Action to Take
R1 CHECK THE DRIVE BELT AND MOUNTING BRACKETS

• Key in OFF position.
• Check the drive belt for damage and to verify correct installation; Yesrefer to Section 303-05. GO to R2.• Check the generator mounting brackets for loose bolts or

misalignment. No
• Are the accessory drive and generator mounting brackets REPAIR as necessary. TEST the system

OK? for normal operation.
R2 CHECK THE GENERATOR PULLEY(S)

• Check for a bent, loose, or misaligned generator pulley(s). Yes
• Are the generator pulley(s) OK? GO to R3.

No
INSTALL a new pulley(s) as necessary.
TEST the system for normal operation.

R3 CHECK THE LOWER GENERATOR FOR ELECTRICAL NOISE
• Disconnect: Lower Generator C1251a. Yes
• Key in START position. INSTALL a new lower generator. REFER
• With the engine running, use a stethoscope or equivalent to Section 414-02. TEST the system for

listening device to probe the lower generator for noise. normal operation.
• Is the lower generator noisy? No

GO to R4.
R4 CHECK THE UPPER GENERATOR FOR ELECTRICAL NOISE

• Key in OFF position. Yes
• Disconnect: Upper Generator C102a. INSTALL a new upper generator. REFER
• Key in START position. to Section 414-02. CLEAR the DTCs.
• With the engine running, use a stethoscope or equivalent TEST the system for normal operation.

listening device to probe the upper generator for noise. No• Is the upper generator noisy? REFER to Section 303-00 to diagnose the
source of the engine noise.

PINPOINT TEST S: RADIO INTERFERENCE

Test Step Result / Action to Take
S1 VERIFY RADIO INTERFERENCE

NOTE: If the original equipment manufactured (OEM) radio unit has
been replaced, the vehicle may not pass this test. Return the
vehicle to OEM condition before following this pinpoint test.
• Key in START position.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST S: RADIO INTERFERENCE (Continued)

Test Step Result / Action to Take
S1 VERIFY RADIO INTERFERENCE (Continued)

• Start and run the engine. Tune the radio to a station where the
interference is present.

Yes• Key in OFF position.
GO to S2.• Disconnect: Upper Generator C102a.

• Key in START position. No
Start and run the engine. INSTALL a new upper generator. REFER

• Is interference present with the upper generator to Section 414-02. TEST the system for
disconnected? normal operation.

S2 VERIFY THERE IS RADIO INTERFERENCE
• Key in OFF position. Yes
• Connect: Upper Generator C102a. REFER to Section 415-00 for diagnosis
• Disconnect: Lower Generator C1251a. and testing of the in-vehicle entertainment
• Key in START position. system.
• Verify the interference is present with the lower generator Nodisconnected. INSTALL a new lower generator. REFER• Is the interference still present? to Section 414-02. CLEAR the DTCs.

TEST the system for normal operation.

PINPOINT TEST T: DUAL GENERATOR UPPER FAULT DETECTED (P0620)

Test Step Result / Action to Take
T1 CHECK THE UPPER GENERATOR CONNECTIONS

• Key in OFF position. Yes• Disconnect: Upper Generator C102c and C102a. GO to T2.• Check the upper generator connectors for damage and correct
connection. No

• Connect: Upper Generator C102c and C102a. REPAIR the connections as necessary.
• Are the upper generator connectors OK and correctly CLEAR the DTCs. TEST the system for

connected? normal operation.
T2 CHECK THE UPPER GENERATOR B+ VOLTAGE

• Measure the voltage between the B+ terminal of the upper
generator C102c, circuit 1119 (RD) harness side and ground.

Yes
GO to T3.
No
CHECK B+ circuit 1119 (RD), including
the fusible links. REPAIR as necessary.
CLEAR the DTCs. TEST the system for

• Is the voltage equal to battery voltage? normal operation.
T3 CHECK THE UPPER GENERATOR A CIRCUIT

• Disconnect: Upper Generator C102a.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST T: DUAL GENERATOR UPPER FAULT DETECTED (P0620) (Continued)

Test Step Result / Action to Take
T3 CHECK THE UPPER GENERATOR A CIRCUIT (Continued)

• With the upper generator connector disconnected, measure the
voltage between the upper generator C102a-3, A circuit 35
(OG/LB), harness side and ground.

Yes
GO to T4.
No
CHECK upper generator A circuit 35
(OG/LB) including the fusible links.
REPAIR as necessary. CLEAR the DTCs.

• Is the voltage equal to battery voltage? TEST the system for normal operation.
T4 CHECK THE UPPER GENERATOR I CIRCUIT VOLTAGE

• Key in ON position.
• With the key in the ON position, and the engine OFF, measure

the voltage between the upper generator C102a-1, I circuit 904
(LG/RD), harness side and ground.

Yes
GO to T6.
No

• Is the voltage greater than 10 volts? GO to T5.
T5 CHECK THE UPPER GENERATOR I CIRCUIT FOR AN OPEN OR

A SHORT TO GROUND
• Key in OFF position.
• Disconnect: PCM C176c.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST T: DUAL GENERATOR UPPER FAULT DETECTED (P0620) (Continued)

Test Step Result / Action to Take
T5 CHECK THE UPPER GENERATOR I CIRCUIT FOR AN OPEN OR

A SHORT TO GROUND (Continued)

• With the key in the OFF position and the upper generator C102a
disconnected, check the resistance between the upper generator
C102a-1, I circuit 904 (LG/RD) harness side and the powertrain
control module (PCM) C176c-1, circuit 1183 (WH/YE) harness
side; and between the upper generator C102a-1, I circuit 904
(LG/RD) harness side and ground.

Yes
GO to T8.
No

• Is the resistance less than 5 ohms between the generator REPAIR I circuit 1183 (WH/YE) / 904
and the PCM; and greater than 10,000 ohms between the (LG/RD). CLEAR the DTCs. TEST the
generator and ground? system for normal operation.

T6 CHECK THE UPPER GENERATOR VOLTAGE
• Connect: PCM C176c.
• Disconnect: Lower Generator C1251a.
• Connect: Upper Generator C102a.
• Key in START position.
• NOTE: After starting the engine, wait at least 2 minutes for the

glow plugs to stop cycling.
With the engine running, measure the voltage at the battery.

Yes
GO to T7.
No
INSTALL a new upper generator. REFER
to Section 414-02. CLEAR the DTCs.

• Is the voltage greater than 13 volts? TEST the system for normal operation.
T7 CHECK THE UPPER GENERATOR OUTPUT

• With the lower generator connector C1251a disconnected, check Yes
the upper generator output. Refer to Component Tests, The system is operating normally.
Generator On-Vehicle Test — Load Test in this section. CONNECT all the connectors, CLEAR the

• Is the upper generator OK? DTCs. TEST the system for normal
operation.
No
INSTALL a new upper generator. REFER
to Section 414-02. CLEAR the DTCs and
TEST the system for normal operation.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST T: DUAL GENERATOR UPPER FAULT DETECTED (P0620) (Continued)

Test Step Result / Action to Take
T8 CHECK FOR CORRECT PCM OPERATION

• Disconnect all the PCM connectors. Yes
• Check for: INSTALL a new PCM. REFER to Section

303-14B. CLEAR the DTCs. REPEAT the• corrosion self-test.• pushed-out pins
• Connect all the PCM connectors and make sure they seat No

correctly. The system is operating correctly at this
• Operate the system and verify the concern is still present. time. The concern may have been caused
• Is the concern still present? by a loose or corroded connector. CLEAR

the DTCs. REPEAT the self-test.

PINPOINT TEST U: DUAL GENERATOR LOWER FAULT DETECTED (P1148)

Test Step Result / Action to Take
U1 CHECK THE LOWER GENERATOR CONNECTIONS

• Key in OFF position. Yes• Disconnect: Lower Generator C1251c, C1251a. GO to U2.• Check the lower generator connectors for damage and correct
connection. No

• Connect: Lower Generator C1251c, C1251a. REPAIR the connectors as necessary.
• Are the lower generator connectors OK and correctly CLEAR the DTCs. TEST the system for

connected? normal operation.
U2 CHECK THE LOWER GENERATOR B+ VOLTAGE

• Measure the voltage between the B+ terminal of the lower
generator and ground.

Yes
GO to U3.
No
CHECK the B+ circuit 2037 (RD) including
the fusible links. REPAIR as necessary.
CLEAR the DTCs. TEST the system for

• Is the voltage equal to battery voltage? normal operation.
U3 CHECK THE LOWER GENERATOR A CIRCUIT

• Disconnect: Lower Generator C1251a.
• Measure the voltage between the lower generator harness

C1251a-3, A circuit 35 (OG/LB), harness side and ground.

Yes
GO to U4.
No
CHECK lower generator A circuit 35
(OG/LB) including the fusible links.
REPAIR as necessary. CLEAR the DTCs.

• Is the voltage greater than 10 volts? TEST the system for normal operation.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST U: DUAL GENERATOR LOWER FAULT DETECTED (P1148) (Continued)

Test Step Result / Action to Take
U4 CHECK THE LOWER GENERATOR I CIRCUIT FOR VOLTAGE

• Key in ON position.
• NOTE: Wait at least 2 minutes for the glow plugs to stop

cycling.
With the key in the ON position, and the engine OFF, measure
the voltage between the lower generator C1251a-1, circuit 1183
(WH/YE), harness side and ground.

Yes
GO to U6.
No

• Is the voltage greater than 10 volts? GO to U5.
U5 CHECK THE LOWER GENERATOR I CIRCUIT FOR AN OPEN

OR A SHORT TO GROUND
• Key in OFF position.
• Disconnect: PCM C176c.
• Key in ON position.
• With the key in the ON position and the lower generator C1251a

disconnected, measure the resistance between the lower
generator C1251a-1, I circuit 1185 (YE), harness side and the
PCM C176c-4, circuit 1183 (WH/YE), harness side; and between
the lower generator C1251a-1, I circuit 1183 (WH/YE) harness
side and ground.

Yes
GO to U8.
No

• Is the resistance less than 5 ohms between the generator REPAIR the I circuit 1185 (YE)/1183
and the PCM; and greater than 10,000 ohms between the (WH/YE). CLEAR the DTCs. TEST the
generator and ground? system for normal operation.

U6 CHECK THE LOWER GENERATOR VOLTAGE
• Connect: PCM C176c.
• Disconnect: Upper Generator C102a.
• Connect: Lower Generator C1251a.
• Key in START position.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST U: DUAL GENERATOR LOWER FAULT DETECTED (P1148) (Continued)

Test Step Result / Action to Take
U6 CHECK THE LOWER GENERATOR VOLTAGE (Continued)

• NOTE: After starting the engine, wait at least 2 minutes for the
glow plugs to stop cycling.
With the engine running, measure the voltage at the battery.

Yes
GO to U7.
No
INSTALL a new lower generator. REFER
to Section 414-02. CLEAR the DTCs.

• Is the voltage greater than 13 volts? TEST the system for normal operation.
U7 CHECK THE LOWER GENERATOR OUTPUT

• With the upper generator still disconnected, check the lower Yes
generator output. Refer to Component Tests, Generator The system is operating normally.
On-Vehicle Test — Load Test in this section. CONNECT all the connectors, CLEAR the

• Is the lower generator OK? DTCs. TEST the system for normal
operation.
No
INSTALL a new lower generator. REFER
to Section 414-02. CLEAR the DTCs.
TEST the system for normal operation.

U8 CHECK FOR CORRECT PCM OPERATION
• Disconnect all the PCM connectors. Yes
• Check for: INSTALL a new PCM. REFER to Section

303-14B. CLEAR the DTCs. REPEAT the• corrosion self-test.• pushed-out pins
• Connect all the PCM connectors and make sure they seat No

correctly. The system is operating correctly at this
• Operate the system and verify the concern is still present. time. The concern may have been caused
• Is the concern still present? by a loose or corroded connector. CLEAR

the DTCs. REPEAT the self-test.

PINPOINT TEST V: DUAL GENERATOR LOWER CIRCUIT FAULT DETECTED (P1149)

Test Step Result / Action to Take
V1 CHECK THE LOWER GENERATOR I CIRCUIT FOR A SHORT

TO B+
• Key in OFF position.
• Disconnect: PCM C176c.
• Disconnect: Lower Generator C1251a.
• Key in ON position.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST V: DUAL GENERATOR LOWER CIRCUIT FAULT DETECTED (P1149) (Continued)

Test Step Result / Action to Take
V1 CHECK THE LOWER GENERATOR I CIRCUIT FOR A SHORT

TO B+ (Continued)

• With the key in the ON position, and the engine OFF, measure
the voltage between the powertrain control module (PCM)
C176c-4, circuit 1185 (YE), harness side and ground.

Yes
REPAIR the I circuit 1185 (YE) for a short
to B+. CLEAR the DTCs. TEST the
system for normal operation.
No

• Is the voltage greater than 0 volts? GO to V2.
V2 CHECK THE LOWER GENERATOR I CIRCUIT

• Key in OFF position.
• Connect: Lower Generator C1251a.
• Connect: PCM C176c.
• Key in START position.

NOTE: After starting the engine, wait at least 2 minutes for the
glow plugs to stop cycling.

• With the key in the ON position, and the engine running,
measure the voltage between C1251a-1, I circuit 1183 (WH/YE),
harness side and ground.

Yes
GO to V4.
No

• Is the voltage greater than 0 volts? GO to V3.
V3 CHECK THE PCM OPERATION

• Key in OFF position.
• Connect: PCM C176c.
• Key in ON position.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST V: DUAL GENERATOR LOWER CIRCUIT FAULT DETECTED (P1149) (Continued)

Test Step Result / Action to Take
V3 CHECK THE PCM OPERATION (Continued)

• With the key in the ON position, and the engine OFF and lower
generator C1251a still disconnected, carry out a glow plug test
with the diagnostic tool (refer to the Powertrain
Control/Emissions Diagnosis (PC/ED) manual for the test
procedures). Measure the voltage at the lower generator
C1251a-1, I circuit 1183 (WH/YE) harness side and ground while
carrying out the glow plug test.

Yes
GO to V4.
No
INSTALL a new lower generator. REFER
to Section 414-02. CLEAR the DTCs.

• Is the voltage greater than 0 volts with the glow plugs on? TEST the system for normal operation.
V4 CHECK FOR CORRECT PCM OPERATION

• Disconnect all the PCM connectors. Yes
• Check for: INSTALL a new PCM. REFER to Section

303-14B. CLEAR the DTCs. REPEAT the• corrosion PCM self-test.• pushed-out pins
• Connect all the PCM connectors and make sure they seat No

correctly. The system is operating correctly at this
• Operate the system and verify the concern is still present. time. The concern may have been caused
• Is the concern still present? by a loose or corroded connector. CLEAR

the DTCs. REPEAT the self-test.

Component Tests NOTE: Typically, a drain of approximately 1 amp
can be attributed to an engine compartment lamp,

Battery — Drain Testing glove compartment lamp, or interior lamp staying
Check for current drains on the battery in excess of on continuously. Other component failures or wiring
50 milliamps with all the electrical accessories off shorts may be located by selectively pulling fuses
and the vehicle at rest. Current drains can be tested to pinpoint the location of the current drain. When
with the following procedure. the current drain is found, the meter reading will

fall to an acceptable level. If the drain is still notWARNING: Do not attempt this test on a
located after checking all the fuses, it may be due tolead-acid battery that has recently been
the generator.recharged. Explosive gases can cause personal
NOTE: To accurately test the drain on a battery, aninjury. Failure to follow these instructions may
in-line digital ammeter must be used. Using a testresult in personal injury.
lamp or voltmeter is not an accurate method due to

CAUTION: To prevent damage to the the number of electronic modules.
meter, do not crank the engine or operate

1. Make sure engine compartment and interioraccessories that draw more than 10A.
fuse panels are accessible without turning on

NOTE: Many modules draw 10 mA (0.010 amp) or interior and underhood lamps.
more continuously.

2. Drive the vehicle at least 5 minutes at over 30
NOTE: Use an in-line ammeter between the battery mph to turn on and activate the vehicle
positive or negative post and its respective cable. systems.
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DIAGNOSIS AND TESTING (Continued)

3. Allow vehicle to sit with the key off for at least 2. Make sure all the doors are closed and
45 minutes to allow modules to time out/power accessories are off. Without starting the engine,
down. turn the key to the ON position for a moment

and then OFF. Wait a few minutes for the4. Connect a jumper wire between the negative
illuminated entry lamps to turn off, if equipped.battery cable and negative battery post to

prevent modules from resetting and to catch 3. Connect the ammeter and read the amperage
capacitive drains. draw.

5. NOTE: It is very important continuity is not The current reading (current drain) should be less
broken between the battery and the negative than 0.05 amp. If current drain exceeds 0.05 amp
cable when connecting the meter. If this after a few minutes, and if this drain did not show
happens, the entire procedure must be repeated. in previous tests, the drain is most likely caused by

a malfunctioning electronic component.  As inDisconnect the negative battery cable from the
previous tests, remove the fuses from the fusepost without breaking the connection of the
junction panel one at a time to locate the problemjumper wire.
circuit.

6. Connect the tester between the negative battery
cable and the post. The meter must be capable Generator On-Vehicle Tests
of reading milliamps and should have a 10 amp

CAUTION: To prevent damage to thecapability.
generator, do not make jumper wire connections

7. NOTE: If the meter settings need to be except as directed.
switched or the test leads need to be moved to

CAUTION: Do not allow any metal objectanother jack, the jumper wire must be
to come in contact with the housing and thereinstalled to avoid breaking continuity.
internal diode cooling fins with the key on or off.Remove the jumper wire.
A short circuit will result and burn out the

8. NOTE: Amperage draw varies from vehicle to diodes.
vehicle depending on the equipment package.

NOTE: Battery posts and cable clamps must beCompare to a similar vehicle for reference.
clean and tight for accurate meter indications.

No production vehicle should have more than
NOTE: Refer to the battery tester manual for50 mA draw.
complete directions on checking out the charging

9. If the draw is found to be excessive, pull the system.
fuses from the interior fuse panel one at a time

1. Turn off all lamps and electrical components.and note the current drop. Do not reinstall the
2. Place the vehicle in NEUTRAL and apply thefuses until you are finished testing.

parking brake.10. If the draw is still excessive, remove the fuses
3. Carry out the Load Test and No-Load Testfrom the engine compartment fuse panel one at

according to the following component tests.a time and note the current drop. Do not
reinstall the fuses until you are finished testing.

Generator On-Vehicle Test — Load Test
11. Check the wiring schematic in the wiring

1. Switch the tester to the ammeter function.diagram for any circuits that run from the
2. Connect the positive and negative leads of thebattery without passing through the battery

tester to the corresponding battery terminals.junction box (BJB). Disconnect these circuits if
the draw is still excessive. 3. Connect the current probe to the generator B+

output lead, circuit 1119 (RD) (single or upper
Battery — Electronic Drains Which Shut Off generator, diesel), or circuit 2037 (RD) (lowerWhen the Battery Cable is Disconnected

generator, diesel).
1. Repeat the steps of the battery drain testing.
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DIAGNOSIS AND TESTING (Continued)

4. NOTE: Make certain to disconnect the 6. Increase the engine speed to approximately
generator that is not being tested. 2,000 rpm. The voltage should increase a

minimum of 0.5 volt above the base voltage.With the engine running at 2,000 rpm, adjust
the tester load bank to determine the output of • Backprobe the I circuit at the generator
the generator. The generator output should be at connector (connector plugged in) and
least 87 amps. Refer to the symptom chart in measure the I circuit voltage. If the voltage
this section for diagnostic procedures. is less than 2 volts, install a new generator.

Refer to  Section 414-02.

• If the voltage does not increase as specified,
carry out the Generator On-Vehicle Tests —
No-Load Test, in this section.

• If the voltage increases as specified, the
charging system is operating normally.
Proceed to the following battery tests.

Generator On-Vehicle Test — No-Load Test

1. Switch the tester to the voltmeter function.

2. Connect the voltmeter positive lead to the
generator B+ terminal and the negative lead to
ground.

5. With the engine running, turn the A/C on (if
3. Turn all electrical accessories off.equipped), the blower motor on high, and the

headlamps on high beam. 4. With the engine running at 2,000 rpm, check
the generator output voltage. The voltage should
be between 13.0 and 15.5 volts. If not, GO to
Symptom Chart or refer to the pinpoint test for
diagnostic procedures.
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414-01-1 414-01-1Battery, Mounting and Cables

Torque Specifications (Continued)
SPECIFICATIONS

Description Nm lb-ft lb-in
General Specifications

Battery negative 25 18 —
Item Specification cable-to-frame bolt

(6.0L)4.6L, 5.4L, 6.8L
Battery positive cable 30 22 —Voltage 12 volts
bracket nut (6.0L)

Cold cranking amps 650 CCA (625 CCA on
Battery tray bolts 22-34 16-25 —(CCA) auxiliary battery)
Body-to-frame ground 9 — 80Amp/hr 72 amp/hr (75 amp/hr on
boltauxiliary battery)
Primary battery cable 7-9 — 62-806.0L
bracket nut, 4.6L

Voltage 12 volts
Primary battery cable 26-34 19-25 —

Cold cranking amps 750 CCA bracket nut, 5.4L and
(CCA) 6.8L

Amp/hr 78 amp/hr Primary battery cable 7-9 — 62-80
ground eyelet nut

Primary positive and 6-8 — 53-71Torque Specifications
negative battery
terminal nutsDescription Nm lb-ft lb-in

Primary positive and 13-17 10-13 —Auxiliary battery case 34-46 25-34 —
negative batteryto frame bolts
terminal nuts

Auxiliary battery 12-15 9-11
Radiator support 14 10 —ground cable-to-frame
bracket bolts (6.0L)bolt

Starter cable hanger 20 15 —Auxiliary battery 12-15 — 106-132
stud nutharness-to-frame clip

screws Starter motor positive 5 — 44
terminal nut (6.0L)Auxiliary battery relay 7-9 — 62-80

mounting screws Starter motor relay B+ 7-9 — 62-80
and enable terminalAuxiliary battery relay 7-9 — 62-80
nutsterminal nuts

Starter motor relay 7-9 — 62-80Auxiliary or battery 5.5-7 — 49-62
mounting screwshold-down wedge

screw Starter motor/solenoid 11-13 — 97-115
B+ terminal nutAuxiliary or battery 26-34 19-25 —

safety strap bolts Starter motor/solenoid 4-6 — 35-53
enable terminal nutAuxiliary case cover 6-7 — 53-62

bolts Starter motor/solenoid 20-25 15-18 —
ground nutAuxiliary positive and 13-17 10-13 —

negative battery Starter motor/solenoid 22-28 16-21 —
terminal nuts ground stud
Battery box cover bolts 7 — 62 Starter motor/solenoid 22-28 16-21 —

mounting boltsBattery junction box 8 — 71
(BJB) cable nut

Battery negative cable 30 22 —
body ground screw
(6.0L)
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SPECIFICATIONS (Continued)

Torque Specifications (Continued)

Description Nm lb-ft lb-in

Starter solenoid cable 3 — 27
nut (6.0L)

Jump-start connection 20 15 —
bracket bolts (6.0L)
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DESCRIPTION AND OPERATION

The diesel battery system consists of the followingBattery and Cables
components:

4.6L, 5.4L, 6.8L engine
• primary battery A primary 72 ampere-hour, maintenance-free

battery, mounted in the forward right-hand side of • secondary battery
the engine compartment, is standard. • battery cables
The primary battery system consists of the • battery cases
following components:

Environmental Protection• primary battery 

• battery cables

• primary battery case 

The auxiliary battery option includes a remotely
packaged auxiliary 75 ampere-hour, serviceable,
deep cycle battery.The auxiliary battery is located
on the right-hand frame rail to the rear of the
B-pillar. The auxiliary battery is used to  supply the
trailer circuits with power when the vehicle is not
running. The auxiliary battery is connected in
parallel with the primary battery through the
auxiliary battery relay when the engine is running.
The auxiliary battery uses the same  primary cable

Ford Motor Company strongly recommends thatas the primary battery.
lead-acid batteries be returned to an authorized

6.0L engine recycling facility for disposal.
Two 78 ampere-hour, maintenance-free batteries are
mounted on the right hand frame rail.
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DIAGNOSIS AND TESTING

NOTE: The battery eye may remain red for aBattery
period of time (up to several days), even after the

Special Tool(s) battery is fully charged, because the acid is not yet
fully mixed.Micro 490 Digital Battery

Analyzer Do not replace a battery based solely on the
162-00004 or equivalent indication of the battery eye. The battery eye color

simply indicates the battery state-of-charge, not its
condition. For example, a red or yellow battery eye
usually indicates the battery is  discharged, not
defective. If the battery eye indicates the battery
may be discharged, it is necessary to recharge the

Principles of Operation battery before testing its condition.

Battery Eye Operation Charging a Battery
The purpose of the battery eye is to indicate the Batteries discharge while the vehicle is on the
state of charge of the battery in the assembly plant dealer lot or parked by the customer for an extended
and while on the dealership lot. The battery eye can period of time due to normal parasitic key-off loads.
also indicate the state-of-charge when the vehicle is Also, vehicles still in dealer inventory or in
delivered to the dealership and  during the long-term storage may be driven short  distances
pre-delivery inspection process. The battery eye is with heavy electrical loads. Over a period of time
made up of a viewing plate, 2 balls and a small (30 days or more), this could result in vehicles
passage. The balls indicate the specific gravity of having shallow or deeply discharged batteries.
the electrolyte by floating higher or lower in the

• Deeply discharged — A battery that is drainedpassageway. It is important to note  that the battery
over a prolonged period of time, such as aneye checks the specific gravity on only a single
unsold vehicle or a vehicle in storage, to the pointbattery cell.
the battery is dead.The color of the battery eye indicates the

• Shallow discharge — A battery that is drained byapproximate state of charge.
leaving an accessory on for several hours or a few

• Red usually indicates the battery state-of-charge is days and has a very low charge.
at 40% or less.

The vehicle’s charging system is designed to supply
• Yellow indicates the battery state-of-charge is the electrical power needed to maintain the battery

between 40% and 57%. near full charge during normal vehicle use. The
• Green indicates the battery state-of-charge is charging system is not capable of bringing a deeply

above 57%. discharged battery back near full charge  in a short
amount of time such as allowing the vehicle to idle• No color/black can occur after the battery has
for 15 minutes to ‘‘recharge the battery.’’been in service for several years and some of the
Discharged batteries should be charged using anplate material has coated the balls.
external charger.

• A clear battery eye can occur if the battery case
becomes damaged and the electrolyte has fallen
below the plates.
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DIAGNOSIS AND TESTING (Continued)

NOTE: Battery chargers have improved greatly 2. Visually inspect for obvious signs of
with the addition of the new generation pulse mechanical or electrical damage.
chargers. These chargers pulse current into the

Visual Inspection Chartbattery, breaking down the sulfation layer on the
battery plates and generally reduce charging times Mechanical Electrical
to less  than an hour. • Battery • Battery cables

• Battery mounting • Battery postsNOTE: Cold batteries will not readily accept a
charge. Therefore, batteries should be allowed to
warm to approximately 5°C (41°F) before charging. 3. If an obvious cause for an observed or reported
This may require 4 to 8 hours at room temperature. concern is found, correct the cause (if possible)
The following chart summarizes 2 recommended before proceeding to the next step.
methods of charging. 4. If the fault is not visually evident, GO to

Pinpoint Test A.Type of
Battery Standard Pinpoint TestsDischarge Pulse Charger Charger

Deeply Follow 2 to 8 hours and Pinpoint Test A: Battery Condition Test
discharged directions may take up to

supplied with an hour to Normal Operation
the pulse accept initial Battery condition is determined by measuring
charger charge

battery terminal voltage after a specific discharge
Shallow 45 minutes to an 2 hours (40A) current is applied for a specified time period.

discharge hour charge on manual
setting or Possible Causes
medium

• Battery chargeautomatic setting
• Battery

Inspection and Verification
1. Verify the customer concern.

PINPOINT TEST A: BATTERY CONDITION TEST

Test Step Result / Action to Take
A1 TEST THE BATTERY CONDITION

NOTE: No battery with a red test-eye should be replaced. The red Yes
eye only means the battery is discharged, not necessarily defective. If the meter reads GOOD BATTERY,

RETURN the battery to service.NOTE: Failure to fully charge the battery before retesting may
cause false readings. If the meter reads GOOD-RECHARGE,

CHARGE the battery and RETURN it to• Verify the battery condition using the battery analyzer.
service.• Is the battery OK?
If the meter reads CHARGE & RETEST,
fully CHARGE and RETEST the battery.
No
If the meter reads REPLACE BATTERY,
INSTALL a new battery.
If the meter reads BAD CELL-REPLACE,
INSTALL a new battery.
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GENERAL PROCEDURES

Dual Battery Disconnect

Disconnect — Vehicles with 4.6L, 5.4L
and 6.8L engine

Simplified Battery Configuration — 4.6L, 5.4L, 6.8L

2. Disconnect the auxiliary battery frame ground.

1 Remove the ground bolt.

2 Pull the cable away from the frame and
make sure the cable does not contact the
frame.

Item Part Number Description Connect — Vehicles with 4.6L, 5.4L and 6.8L
engine1 10655 Primary Battery

2 — Starter Motor Ground and
Stud Above Starter Motor 1. Reconnect the auxiliary battery frame ground.
Relay Ground

3 10655 Auxiliary Battery

4 — Frame Rail Ground

5 14088 Auxiliary Battery Relay
(Closed in RUN)

6 — Starter Motor Relay Junction

1. Disconnect the primary battery ground cable.
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GENERAL PROCEDURES (Continued)

2. Reconnect the primary battery ground cable. CAUTION: If equipped with the CD6
audio unit, precautions must be taken when the
battery has been disconnected. When
reconnecting the battery, make sure no
interruption of power occurs for 30 seconds. If
power is interrupted during the first 30 seconds,
permanent damage to the CD6 audio unit will
result.

1. CAUTION: Make sure to cover the
ground cable terminal end with electrical
tape or with a suitable insulating device.

Disconnect the secondary battery ground cable.

Disconnect — Vehicles with 6.0L engine

Simplified Battery Configuration — 6.0L

Connect — Vehicles with 6.0L engine

1. Reconnect the secondary battery ground cable.
Item Part Number Description

1 10655 Primary Battery

2 10655 Secondary Battery

3 — Frame Rail Ground

4 — Starter Motor Relay Junction
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GENERAL PROCEDURES

Battery Disconnect WARNING: When lifting a battery,
excessive pressure on the end walls could cause
acid to spew through the vent caps, resulting inWARNING: Batteries normally produce
personal injury. Lift with a battery carrier orexplosive gases which can cause personal injury.
with your hands on opposite corners. Failure toTherefore, do not allow flames, sparks or lighted
follow these instructions  may result in personalsubstances to come near the battery, always
injury.shield your face and protect your eyes. Always

provide ventilation.  Failure to follow these
WARNING: Keep out of the reach ofinstructions may result in personal injury.

children. Batteries contain sulfuric acid. Avoid
contact with skin, eyes or clothing. Also, shieldWARNING: To avoid accidental
your eyes when working near the battery todeployment and possible injury, the backup
protect against possible splashing of the acidpower supply must be depleted before repairing
solution. In case of acid  contact with the skin oror installing any front or side air bag
eyes, flush immediately with water for asupplemental restraint system (SRS) components
minimum of 15 minutes and get prompt medicaland before repairing, installing, adjusting or
attention. If acid is swallowed, call a physicianstriking components near the front or side air
immediately. Failure to follow these instructionsbag sensors, such as doors, instrument panel,
may result in personal injury.console, door latches, strikers, seats and hood

latches. Failure to follow these instructions may 1. NOTE: When the battery is disconnected and
result in personal injury. reconnected, some abnormal drive symptoms
Refer to the appropriate vehicle shop manual to may occur while the vehicle relearns its
determine location of the front air bag sensors. adaptive strategy. The vehicle may need to be

driven to relearn its strategy.To deplete the backup power supply energy,
disconnect the battery ground cable and wait at Disconnect the battery ground cable.
least one minute. Be sure to disconnect auxiliary
batteries and power supplies (if equipped). 2. Disconnect the positive battery cable.
Failure to follow these instructions may result in
personal  injury. 3. To install, reverse the removal procedure.
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REMOVAL AND INSTALLATION

Battery — Auxiliary

Removal

WARNING: Batteries normally produce
explosive gases which can cause personal injury.
Therefore, do not allow flames, sparks or lighted
substances to come near the battery. When
charging or working near a battery, always
shield your face and protect your  eyes. Always
provide ventilation. Failure to follow these
instructions may result in personal injury.

3. Support the bottom of the auxiliary battery and
WARNING: Keep body from under the case with a transmission jack.

auxiliary or secondary battery when
disconnecting or reconnecting the auxiliary 4. CAUTION: To prevent possible
battery safety straps since the battery weighs 50 damage to the auxiliary battery case, cover
pounds and bodily injury can result. Failure to the battery cables during the lowering
follow these instructions may result in  personal process. It is recommended to loosen the
injury. auxiliary battery case cover bolts before

lowering the battery box.
1. CAUTION: Failure to accurately

Remove the auxiliary battery case from thefollow the battery disconnect procedures
frame.described in this section may result in vehicle
1 Remove the upper RH auxiliary case -to-or component damage.

frame bolt.NOTE: The preferred method of service
2 Loosen, but do not remove, the 3 remainingrequires the use of a floor hoist to lift the

battery case-to-frame bolts.vehicle overhead, and a transmission jack to
support and lower the auxiliary battery case. 3 Raise the battery case up and to the right to

dislodge the battery case from the 3NOTE: The auxiliary battery can be charged
remaining bolts.while the auxiliary battery safety straps are

connected to the vehicle. Follow the procedures
up to and including disconnection of the
auxiliary battery cables.

Disable the vehicle electrical supply. For
additional information, refer to Dual Battery
Disconnect in this section.

2. Remove the 2 auxiliary battery cable harness
screws retaining the harness to the frame.
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REMOVAL AND INSTALLATION (Continued)

5. Lower the auxiliary battery and case until
tension is present on the safety straps.

7. Remove the auxiliary battery cables.

8. Remove the 2 auxiliary battery case safety strap
to frame bolts.

6. Remove the 2 bolts and disengage the battery
case cover. 9. Remove the hold-down wedge.

10. WARNING: When lifting a battery,
excessive pressure on the end walls could
cause acid to spew through the vent caps,
resulting in personal injury. Lift with a
battery carrier or with your hands on
opposite corners. Failure to follow these
instructions  may result in personal injury.

Support the battery and case with a
transmission jack. Disengage the safety straps
and roll the auxiliary battery and case on the
transmission jack away from the vehicle.
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REMOVAL AND INSTALLATION (Continued)

Installation

1. WARNING: When lifting a battery,
excessive pressure on the end walls could
cause acid to spew through the vent caps,
resulting in personal injury. Lift with a
battery carrier or with your hands on
opposite corners. Failure to follow these
instructions  may result in personal injury.

Position the auxiliary battery and case on the
transmission jack under the vehicle.

2. Install the 2 safety strap bolts.

5. Lift the battery and case in position for
3. Install the auxiliary battery cables and the connecting the safety straps.

hold-down wedge.

6. Install the auxiliary battery case to the frame.

1 Align the slots in the battery case to the
frame, using 3 bolts. (Do not tighten.)

2 Move the battery case slightly toward the
frame and lower into position.

3 Install the remaining battery case-to-frame
bolt and tighten all bolts to specification.

4. Position the cover and install the 2 auxiliary
battery case cover bolts.
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REMOVAL AND INSTALLATION (Continued)

7. Install the 2 auxiliary harness-to-frame screws. 8. CAUTION: Failure to accurately
follow the battery connect procedures
described in this section may result in vehicle
or component damage.

NOTE: When the battery is disconnected and
connected, some abnormal drive symptoms may
occur while the vehicle relearns its adaptive
strategy. The vehicle may need to be driven to
relearn the strategy.

Enable the vehicle electrical supply. For
additional information, refer to Dual Battery
Disconnect in this section.
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REMOVAL AND INSTALLATION

6. Remove the starter motor relay eyelet terminals.Battery Cables — Primary, Gasoline
1 Remove the B+ terminal nut and disengage

Removal the wire.

2 Remove the enable terminal nut and
disengage the wire.1. CAUTION: Failure to accurately

follow the battery disconnect procedures
outlined in this section will result in vehicle
or component damage.

Disable the vehicle electrical supply. For
additional information, refer to Dual Battery
Disconnect in this section.

2. Disconnect the primary battery positive cable,
and remove the hold-down wedge and the
primary battery.

3. Remove the 4 bolts retaining the battery tray
and remove the battery tray.

4. Remove the primary battery negative cable
ground nut and disengage the eyelet terminal.

7. Remove the 3 harness locators in between the
primary battery tray mounts.

5. Remove the starter motor relay B+ terminal
rubber cap.

Copyright  2003, Ford Motor Company
Last updated: 08/27/2003 2004 E-Series, 12/2003 



414-01-2 414-01-2Battery, Mounting and Cables

REMOVAL AND INSTALLATION (Continued)

8. Remove the starter motor/solenoid eyelet 11. Pull the primary battery cable assembly through
terminals. the engine support crossmember under the

vehicle.1 Remove the B+ terminal nut and disengage
the wire.

12. Disengage the harness locator, located below
2 Remove the enable nut and disengage the the battery tray mounts.

wire.

3 Remove the ground nut and disengage the
wire.

9. Disengage the 3 engine splash shield plastic
clips and remove the engine splash shield.

10. Remove the transmission cooler line/primary
battery cable bracket nut.
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REMOVAL AND INSTALLATION (Continued)

13. Pull the primary battery cable assembly out of
the vehicle from the engine compartment.

Installation

1. CAUTION: Failure to accurately
follow the battery reconnect procedures
outlined in this section will result in vehicle
or component damage.

NOTE: When the battery has been
disconnected and reconnected, some abnormal
drive symptoms may occur while the powertrain
control module (PCM) relearns its adaptive
strategy. The vehicle may need to be driven 16
km (10 miles) or more to relearn the  strategy.

To install, reverse the removal procedure.
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REMOVAL AND INSTALLATION (Continued)
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REMOVAL AND INSTALLATION

5. Pull the harness through the vacuum reservoirBattery Cables — Auxiliary, Gasoline
and the frame.

Removal
6. Remove 3 front harness locators, along the RH

frame rail, and pull the harness through the
1. CAUTION: Failure to accurately front body mounting point.

follow the battery disconnect procedures
outlined in this section will result in vehicle
or component damage.

Disable the vehicle electrical supply. For
additional information, refer to Dual Battery
Disconnect in this section.

2. Disconnect the primary battery positive cable,
and remove the hold-down wedge and the
primary battery. Remove the auxiliary battery.

3. Remove the 4 bolts retaining the battery tray
and remove the battery tray.

7. Remove the engine compartment harness4. Remove 3 rear harness locators, 2 to the rear of
locator.the vacuum reservoir and 1 to the front of the

vacuum reservoir, along the RH frame rail.

Copyright  2003, Ford Motor Company
Last updated: 11/21/2003 2004 E-Series, 12/2003 



414-01-2 414-01-2Battery, Mounting and Cables

REMOVAL AND INSTALLATION (Continued)

8. Remove the nut and disengage the harness
eyelet.

9. Pull the harness out from the engine
compartment.

Installation

1. CAUTION: Failure to accurately
follow the battery reconnect procedures
outlined in this section will result in vehicle
or component damage.

NOTE: When the battery has been
disconnected and reconnected, some abnormal
drive symptoms may occur while the powertrain
control module (PCM) relearns its adaptive
strategy. The vehicle may need to be driven 16
km (10 miles) or more to relearn the  strategy.

To install, reverse the removal procedure.
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REMOVAL AND INSTALLATION

Battery Cables — 6.0L Diesel 4. CAUTION: To prevent possible
damage to the battery case, cover the battery
cables during the lowering process. It isRemoval
recommended to loosen the auxiliary battery
case cover bolts before lowering the batteryNOTE: This procedure covers the removal of the
box.battery cables and the batteries. Perform only the

steps necessary to remove the appropriate part(s). Remove the secondary battery case from the
frame.

1. Raise and support the vehicle. For additional
1 Remove the RH secondary case-to-frameinformation, refer to Section 100-02.

bolt.

2 Loosen, but do remove, the 3 remaining2. CAUTION: Failure to accurately
battery case-to-frame bolts.follow the battery disconnect procedures

outlined in this section will result in vehicle 3 Raise the battery case up and to the right to
or component damage. dislodge the battery case from the 3

remaining bolts.Disconnect the jump-start connection by
removing the 2 jump-start connection bracket • Lower the battery case until it rests on the
bolts. safety straps.

3. Open the battery cable wire retainer between
the secondary and primary batteries to remove
the battery cables.

5. Open the battery cable wire retainer located in
the front of the primary battery and remove the
battery cable.
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REMOVAL AND INSTALLATION (Continued)

6. Remove the body-to-frame ground bolt.

9. Remove the secondary battery case cover.

• Remove the 2 attaching bolts.
7. CAUTION: To prevent possible

damage to the battery case, cover the battery
cables during the lowering process. It is
recommended to loosen the auxiliary battery
case cover bolts before lowering the battery
box.

Remove the primary battery case from the
frame.

1 Remove the RH primary case-to-frame bolt.

2 Loosen, but do remove, the 3 remaining
battery case-to-frame bolts.

3 Raise the battery case up and to the right to
dislodge the battery case from the 3

10. Disconnect the battery cables from the primaryremaining bolts.
and secondary batteries.

11. Remove the 3 harness locators, along the RH
frame rail, and pull the harness through the
front body mounting point.

8. Remove the primary battery case cover.

• Remove the 2 attaching bolts.
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REMOVAL AND INSTALLATION (Continued)

12. Remove the 2 harness locators in front of the 15. NOTE: Battery junction box (BJB) cover
front body mounting point. removed for illustrative purposes.

Remove the BJB battery cable nut and cable
end.

13. Remove the starter solenoid wiring.

1 Remove the protective cap.
16. Raise and support the vehicle. For additional2 Remove the solenoid enable terminal nut.

information, refer to Section 100-02.
3 Remove the solenoid enable cable end.

4 Remove the solenoid B+ terminal nut. 17. Remove the battery cable harness from the
wheelwell area.5 Remove the solenoid B+ cable end.

6 Remove the starter cable hanger stud nut. Installation
7 Remove the starter cable hanger.

1. CAUTION: Failure to accurately
follow the battery reconnect procedures
outlined in this section will result in vehicle
or component damage.

NOTE: When the battery has been
disconnected and reconnected, some abnormal
drive symptoms may occur while the powertrain
control module (PCM) relearns its adaptive
strategy. The vehicle may need to be driven 16
km (10 miles) or more to relearn the  strategy.

To install, reverse the removal procedure.

14. Lower the vehicle. For additional information,
refer to Section 100-02.
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Torque Specifications (Continued)
SPECIFICATIONS

Description Nm lb-ft lb-in
General Specifications

Generator B+ terminal 8 — 71
Item Specification nut (6.0L)

Generator, Dual upper (6.0L Primary) Generator B+ terminal 7-9 — 62-80
nut (4.6L, 5.4L, andRating 95/140 amp (max)
6.8L)@1800-6000 generator

RPM, approximately Generator bottom 25 18 —
500-2000 engine RPM mounting bolts (4.6L,

5.4L, and 6.8L)Pulley ratio 2.79:1
Generator mounting 47 35 —Voltage regulator type Electronic internal with
mounting bolts/studgenerator
bolts (6.0L)

Generator, Dual lower (6.0L Secondary)
Generator mounting 22-28 16-21 —

Rating 75/120 amp (max) bolts (4.6L, 5.4L, and
@1800-6000 generator 6.8L)
RPM, approximately

Generator regulator and 2.3-3.4 — 20-30500-2000 engine RPM
brushes mounting

Pulley ratio 3.00:1 screws

Voltage regulator type Electronic internal with Generator top bracket 10 — 89
generator mounting bolts (4.6L,

5.4L, and 6.8L)Generator, Single (6.0L)
Ground strap 8 — 71Rating 70/115 amp (max) @

1800-6000 generator Manifold absolute 5 — 44
RPM, approximately pressure (MAP) bracket

500-2000 engine RPM screws

Pulley ratio 2.79:1 Oil filler neck bracket 2 — 18
screwVoltage regulator type Electronic internal with

generator Power steering 8 — 71
reservoir bracketGenerator, Single (gasoline)
screws

Rating 70/115 amp (max) @
Pulley nut 82-135 61-99 —1800-6000 generator

RPM, approximately Turbo-to-air cooler 2 — 18
500-2000 engine RPM pipe bracket screws

Pulley ratio (5.4L/6.8L) 2.71:1 Turbo-to-air cooler 25 18 —
pipe bracket stud nutVoltage regulator type Electronic integral
and boltrear-mounted regulator
Turbo-to-air cooler 12 9 —
pipe clamps (6.0L)

Torque Specifications
Upper intake plenum to 9-12 — 80-106
generator bracket boltsDescription Nm lb-ft lb-in
(4.6L, 5.4L, and 6.8L)

Brush and terminal 3 — 27
Wiring harness conduit 2 — 18holder (6.0L)
screws

Brush and terminal 2.8-4.0 — 25-35
Voltage regulator 4 — 35holder retaining screws
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414-02-1 414-02-1Generator and Regulator

• secondary battery (6.0L)
DESCRIPTION AND OPERATION

Generator • generator (single)

The charging system consists of the following • generator (dual, 6.0L) (if equipped)
components: • generator voltage regulator wiring
• battery • voltage regulator
• auxiliary battery (if equipped)

• primary battery (6.0L)
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414-02-1 414-02-1Generator and Regulator

DIAGNOSIS AND TESTING

Generator
Refer to Section 414-00.
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414-02-1 414-02-1Generator and Regulator

REMOVAL AND INSTALLATION

Generator — 4.6L

Removal

1. Disconnect the battery. For additional
information, refer to Section 414-01.

2. Remove the drive belt. For additional
information, refer to Section 303-05.

3. Remove the bolts retaining the upper intake
plenum to generator bracket.

5. Remove the bolts and lift out the generator.
4. Disconnect the generator rear connections.

1 Remove the B+ terminal nut and disconnect
the terminal.

2 Disconnect the S electrical connector.

3 Disconnect the ASI electrical connector.
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414-02-2 414-02-2Generator and Regulator

REMOVAL AND INSTALLATION (Continued)

Installation

1. To install, reverse the removal procedure.
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414-02-1 414-02-1Generator and Regulator

REMOVAL AND INSTALLATION

Generator — 5.4L

Removal

1. Disconnect the battery. For additional
information, refer to Section 414-01.

2. Disconnect the air cleaner assembly.

1 Loosen the worm clamp.

2 Remove the bolts and pull the air cleaner
assembly away from its mounted position.

6. Remove the bolts retaining the upper intake
plenum to the generator bracket.

3. Disconnect the mass air flow (MAF) sensor
electrical connector.

7. Remove the bolts and lift out the generator.

4. Remove the drive belt from the generator. For
additional information, refer to Section 303-05.

5. Disconnect the generator rear connections.

1 Remove the B+ terminal nut and disconnect
the terminal.

2 Disconnect the S electrical connector.

3 Disconnect the ASI electrical connector.
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414-02-2 414-02-2Generator and Regulator

REMOVAL AND INSTALLATION (Continued)

Installation

1. To install, reverse the removal procedure.
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414-02-1 414-02-1Generator and Regulator

4. Loosen the 2 clamps and remove the intercooler
REMOVAL AND INSTALLATION

tube.Generator — 6.0L Diesel, Single
Generator

Removal and Installation

NOTE: This procedure also applies to the primary
generator of the dual generator system.

1. Disconnect the dual batteries. For additional
information, refer to Section 414-01.

2. Position the cowl wire harness aside.

1 Remove the bolt and position the manifold
absolute pressure (MAP) sensor aside.

5. Rotate the accessory drive belt tensioner2 Remove the bolt and position the ground
clockwise and remove the drive belt from thestrap aside.
generator pulley.

3 Remove the 2 bolts and position the power
steering fluid reservoir aside. 6. Remove the transmission dipstick tube bracket

4 Remove the 3 bolts and position the cowl nut from the generator stud bolt and position
wire harness aside. the bracket aside.

7. Remove the generator.

1 Position the rubber cover aside, remove the
nut and disconnect the B+ electrical
connector.

2 Disconnect the generator electrical
connector.

3 Remove the 2 stud bolts and 1 bolt.

3. Remove the 3 bolts, 2 nuts and the intercooler
tube bracket.

8. NOTE: Make sure to install the engine-to-body
ground strap under the front generator stud bolt.

To install, reverse the removal procedure.
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414-02-1 414-02-1Generator and Regulator

4. Loosen the 2 clamps and remove the intercooler
REMOVAL AND INSTALLATION

tube.Generator — 6.0L Diesel, Dual
Generator

NOTE: This procedure applies to the secondary
generator of the dual generator system.

1. Disconnect the dual batteries. For additional
information, refer to Section 414-01.

2. Position the cowl wire harness aside.

1 Remove the bolt and position the manifold
absolute pressure (MAP) sensor aside.

2 Remove the bolt and position the ground
strap aside.

5. Rotate the accessory drive belt tensioner
3 Remove the 2 bolts and position the power clockwise and remove the drive belt from the

steering fluid reservoir aside. generator pulley.
4 Remove the 3 bolts and position the cowl

wire harness aside.

6. Disconnect the generator electrical connectors.

3. Remove the 3 bolts, 2 nuts and the intercooler
tube bracket.
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414-02-2 414-02-2Generator and Regulator

REMOVAL AND INSTALLATION (Continued)

7. Remove the bolts and the generator. 8. To install, reverse the removal procedure.
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414-02-1 414-02-1Generator and Regulator

REMOVAL AND INSTALLATION

Generator — 6.8L

Removal

1. Disconnect the battery. For additional
information, refer Section 414-01.

2. Disconnect the air cleaner assembly.

1 Loosen the worm clamp.

2 Remove the bolts and pull the air cleaner
assembly away from its mounted position.

6. Remove the bolts retaining the upper intake
plenum to the generator bracket.

3. Disconnect the mass air flow (MAF) sensor
electrical connector.

7. Remove the bolts and lift out the generator.

4. Remove the drive belt from the generator. For
additional information, refer to Section 303-05.

5. Disconnect the generator rear connections.

1 Remove the B+ terminal nut and disconnect
the terminal.

2 Disconnect the S electrical connector.

3 Disconnect the ASI electrical connector.
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414-02-2 414-02-2Generator and Regulator

REMOVAL AND INSTALLATION (Continued)

Installation

1. To install, reverse the removal procedure.
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414-02-1 414-02-1Generator and Regulator

Installation
REMOVAL AND INSTALLATION

Voltage Regulator
1. Install the brush and terminal holder on the

voltage regulator.Removal
1 Position the brush and terminal holder on

the voltage regulator.1. Remove the generator. For additional
information, refer to Generator — 4.6L, 2 Install the screws.
Generator — 5.4L,  Generator — 6.0L Diesel,

3 CAUTION: Make sure screw cap isSingle Generator, Generator — 6.0L Diesel,
installed over Test Terminal A to preventDual Generator or  Generator — 6.8L in this
accidental shorting of the battery positivesection.
(B+) connection.

2. Remove the generator brush and terminal holder Install the screw cap.
and the voltage regulator.

1 Remove the screws.

2 Remove the generator brush and terminal
holder and the voltage regulator.

2. Install the generator brush and terminal holder
and the voltage regulator.

1 Depress the brushes and insert a wire to
hold them.

3. Separate the generator brush and terminal 2 Position the generator brush and terminal
holder from the voltage regulator. holder and the voltage regulator.

1 Remove the screw cap. 3 Install the screws.

2 Remove the screws. 4 Remove the wire.

3 Separate the generator brush and terminal
holder from the voltage regulator.

3. Install the generator.
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415-00-1 415-00-1Entertainment System — General Information

DIAGNOSIS AND TESTING

2. The speaker walk-around test applies sound toAudio System
each speaker for about 1-2 seconds. EachRefer to Wiring Diagrams Cell 130, Radio for
speaker is tested and shown on the display inschematic and connector information.
the following sequence: RF, LF, LR, RR.

Special Tool(s) 3. The speaker walk-around test automatically
73III Automotive Meter continues and tests. If the vehicle is not
105-R0057 or equivalent equipped with CD/DJ or if the CD/DJ is not

responding, NO DJ will be displayed. To exit
speaker walk-around test, turn the ignition
switch OFF, turn the audio  unit OFF, or preset
button 1 for ‘‘DIA’’.

DM100i And CDX6 Speaker Walk-Around
Inspection and Verification Test And Self-Diagnostic Mode

1. Verify the customer concern by operating the NOTE: The audio unit must be turned ON and in
audio system and the video cassette player radio tuner mode (AM/FM) to enter the speaker
(VCP) with the engine running and the vehicle walk-around test or the self-diagnostic mode.
in and out of motion. The self-diagnostic mode can only be entered while

2. Visually inspect for obvious signs of in the speaker walk-around test.
mechanical or electrical damage. 1. To enter the speaker walk-around test, press

preset buttons 3 and 6 simultaneously and holdVisual Inspection Chart
for approximately three seconds, then release.

Mechanical Electrical 2. The speaker walk-around test applies sound to
• Audio unit • Central junction box each speaker for about 1-2 seconds. Each
• Antenna or cable (CJB) fuse(s): speaker is tested and shown on the display in
• Radio speakers or — 3 (15A)

the following sequence: RF, LF, LR, RR.mountings — 22 (15A)
• Radio ignition — 27 (5A) 3. The speaker walk-around test automatically

interference capacitor or • Ignition switch continues and tests. If the vehicle is not
radio receiver grounding • Circuitry equipped with CD/DJ or if the CD/DJ is notstrap misaligned (also • Audio unit

responding, NO DJ will be displayed. To exitcheck for cleanliness • Video system
speaker walk-around test, turn the ignitionand metal-to-metal

contact) switch OFF, turn the audio  unit OFF, or preset
button 1 for ‘‘DIA’’.

4. NOTE: Always document and clear any3. If an obvious cause for an observed or reported
diagnostic trouble codes (DTCs), and carry outconcern is found, correct the cause (if possible)
the self-test again. If any DTCs are retreived,before proceeding to the next step.
refer to the Audio Unit Diagnostic Trouble4. If the fault is not visually evident, proceed to
Code (DTC) Index.the speaker walk-around test and the DM100i
The Self-Diagnostic Mode has six manual testsand CDX6 Self-Diagnostic Mode.
available:

Speaker Walk-Around Test
• Preset button 1 = ENTER DIAGNOSTICS.

NOTE: The audio unit must be turned ON and in This test enters diagnostics from the speaker
radio tuner mode (AM/FM) to enter the speaker walk-around test. Metrics are available with
walk-around test. SEL and ON buttons indicating time played

in AM/FM, Media, number of buttons1. To enter the speaker walk-around test, press
pressed, etc.preset buttons 3 and 6 (1 and 4 for ULC only)

simultaneously and hold for approximately three
seconds, then release.
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415-00-2 415-00-2Entertainment System — General Information

DIAGNOSIS AND TESTING (Continued)

• Preset button 2 = EEPROM BLOCK • Preset button 6 = RAM CONTENTS
STATUS. This test shows validity of READOUT. To enter these tests, press
memory to calibrate clock and seek preset button 1 while in the speaker
sensitivity. walk-around test, then the desired preset

button.• Preset button 3 = EXIT DIAGNOSTICS.
5. To exit the Self-Diagnostic Mode, turn the• Preset button 4 = Software configuration

ignition switch OFF or the audio unit OFF.level. This test queries each radio system
controller for its software configuration 6. If the concern remains and the fault is not
level. detected, GO to Symptom Chart.

• Preset button 5 = DISPLAY TEST. This test
lights all the DM100i display segments for
five seconds and then turns all segments off.

Audio Unit Diagnostic Trouble Code (DTC) Index

DTC Description DTC Caused By Action

B1342 ECU is Defective Audio unit CLEAR and DOCUMENT the DTCs. CARRY OUT
the self-test. REMOVE the audio unit and SEND it to
an authorized Ford audio system repair facility if DTC
B1342 is retrieved again. TEST the system for normal
operation.

B2401 Audio Tape Deck Audio unit VERIFY that no cassette is inserted in the audio unit.
Mechanism Fault. CLEAR and DOCUMENT the DTCs. CARRY OUT

the self-test. REMOVE the audio unit and SEND it to
an authorized Ford audio system repair facility if DTC
B2401 is retrieved again. TEST the system  for normal
operation.

B2402 Audio Compact Audio unit Not applicable if CDX6. CLEAR and DOCUMENT
Disc/Disc Jockey the DTCs. CARRY OUT the self-test. REMOVE the

Thermal CD unit and SEND it to an authorized Ford audio
Shutdown Fault system repair facility if DTC B2402 is retrieved again.

TEST the system for normal operation.

B2403 Audio Compact Audio unit CLEAR and DOCUMENT the DTCs. CARRY OUT
Disc/Disc Jockey the self-test. REMOVE the CD unit and SEND it to an

Internal Fault authorized Ford audio system repair facility if DTC
B2403 is retrieved again. TEST the system for normal
operation.

B2405 Audio Single-Disc Audio unit CLEAR and DOCUMENT the DTCs. CARRY OUT
CD Player the self-test. REMOVE the audio unit and SEND it to
Thermal an authorized Ford audio system repair facility if DTC

Shutdown Fault B2405 is retrieved again. TEST the system for normal
operation.

B2406 Audio Single-Disc Audio unit CLEAR and DOCUMENT the DTCs. CARRY OUT
CD Player the self-test. REMOVE the audio unit and SEND it to

Internal Fault an authorized Ford audio system repair facility if DTC
B2406 is retrieved again. TEST the system for normal
operation.
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415-00-3 415-00-3Entertainment System — General Information

DIAGNOSIS AND TESTING (Continued)

Audio Unit Diagnostic Trouble Code (DTC) Index (Continued)

DTC Description DTC Caused By Action

U2003 Audio Compact Audio unit If equipped with Compact Disc/Disc Jockey, CLEAR
Disc/Disc Jockey and DOCUMENT the DTCs. CARRY OUT the

Is Not self-test. REMOVE the audio unit and SEND it to an
Responding authorized Ford audio system repair facility if DTC

U2003 is retrieved again. TEST the system for normal
operation.

NOTE: U2005 is retrieved if the rear audio controlU2005 Rear Audio Audio unit
panel (RACP) is not present, disconnected, orControl Panel
inoperative.(RACP) Unit Is
If inoperative, CLEAR and DOCUMENT the DTCs.Not Responding
CARRY OUT the self-test. INSTALL a new RACP.

Symptom Chart

Symptom Chart

Condition Possible Sources Action
• The audio unit is • Central junction box (CJB) • GO to Pinpoint Test A.

inoperative/does not operate fuse(s):
correctly — 3 (15A).

— 22 (15A).
— 27 (5A).

• Circuitry.
• Audio unit.
• Ignition switch.

• The cassette player is • Audio unit. • REMOVE the audio unit and
inoperative/does not operate SEND it to an authorized
correctly Ford audio system repair

facility. TEST the system for
normal operation.

• The CD is inoperative/does • Audio unit. • REMOVE the audio unit and
not operate correctly SEND it to an authorized

Ford audio system repair
facility. TEST the system for
normal operation.

• The audio unit does not • Central junction box (CJB) • REMOVE the audio unit and
operate correctly — display is fuse(s): SEND it to an authorized
blank — 3 (15A). Ford audio system repair

— 22 (15A). facility. TEST the system for
— 27 (5A). normal operation.

• Circuitry.
• Audio unit.

• Poor reception • Antenna. • GO to Pinpoint Test B.
• Antenna connections.
• Noise suppression equipment.
• Audio unit.
• Connections at battery,

antenna, speaker leads or
audio unit.

• Poor reception — FM only • FM signal out of range. • INFORM the customer of
methods for obtaining the
best reception.

2004 E-Series, 12/2003 



415-00-4 415-00-4Entertainment System — General Information

DIAGNOSIS AND TESTING (Continued)

Symptom Chart (Continued)

Condition Possible Sources Action
• Continuous SEEK/SCAN in • Antenna. • GO to Pinpoint Test C.

AM/FM • Antenna connections.
• Audio unit.

• Poor quality/distorted sound • Speaker(s). • GO to Pinpoint Test D.
from one or more speakers • Circuitry.
(not all speakers) • Audio unit.

• Poor quality/distorted sound • Speaker(s). • GO to Pinpoint Test E.
from all speakers • Circuitry.

• Audio unit.
• No sound from one or more • Speaker(s). • GO to Pinpoint Test F.

of the speakers — not all • Circuitry.
speakers • Audio unit.

• Antenna system.
• No sound from one or more • Circuitry. • GO to Pinpoint Test G.

of the speakers — video • Audio unit.
system output to the front • Video system.
speakers

• No sound from all speakers • Video system. • GO to Pinpoint Test J.
— video system

• No sound from all speakers • Speaker(s). • GO to Pinpoint Test H.
— without the video system • Circuitry.

• Audio unit.
• The auxiliary audio control is • Central junction box (CJB) • GO to Pinpoint Test I.

inoperative fuse(s):
— 3 (15A).
— 22 (15A).

• Video system.
• Circuitry.

• Loud popping sound when • Central junction box (CJB) • REPAIR circuit 1000
cycling the ignition switch fuse 27 (5A). (RD/BK). TEST the system

• Circuitry. for normal operation.
• Audio unit.

• The video system is • Video system. • GO to Pinpoint Test J.
inoperative/does not operate
correctly

• The video cassette player • Video system. • CONTACT an authorized
(VCP) is inoperative/does not Ford audio repair facility for
operate correctly further diagnostic assistance.

• The video display is • Video system. • GO to Pinpoint Test K.
inoperative/does not operate
correctly

• The VCP is inoperative/does • Video system. • INSTALL new batteries in
not operate correctly — video the remote control. If the
system remote control does concern is still present,
not operate correctly CONTACT an authorized

Ford audio repair facility for
further diagnostic test
procedures.

• No video — sound OK • Video system. • CONTACT an authorized
Ford audio repair facility for
further diagnostic assistance.

• Dim video — audio OK • Video system. • CONTACT an authorized
Ford audio repair facility for
further diagnostic assistance.

2004 E-Series, 12/2003 



415-00-5 415-00-5Entertainment System — General Information

DIAGNOSIS AND TESTING (Continued)

Symptom Chart (Continued)

Condition Possible Sources Action
• No sound — video OK • Video system. • CONTACT an authorized

Ford audio repair facility for
further diagnostic assistance.

• Snowy video — poor audio • Video system. • CONTACT an authorized
Ford audio repair facility for
further diagnostic assistance.

• Snowy video — audio OK • Video system. • CONTACT an authorized
Ford audio repair facility for
further diagnostic assistance.

• The auxiliary video input is • Video system. • CONTACT an authorized
inoperative Ford audio repair facility for

further diagnostic assistance.

Pinpoint Tests

PINPOINT TEST A: THE AUDIO UNIT IS INOPERATIVE/DOES NOT OPERATE CORRECTLY

Test Step Result / Action to Take
A1 CHECK THE VOLTAGE TO THE AUDIO UNIT

• Disconnect: Audio Unit.
• Key in ON position.
• Measure the voltages between the audio unit C2188a pin 9,

circuit 729 (RD/WH), harness side and ground; and between the
audio unit C2188a pin 10, circuit 137 (YE/BK), harness side and
ground.

Yes
GO to A2.
No
REPAIR the circuit(s) in question. TEST

• Are the voltages greater than 10 volts? the system for normal operation.

(Continued)
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415-00-6 415-00-6Entertainment System — General Information

DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST A: THE AUDIO UNIT IS INOPERATIVE/DOES NOT OPERATE CORRECTLY (Continued)

Test Step Result / Action to Take
A2 CHECK CIRCUIT 694 (BK/LG) FOR OPEN

• Measure the resistance between the audio unit C2188a pin 11,
circuit 694 (BK/LG), harness side and ground; and between the
audio unit C2188a pin 16, circuit 694 (BK/LG), harness side and
ground.

Yes
GO to A3.
No
REPAIR the circuit in question. TEST the

• Are the resistances less than 5 ohms? system for normal operation.
A3 CHECK CIRCUIT 57 (BK) FOR OPEN

• Measure the resistance between the audio unit C2188a pin 2,
circuit 57 (BK), harness side and ground.

Yes
REMOVE the audio unit and SEND it to
an authorized Ford audio system repair
facility. TEST the system for normal
operation.
No
REPAIR the circuit. TEST the system for

• Is the resistance less than 5 ohms? normal operation.

PINPOINT TEST B: POOR RECEPTION

Test Step Result / Action to Take
B1 CHECK ANTENNA CABLE CONNECTIONS

• Key in OFF position.
• Disconnect: Audio Unit.

(Continued)
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415-00-7 415-00-7Entertainment System — General Information

DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST B: POOR RECEPTION (Continued)

Test Step Result / Action to Take
B1 CHECK ANTENNA CABLE CONNECTIONS (Continued)

• NOTE: If antenna lead-in cable connections are loose, check all
three contact tips for compression.
Check the antenna cable connections.

Yes
GO to B2.
No
CLEAN and SECURE the antenna cable
connections as necessary. If necessary,
BEND the contact tips outward to obtain a
more secure fit. If the contact tips are
broken or damaged beyond repair,

• Are the connections clean, secure, and in metal-to-metal INSTALL a new antenna cable. TEST the
contact? system for  normal operation.

B2 CHECK ANTENNA MOUNTING CONNECTIONS
• Check to make sure the antenna is securely mounted to the Yes

vehicle body at ground points, and the screws are not stripped. GO to B3.
• Are the contacts clean, secure, and in metal-to-metal Nocontact? CLEAN and SECURE the antenna, as

necessary. TEST the system for normal
operation.

B3 CHECK SUPPRESSION EQUIPMENT
• Check all necessary suppression equipment and radio grounding Yes

strap for security, cleanliness and metal-to-metal contact. For GO to B4.
suppression capacitors and ground strap locations, refer to NoSection 415-01. REPAIR or INSTALL new radio• Are the contacts clean, secure and in metal-to-metal suppression equipment or grounding strapcontact? as necessary. TEST the system for normal

operation.
B4 CHECK MOUNTING AND CONNECTING CIRCUITS

• NOTE: The capacitor mounting points are used to complete the
electrical circuit and must be mounted securely to clean

Yessurfaces.
GO to B5.Check the mounting and connecting circuits of the radio ignition

interference capacitors for security, cleanliness and No
metal-to-metal contact. CLEAN and SECURE the connections as

• Are the contacts clean, secure and in metal-to-metal necessary. TEST the system for normal
contact? operation.

B5 CHECK RADIO IGNITION INTERFERENCE CAPACITOR(S)
• Check the operation of the radio ignition interference capacitors Yes

by installing a known good component. INSTALL a new radio ignition interference
• Key in START position. capacitor(s) as necessary. TEST the
• Turn on the audio unit and check the reception. system for normal operation.
• Is the noise eliminated? No

GO to B6.
B6 CHECK GENERATOR

• Key in OFF position. Yes• Check the generator by disconnecting the wiring harness from INSTALL a new generator. REFER tothe voltage regulator. Section 414-02.• Key in START position.
• Turn on the audio unit and check the reception. No
• Is the noise eliminated? GO to B7.

(Continued)
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415-00-8 415-00-8Entertainment System — General Information

DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST B: POOR RECEPTION (Continued)

Test Step Result / Action to Take
B7 CHECK IGNITION CIRCUITS

• Key in OFF position. Yes
• Check the ignition circuits for correct routing, grounding and GO to B8.

security of connections. No• Are the circuits OK? REPAIR the circuits as necessary. TEST
the system for normal operation.

B8 CHECK IGNITION SYSTEM
• Test the ignition system. Yes
• Is the ignition system OK? GO to B9.

No
REPAIR the ignition system as necessary.
TEST the system for normal operation.

B9 CHECK AUDIO UNIT MOUNTING POINTS
• Check the audio unit mounting points for security, cleanliness, Yes

and metal-to-metal contact. GO to B10.
• Are the mounting points clean, secure, and in Nometal-to-metal contact? CLEAN and SECURE the connections, as

necessary. TEST the system for normal
operation.

B10 SUBSTITUTE THE ANTENNA
• Substitute the antenna with a known good antenna. Yes
• Key in START position. INSTALL a new antenna. REFER to
• Verify the operation of the audio unit. Section 415-02. TEST the system for
• Is the noise eliminated? normal operation.

No
GO to B11.

B11 SUBSTITUTE ANTENNA CABLE
• Key in OFF position. Yes
• Substitute a known good antenna cable. INSTALL a new antenna cable. REFER to
• Key in START position. Section 415-02. TEST the system for
• Verify the operation of the audio unit. normal operation.
• Is the noise eliminated? No

REMOVE the audio unit and SEND it to
an authorized Ford audio system repair
facility. TEST the system for normal
operation.

PINPOINT TEST C: CONTINUOUS SEEK/SCAN IN AM/FM

Test Step Result / Action to Take
C1 CHECK THE OPERATION OF THE SEEK/SCAN FUNCTIONS

• Key in ON position. Yes
• Operate the SEEK/SCAN functions with the audio unit in both GO to C2.

AM and FM tuner modes. No• Do the SEEK/SCAN functions search continuously? The system is OK.
C2 CHECK THE ANTENNA

• Key in OFF position. Yes
• Disconnect: Antenna Lead Terminal. GO to C3.
• Measure the resistance between the antenna cable lead terminal Noand the end of the antenna mast. INSTALL a new antenna cable. REFER to• Is the resistance less than 8 ohms? Section 415-02. TEST the system for

normal operation.
C3 SUBSTITUTE THE ANTENNA

• Substitute the antenna with a known good antenna. Yes
• Key in START position. INSTALL a new antenna.
• Check the operation of the audio unit. No• Is the noise eliminated? GO to C4.

(Continued)
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415-00-9 415-00-9Entertainment System — General Information

DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST C: CONTINUOUS SEEK/SCAN IN AM/FM (Continued)

Test Step Result / Action to Take
C4 SUBSTITUTE THE ANTENNA CABLE

• Key in OFF position. Yes
• Substitute a known good antenna lead-in cable. INSTALL a new antenna lead-in cable.
• Key in START position. REFER to Section 415-02. TEST the
• Verify the operation of the audio unit. system for normal operation.
• Is the noise eliminated? No

REMOVE the audio unit and SEND it to
an authorized Ford audio system repair
facility. TEST the system for normal
operation.

PINPOINT TEST D: POOR QUALITY/DISTORTED SOUND FROM ONE OR MORE SPEAKERS (NOT ALL
SPEAKERS)

Test Step Result / Action to Take
D1 ISOLATE CONCERN

• Key in ON position. Yes
• Turn on the audio unit. REMOVE the audio unit and SEND it to
• Carry out the speaker walk around test. an authorized Ford audio system repair
• Do all of the speakers have poor sound quality? facility. TEST the system for normal

operation.
No
GO to D2.

D2 CHECK FOR SPEAKER CONCERNS
• Key in OFF position. Yes
• Check for loose trim panels or attachments that might cause REPAIR the concerns as necessary. TEST

rattles in the area of the speaker in question. the system for normal operation.
• Check for foreign material in the speaker cone. No• Are there any visible speaker concerns? GO to D3.

D3 CHECK SPEAKER CIRCUITS
• Disconnect: Audio Unit C2188a.
• Disconnect: Poor Sounding Speaker(s).
• Measure the resistance between the audio unit C2188a, harness

side and the poor sounding speaker(s) connector, harness side;
and between the audio unit C2188a, harness side and ground
as follows:

Speakers Audio Unit

Speaker
Speaker Circuit C2188a Pin Circuit

LH Front C523 804 (OG/LG) 14 804 (OG/LG)

LH Front C523 813 (LB/WH) 15 813 (LB/WH)

RH Front C612 811 (DG/OG) 8 811 (DG/OG)

RH Front C612 805 (WH/LG) 7 805 (WH/LG)

LH Mid C3130 801 (TN/YE) 13 801 (TN/YE)

LH Mid C3130 800 (GY/LB) 12 800 (GY/LB)

RH Mid C813 802 (OG/RD) 5 802 (OG/RD)

RH Mid C813 803 (BN/PK) 6 803 (BN/PK)

LH Rear C484 801 (TN/YE) 13 801 (TN/YE)

LH Rear C484 800 (GY/LB) 12 800 (GY/LB)

RH Rear C485 802 (OG/RD) 5 802 (OG/RD)

RH Rear C485 803 (BN/PK) 6 803 (BN/PK)

(Continued)
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415-00-10 415-00-10Entertainment System — General Information

DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST D: POOR QUALITY/DISTORTED SOUND FROM ONE OR MORE SPEAKERS (NOT ALL

SPEAKERS) (Continued)

Test Step Result / Action to Take
D3 CHECK SPEAKER CIRCUITS (Continued)

Yes
GO to D4.

• Are the resistances less than 5 ohms between the audio No
unit and the poor sounding speaker(s) and greater than REPAIR the circuit(s) in question. TEST
10,000 ohms between the audio unit and ground? the system for normal operation.

D4 SUBSTITUTE SPEAKER
• Connect: Audio Unit C2188a. Yes
• Substitute a known good speaker for each speaker with poor REMOVE the audio unit and SEND it to

sound. an authorized Ford audio system repair
• Key in ON position. facility. TEST the system for normal
• Turn on the audio unit. operation.
• Does the known good speaker have poor sound quality? No

INSTALL new speakers as necessary.
TEST the system for normal operation.

PINPOINT TEST E: POOR QUALITY/DISTORTED SOUND FROM ALL SPEAKERS

Test Step Result / Action to Take
E1 CHECK POOR SOUND QUALITY IN ALL SPEAKERS

• Key in ON position. Yes
• Turn on the audio unit. REMOVE the audio unit and SEND it to
• Carry out the speaker walk around test. an authorized Ford audio system repair
• Is there poor quality or distortion in all speakers? facility. TEST the system for normal

operation.
No
GO to Pinpoint Test D.

PINPOINT TEST F: NO SOUND FROM ONE OR MORE OF THE SPEAKERS — NOT ALL SPEAKERS

Test Step Result / Action to Take
F1 ISOLATE CONDITION

• Key in ON position. Yes
• Turn on the audio unit. GO to Pinpoint Test H.
• Carry out the speaker walk around test. No• Are all the speakers without sound? GO to F2.

F2 CHECK SPEAKER CIRCUIT(S)
• Key in OFF position.
• Disconnect: Audio Unit C2188a.
• Disconnect: Silent Speaker(s).
• Measure the resistance between the audio unit C2188a, harness

side and the silent speaker connector, harness side; and
between the audio unit C2188a, harness side and ground as
follows:

(Continued)
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415-00-11 415-00-11Entertainment System — General Information

DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST F: NO SOUND FROM ONE OR MORE OF THE SPEAKERS — NOT ALL SPEAKERS

(Continued)

Test Step Result / Action to Take
F2 CHECK SPEAKER CIRCUIT(S) (Continued)

Speakers Audio Unit

Speaker
Speaker Circuit C2188a Pin Circuit

LH Front C523 804 (OG/LG) 14 804 (OG/LG)

LH Front C523 813 (LB/WH) 15 813 (LB/WH)

RH Front C612 811 (DG/OG) 8 811 (DG/OG)

RH Front C612 805 (WH/LG) 7 805 (WH/LG)

LH Mid C3130 801 (TN/YE) 13 801 (TN/YE)

LH Mid C3130 800 (GY/LB) 12 800 (GY/LB)

RH Mid C813 802 (OG/RD) 5 802 (OG/RD)

RH Mid C813 803 (BN/PK) 6 803 (BN/PK)

LH Rear C484 801 (TN/YE) 13 801 (TN/YE)

LH Rear C484 800 (GY/LB) 12 800 (GY/LB)

RH Rear C485 802 (OG/RD) 5 802 (OG/RD)

RH Rear C485 803 (BN/PK) 6 803 (BN/PK)

Yes
GO to F3.

• Are the resistances less than 5 ohms between the audio No
unit and the silent speaker connector; and greater than REPAIR the circuit(s) in question. TEST
10,000 ohms between the audio unit and ground? the system for normal operation.

F3 SUBSTITUTE SPEAKER
• Connect: Audio Unit C2188a. Yes
• Substitute a known good speaker for each silent speaker. REMOVE the audio unit and SEND it to
• Key in ON position. an authorized Ford audio repair facility.
• Turn on the audio unit. TEST the system for normal operation.
• Are the known good speakers silent? No

INSTALL new speakers as necessary.
TEST the system for normal operation.

PINPOINT TEST G: NO SOUND FROM ONE OR MORE OF THE SPEAKERS — VIDEO SYSTEM OUTPUT
TO THE FRONT SPEAKERS

Test Step Result / Action to Take
G1 ISOLATE CONDITION

• Key in ON position. Yes
• Turn on the audio unit. GO to Pinpoint Test H.
• Carry out the speaker walk around test. No• Are all the speakers without sound? GO to G2.

(Continued)
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415-00-12 415-00-12Entertainment System — General Information

DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST G: NO SOUND FROM ONE OR MORE OF THE SPEAKERS — VIDEO SYSTEM OUTPUT

TO THE FRONT SPEAKERS (Continued)

Test Step Result / Action to Take
G2 CHECK OUTPUT CIRCUIT(S) FOR SHORT TO POWER

• Key in OFF position.
• Disconnect: Audio Unit C2188b.
• Disconnect: Video Cassette Player C3076a.
• Key in ON position.
• Measure the voltage between the audio unit C2188b, harness

side and ground, as follows:

Pin Circuit

17 1561 (OG)

18 1562 (YE)

19 1559 (RD)

20 1560 (WH)

Yes
REPAIR the circuit(s) in question. TEST
the system for normal operation.
No

• Is any voltage present? GO to G3.
G3 CHECK OUTPUT CIRCUIT(S) FOR OPEN OR SHORT TO

GROUND
• Key in OFF position.
• Measure the resistance between the audio unit C2188b, harness

side and the VCP C3076a, harness side; and between the audio
unit C2188b, harness side and ground as follows:

Audio Unit VCP

C2188b Pin Circuit C3077b Pin Circuit

17 1561 (OG) 14 185 (YE)

18 1562 (YE) 13 175 (OG)

19 1559 (RD) 11 155 (RD)

20 1560 (WH) 12 165 (WH)

(Continued)
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415-00-13 415-00-13Entertainment System — General Information

DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST G: NO SOUND FROM ONE OR MORE OF THE SPEAKERS — VIDEO SYSTEM OUTPUT

TO THE FRONT SPEAKERS (Continued)

Test Step Result / Action to Take
G3 CHECK OUTPUT CIRCUIT(S) FOR OPEN OR SHORT TO

GROUND (Continued)

Yes
CONTACT an authorized Ford audio
repair facility for further diagnostic
assistance.

• Are the resistances less than 5 ohms between the audio No
unit and the VCP; and greater than 10,000 ohms between REPAIR the circuit(s) in question. TEST
the audio unit and ground? the system for normal operation.

PINPOINT TEST H: NO SOUND FROM ALL OF THE SPEAKERS

Test Step Result / Action to Take
H1 CHECK THE SPEAKER OPERATION

• Key in ON position. Yes
• Turn on the audio unit. REMOVE the audio unit and SEND it to
• Carry out the speaker walk around test. an authorized Ford audio repair facility.
• Are all the speakers inoperative? TEST the system for normal operation.

No
GO to Pinpoint Test F.

PINPOINT TEST I: THE AUXILIARY AUDIO CONTROL IS INOPERATIVE/DOES NOT OPERATE
CORRECTLY

Test Step Result / Action to Take
I1 CHECK VOLTAGE AT THE VIDEO SYSTEM CONSOLE

ASSEMBLY
• Key in OFF position.
• Disconnect: Rear Audio Control Panel C3077a.
• Disconnect: VCP C3076a.
• Key in ON position.
• Measure the voltage between the RACP C3077a pin 15, circuit

16 (LG/PK), harness side and ground; and between the VCP
C3076 pin 2, circuit 16 (YE/WH), harness side and ground; and
between the VCP C3076 pin 3, circuit 18 (BK), harness side and
ground.

Yes
GO to I2.
No
REPAIR the circuit in question. TEST the

• Are the voltages greater than 10 volts? system for normal operation.

(Continued)
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415-00-14 415-00-14Entertainment System — General Information

DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST I: THE AUXILIARY AUDIO CONTROL IS INOPERATIVE/DOES NOT OPERATE

CORRECTLY (Continued)

Test Step Result / Action to Take
I2 CHECK THE GROUND CIRCUITS TO THE VIDEO SYSTEM

CONSOLE ASSEMBLY
• Key in OFF position.
• Measure the resistance between the RACP C3077a, harness

side and ground; and between the VCP C3076, harness side
and ground as follows:

Connector Circuit

C3077a pin 1 694 (BK/LG)

C3077a pin 5 694 (BK/LG)

C3077a pin 14 694 (BK/LG)

C3077a pin 10 57 (BK)

C3076 pin 1 57 (BK)
YesC3076 pin 8 235 (BK/LG) GO to I3.

C3076 pin 10 215 (BK/LG) No
REPAIR the circuit in question. TEST the

• Are the resistances less than 5 ohms? system for normal operation.
I3 CHECK COMMUNICATION CIRCUITS FOR SHORT TO POWER

• Disconnect: Audio Unit.
• Key in ON position.
• Measure the voltage between the RACP C3077a pin 16, circuit

23 (LG/BK), harness side and ground; and between the RACP
C3077a pin 12, circuit 75 (LB/PK), harness side and ground;
and between the RACP C3077a pin 13, circuit 85 (TN), harness
side  and ground.

Yes
REPAIR the circuit in question. TEST the
system for normal operation.
No

• Is any voltage present? GO to I4.
I4 CHECK COMMUNICATION CIRCUITS FOR OPEN OR SHORT

• Measure the resistance between the RACP C3077a, harness
side and audio C2188b, harness side; and between the RACP
C3077a, harness side and ground as follows:

C3077a Pin Circuit C2188b Pin Circuit

16 23 (LG/BK) 5 1068 (LG/BK)

12 75 (LB/PK) 6 832 (LB/PK)

13 85 (TN) 7 833 (TN)

(Continued)
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415-00-15 415-00-15Entertainment System — General Information

DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST I: THE AUXILIARY AUDIO CONTROL IS INOPERATIVE/DOES NOT OPERATE

CORRECTLY (Continued)

Test Step Result / Action to Take
I4 CHECK COMMUNICATION CIRCUITS FOR OPEN OR SHORT

(Continued)

Yes
CONTACT an authorized Ford audio
repair facility for further diagnostic test
procedures.

• Are the resistances less than 5 ohms between the RACP No
and the audio unit; and greater than 10,000 ohms between REPAIR the circuit in question. TEST the
the RACP and ground? system for normal operation.

PINPOINT TEST J: THE VIDEO SYSTEM IS INOPERATIVE/DOES NOT OPERATE CORRECTLY

Test Step Result / Action to Take
J1 CHECK VOLTAGE AT THE VIDEO SYSTEM CONSOLE

ASSEMBLY
• Key in OFF position.
• Disconnect: RACP C3077a.
• Disconnect: VCP C3076a.
• Key in ON position.
• Measure the voltage between the RACP C3077a pin 15, circuit

16 (LG/PK), harness side and ground; and between the VCP
C3076 pin 2, circuit 16 (YE/WH), harness side and ground; and
between the VCP C3076 pin 3, circuit 18 (BK), harness side and
ground.

Yes
GO to J2.
No
REPAIR the circuit in question. TEST the

• Are the voltages greater than 10 volts? system for normal operation.
J2 CHECK THE GROUND CIRCUITS TO THE VIDEO SYSTEM

CONSOLE ASSEMBLY
• Key in OFF position.
• Measure the resistance between the RACP C3077a, harness

side and ground; and between the VCP C3076a, harness side
and ground as follows:

(Continued)
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415-00-16 415-00-16Entertainment System — General Information

DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST J: THE VIDEO SYSTEM IS INOPERATIVE/DOES NOT OPERATE CORRECTLY

(Continued)

Test Step Result / Action to Take
J2 CHECK THE GROUND CIRCUITS TO THE VIDEO SYSTEM

CONSOLE ASSEMBLY (Continued)

Connector Circuit

C3077a pin 1 694 (BK/LG)

C3077a pin 5 694 (BK/LG)

C3077a pin 14 694 (BK/LG)

C3077a pin 10 57 (BK)
Yes

C3076 pin 1 57 (BK) CONTACT an authorized Ford audio
repair facility for further diagnostic testC3076 pin 8 235 (BK/LG) procedures.

C3076 pin 10 215 (BK/LG) No
REPAIR the circuit in question. TEST the

• Are the resistances less than 5 ohms? system for normal operation.

PINPOINT TEST K: THE VIDEO DISPLAY IS INOPERATIVE/DOES NOT OPERATE CORRECTLY

Test Step Result / Action to Take
K1 CHECK THE VOLTAGE TO THE VIDEO DISPLAY

• Key in OFF position.
• Disconnect: Inoperative Video Display Connector.
• Key in ON position.
• Measure the voltage between the inoperative video display

connector pin 1, circuit 137 (YE/BK), harness side and ground.

Yes
GO to K2.
No
REPAIR the circuit. TEST the system for

• Is the voltage greater than 10 volts? normal operation.
K2 CHECK THE VIDEO DISPLAY GROUND

• Key in OFF position.

(Continued)
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415-00-17 415-00-17Entertainment System — General Information

DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST K: THE VIDEO DISPLAY IS INOPERATIVE/DOES NOT OPERATE CORRECTLY

(Continued)

Test Step Result / Action to Take
K2 CHECK THE VIDEO DISPLAY GROUND (Continued)

• Measure the resistance between the inoperative video display
connector pin 3, circuit 57 (BK), harness side and ground.

Yes
GO to K3.
No
REPAIR the circuit. TEST the system for

• Is the resistance less than 5 ohms? normal operation.
K3 CHECK THE VIDEO INPUT CIRCUIT FOR AN OPEN

• Disconnect: VCP C3076a.
• Measure the resistance between the VCP C3076a, harness side

and the inoperative video display connector, harness side as
follows:

VCP Video Display

Pin 9, circuit 95 (DG) Pin 5, circuit 1540 (DG)

Pin 8, circuit 235 (BK/LG) Pin 6, circuit 1541 (DB)

Yes
CONTACT an authorized Ford audio
repair facility for further diagnostic
assistance.
No
REPAIR the circuit in question. TEST the

• Are the resistances less than 5 ohms? system for normal operation.
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415-01-1 415-01-1Audio Unit

Torque Specifications (Continued)
SPECIFICATIONS

Description Nm lb-ft lb-in
Torque Specifications

Radio ignition 7-10 — 62-89
Description Nm lb-ft lb-in interference capacitor

screwBody ground strap 7-10 — 62-89
screw Cowl ground strap 1.7-4.7 — 15-41

screwFrame rail ground strap 15-20 11-15 —
screw

Generator ground strap  25-35 19-25.6 —
nut

Copyright  2003, Ford Motor Company
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415-01-1 415-01-1Audio Unit

DESCRIPTION AND OPERATION

Audio System
There are 5 audio system configurations available:

• M100 AM/FM ULC (2-channel) with 2 front door
mounted speakers

• M100 AM/FM ULC (4-channel) with 2 front door
mounted speakers, 2 central mounted speakers,
and 2 rear door mounted speakers (optional)

• M100 AM/FM/Cassette with 2 front door
mounted speakers, 2 central mounted speakers,
and 2 rear door mounted speakers (optional)

• DM100i AM/FM/Cassette/CD with clock and 6
speakers

• CDX6 AM/FM/6-Disc CD in-dash (premium)
with clock and 6 speakers

Depending on vehicle trim level, the audio system
will have 2, 4 or 6 radio speakers.

Refer to the Owner Literature for specific operating
information.

An optional video system is available on this
vehicle. Refer to Section 415-07.
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415-01-2 415-01-2Audio Unit

DESCRIPTION AND OPERATION (Continued)

Radio Frequency Interference Suppression Equipment

Item Part Number Description Item Part Number Description

4 — Ground strap (to cowl from1 — Radio ignition interference
generator)capacitor (4.6L)

5 — Radio frequency interference2 — Radio ignition interference
suppression bondcapacitor (5.4L)

3 — Ground strap (from generator
to cowl)

(Continued)
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415-01-3 415-01-3Audio Unit

DESCRIPTION AND OPERATION (Continued)

The radio suppression equipment reduces
interference transmitted through the radio speakers
by the engine ignition and electrical systems. When
installing any radio suppression equipment
components, make sure that a good contact is made
at all  connections. Remove any paint or dirt from
between a component and its ground. Tighten all
connectors and screws securely according to torque
specifications.
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415-01-1 415-01-1Audio Unit

DIAGNOSIS AND TESTING

Audio System
Refer to Section 415-00.

Copyright  2003, Ford Motor Company
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415-01-1 415-01-1Audio Unit

REMOVAL AND INSTALLATION

Audio Unit

Special Tool(s)

Remover, Audio Unit
415-001 (T87P-19061-A)

Removal and Installation

3. To install, reverse the removal procedure.
1. Using the special tool, pull the audio unit out.

2. Remove the audio unit.

• Disconnect the antenna lead-in cable and the
electrical connectors.
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Last updated: 9/9/2004 2004 E-Series, 12/2003 



415-02-1 415-02-1Antenna

SPECIFICATIONS

Torque Specifications

Description Nm lb-in

Antenna Base Screws 1.6-2.2 18

Fender Splash Shield Screws 1-2 9-18

Radio Antenna Mast 3.4-3.6 27-35
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415-02-1 415-02-1Antenna

The antenna and related components consist of the
DESCRIPTION AND OPERATION

following:Antenna
• Radio antenna fixed mast (18813) .

• Radio antenna 3-step telescoping mast (18813)
(cutaway only).

• Radio antenna lead in cable (18812) .

• Fender-mounted antenna base.

The antenna receives AM and FM radio frequency
waves. These radio frequency waves are sent to the
radio chassis (18806) through the radio antenna lead
in cable.

Copyright  2003, Ford Motor Company
Last updated: 8/27/2003 2004 E-Series, 11/2003 



415-02-1 415-02-1Antenna

DIAGNOSIS AND TESTING

Antenna
Refer to Section 415-00.
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415-02-1 415-02-1Antenna

REMOVAL AND INSTALLATION

Antenna

Removal

1. Remove the radio antenna mast (18813) from
the antenna base (fixed mast type shown, 3-step
telescoping type similar).

4. Push the (A) radio antenna lead in cable and
the (B) grommet into the passenger
compartment.

2. Remove the antenna base.

1 Remove the radio antenna base cap
(18A927).

2 Remove the screws.

3 Lift the antenna base.

4 Disconnect the radio antenna lead in cable
(18812) from the antenna base and remove 5. Remove the instrument panel finish panel
the antenna base. (044D70) ; refer to Section 501-12.

6. Remove the cowl side trim panel (02344).

7. Locate and follow the radio antenna lead in
cable from end to end, and disconnect the
retainers from the wiring harness and the wiring
harness trough.

8. Remove the radio chassis; refer to Section
415-01.

9. Remove the radio antenna lead in cable.

3. Remove the fender splash shield.

1 Remove the screws.

2 Remove the pushpin and remove the fender
splash shield.
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415-02-2 415-02-2Antenna

REMOVAL AND INSTALLATION (Continued)

Installation

1. To install, reverse the removal procedure.
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415-03-1 415-03-1Speakers

SPECIFICATIONS

Torque Specifications

Description Nm lb-in

Radio Speaker Screws 4-5 35-44
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Last updated: 8/27/2003 2004 E-Series, 11/2003 



415-03-1 415-03-1Speakers

DESCRIPTION AND OPERATION

Speakers
Depending on trim level, Econoline vehicles may be
equipped with up to six radio speakers (18808).
Refer to the Ford Audio Guide for operational
information on the radio speakers.

Speaker Locations
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415-03-1 415-03-1Speakers

DIAGNOSIS AND TESTING

Speakers
Refer to Section 415-00.

Copyright  2003, Ford Motor Company
Last updated: 8/27/2003 2004 E-Series, 11/2003 



415-03-1 415-03-1Speakers

Installation
REMOVAL AND INSTALLATION

Speaker — Door Mounted
1. To install, reverse the removal procedure.

Removal

1. Remove the door trim panel; refer to Section
501-05.

2. Remove the speaker.

1 Remove the screws.

2 Disconnect the electrical connector.

3 Remove the speaker.
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415-07-1 415-07-1Video System

NOTE: Verify the VCP anti-theft screw has been
DESCRIPTION AND OPERATION

removed during the pre-delivery inspection (PDI)Video System
procedure before removing the VCP from the video

The video system consists of the following system floor console.
components:

The VCP, the overhead assembly and the passenger
• video cassette player (VCP) entertainment control panel are not repairable. For

diagnosis and testing, refer toSection 415-00.• dual video display unit

For removal and installation of the video system• remote control
floor console, refer to Section 501-12.• passenger entertainment control panel

• FM modulator, located behind the audio unit
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415-07-1 415-07-1Video System

DIAGNOSIS AND TESTING

Video System
Refer to Section 415-00.
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415-07-1 415-07-1Video System

3. To install, reverse the removal procedure.
REMOVAL AND INSTALLATION

Video Display — Bracket

Removal and Installation

NOTE: This procedure is the same for either
bracket.

1. Remove the headliner. For additional
information, refer toSection 501-05.

2. Remove the screws and the mounting bracket.
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417-01-1 417-01-1Exterior Lighting

DESCRIPTION AND OPERATION

Exterior Lighting

Exterior Lighting System Components

The headlamp switch (11654) is a three-positionItem Part Number Description
switch that controls the headlamps, exterior lamps,1 13A613 Rear hi-mount lamp
and panel lamps. Two different style headlamps are

2 13404 Rear lamp used. Aerodynamic style headlamps which use a
3 13K359 Multi-\function switch halogen bulb, and type 2B rectangular  sealed-beam
4 11654 Headlamp switch (low series) style headlamps are used.
5 13480 Stoplight switch A multi-function switch (13K359) controls the turn
6 — Electronic flasher signals, high beams, and hazard lamps. The
7 13007 Headlamp — low series stoplight switch (13480) controls the brake lamps,

and rear hi-mount lamp.8 13005 Headlamp — aerodynamic

9 13200 Parking lamp
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417-01-1 417-01-1Exterior Lighting

DIAGNOSIS AND TESTING
Visual Inspection ChartHeadlamps

Refer to Wiring Diagrams Cell 85, Headlamps for Mechanical Electrical
schematic and connector information. • Headlamp switch • Battery junction box

• Multifunction switch (BJB) fuse 15 (30A)
Special Tool(s) (headlamp switch)

• Central junction box73III Automotive Meter
(CJB) fuse(s):105-R0057 or equivalent
— 10 (20A)

(multifunction
switch)

— 30 (15A) (high
beam headlamps)

— 25 (10A) (LH low
beam)

— 31 (10A) (RH lowInspection and Verification
beam)

1. Verify the customer concern. • BJB
• CJB2. Visually inspect for obvious signs of
• Circuitry

mechanical or electrical damage. • Bulbs

3. If an obvious cause for an observed or reported
concern is found, correct the cause (if possible)
before proceeding to the next step.

4. If the concern is not visually evident, verify the
symptom and GO to Symptom Chart.

Symptom Chart

Symptom Chart

Condition Possible Sources Action
• Both headlamps are • Circuitry • GO to Pinpoint Test A.

inoperative • Headlamp switch
• Multifunction switch

• The low beams are • Circuitry • GO to Pinpoint Test B.
inoperative • Multifunction switch

• The high beams are • Circuitry • CARRY OUT the
inoperative • Multifunction switch multifunction switch

component test. Refer to
Wiring Diagrams Cell 149 for
component testing.
— If the multifunction

switch is OK, REPAIR
circuit 12 (LG/BK).
TEST the system for
normal operation.

— If the multifunction
switch is not OK,
INSTALL a new
multifunction switch.
REFER to Section
211-05. TEST the
system for normal
operation.
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417-01-2 417-01-2Exterior Lighting

DIAGNOSIS AND TESTING (Continued)

Symptom Chart (Continued)

Condition Possible Sources Action
• One low beam headlamp is • Circuitry • MEASURE the resistance

inoperative between the inoperative
headlamp connector pin 2,
circuit 57 (BK) harness side
and ground.
— If the resistance is less

than 5 ohms, REPAIR
circuit 13 (RD/BK).
TEST the system for
normal operation.

— If the resistance is not
less than 5 ohms,
REPAIR circuit 57
(BK). TEST the system
for normal operation.

• One high beam headlamp is • Circuitry • REPAIR circuit 12 (LG/BK).
inoperative TEST the system for normal

operation.
• The headlamps are on • Circuitry • GO to Pinpoint Test C.

continuously • Headlamp switch
• Multifunction switch

• The Flash-to-Pass Feature Is • Circuitry • GO to Pinpoint Test D.
Inoperative • Multifunction switch

Pinpoint Tests

PINPOINT TEST A: BOTH HEADLAMPS ARE INOPERATIVE

Test Step Result / Action to Take
A1 VERIFY THE CONDITION

• Key in OFF position. Yes
• Place the headlamp switch to the headlamps ON position. GO to Pinpoint Test B.
• Place the multifunction switch to the high beam position. No• Do the high beams illuminate? GO to A2.

A2 CHECK CIRCUIT 196 (DB/OG) FOR AN OPEN
• Turn the headlamp switch off.
• Disconnect: Headlamp Switch C205.
• Measure the voltage between headlamp switch C205 pin B1,

circuit 196 (DB/OG), harness side and ground.

Yes
GO to A3.
No
REPAIR the circuit. TEST the system for

• Is the voltage greater than 10 volts? normal operation.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST A: BOTH HEADLAMPS ARE INOPERATIVE (Continued)

Test Step Result / Action to Take
A3 CHECK THE HEADLAMP SWITCH

• Carry out the headlamp switch component test. Refer to Wiring Yes
Diagrams Cell 149 for component testing. GO to A4.

• Is the headlamp switch OK? No
INSTALL a new headlamp switch. REFER
to Headlamp Switch in this section. TEST
the system for normal operation.

A4 CHECK THE MULTIFUNCTION SWITCH
• Disconnect: Multifunction Switch C202b. Yes
• Carry out the multifunction switch component test. Refer to REPAIR circuit 15 (RD/YE). TEST the

Wiring Diagrams Cell 149 for component testing. system for normal operation.
• Is the multifunction switch OK? No

INSTALL a new multifunction switch.
REFER to Section 211-05. TEST the
system for normal operation.

PINPOINT TEST B: THE LOW BEAMS ARE INOPERATIVE

Test Step Result / Action to Take
B1 CHECK THE HIGH BEAM HEADLAMPS

• Key in OFF position. Yes
• Place the headlamp switch to the headlamps ON position. GO to B2.
• Place the multifunction switch to the high beam position. No• Do the high beams illuminate? GO to Pinpoint Test A.

B2 CHECK THE MULTIFUNCTION SWITCH
• Disconnect: Multifunction Switch C202b. Yes
• Carry out the multifunction switch component test. Refer to REPAIR circuit 13 (RD/BK). TEST the

Wiring Diagrams Cell 149 for component testing. system for normal operation.
• Is the multifunction switch OK? No

INSTALL a new multifunction switch.
REFER to Section 211-05. TEST the
system for normal operation.

PINPOINT TEST C: THE HEADLAMPS ARE ON CONTINUOUSLY

Test Step Result / Action to Take
C1 DETERMINE THE ALWAYS ON HEADLAMPS

• Key in OFF position. Yes
• Observe the headlamps while enabling the flash-to-pass feature. GO to C2
• Are the low beam headlamps on continuously? No

GO to C5.
C2 CHECK THE HEADLAMP SWITCH

• Disconnect: Headlamp Switch C205. Yes
• Do the headlamps continue to illuminate? GO to C3.

No
INSTALL a new headlamp switch. REFER
to Headlamp Switch in this section. TEST
the system for normal operation.

C3 CHECK CIRCUIT 13 (RD/BK) FOR A SHORT TO POWER
• Disconnect: Multifunction Switch C202b. Yes
• Do the headlamps continue to illuminate? REPAIR the circuit. TEST the system for

normal operation.
No
GO to C4.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST C: THE HEADLAMPS ARE ON CONTINUOUSLY (Continued)

Test Step Result / Action to Take
C4 CHECK THE MULTIFUNCTION SWITCH

• Carry out the multifunction switch component test. Refer to Yes
Wiring Diagrams Cell 149 for component testing. REPAIR circuit 15 (RD/YE). TEST the

• Is the multifunction switch OK? system for normal operation.
No
INSTALL a new multifunction switch.
REFER to Section 211-05. TEST the
system for normal operation.

C5 CHECK CIRCUIT 12 (LG/BK) FOR A SHORT TO POWER
• Disconnect: Multifunction Switch C202b. Yes
• Do the headlamps continue to illuminate? INSTALL a new multifunction switch.

REFER to Section 211-05. TEST the
system for normal operation.
No
REPAIR the circuit. TEST the system for
normal operation.

PINPOINT TEST D: THE FLASH-TO-PASS FEATURE IS INOPERATIVE

Test Step Result / Action to Take
D1 CHECK THE PARKING LAMPS

• Key in OFF position. Yes
• Place the headlamp switch to the parking lamps ON position. GO to D2.
• Do the parking lamps illuminate? No

REFER to Parking, Rear and License
Lamps in this section to diagnose the
parking lamps.

D2 CHECK THE MULTIFUNCTION SWITCH
• Disconnect: Multifunction Switch C202b. Yes
• Carry out the multifunction switch component test. Refer to REPAIR circuit 195 (TN/WH). TEST the

Wiring Diagrams Cell 149 for component testing. system for normal operation.
• Is the multifunction switch OK? No

INSTALL a new multifunction switch.
REFER to Section 211-05. TEST the
system for normal operation.
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DIAGNOSIS AND TESTING
Visual Inspection ChartStoplamps

Refer to Wiring Diagrams Cell 90, Mechanical Electrical
Turn/Stop/Hazard Lamps for schematic and • Headlamp switch • Central junction box
connector information. • Multifunction switch (CJB) fuse(s):

— 11 (15A) (stoplamp
Special Tool(s) switch)

— 39 (10A)
73III Automotive Meter (stoplamps)
105-R0057 or equivalent • Stoplamp switch

• Multifunction switch
• Circuitry
• Bulbs

3. If an obvious cause for an observed or reported
concern is found, correct the cause (if possible)Inspection and Verification
before proceeding to the next step.

1. Verify the customer concern.
4. If the concern is not visually evident, verify the

2. Visually inspect for obvious signs of symptom and GO to Symptom Chart.
mechanical or electrical damage.

Symptom Chart

Symptom Chart

Condition Possible Sources Action
• The stoplamps are inoperative • Circuitry • GO to Pinpoint Test E.

• Stoplamp switch
• One or more stoplamps are • Circuitry • GO to Pinpoint Test F.

inoperative • Multifunction switch
• The stoplamps are on • Circuitry • GO to Pinpoint Test G.

continuously • Stoplamp switch
• Multifunction switch
• Brake shift interlock
• Speed control servo
• Powertrain control module

(PCM)
• Anti-lock brake system (ABS)

module

Pinpoint Tests

PINPOINT TEST E: THE STOPLAMPS ARE INOPERATIVE

Test Step Result / Action to Take
E1 CHECK CIRCUIT 10 (LG/RD) FOR AN OPEN

• Key in OFF position.
• Disconnect: Stoplamp Switch C278.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST E: THE STOPLAMPS ARE INOPERATIVE (Continued)

Test Step Result / Action to Take
E1 CHECK CIRCUIT 10 (LG/RD) FOR AN OPEN (Continued)

• Measure the voltage between the stoplamp switch C278 pin 1,
circuit 10 (LG/RD), harness side and ground.

Yes
GO to E2.
No
REPAIR the circuit. TEST the system for

• Is the voltage greater than 10 volts? normal operation.
E2 CHECK THE STOPLAMP SWITCH

• Connect a fused (10A) jumper wire between the stoplamp switch
C278 pin 2, circuit 10 (LG/RD), harness side and the stoplamp
switch C278 pin 1, circuit 569 (DG), harness side.

Yes
INSTALL a new stoplamp switch. REFER
to Lamp Switch — Brake Pedal Position in
this section. TEST the system for normal
operation.
No
LEAVE the jumper wire connected. GO to

• Do the stoplamps illuminate? E3.
E3 CHECK FOR VOLTAGE TO THE CJB FUSE 39 (10A)

• Measure the voltage between the CJB fuse 39 and ground.

Yes
REPAIR circuit 511 (LG). TEST the
system for normal operation.
No
REPAIR circuit 569 (DG). TEST the

• Is the voltage greater than 10 volts? system for normal operation.
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST F: ONE OR MORE STOPLAMPS ARE INOPERATIVE

Test Step Result / Action to Take
F1 DETERMINE THE INOPERATIVE STOPLAMP(S)

• Observe the stoplamps while applying the brake pedal. Yes
• Are all the stoplamps inoperative? GO to Pinpoint Test E.

No
If the high mounted stoplamp is
inoperative, GO to F2.
If both rear lamps are inoperative, GO to
F3.
If one rear lamp is inoperative, GO to F4.

F2 CHECK THE HIGH MOUNTED STOPLAMP GROUND CIRCUIT
FOR AN OPEN
• Key in OFF position.
• Disconnect: High Mounted Stoplamp C475.
• Measure the resistance between the high mounted stoplamp

C475 pin 2, circuit 57 (BK), harness side and ground.

Yes
REPAIR circuit 511 (LG). TEST the
system for normal operation.
No
REPAIR circuit 57 (BK). TEST the system

• Is the resistance less than 5 ohms? for normal operation.
F3 CHECK THE MULTIFUNCTION SWITCH (BOTH REAR LAMPS

INOPERATIVE)
• Key in OFF position. Yes
• Disconnect: Multifunction Switch C202b. REPAIR circuit 511 (LG). TEST the
• Carry out the multifunction switch component test. Refer to system for normal operation.

Wiring Diagrams Cell 149 for component testing. No• Is the multifunction switch OK? INSTALL a new multifunction switch.
REFER to Section 211-05. TEST the
system for normal operation.

F4 CHECK CIRCUIT 57 (BK) FOR AN OPEN
• Key in OFF position.
• Disconnect: Inoperative Rear Lamp.
• Measure the resistance between the inoperative rear lamp

connector pin 1, circuit 57 (BK), harness side and ground.

Yes
GO to F5.
No
REPAIR the circuit. TEST the system for

• Is the resistance less than 5 ohms? normal operation.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST F: ONE OR MORE STOPLAMPS ARE INOPERATIVE (Continued)

Test Step Result / Action to Take
F5 CHECK THE MULTIFUNCTION SWITCH (ONE REAR LAMP

INOPERATIVE)
• Disconnect: Multifunction Switch C202b. Yes
• Carry out the multifunction switch component test. Refer to If the LH rear lamp is inoperative, REPAIR

Wiring Diagrams Cell 149 for component testing. circuit 9 (LG/OG). TEST the system for
• Is the multifunction switch OK? normal operation.

If the RH rear lamp is inoperative,
REPAIR circuit 5 (OG/LB). TEST the
system for normal operation.
No
INSTALL a new multifunction switch.
REFER to Section 211-05. TEST the
system for normal operation.

PINPOINT TEST G: THE STOPLAMPS ARE ON CONTINUOUSLY

Test Step Result / Action to Take
G1 CHECK THE STOPLAMP SWITCH

• Disconnect: Stoplamp Switch C278. Yes
• Do the stoplamps continue to illuminate? GO to G2.

No
INSTALL a new stoplamp switch. REFER
to Lamp Switch — Brake Pedal Position in
this section. TEST the system for normal
operation.

G2 CHECK THE BRAKE SHIFT INTERLOCK
• Disconnect: Brake Shift Interlock C2008. Yes
• Do the stoplamps continue to illuminate? GO to G3.

No
INSTALL a new brake shift interlock.
REFER to Section 307-05. TEST the
system for normal operation.

G3 CHECK THE SPEED CONTROL SERVO
• Disconnect: Speed Control Servo C122. Yes
• Do the stoplamps continue to illuminate? GO to G4.

No
INSTALL a new speed control servo.
REFER to Section 310-03. TEST the
system for normal operation.

G4 CHECK THE PCM
• Disconnect: PCM C175. Yes
• Do the stoplamps continue to illuminate? GO to G5.

No
GO to G8.

G5 CHECK THE ABS MODULE
• Disconnect: ABS Module C135. Yes
• Do the stoplamps continue to illuminate? GO to G6.

No
GO to G9.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST G: THE STOPLAMPS ARE ON CONTINUOUSLY (Continued)

Test Step Result / Action to Take
G6 CHECK THE MULTIFUNCTION SWITCH

• Disconnect: Multifunction Switch C202a. Yes
• Do the stoplamps continue to illuminate? If the high mounted stoplamp, GO to G7.

If the LH rear lamp, REPAIR circuit 9
(LG/OG). TEST the system for normal
operation.
If the RH rear lamp, REPAIR circuit 5
(OG/LB). TEST the system for normal
operation.
No
INSTALL a new multifunction switch.
REFER to Section 211-05. TEST the
system for normal operation.

G7 CHECK THE VOLTAGE SUPPLY CIRCUITS
• Disconnect: CJB Fuse 39. Yes
• Does the high mounted stoplamp continue to illuminate? REPAIR circuit 511 (LG). TEST the

system for normal operation.
No
REPAIR circuit 569 (DG). TEST the
system for normal operation.

G8 CHECK FOR CORRECT PCM OPERATION
• Disconnect all the PCM connectors. Yes
• Check for: INSTALL a new PCM. REFER to Section

— corrosion 303-14A or Section 303-14B. TEST the
— pushed-out pins system for normal operation.

• Connect all the PCM connectors and make sure they seat Nocorrectly. The system is operating correctly at this• Operate the system and verify the concern is still present. time. The concern may have been caused• Is the concern still present? by a loose or corroded connector.
G9 CHECK FOR CORRECT ABS MODULE OPERATION

• Disconnect all the ABS module connectors. Yes
• Check for: INSTALL a new ABS module. REFER to

— corrosion Section 206-09. TEST the system for
— pushed-out pins normal operation.

• Connect all the ABS module connectors and make sure they Noseat correctly. The system is operating correctly at this• Operate the system and verify the concern is still present. time. The concern may have been caused• Is the concern still present? by a loose or corroded connector.
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DIAGNOSIS AND TESTING
Visual Inspection ChartTurn Signal and Hazard Lamps

Refer to Wiring Diagrams Cell 90, Mechanical Electrical
Turn/Stop/Hazard Lamps for schematic and • Headlamp switch • Central junction box
connector information. • Multifunction switch (CJB) fuse(s):

— 7 (10A) (turn
Special Tool(s) signals)

— 11 (15A) (hazard
73III Automotive Meter signal)
105-R0057 or equivalent • Electronic indicator

flasher
• Multifunction switch
• Circuitry
• Bulbs

3. If an obvious cause for an observed or reportedInspection and Verification concern is found, correct the cause (if possible)
1. Verify the customer concern. before proceeding to the next step.
2. Visually inspect for obvious signs of 4. If the concern is not visually evident, verify the

mechanical or electrical damage. symptom and GO to Symptom Chart.

Symptom Chart

Symptom Chart

Condition Possible Sources Action
• The turn signal lamps are • Circuitry • GO to Pinpoint Test H.

inoperative • Multifunction switch
• Electronic flasher

• The turn signal lamps are • Multifunction switch • INSTALL a new
always on multifunction switch. REFER

to Section 211-05. TEST the
system for normal operation.

• One turn signal lamp is • Circuitry • GO to Pinpoint Test I.
inoperative/always on • Multifunction switch

• The hazard lamps are • Circuitry • CARRY OUT the
inoperative • Multifunction switch multifunction switch

component test. Refer to
Wiring Diagrams Cell 149 for
component testing.
— If the multifunction

switch is OK, REPAIR
circuit 10 (LG/RD).
TEST the system for
normal operation.

— If the multifunction
switch is not OK,
INSTALL a new
multifunction switch.
REFER to Section
211-05. TEST the
system for normal
operation.
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DIAGNOSIS AND TESTING (Continued)

Symptom Chart (Continued)

Condition Possible Sources Action
• The hazard lamps are always • Multifunction switch • INSTALL a new

on multifunction switch. REFER
to Section 211-05. TEST the
system for normal operation.

Pinpoint Tests

PINPOINT TEST H: THE TURN SIGNAL LAMPS ARE INOPERATIVE

Test Step Result / Action to Take
H1 CHECK FOR VOLTAGE TO THE ELECTRONIC FLASHER

• Key in OFF position.
• Disconnect: Electronic Flasher C2141.
• Key in ON position.
• Place the multifunction switch to the LH or RH turn position.
• Measure the voltage between the electronic flasher C2141 pin 3,

circuit 385 (WH/RD), harness side and ground.

Yes
GO to H2.
No

• Is the voltage greater than 10 volts? GO to H5.
H2 CHECK CIRCUIT 57 (BK) FOR AN OPEN

• Key in OFF position.
• Measure the resistance between the electronic flasher C2141

pin 2, circuit 57 (BK), harness side and ground.

Yes
GO to H3.
No
REPAIR the circuit. TEST the system for

• Is the resistance less than 5 ohms? normal operation.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST H: THE TURN SIGNAL LAMPS ARE INOPERATIVE (Continued)

Test Step Result / Action to Take
H3 CHECK THE ELECTRONIC FLASHER

• Connect a fused (10A) jumper wire between the electronic
flasher C2141 pin 3, circuit 385 (WH/RD), harness side and the
electronic flasher C2141 pin 1, circuit 44 (LB), harness side.

Yes
INSTALL a new electronic flasher. TEST
the system for normal operation.• Key in ON position.

• Place the multifunction switch in the LH or RH position. No
• Are the LH or RH turn lamps illuminated? REMOVE the jumper wire. GO to H4.

H4 CHECK THE MULTIFUNCTION SWITCH
• Key in OFF position. Yes
• Disconnect: Multifunction Switch C202a. REPAIR circuit 44 (LB). TEST the system
• Carry out the multifunction switch component test. Refer to for normal operation.

Wiring Diagrams Cell 149 for component testing. No• Is the multifunction switch OK? INSTALL a new multifunction switch.
REFER to Section 211-05. TEST the
system for normal operation.

H5 CHECK THE MULTIFUNCTION SWITCH (NO VOLTAGE)
• Key in OFF position. Yes
• Disconnect: Multifunction Switch C202a. GO to H6.
• Carry out the multifunction switch component test. Refer to NoWiring Diagrams Cell 149 for component testing. INSTALL a new multifunction switch.• Is the multifunction switch OK? REFER to Section 211-05. TEST the

system for normal operation.
H6 CHECK FOR VOLTAGE TO THE MULTIFUNCTION SWITCH

• Key in ON position.
• Measure the voltage between the multifunction switch C202b pin

IGN, circuit 8 (OG/YE), and ground.

Yes
REPAIR circuit 385 (WH/RD). TEST the
system for normal operation.
No
REPAIR circuit 8 (OG/YE). TEST the

• Is the voltage greater than 10 volts? system for normal operation.
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST I: ONE TURN SIGNAL LAMP IS INOPERATIVE/ALWAYS ON

Test Step Result / Action to Take
I1 CHECK THE STOPLAMPS

• Key in OFF position. Yes
• Make sure the multifunction switch is in the neutral position. GO to I2.
• Observe the stoplamps while applying and releasing the brake Nopedal. REFER to Stoplamps in this section to• Do the stoplamps operate correctly? diagnose the stoplamps.

I2 DETERMINE THE CONDITION
• Key in ON position. Yes
• While observing the turn lamps, place the multifunction switch to GO to I3.

the LH and then RH turn positions . No• Is the individual turn lamp always on? GO to I4.
I3 CHECK THE VOLTAGE SUPPLY CIRCUIT FOR SHORT TO

POWER
• Key in OFF position. Yes
• Disconnect: Multifunction Switch C202a. For the RH front turn lamp, REPAIR circuit
• Key in ON position. 2 (WH/LB). TEST the system for normal
• Does the turn signal lamp continue to illuminate? operation.

For the LH front turn lamp, REPAIR circuit
9 (LG/WH). TEST the system for normal
operation.
No
INSTALL a new multifunction switch.
REFER to Section 211-05. TEST the
system for normal operation.

I4 CHECK CIRCUIT 57 (BK) FOR AN OPEN
• Key in OFF position.
• Disconnect: Inoperative Turn Lamp.
• Measure the resistance between the inoperative front turn lamp

connector pin 1, circuit 57 (BK) and ground.

Yes
GO to I5.
No
REPAIR the circuit. TEST the system for

• Is the resistance less than 5 ohms? normal operation.
I5 CHECK CIRCUIT 2 (WH/LB) OR CIRCUIT 3 (LG/WH) FOR AN

OPEN
• Disconnect: Multifunction Switch C202a.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST I: ONE TURN SIGNAL LAMP IS INOPERATIVE/ALWAYS ON (Continued)

Test Step Result / Action to Take
I5 CHECK CIRCUIT 2 (WH/LB) OR CIRCUIT 3 (LG/WH) FOR AN

OPEN (Continued)

• Measure the resistance between the RH turn lamp C1043 pin 3,
circuit 2 (WH/LB), harness side and the multifunction switch
C202a pin 2, circuit 2 (WH/LB), harness side; or between the LH
turn lamp C1023 pin 3, circuit 3 (LG/WH), harness side and  the
multifunction switch C202a pin 3, circuit 3 (LG/WH), harness
side

Yes
INSTALL a new multifunction switch.
REFER to Section 211-05. TEST the
system for normal operation.
No
REPAIR the circuit in question. TEST the

• Is the resistance less than 5 ohms? system for normal operation.
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DIAGNOSIS AND TESTING
Visual Inspection ChartParking, Rear and License Lamps

Refer to Wiring Diagrams Cell 92, Exterior Lamps Mechanical Electrical
(Marker, Park, License) for schematic and connector • Headlamp switch • Central junction box
information. (CJB) fuse(s):

— 10 (20A) (parking
Special Tool(s) lamps)

— 38 (10A) (marker
73III Automotive Meter lamps)
105-R0057 or equivalent • Marker lamp relay

• Circuitry
• Bulbs

3. If an obvious cause for an observed or reported
concern is found, correct the cause (if possible)
before proceeding to the next step.Inspection and Verification

4. If the concern is not visually evident, verify the1. Verify the customer concern.
symptom and GO to Symptom Chart.

2. Visually inspect for obvious signs of
mechanical or electrical damage.

Symptom Chart

Symptom Chart

Condition Possible Sources Action
• One or more parking, rear or • Circuitry • GO to Pinpoint Test J.

license plate lamp is • Marker lamp relay
inoperative • Headlamp switch

• The parking, rear or license • Circuitry • GO to Pinpoint Test K.
lamps are on continuously • Marker lamp relay

• Headlamp switch

Pinpoint Tests

PINPOINT TEST J: ONE OR MORE PARKING, REAR OR LICENSE PLATE LAMP IS INOPERATIVE

Test Step Result / Action to Take
J1 DETERMINE THE CONDITION

• Key in OFF position. Yes
• Place the headlamp switch to the parking lamps ON position GO to J2.

and observe the parking lamps. No• Are all the parking lamps inoperative? For the roof marker lamps, GO to J4.
For all other lamps, GO to J12.

J2 CHECK THE HEADLAMP SWITCH
• Turn the headlamp switch off.
• Disconnect: Headlamp Switch C205.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST J: ONE OR MORE PARKING, REAR OR LICENSE PLATE LAMP IS INOPERATIVE

(Continued)

Test Step Result / Action to Take
J2 CHECK THE HEADLAMP SWITCH (Continued)

• Connect a fused (20A) jumper wire between headlamp switch
C205 pin B2, circuit 195 (TN/WH), harness side and headlamp
switch C205 pin R, circuit 14 (BN), harness side.

Yes
INSTALL a new headlamp switch. REFER
to Headlamp Switch in this section. TEST
the system for normal operation.
No

• Do the parking lamps illuminate? REMOVE the jumper wire. GO to J3.
J3 CHECK FOR VOLTAGE TO THE HEADLAMP SWITCH

• Measure the voltage between headlamp switch C205 pin B2,
circuit 195 (TN/WH), harness side and ground.

Yes
REPAIR circuit 14 (BN). TEST the system
for normal operation.
No
REPAIR circuit 195 (TN/WH). TEST the

• Is the voltage greater than 10 volts? system for normal operation.
J4 DETERMINE IF ALL ROOF MARKER LAMPS ARE

INOPERATIVE
• Observe the roof marker lamps. Yes
• Are all the roof marker lamps inoperative? TURN the headlamp switch off. GO to J6.

No
TURN the headlamp switch off. GO to J5.

J5 CHECK THE ROOF MARKER LAMP GROUND CIRCUIT
• Disconnect: Inoperative Roof Marker Lamp.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST J: ONE OR MORE PARKING, REAR OR LICENSE PLATE LAMP IS INOPERATIVE

(Continued)

Test Step Result / Action to Take
J5 CHECK THE ROOF MARKER LAMP GROUND CIRCUIT

(Continued)

• Measure the resistance between the inoperative roof marker
lamp connector pin 1, circuit 57 (BK), harness side and ground.

Yes
REPAIR circuit 14 (BN). TEST the system
for normal operation.
No
REPAIR circuit 57 (BK). TEST the system

• Is the resistance less than 5 ohms? for normal operation.
J6 CHECK CIRCUIT 57 (BK) FOR AN OPEN

• Disconnect: Inoperative Roof Marker Lamp.
• Measure the resistance between an inoperative roof marker

lamp connector pin 1, circuit 57 (BK) and ground.

Yes
GO to J7.
No
REPAIR the circuit. TEST the system for

• Is the resistance less than 5 ohms? normal operation.
J7 CHECK CIRCUIT 14 (BN) FOR AN OPEN (TO ROOF MARKER

LAMPS)
• Place the headlamp switch to the parking lamps ON position.
• Measure the voltage between an inoperative roof marker lamp

connector pin 3, circuit 14 (BN), harness side and ground.

Yes
GO to J8.
No
REPAIR the circuit. TEST the system for

• Is the voltage greater than 10 volts? normal operation.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST J: ONE OR MORE PARKING, REAR OR LICENSE PLATE LAMP IS INOPERATIVE

(Continued)

Test Step Result / Action to Take
J8 CHECK THE ROOF MARKER LAMP RELAY

• Turn the headlamp switch off. Yes
• Disconnect: Roof Marker Lamp Relay C1259. GO to J9.
• Carry out the roof marker lamp relay component test. Refer to NoWiring Diagrams Cell 149 for component testing. INSTALL a new roof marker lamp relay.• Is the roof marker lamp relay OK? TEST the system for normal operation.

J9 CHECK CIRCUIT 14 (BN) FOR AN OPEN (TO ROOF MARKER
LAMP RELAY)
• Place the headlamp switch to the parking lamps ON position.
• Measure the voltage between roof marker lamp relay C1259 pin

2, circuit 14 (BN), harness side and ground.

Yes
GO to J10.
No
REPAIR the circuit. TEST the system for

• Is the voltage greater than 10 volts? normal operation.
J10 CHECK CIRCUIT 1109 (OG/BK) FOR AN OPEN

• Measure the voltage between roof marker lamp relay C1259 pin
3, circuit 1109 (OG/BK), harness side and ground.

Yes
GO to J11.
No
REPAIR the circuit. TEST the system for

• Is the voltage greater than 10 volts? normal operation.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST J: ONE OR MORE PARKING, REAR OR LICENSE PLATE LAMP IS INOPERATIVE

(Continued)

Test Step Result / Action to Take
J11 CHECK THE ROOF MAKER LAMP RELAY GROUND CIRCUIT

• Measure the resistance between roof marker lamp relay C1259
pin 1, circuit 57 (BK), harness side and ground.

Yes
REPAIR circuit 14 (BN) to the marker
lamps. TEST the system for normal
operation.
No
REPAIR circuit 57 (BK). TEST the system

• Is the resistance less than 5 ohms? for normal operation.
J12 CHECK THE PARKING LAMP GROUND CIRCUIT

• Turn the headlamp switch off.
• Disconnect: Inoperative Parking Lamp.
• Measure the resistance between the inoperative parking lamp

connector and ground as follows:

Inoperative Lamp Connector Pin Circuit

RH front lamp C1043 1 57 (BK)

LH front lamp C1023 1 57 (BK)

RH rear lamp C4032 1 57 (BK) Yes
REPAIR circuit 14 (BN). TEST the systemLH rear lamp C4035 1 57 (BK) for normal operation.

License lamp C4046 1 57 (BK) No
REPAIR circuit 57 (BK). TEST the system

• Is the resistance less than 5 ohms? for normal operation.

PINPOINT TEST K: THE PARKING, REAR OR LICENSE LAMPS ARE ON CONTINUOUSLY

Test Step Result / Action to Take
K1 CHECK THE HEADLAMP SWITCH

• Key in OFF position. Yes
• Disconnect: Headlamp Switch C205. GO to K2.
• Do the exterior lamps continue to illuminate? No

INSTALL a new headlamp switch. REFER
to Headlamp Switch in this section. TEST
the system for normal operation.

K2 CHECK THE VEHICLE SECURITY MODULE
• Disconnect: Vehicle Security Module C203a. Yes
• Do the exterior lamps continue to illuminate? If equipped with roof marker lamps, GO to

K4.
If not equipped with roof marker lamps,
REPAIR circuit 14 (BN). TEST the system
for normal operation.
No
GO to K3.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST K: THE PARKING, REAR OR LICENSE LAMPS ARE ON CONTINUOUSLY (Continued)

Test Step Result / Action to Take
K3 CHECK FOR VEHICLE SECURITY MODULE OPERATION

• Key in OFF position. Yes• Disconnect all vehicle security module connectors. INSTALL a new vehicle security module.• Check for: REFER to Section 419-10. TEST the— corrosion system for normal operation.— pushed-out pins
• Connect all vehicle security module connectors and make sure No

they seat correctly. The system is operating correctly at this
• Operate the system and verify the concern is still present. time. Concern may have been caused by
• Is the concern still present? a loose or corroded connector.

K4 CHECK THE ROOF MARKER LAMP RELAY
• Disconnect: Roof Marker Lamp Relay C1259. Yes
• Do the exterior lamps continue to illuminate? REPAIR circuit 14 (BN). TEST the system

for normal operation.
No
INSTALL a new roof marker lamp relay.
TEST the system for normal operation.
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DIAGNOSIS AND TESTING
Visual Inspection ChartReversing Lamps

Refer to Wiring Diagrams Cell 93, Backup Lamps Mechanical Electrical
for schematic and connector information. • Digital transmission • Central junction box

range (TR) sensor (CJB) fuse 12 (15A)
Special Tool(s) (reversing lamps)

• Circuitry73III Automotive Meter
• Bulb(s)105-R0057 or equivalent
• Reversing lamp relay (if

equipped with a diesel
engine)

• Powertrain control
module (PCM) (if
equipped with a diesel
engine)

Inspection and Verification
1. Verify the customer concern. 3. If an obvious cause for an observed or reported

concern is found, correct the cause (if possible)2. Visually inspect for obvious signs of
before proceeding to the next step.mechanical or electrical damage.

4. If the concern is not visually evident, verify the
symptom and GO to Symptom Chart.

Symptom Chart

Symptom Chart

Condition Possible Sources Action
• The reversing lamps are • Fuse • GO to Pinpoint Test L.

inoperative • Circuitry
• Digital transmission range

(TR) sensor (if not equipped
with a diesel engine)

• Reversing lamp relay (if
equipped with a diesel
engine)

• Powertrain control module
(PCM) (if equipped with a
diesel engine)

• The individual reversing lamp • Circuitry. • MEASURE the resistance
is inoperative between the inoperative

reversing lamp connector,
circuit 57 (BK), harness side
and ground.
— If the resistance is less

than 5 ohms, REPAIR
circuit 140 (BK/PK).
TEST the system for
normal operation.

— If the resistance is not
less than 5 ohms,
REPAIR circuit 57
(BK). TEST the system
for normal operation.

Copyright  2003, Ford Motor Company
Last updated: 9/6/2005 2004 E-Series, 12/2003 



417-01-2 417-01-2Exterior Lighting

DIAGNOSIS AND TESTING (Continued)

Symptom Chart (Continued)

Condition Possible Sources Action
• The reversing lamps are on • Circuitry • GO to Pinpoint Test M.

continuously • Digital TR sensor (if not
equipped with a diesel
engine)

• Reversing lamp relay (if
equipped with a diesel
engine)

• PCM (if equipped with a
diesel engine)

Pinpoint Tests

PINPOINT TEST L: THE REVERSING LAMPS ARE INOPERATIVE

Test Step Result / Action to Take
L1 CHECK CIRCUIT 57 (BK) FOR AN OPEN

• Key in OFF position.
• Disconnect: Inoperative Reversing Lamp.
• Measure the resistance between an inoperative reversing lamp,

harness side and ground as follows:

Inoperative
Reversing Lamp Connector-Pin Circuit

LH reversing lamp C451-1 57 (BK)
(except stripped

chassis)

RH reversing lamp C461-1 57 (BK)
(except stripped

chassis)

LH reversing lamp C414-2 57 (BK)
(stripped chassis)

Yes
RH reversing lamp C417-2 57 (BK) GO to L2.
(stripped chassis) No

REPAIR the circuit. TEST the system for
• Is the resistance less than 5 ohms? normal operation.

L2 DETERMINE THE ENGINE TYPE
• Connect: Inoperative Reversing Lamp. Yes
• Check the vehicle engine type. GO to L5.
• Is the vehicle equipped with a diesel engine? No

GO to L3.
L3 CHECK CIRCUIT 296 (WH/VT) FOR AN OPEN (WITHOUT

TORQSHIFT)
• Disconnect: Digital TR Sensor C167.
• Key in ON position.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST L: THE REVERSING LAMPS ARE INOPERATIVE (Continued)

Test Step Result / Action to Take
L3 CHECK CIRCUIT 296 (WH/VT) FOR AN OPEN (WITHOUT

TORQSHIFT) (Continued)

• Measure the voltage between the digital TR sensor C167-9,
circuit 296 (WH/VT), harness side and ground.

Yes
GO to L4.
No
VERIFY the CJB fuse 12 (15A) is OK. If
OK, REPAIR the circuit. TEST the system

• Is the voltage greater than 10 volts? for normal operation.
L4 CHECK THE DIGITAL TR SENSOR

• Key in OFF position.
• Connect a fused (15A) jumper wire between the digital TR

sensor C167-9, circuit 296 (WH/VT), harness side and the digital
TR sensor C167-11, circuit 140 (BK/PK), harness side.

Yes
INSTALL a new digital TR sensor. REFER
to Section 307-01A. TEST the system for
normal operation.
No

• Key in ON position. REPAIR circuit 140 (BK/PK). TEST the
• Do the reversing lamps illuminate? system for normal operation.

L5 CHECK FOR PCM DIAGNOSTIC TROUBLE CODES (DTCs)
• Key in ON position. Yes
• Carry out the PCM self-test. REFER to the Powertrain
• Retrieve and record any PCM DTCs. Control/Emissions Diagnosis (PC/ED)
• Are any PCM DTCs retrieved? manual to continue diagnosis of the PCM

DTCs.
No
GO to L6.

L6 CHECK THE REVERSING LAMP RELAY
• Key in OFF position. Yes
• Disconnect: Reversing Lamp Relay C121. GO to L7.
• Carry out the reversing lamp relay component test. Refer to NoWiring Diagrams Cell 149 for component testing. INSTALL a new reversing lamp relay.• Is the reversing lamp relay OK? TEST the system for normal operation.

L7 CHECK CIRCUIT 296 (WH/VT) FOR AN OPEN (WITH
TORQSHIFT)
• Key in ON position.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST L: THE REVERSING LAMPS ARE INOPERATIVE (Continued)

Test Step Result / Action to Take
L7 CHECK CIRCUIT 296 (WH/VT) FOR AN OPEN (WITH

TORQSHIFT) (Continued)

• Measure the voltage between the reversing lamp relay C121-3,
circuit 296 (WH/VT), harness side and ground.

Yes
GO to L8.
No
VERIFY the CJB fuse 12 (15A) is OK. If
OK, REPAIR the circuit. TEST the system

• Is the voltage greater than 10 volts? for normal operation.
L8 CHECK CIRCUIT 140 (BK/PK) FOR AN OPEN

• Key in OFF position.
• Install a fused (5A) jumper wire between the reversing lamp

relay C121-5 circuit 140 (BK/PK), harness side and the reversing
lamp relay C121-3 circuit 296 (WH/VT), harness side.

Yes
REMOVE the jumper wire. GO to L9.
No

• Key in ON position. REPAIR the circuit. TEST the system for
• Do the reversing lamps illuminate? normal operation.

L9 CHECK CIRCUIT 361 (RD) FOR AN OPEN
• Measure the voltage between the reversing lamp relay C121-2,

circuit 361 (RD), harness side and ground.

Yes
GO to L10.
No
REPAIR the circuit. TEST the system for

• Is the voltage greater than 10 volts? normal operation.

(Continued)

2004 E-Series, 12/2003 



417-01-5 417-01-5Exterior Lighting

DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST L: THE REVERSING LAMPS ARE INOPERATIVE (Continued)

Test Step Result / Action to Take
L10 CHECK CIRCUIT 1362 (DG/OG) FOR AN OPEN

• Key in OFF position.
• Disconnect: PCM C176b.
• Connect: Reversing Lamp Relay.
• Connect: Inoperative Reversing Lamp.
• Connect a fused (5A) jumper wire between the PCM C176b-3,

circuit 1362 (DG/LG), harness side and ground.

Yes
GO to L11.
No

• Key in ON position. REPAIR the circuit. TEST the system for
• Do the reversing lamps illuminate? normal operation.

L11 CHECK FOR CORRECT PCM OPERATION
• Disconnect all the PCM connectors. Yes
• Check for: INSTALL a new PCM. REFER to Section

— corrosion 303-14B. TEST the system for normal
— pushed-out pins operation.

• Connect all the PCM connectors and make sure they seat Nocorrectly. The system is operating correctly at this• Operate the system and verify the concern is still present. time. The concern may have been caused• Is the concern still present? by a loose or corroded connector.

PINPOINT TEST M: THE REVERSING LAMPS ARE ON CONTINUOUSLY

Test Step Result / Action to Take
M1 DETERMINE THE ENGINE TYPE

• Check the vehicle engine type. Yes
• Is the vehicle equipped with a diesel engine? GO to M3.

No
GO to M2.

M2 CHECK THE DIGITAL TR SENSOR
• Key in OFF position. Yes
• Disconnect: Digital TR Sensor C167. REPAIR circuit 140 (BK/PK). TEST the
• Key in ON position. system for normal operation.
• Do the reversing lamps continue to illuminate? No

INSTALL a new digital TR sensor. REFER
to Section 307-01A. TEST the system for
normal operation.

M3 CHECK CIRCUIT 140 (BK/PK) FOR A SHORT TO VOLTAGE
• Key in OFF position. Yes
• Disconnect: Reversing Lamp Relay C121. REPAIR the circuit. TEST the system for
• Key in ON position. normal operation.
• Do the reversing lamps continue to illuminate? No

GO to M4.
M4 CHECK THE REVERSING LAMP RELAY

• Key in OFF position. Yes
• Carry out the reversing lamp relay component test. Refer to GO to M5.

Wiring Diagrams Cell 149 for component testing. No• Is the reversing lamp relay OK? INSTALL a new reversing lamp relay.
TEST the system for normal operation.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST M: THE REVERSING LAMPS ARE ON CONTINUOUSLY (Continued)

Test Step Result / Action to Take
M5 CHECK CIRCUIT 1362 (DG/OG) FOR A SHORT TO GROUND

• Key in OFF position. Yes
• Connect: Reversing Lamp Relay C121. REPAIR the circuit. TEST the system for
• Disconnect: PCM C176b. normal operation.
• Key in ON position. No• Do the reversing lamps continue to illuminate? GO to M6.

M6 CHECK FOR CORRECT PCM OPERATION
• Disconnect all the PCM connectors. Yes
• Check for: INSTALL a new PCM. REFER to Section

— corrosion 303-14B. TEST the system for normal
— pushed-out pins operation.

• Connect all the PCM connectors and make sure they seat Nocorrectly. The system is operating correctly at this• Operate the system and verify the concern is still present. time. The concern may have been caused• Is the concern still present? by a loose or corroded connector.
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DIAGNOSIS AND TESTING
Visual Inspection ChartTrailer Lamps

Refer to Wiring Diagrams Cell 95, Trailer/Camper Electrical
Adapter for schematic and connector information. • Battery junction box (BJB) fuse(s)

— 24 (10A) (trailer tow reversing and parking
Special Tool(s) lamps)

— 26 (10A) (trailer tow stop/turn lamp relays)73III Automotive Meter
— 10 (30A) (trailer tow brake control module)105-R0057 or equivalent

• Central junction box (CJB) fuse 15 (5A) (trailer tow
battery charge)

• Relay(s)
• Circuitry
• Bulb(s)

4. If an obvious cause for an observed or reportedInspection and Verification
concern is found, correct the cause (if possible)

1. Verify the customer concern. before proceeding to the next step.
2. Verify the exterior lighting system of the 5. If the concern is not visually evident, verify the

vehicle is operating correctly. If not, refer to the symptom and GO to Symptom Chart.
appropriate pinpoint test in this section.

3. Visually inspect for obvious signs of electrical
damage.

Symptom Chart

Symptom Chart

Condition Possible Sources Action
• The trailer lamps are • Trailer • GO to Pinpoint Test N.

inoperative • Trailer tow relay
• Circuitry

• The trailer lamps are on • Trailer • GO to Pinpoint Test O.
continuously • Trailer tow relay

• Circuitry
• The trailer battery charging is • Trailer • GO to Pinpoint Test P

inoperative/does not operate • Circuitry
correctly • Trailer tow relay

• The trailer electric brakes are • Trailer • GO to Pinpoint Test Q
inoperative/do not operate • Circuitry
correctly • Trailer tow electronic brake

controller

Pinpoint Tests

PINPOINT TEST N: THE TRAILER LAMPS ARE INOPERATIVE

Test Step Result / Action to Take
N1 DETERMINE IF ALL TRAILER LAMPS ARE INOPERATIVE

• Key in OFF position. Yes
• Place the headlamp switch to the parking lamps ON position. TURN the headlamp switch off. GO to N2.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST N: THE TRAILER LAMPS ARE INOPERATIVE (Continued)

Test Step Result / Action to Take
N1 DETERMINE IF ALL TRAILER LAMPS ARE INOPERATIVE

(Continued)

• While observing the trailer lamps, apply the brake pedal. No• Are all the trailer lamps inoperative? If an individual trailer reversing or parking
lamp is inoperative, SEND the trailer to an
authorized camper/trailer repair center.
If a trailer stoplamp is inoperative, TURN
the headlamp switch off. GO to N4.
If the trailer parking lamps are inoperative,
LEAVE the parking lamps on. GO to N9.
If the trailer reversing lamps are
inoperative, TURN the headlamp switch
off. GO to N14.

N2 CHECK CIRCUIT 206 (WH) FOR AN OPEN
• Disconnect: Trailer Tow C4098 (4-pin).
• Disconnect: Trailer Tow C4099 (7-pin).
• Measure the resistance between the trailer tow C4098 pin 1,

circuit 206 (WH) (4-pin connector), harness side and ground; or
between the trailer tow C4099 pin 5, circuit 206 (WH) (7-pin
connector), harness side and ground.

Yes
GO to N3.
No
REPAIR the circuit. TEST the system for

• Is the resistance less than 5 ohms? normal operation.
N3 CHECK CIRCUIT 57 (BK) FOR AN OPEN (ALL LAMPS

INOPERATIVE)
• Disconnect: Trailer Tow Parking Lamp Relay C1199.
• Measure the resistance between the trailer tow parking lamp

relay C1199 pin 2, circuit 57 (BK), harness side and ground.

Yes
The vehicle is operating correctly. SEND
the trailer to an authorized camper/trailer
repair center.
No
REPAIR the circuit. TEST the system for

• Is the resistance less than 5 ohms? normal operation.
N4 CHECK FOR VOLTAGE TO THE TRAILER (STOPLAMPS

INOPERATIVE)
• Disconnect: Trailer Tow C4098 (4-pin).
• Disconnect: Trailer Tow C4099 (7-pin).

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST N: THE TRAILER LAMPS ARE INOPERATIVE (Continued)

Test Step Result / Action to Take
N4 CHECK FOR VOLTAGE TO THE TRAILER (STOPLAMPS

INOPERATIVE) (Continued)

• While applying the brake pedal, measure the voltage between
the trailer tow connector and ground as follows:

Trailer Tow
Connector Pin Circuit

C4098 (4-pin) 3 (LH stoplamp) 52 (YE)

C4098 (4-pin) 4 (RH stoplamp) 64 (DG)

C4099 (7-pin) 6 (LH stoplamp) 52 (YE)

C4099 (7-pin) 3 (RH stoplamp) 64 (DG)

Yes
The vehicle is operating correctly. SEND
the trailer to an authorized camper/trailer
repair center.
No

• Is the voltage greater than 10 volts? GO to N5.
N5 CHECK THE TRAILER TOW TURN RELAY

• Disconnect: Suspect Trailer Tow Relay. Yes
• Carry out the trailer tow relay component test. Refer to Wiring GO to N6.

Diagrams Cell 149 for component testing. No• Is the trailer tow relay OK? INSTALL a new trailer tow relay. TEST the
system for normal operation.

N6 CHECK CIRCUIT 212 (DB) FOR AN OPEN
• If early production, measure the voltage between the trailer tow

LH turn relay C120 pin 3, circuit 212 (DB), harness side and
ground; or between trailer tow RH turn relay C119 pin 3, circuit
212 (DB), harness side and ground.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST N: THE TRAILER LAMPS ARE INOPERATIVE (Continued)

Test Step Result / Action to Take
N6 CHECK CIRCUIT 212 (DB) FOR AN OPEN (Continued)

• If late production, measure the voltage between the trailer tow
LH turn relay C119 pin 30, circuit 212 (DB), harness side and
ground; or between trailer tow RH turn relay C120 pin 30, circuit
212 (DB), harness side and ground.

Yes
GO to N7.
No
REPAIR the circuit. TEST the system for

• Is the voltage greater than 10 volts? normal operation.
N7 CHECK CIRCUIT 57 (BK) FOR AN OPEN (TRAILER

STOPLAMPS INOPERATIVE)
• If early production, measure the resistance between the trailer

tow LH turn relay C120 pin 2, circuit 57 (BK), harness side and
ground; or between trailer tow RH turn relay C119 pin 2, circuit
57 (BK), harness side and ground.

• If late production, measure the resistance between the trailer tow
LH turn relay C119 pin 86, circuit 57 (BK), harness side and
ground; or between trailer tow RH turn relay C120 pin 86, circuit
57 (BK), harness side and ground.

Yes
GO to N8.
No
REPAIR the circuit. TEST the system for

• Is the resistance less than 5 ohms? normal operation.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST N: THE TRAILER LAMPS ARE INOPERATIVE (Continued)

Test Step Result / Action to Take
N8 CHECK CIRCUIT 5 (OG/LB) (RH) OR CIRCUIT 9 (LG/OG) (LH)

FOR AN OPEN
• If early production, while applying the brake pedal, measure the

voltage between the trailer tow LH turn relay C120 pin 1, circuit
9 (LG/OG), harness side and ground; or between trailer tow RH
turn relay C119 pin 1, circuit 5 (OG/LB), harness  side and
ground

• If late production, while applying the brake pedal, measure the
voltage between the trailer tow LH turn relay C119 pin 85, circuit
9 (LG/OG), harness side and ground; or between trailer tow RH
turn relay C120 pin 85, circuit 5 (OG/LB), harness  side and
ground

Yes
REPAIR circuit 64 (DG) (RH) or circuit 52
(YE) (LH). TEST the system for normal
operation.
No
REPAIR circuit 5 (OG/LB) (RH) or circuit 9
(LG/OG) (LH). TEST the system for

• Is the voltage greater than 10 volts? normal operation.
N9 CHECK FOR VOLTAGE TO THE TRAILER (PARKING LAMPS

INOPERATIVE)
• Disconnect: Trailer Tow C4098 (4-pin).
• Disconnect: Trailer Tow C4099 (7-pin).

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST N: THE TRAILER LAMPS ARE INOPERATIVE (Continued)

Test Step Result / Action to Take
N9 CHECK FOR VOLTAGE TO THE TRAILER (PARKING LAMPS

INOPERATIVE) (Continued)

• Measure the voltage between the trailer tow C4098 pin 2, circuit
962 (BN/WH) (4-pin connector), harness side connector and
ground; or between the trailer tow C4099 pin 7, circuit 962
(BN/WH) (7-pin connector), harness side connector and ground.

Yes
The vehicle is operating correctly. SEND
the trailer to an authorized camper/trailer
repair center.
No
TURN the headlamp switch off. GO to

• Is the voltage greater than 10 volts? N10.
N10 CHECK THE TRAILER TOW PARKING LAMP RELAY

• Disconnect: Trailer Tow Parking Lamp Relay C1199. Yes
• Carry out the trailer tow parking lamp relay component test. GO to N11.

Refer to Wiring Diagrams Cell 149 for component testing. No• Is the trailer tow parking lamp relay OK? INSTALL a new trailer tow parking lamp
relay. TEST the system for normal
operation.

N11 CHECK CIRCUIT 1043 (DG/YE) FOR AN OPEN
• Measure the voltage between the trailer tow parking lamp relay

C1199 pin 3, circuit 1043 (DG/YE), harness side and ground.

Yes
GO to N12.
No
REPAIR the circuit. TEST the system for

• Is the voltage greater than 10 volts? normal operation.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST N: THE TRAILER LAMPS ARE INOPERATIVE (Continued)

Test Step Result / Action to Take
N12 CHECK CIRCUIT 57 (BK) FOR AN OPEN (TRAILER PARKING

LAMPS INOPERATIVE)
• Measure the resistance between the trailer tow parking lamp

relay C1199 pin 2, circuit 57 (BK), harness side and ground.

Yes
GO to N13.
No
REPAIR the circuit. TEST the system for

• Is the resistance less than 5 ohms? normal operation.
N13 CHECK CIRCUIT 14 (BN) FOR AN OPEN

• Place the headlamp switch to the parking lamps ON position.
• Measure the voltage between the trailer tow parking lamp relay

C1199 pin 1, circuit 14 (BN), harness side and ground.

Yes
REPAIR circuit 962 (BN/WH). TEST the
system for normal operation.
No
REPAIR circuit 14 (BN). TEST the system

• Is the voltage greater than 10 volts? for normal operation.
N14 CHECK FOR VOLTAGE TO THE TRAILER (REVERSING LAMPS

INOPERATIVE)
• Disconnect: Trailer Tow C4099 (7-pin).
• Apply the parking brake.
• Key in ON position.
• Place the transmission in REVERSE.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST N: THE TRAILER LAMPS ARE INOPERATIVE (Continued)

Test Step Result / Action to Take
N14 CHECK FOR VOLTAGE TO THE TRAILER (REVERSING LAMPS

INOPERATIVE) (Continued)

• Measure the voltage between the trailer tow C4098 pin 1, circuit
963 (BK/LG) (7-pin connector), harness side connector and
ground.

Yes
The vehicle is operating correctly. SEND
the trailer to an authorized camper/trailer
repair center.
No

• Is the voltage greater than 10 volts? GO to N15.
N15 CHECK THE TRAILER TOW REVERSING LAMP RELAY

• Place the transmission in PARK. Yes
• Key in OFF position. GO to N16.
• Disconnect: Trailer Tow Reversing Lamp Relay C1178. No• Carry out the trailer tow reversing lamp relay component test. INSTALL a new trailer tow reversing lampRefer to Wiring Diagrams Cell 149 for component testing. relay. TEST the system for normal• Is the trailer tow reversing lamp relay OK? operation.

N16 CHECK CIRCUIT 1043 (DG/YE) FOR AN OPEN
• Measure the voltage between the trailer tow reversing lamp relay

C1178 pin 3, circuit 1043 (DG/YE), harness side and ground.

Yes
GO to N17.
No
REPAIR the circuit. TEST the system for

• Is the voltage greater than 10 volts? normal operation.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST N: THE TRAILER LAMPS ARE INOPERATIVE (Continued)

Test Step Result / Action to Take
N17 CHECK CIRCUIT 57 (BK) FOR AN OPEN (TRAILER REVERSING

LAMPS INOPERATIVE)
• Measure the resistance between the trailer tow reversing lamp

relay C1178 pin 2, circuit 57 (BK), harness side and ground.

Yes
GO to N18.
No
REPAIR the circuit. TEST the system for

• Is the resistance less than 5 ohms? normal operation.
N18 CHECK CIRCUIT 140 (BK/PK) FOR AN OPEN

• Key in ON position.
• Place the transmission in REVERSE.
• Measure the voltage between the trailer tow reversing lamp relay

C1178 pin 1, circuit 140 (BK/PK), harness side and ground.

Yes
REPAIR circuit 963 (BK/LG). TEST the
system for normal operation.
No
REPAIR circuit 140 (BK/PK). TEST the

• Is the voltage greater than 10 volts? system for normal operation.

PINPOINT TEST O: THE TRAILER LAMPS ARE ON CONTINUOUSLY

Test Step Result / Action to Take
O1 CHECK FOR VOLTAGE TO THE TRAILER TOW MODULE

• Key in OFF position.
• Disconnect: Trailer Tow C4098 (4-pin).
• Disconnect: Trailer Tow C4099 (7-pin).
• Measure the voltage between the trailer tow connector and

ground as follows:

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST O: THE TRAILER LAMPS ARE ON CONTINUOUSLY (Continued)

Test Step Result / Action to Take
O1 CHECK FOR VOLTAGE TO THE TRAILER TOW MODULE

(Continued)

Trailer Tow
Connector Pin Circuit

C4098 (4-pin) 2 (parking lamps) 962 (BN/WH)

C4098 (4-pin) 3 (LH stoplamp) 52 (YE)

C4098 (4-pin) 4 (RH stoplamp) 64 (DG)

C4099 (7-pin) 1 (reversing lamps) 963 (BK/LG)

C4099 (7-pin) 3 (RH stoplamp) 64 (DG)

C4099 (7-pin) 6 (LH stoplamp) 52 (YE)

C4099 (7-pin) 7 (parking lamps) 962 (BN/WH)

Yes
GO to O2.
No
The vehicle is operating correctly. SEND
the trailer to an authorized camper/trailer

• Is any voltage present? repair center.
O2 CHECK THE TRAILER TOW RELAY

• Disconnect: Suspect Trailer Tow Relay.
• Measure the voltage between the trailer tow connector and

ground as follows:

Trailer Tow
Connector Pin Circuit

C4098 (4-pin) 2 (parking lamps) 962 (BN/WH)

C4098 (4-pin) 3 (LH stoplamp) 52 (YE)

C4098 (4-pin) 4 (RH stoplamp) 64 (DG)

C4099 (7-pin) 1 (reversing lamps) 963 (BK/LG)

C4099 (7-pin) 3 (RH stoplamp) 64 (DG)

C4099 (7-pin) 6 (LH stoplamp) 52 (YE)

C4099 (7-pin) 7 (parking lamps) 962 (BN/WH)

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST O: THE TRAILER LAMPS ARE ON CONTINUOUSLY (Continued)

Test Step Result / Action to Take
O2 CHECK THE TRAILER TOW RELAY (Continued)

Yes
REPAIR the circuit in question. TEST the
system for normal operation.
No
INSTALL a new trailer tow relay. TEST the

• Is any voltage present? system for normal operation.

PINPOINT TEST P: THE TRAILER BATTERY CHARGING IS INOPERATIVE/DOES NOT OPERATE
CORRECTLY

Test Step Result / Action to Take
P1 CHECK FOR VOLTAGE TO THE TRAILER TOW CONNECTOR

(INOPERATIVE CONDITION)
• Key in OFF position.
• Disconnect: Trailer Tow C4099 (7-pin).
• Key in ON position.
• Measure the voltage between the trailer tow C4099 pin 2, circuit

49 (OG), harness side and ground.

Yes
GO to P2.
No

• Is the voltage greater than 10 volts? GO to P4.
P2 CHECK FOR VOLTAGE TO THE TRAILER TOW CONNECTOR

(DOES NOT OPERATE CORRECTLY)
• Key in OFF position.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST P: THE TRAILER BATTERY CHARGING IS INOPERATIVE/DOES NOT OPERATE

CORRECTLY (Continued)

Test Step Result / Action to Take
P2 CHECK FOR VOLTAGE TO THE TRAILER TOW CONNECTOR

(DOES NOT OPERATE CORRECTLY) (Continued)

• Measure the voltage between the trailer tow C4099 pin 2, circuit
49 (OG), harness side and ground.

Yes
GO to P3.
No
The vehicle is operating correctly. SEND
the trailer to an authorized camper/trailer

• Is any voltage present? repair center.
P3 CHECK CIRCUIT 49 (OG) FOR A SHORT TO POWER

• Disconnect: Trailer Tow Battery Charge Relay C1200.
• Measure the voltage between the trailer tow C4099 pin 2, circuit

49 (OG), harness side and ground.

Yes
REPAIR the circuit. TEST the system for
normal operation.
No
INSTALL a new trailer tow battery charge
relay. TEST the system for normal

• Is any voltage present? operation.
P4 CHECK THE BATTERY TOW CHARGE RELAY

• Key in OFF position. Yes
• Disconnect: Trailer Tow Battery Charge Relay C1200. GO to P5.
• Carry out the trailer tow battery charge relay component test. NoRefer to Wiring Diagrams Cell 149 for component testing. INSTALL a new trailer tow battery charge• Is the trailer tow battery charge relay OK? relay. TEST the system for normal

operation.
P5 CHECK CIRCUIT 175 (BK/YE) FOR AN OPEN

• Key in ON position.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST P: THE TRAILER BATTERY CHARGING IS INOPERATIVE/DOES NOT OPERATE

CORRECTLY (Continued)

Test Step Result / Action to Take
P5 CHECK CIRCUIT 175 (BK/YE) FOR AN OPEN (Continued)

• Measure the voltage between the trailer tow battery charge relay
C1200 pin 30, circuit 175 (BK/YE), harness side and ground

Yes
GO to P6.
No
REPAIR the circuit. TEST the system for

• Is the voltage greater than 10 volts? normal operation.
P6 CHECK CIRCUIT 295 (LB/PK) FOR AN OPEN

• Measure the voltage between the trailer tow battery charge relay
C1200 pin 86, circuit 295 (LB/PK), harness side and ground

Yes
GO to P7.
No
REPAIR the circuit. TEST the system for

• Is the voltage greater than 10 volts? normal operation.
P7 CHECK FOR TRAILER TOW BATTERY CHARGE RELAY

GROUND
• Key in OFF position.
• Measure the resistance between the trailer tow battery charge

relay C1200 pin 85, circuit 57 (BK), harness side and ground

Yes
REPAIR circuit 49 (OG). TEST the system
for normal operation.
No
REPAIR circuit 57 (BK). TEST the system

• Is the resistance less than 5 ohms? for normal operation.
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST Q: THE TRAILER ELECTRIC BRAKES ARE INOPERATIVE/DO NOT OPERATE

CORRECTLY

Test Step Result / Action to Take
Q1 CHECK FOR VOLTAGE TO THE TRAILER TOW CONNECTOR

(INOPERATIVE CONDITION)
• Key in OFF position.
• Disconnect: Trailer Tow C4099 (7-pin).
• Measure the voltage between the trailer tow C4099 pin 4, circuit

43 (DB) (7-pin connector), harness side and ground while
applying the brake pedal.

Yes
GO to Q2.
No

• Is the voltage greater than 10 volts? GO to Q4.
Q2 CHECK FOR VOLTAGE TO THE TRAILER TOW CONNECTOR

(DOES NOT OPERATE CORRECTLY)
• Measure the voltage between the trailer tow C4099 pin 4, circuit

43 (DB) (7-pin connector), harness side and ground.

Yes
GO to Q3.
No
The vehicle is operating correctly. SEND
the trailer to an authorized camper/trailer

• Is any voltage present? repair center.
Q3 CHECK CIRCUIT 43 (DB) FOR A SHORT TO POWER

• Disconnect: Trailer Tow Electric Brake Controller C248.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST Q: THE TRAILER ELECTRIC BRAKES ARE INOPERATIVE/DO NOT OPERATE

CORRECTLY (Continued)

Test Step Result / Action to Take
Q3 CHECK CIRCUIT 43 (DB) FOR A SHORT TO POWER

(Continued)

• Measure the voltage between the trailer tow C4099 pin 4, circuit
43 (DB) (7-pin connector), harness side and ground.

Yes
REPAIR the circuit. TEST the system for
normal operation.
No
INSTALL a new trailer tow electric brake
controller. TEST the system for normal

• Is any voltage present? operation.
Q4 CHECK CIRCUIT 50 (BK/YE) FOR AN OPEN

• Disconnect: Trailer Tow Electric Brake Controller C248.
• Measure the voltage between the trailer tow electric brake

controller C248 pin 6, circuit 50 (BK/YE), harness side and
ground.

Yes
GO to Q5.
No
REPAIR the circuit. TEST the system for

• Is the voltage greater than 10 volts? normal operation.
Q5 CHECK CIRCUIT 14 (BN) FOR AN OPEN

• Place the headlamp switch to the parking lamps ON position.
• Measure the voltage between the trailer tow electric brake

controller C248 pin 3, circuit 14 (BN), harness side and ground.

Yes
TURN the headlamp switch off. GO to Q6.
No
REPAIR the circuit. TEST the system for

• Is the voltage greater than 10 volts? normal operation.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST Q: THE TRAILER ELECTRIC BRAKES ARE INOPERATIVE/DO NOT OPERATE

CORRECTLY (Continued)

Test Step Result / Action to Take
Q6 CHECK CIRCUIT 511 (LG) FOR AN OPEN

• Measure the voltage between the trailer tow electric brake
controller C248 pin 4, circuit 511 (LG), harness side and ground
while applying the brake pedal.

Yes
GO to Q7.
No
REPAIR the circuit. TEST the system for

• Is the voltage greater than 10 volts? normal operation.
Q7 CHECK CIRCUIT 57 (BK) FOR AN OPEN

• Measure the resistance between the trailer tow electric brake
controller C248 pin 1, circuit 57 (BK), harness side and ground.

Yes
GO to Q8.
No
REPAIR the circuit. TEST the system for

• Is the resistance less than 5 ohms? normal operation.
Q8 CHECK CIRCUIT 43 (DB) FOR A SHORT TO GROUND

• Measure the resistance between the trailer tow electric brake
controller C248 pin 2, circuit 43 (DB), harness side and ground.

Yes
GO to Q9.
No
REPAIR the circuit. TEST the system for

• Is the resistance greater than 10,000 ohms? normal operation.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST Q: THE TRAILER ELECTRIC BRAKES ARE INOPERATIVE/DO NOT OPERATE

CORRECTLY (Continued)

Test Step Result / Action to Take
Q9 CHECK CIRCUIT 43 (DB) FOR AN OPEN

• Measure the resistance between the trailer tow electric brake
controller C248 pin 2, circuit 43 (DB), harness side and the
trailer tow C4099 pin 4, circuit 43 (DB) (7-pin connector),
harness side.

Yes
INSTALL a new trailer tow electric brake
controller. TEST the system for normal
operation.
No
REPAIR the circuit. TEST the system for

• Is the resistance less than 5 ohms? normal operation.
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GENERAL PROCEDURES

NOTE: The sight shield may need to be positionedHeadlamp Adjustment
or removed for access to the adjusters.

Headlamp Aiming
1. Before starting headlamp adjustment:

• check the tire inflation.1. The headlamp aiming procedure depends on
what type of beam pattern the headlamp is • check that no other load is in the vehicle
equipped with. Vehicles may come equipped other than a half tank of fuel.
with visual optical left (VOL), visual optical • check that the headlamps are clean.
right (VOR) or SAE only (includes sealed beam

• check for correct headlamp operation.type) headlamps. To  identify the headlamp
• check that the vehicle is on level ground.beam pattern, look on the headlamp lens.

Molded in small letters on the headlamp lens is • if the vehicle is equipped with air
1 of the following: suspension, make sure that the switch is on.
• SAE

2. NOTE: The vertical wall or screen must be a• VOL and SAE
minimum of 2.4-m (8-ft) wide.

• VOR and SAE
Park the vehicle on a level surface
approximately 7.6-m (25-ft) from the vertical2. Once the headlamp beam pattern is identified,
wall or screen directly in front of it.aim the headlamps using 1 of the following

methods as applicable.

• Photometric aimers can aim VOL-, VOR-
and SAE-type headlamps only. This is the
preferred method of headlamp aiming.

• Visual or screen method aiming can be used
to aim VOL-, VOR- and SAE-type
headlamps only.

• Mechanical aimers cannot be used with
VOR- or VOL-type headlamps.
Aerodynamic lamps that can be aimed
mechanically have 3 nibs molded into the
lens of the lamp.

Photometric Aiming

1. For the photometric aiming procedure, refer to
the appropriate photometric headlamp aimer
instruction manual.

Screen Method Aiming

All headlamp types

NOTE: Horizontal aim is not necessary for VOL or
VOR headlamps.

NOTE: Consult your state vehicle inspection
manual for recommended tolerance ranges for visual
aiming.
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GENERAL PROCEDURES (Continued)

SAE-type headlamps3. NOTE: The center of the lamp is marked either
on the lens (circle, crosshair or other mark) or
on the bulb shield internal to the lamp 6. In addition to the horizontal line marked in Step
(crosshair or other mark). 3, a pair of vertical lines must be marked at the

center line of the headlamps on the wall orMark a horizontal reference line on the vertical
screen.wall or screen.

1 Mark the center line of the vehicle on the1 Measure the center of the headlamp height
wall or screen.to ground and record the measurement.

2 Measure from the center of the headlamp to2 Make a 2.4-meter (8-ft) horizontal mark
the center line of the vehicle.(using masking tape) on the vertical wall or

screen at the same distance from the ground 3 Make two 1.5-meter (5-ft) vertical marks
as previously recorded. (using masking tape) on the wall or screen

at the same distance from the vehicle center
line as previously recorded.

4. NOTE: This procedure should be done in a
dark environment to effectively see the
headlamp beam pattern. 7. On the wall or screen, locate the high intensity

area of the beam pattern. Place the left edge ofTurn on the low beam headlamps to illuminate
the high intensity zone even with the verticalthe wall or screen and open the hood.
line corresponding to the headlamp being
adjusted.5. NOTE: For SAE-type headlamps, the

appearance of the beam pattern may vary
between vehicles.

On the wall or screen, locate the high intensity
area of the beam pattern. Place the top edge of
the high intensity zone even with the horizontal
reference line.
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GENERAL PROCEDURES (Continued)

VOR-type headlamps VOL-type headlamps

8. NOTE: The appearance of the VOR beam 9. For VOL-type headlamps, there is a distinct
pattern may vary between vehicles. cutoff in the left portion of the beam pattern.

The edge of this cutoff should be positionedIdentify at the top edge of this high intensity
50.2 mm (2 in) below the horizontal referencearea a distinct horizontal cutoff in the beam
line.pattern. If the top edge of this cutoff is not

even with the horizontal reference line, the 1 Horizontal reference line.
headlamp beam needs to be adjusted. 2 Top edge of the beam pattern.

3 High intensity zone.

Mechanical Aiming

1. For the mechanical aiming procedure, refer to
the appropriate mechanical headlamp aimer
instruction manual.
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REMOVAL AND INSTALLATION

Bulb — Headlamp, Aerodynamic

Removal

WARNING: The halogen bulb contains gas
under pressure. The bulb may shatter if the glass
envelope is scratched or if the bulb is dropped.
Handle the bulb carefully. Grasp the bulb only
by its base. Avoid touching the glass envelope.
Failure to follow  these instructions may result in
personal injury.

NOTE: The headlamp bulb should not be removed Installation
from the headlamp until just before a replacement
bulb is installed. Removing the bulb for an extended

CAUTION: Bulbs No. 9004 and No. 9007period of time may affect headlamp bulb
look similar, but are not interchangeable.performance. Contaminants may enter the headlamp

where they  can settle on the lens and reflector.
1. Install the headlamp bulb.Never turn on the headlamps with the bulb removed

1 Install the headlamp bulb.from the headlamp.
2 Rotate the headlamp bulb retainer clockwise

1. Remove the headlamp. For additional one-eighth turn.
information, refer to Lamp Assembly —
Headlamp, Aerodynamic in this section.

2. Remove the headlamp bulb.

1 Rotate the headlamp bulb retainer
counterclockwise one-eighth turn.

2 Remove the headlamp bulb.

2. Install the headlamp. For additional information,
refer to Lamp Assembly — Headlamp,
Aerodynamic.
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REMOVAL AND INSTALLATION

Lamp Assembly — Headlamp, Low
Series

Removal and Installation

NOTE: RH shown; LH similar.

1. NOTE: Make sure that the headlamp switch
and the ignition switch are in the OFF position.

Remove the headlamp door screws and remove
the headlamp door.

3. Disconnect the electrical connector and remove
the headlamp.

2. Remove the screws and remove the retaining
ring.

4. To install, reverse the removal procedure.

• If necessary, adjust the headlamps. For
additional information, refer to Headlamp
Adjustment in this section.
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REMOVAL AND INSTALLATION
InstallationLamp Assembly — Headlamp,

Aerodynamic
1. Install the headlamp assembly.

Removal 1 Connect the electrical connector.

2 Install the headlamp assembly.
NOTE: RH shown; LH similar.

1. NOTE: Make sure that the headlamp switch
and the ignition switch are in the OFF position.

Pull up on the headlamp mounting clips to
release the headlamp.

2. Push down the two headlamp mounting clips to
secure the headlamp.

• If necessary, adjust the headlamps. For
additional information, refer to Headlamp
Adjustment in this section.

2. Remove the headlamp assembly.

1 Pull the headlamp assembly forward.

2 Disconnect the electrical connector.
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REMOVAL AND INSTALLATION

Lamp Assembly — Rear Hi-Mount,
with Attached Cargo Lamp

Removal and Installation

1. Remove the rear hi-mount lamp screws.

4. Remove the two bulb sockets and remove the
rear hi-mount lamp assembly.

2. Remove the screws retaining the lens to the
interior lamp door (cargo lamp).

5. To install, reverse the removal procedure.

3. Remove the interior lamp door (cargo lamp)
screws.
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REMOVAL AND INSTALLATION

2. Remove the rear hi-mount lamp.Lamp Assembly — Rear Hi-Mount,
Without Cargo Lamp Attached

Removal and Installation

1. Remove the rear hi-mount lamp screws.

3. Disconnect the electrical connectors.

4. To install, reverse the removal procedure.
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REMOVAL AND INSTALLATION

Lamp Assembly — Parking

Removal and Installation

NOTE: RH shown; LH similar.

1. Remove the parking lamp screws.

3. To install, reverse the removal procedure.

2. Pull the parking lamp forward and disconnect
the electrical connector.
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REMOVAL AND INSTALLATION

2. Pull the rear lamp forward.Lamp Assembly — Tail Lamp

Removal and Installation

NOTE: RH shown; LH similar.

1. Remove the rear lamp screws.

3. Disconnect the electrical connectors.

4. To install, reverse the removal procedure.
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REMOVAL AND INSTALLATION

8. Remove 2 screws above instrument cluster.Headlamp Switch

Removal and Installation

1. Disconnect the battery. For additional
information, refer to Section 414-01.

2. Pull headlamp knob to HEAD position.

3. Insert a small screwdriver onto clip and pull
clip and knob outward, removing headlamp
knob.

9. Remove instrument panel finish panel by
pulling it straight back from instrument panel to
release clips. Disconnect cigarette lighter and
power point electronic connectors.

4. Remove headlamp switch bezel by turning it
counterclockwise.

10. Remove the headlamp switch bolts.

5. On vehicles with tilt column, position steering
wheel in full down position.

6. On vehicles with column shift, set parking
brake and position shift lever to the lowest
position.

7. Remove audio unit. For additional information,
refer to Section 415-01.
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REMOVAL AND INSTALLATION (Continued)

11. Disconnect the electrical connector and remove 12. To install, reverse the removal procedure.
the headlamp switch.
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REMOVAL AND INSTALLATION

Lamp Switch — Brake Pedal Position

Removal

1. Disconnect the battery. For additional
information, refer to Section 414-01.

2. Disconnect the brake pedal position (BPP)
switch electrical connector.

Installation

1. NOTE: When the battery is disconnected and
reconnected, some abnormal drive symptoms
may occur while the vehicle relearns its
adaptive strategy. The vehicle may need to be
driven 16 km (10 mi) or more to relearn the
strategy.

To install, reverse the removal procedure.

3. Remove the BPP switch.

1 Remove the self-locking pin.

2 Remove the brake master cylinder push rod
spacer.

3 Remove the BPP switch from the brake
master cylinder push rod.

4 Remove the brake master cylinder push rod
bushing.

5 Remove the brake master cylinder push rod
spacer.
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DESCRIPTION AND OPERATION
Illuminated EntryInterior Lighting
On vehicles equipped with an optional remote

Courtesy Lamps keyless entry (RKE) system, the illuminated entry
The interior lamps are located on the roof trim activates the interior lamps anytime an RKE
panel. The interior lamps are energized anytime the transmitter unlock button is pressed. The length of
lamp switches are activated or when the headlamp time the illuminated entry system is energized is
switch is turned counterclockwise to the stop controlled by the RKE module. The illuminated
position. entry feature will be canceled when any of the

following conditions are met:

• 25 seconds have elapsed since the illuminated
entry feature was activated and the interior lamp
control is turned off.

• The ignition is in the RUN or START position,
and the interior lamp control is not activated.

• The RKE transmitter lock button is pressed.
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DIAGNOSIS AND TESTING

• check the connections to the vehicle.Interior Lighting
Refer to Wiring Diagrams Cell 89— 1, Courtesy • check the ignition switch position.
Lamps for schematic and connector information. 4. If the diagnostic tool still does not communicate
Refer to Wiring Diagrams Cell 111, Remote with the vehicle, refer to the diagnostic tool
Keyless Entry for schematic and connector operating manual.
information.

5. Carry out the diagnostic tool data link test. If
Special Tool(s) the diagnostic tool responds with:

• CAN, circuits fault; all electronic control73 Digital Multimeter
105-R0051 or equivalent units no response/not equipped, refer to

Section 418-00.

• System passed, retrieve and record the
continuous diagnostic trouble codes (DTCs),
erase the continuous DTCs and carry out the
self-test diagnostics.

6. If the DTCs retrieved are related to the concern,Inspection and Verification
go to the Instrument Cluster Diagnostic Trouble1. Verify the customer concern.
Code (DTC) Index.

2. Visually inspect for obvious signs of
7. If no DTCs related to the concern are retrieved,mechanical or electrical damage.

GO to Symptom Chart.
Visual Inspection Chart

Mechanical Electrical

• Interior lamp switch • Central junction box
• Door ajar switch(es) (CJB) fuse(s): 

— 4 (15A)
— 22 (15A)

• Battery saver relay
• Interior lamp relay
• Bulbs
• Circuitry
• Connectors

3. If the cause is not visually evident, connect the
diagnostic tool to the data link connector (DLC)
and select the vehicle to be tested from the
diagnostic tool menu. If the diagnostic tool does
not communicate with the vehicle:

• check that the program card is correctly
installed.

Instrument Cluster Diagnostic Trouble Code (DTC) Index

DTC Description Action

B1319 Driver Door Ajar Circuit Failure GO to Pinpoint Test D.

B1327 Passenger Door Ajar Circuit Failure GO to Pinpoint Test D.

B1607 Illuminated Entry Input Circuit Failure GO to Pinpoint Test G.

All other DTCs — REFER to Section 419-10.
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DIAGNOSIS AND TESTING (Continued)

Symptom Chart

Symptom Chart

Condition Possible Sources Action
• The interior lamps are • Fuse • GO to Pinpoint Test A.

inoperative • Circuitry
• Battery saver relay
• Interior lamp relay
• Instrument cluster
• Headlamp switch

• The interior lamps stay on • Circuitry • GO to Pinpoint Test B.
continuously • Door ajar switch

• Headlamp switch
• Instrument cluster
• Vehicle security module

• An individual interior lamp is • Lamp assembly • GO to Pinpoint Test C.
inoperative • Circuitry

• The interior lamps do not turn • Door ajar switch • GO to Pinpoint Test D.
on with one door open • Circuitry

• Instrument cluster
• The demand lighting is • Circuitry • OPEN a door. If the interior

inoperative lamps operate correctly,
REPAIR circuit 54 (LG/YE)
for an open. TEST the system
for normal operation. If the
interior lamps do not operate
correctly, GO to Pinpoint
Test A.

• An individual demand lamp is • Lamp assembly • GO to Pinpoint Test E.
inoperative • Circuitry

• The battery saver does not • Battery saver relay • GO to Pinpoint Test F.
deactivate after time-out • Circuitry

• Instrument cluster
• All battery saver components • Circuitry • OPEN a door. If the interior

do not operate lamps operate correctly,
REPAIR circuit 54 (LG/YE)
for an open. TEST the system
for normal operation. If the
interior lamps do not operate
correctly, GO to Pinpoint
Test A.

• The illuminated entry is • Circuitry • GO to Pinpoint Test G.
inoperative when using the • Instrument cluster
remote transmitter • Vehicle security module

Pinpoint Tests

PINPOINT TEST A: THE INTERIOR LAMPS ARE INOPERATIVE

Test Step Result / Action to Take
A1 VERIFY THE VEHICLE CHASSIS TYPE

• Verify the vehicle type. Yes
• Is the vehicle a stripped chassis? GO to A15.

No
GO to A2.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST A: THE INTERIOR LAMPS ARE INOPERATIVE (Continued)

Test Step Result / Action to Take
A2 CHECK THE OPERATION OF THE DEMAND LIGHTING

• Operate the demand lighting function on one interior lamp. Yes
• Does the demand lighting operate correctly? GO to A3.

No
GO to A9.

A3 CHECK CIRCUIT 1008 (LG/OG) FOR AN OPEN
• Key in OFF position.
• Disconnect: Instrument Cluster C220b.
• Measure the voltage between the instrument cluster C220b-13,

circuit 1008 (LG/OG), harness side and ground.

Yes
GO to A4.
No

• Is the voltage greater than 10 volts? GO to A7.
A4 CHECK THE INSTRUMENT CLUSTER FOR AN OPEN (INTERIOR

LAMP RELAY)
• Connect a fused (15A) jumper wire between the instrument

cluster C220b-13, circuit 1008 (LG/OG), harness side and
ground.

Yes
REMOVE the jumper wire. GO to A17.
No

• Do the interior lamps illuminate? REMOVE the jumper wire. GO to A5.
A5 CHECK CIRCUIT 54 (LG/YE) FOR AN OPEN

NOTE: The battery saver relay must be activated during this test.
• Disconnect: Interior Lamp Relay C221.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST A: THE INTERIOR LAMPS ARE INOPERATIVE (Continued)

Test Step Result / Action to Take
A5 CHECK CIRCUIT 54 (LG/YE) FOR AN OPEN (Continued)

• Measure the voltage between the interior lamp relay C221-3,
circuit 54 (LG/YE) harness side and ground.

Yes
GO to A6.
No
REPAIR the circuit. TEST the system for

• Is the voltage greater than 10 volts? normal operation.
A6 CHECK CIRCUIT 53 (BK/LB) FOR AN OPEN

• Connect a fused (15A) jumper wire between the interior lamp
relay C221-3, circuit 54 (LG/YE), harness side and the interior
lamp relay C221-5, circuit 53 (BK/LB) harness side.

Yes
INSTALL a new interior lamp relay. TEST
the system for normal operation.
No
REPAIR the circuit. TEST the system for

• Do the interior lamps illuminate? normal operation.
A7 CHECK CIRCUIT 729 (RD/WH) FOR AN OPEN (INTERIOR LAMP

RELAY)
• Disconnect: Interior Lamp Relay C221.
• Measure the voltage between the interior lamp relay C221-2,

circuit 729 (RD/WH), harness side and ground.

Yes
GO to A8.
No
REPAIR the circuit. TEST the system for

• Is the voltage greater than 10 volts? normal operation.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST A: THE INTERIOR LAMPS ARE INOPERATIVE (Continued)

Test Step Result / Action to Take
A8 CHECK CIRCUIT 1008 (LG/OG) FOR AN OPEN (INTERIOR

LAMP RELAY)
• Connect a fused (15A) jumper wire between the interior lamp

relay C221-1, circuit 729 (RD/WH), harness side and the interior
lamp relay C221-2, circuit 1008 (LG/OG), harness side.

• Measure the voltage between the instrument cluster C220b-13,
circuit 1008 (LG/OG), harness side and ground.

Yes
INSTALL a new interior lamp relay. TEST
the system for normal operation.
No
REPAIR the circuit. TEST the system for

• Is the voltage greater than 10 volts? normal operation.
A9 CHECK CIRCUIT 1005 (VT/OG) FOR AN OPEN

• Key in OFF position.
• Disconnect: Instrument Cluster C220a.
• Measure the voltage between the instrument cluster C220a-1,

circuit 1005 (VT/OG), harness side and ground.

Yes
GO to A10.
No

• Is the voltage greater than 10 volts? GO to A13.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST A: THE INTERIOR LAMPS ARE INOPERATIVE (Continued)

Test Step Result / Action to Take
A10 CHECK THE INSTRUMENT CLUSTER FOR AN OPEN (INTERIOR

LAMP RELAY)
• Connect a fused (15A) jumper wire between the instrument

cluster C220a-1, circuit 1005 (VT/OG), harness side and ground.

Yes
GO to A17.
No

• Do the interior lamps illuminate? REMOVE the jumper wire. GO to A11.
A11 CHECK CIRCUIT 127 (BK/LB) FOR AN OPEN

• Disconnect: Battery Saver Relay C222.
• Measure the voltage between the battery saver relay C222-3,

circuit 127 (BK/LB), harness side and ground.

Yes
GO to A12.
No
VERIFY the central junction box (CJB)
fuse 4 (15A) is OK. If OK, REPAIR the
circuit. TEST the system for normal

• Is the voltage greater than 10 volts? operation.
A12 CHECK CIRCUIT 54 (LG/YE) FOR AN OPEN (BATTERY SAVER

RELAY)
• Connect a fused (15A) jumper wire between the battery saver

relay C222-3, circuit 127 (BK/LB), harness side and the battery
saver relay C222-5, circuit 54 (LG/YE), harness side.  Operate
the demand lighting function on an interior lamp.

Yes
INSTALL a new battery saver relay. TEST
the system for normal operation.
No
REPAIR the circuit. TEST the system for

• Does the interior lamp illuminate? normal operation.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST A: THE INTERIOR LAMPS ARE INOPERATIVE (Continued)

Test Step Result / Action to Take
A13 CHECK CIRCUIT 729 (RD/WH) FOR AN OPEN (BATTERY

SAVER RELAY)
• Disconnect: Battery Saver Relay C222.
• Measure the voltage between the battery saver relay C222-2,

circuit 729 (RD/WH), harness side and ground.

Yes
GO to A14.
No
VERIFY the CJB fuse 22 (15A) is OK. If
OK, REPAIR the circuit. TEST the system

• Is the voltage greater than 10 volts? for normal operation.
A14 CHECK CIRCUIT 1005 (VT/OG) FOR AN OPEN (BATTERY

SAVER RELAY)
• Connect a fused (15A) jumper wire between the battery saver

relay C222-2, circuit 729 (RD/WH), harness side and the battery
saver relay C222-1, circuit 1005 (VT/OG), harness side.

• Measure the voltage between the instrument cluster C220a-1,
circuit 1005 (VT/OG), harness side and ground.

Yes
INSTALL a new battery saver relay. TEST
the system for normal operation.
No
REPAIR the circuit. TEST the system for

• Is the voltage greater than 10 volts? normal operation.
A15 CHECK CIRCUIT 54 (LG/YE) FOR AN OPEN (STRIPPED

CHASSIS)
• Disconnect: Headlamp Switch C205.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST A: THE INTERIOR LAMPS ARE INOPERATIVE (Continued)

Test Step Result / Action to Take
A15 CHECK CIRCUIT 54 (LG/YE) FOR AN OPEN (STRIPPED

CHASSIS) (Continued)

• Measure the voltage between the headlamp switch C205-D1,
circuit 54 (LG/YE), harness side and ground.

Yes
GO to A16.
No
VERIFY the CJB fuse 4 (15A) is OK. If
OK, REPAIR the circuit. TEST the system

• Is the voltage greater than 10 volts? for normal operation.
A16 CHECK CIRCUIT 53 (BK/LB) FOR AN OPEN (STRIPPED

CHASSIS)
• Connect a fused (15A) jumper wire between the headlamp

switch C205-D1, circuit 54 (LG/YE), harness side and the
headlamp switch C205-D2, circuit 53 (BK/LB), harness side.

Yes
INSTALL a new headlamp switch. REFER
to Section 417-01. TEST the system for
normal operation.
No
REPAIR the circuit. TEST the system for

• Do the interior lamps illuminate? normal operation.
A17 CHECK FOR CORRECT INSTRUMENT CLUSTER OPERATION

• Key in OFF position. Yes
• Disconnect all instrument cluster connectors. INSTALL a new instrument cluster.
• Check for: REFER to Section 413-01A or Section

— corrosion 413-01B. TEST the system for normal
— pushed-out pins operation.

• Connect all instrument cluster connectors and make sure they Noseat correctly. The system is operating correctly at this• Operate the system and verify the concern is still present. time. The concern may have been caused• Is the concern still present? by a loose or corroded connector.

PINPOINT TEST B: THE INTERIOR LAMPS STAY ON CONTINUOUSLY

Test Step Result / Action to Take
B1 VERIFY THE VEHICLE CHASSIS TYPE

• Verify the vehicle type. Yes
• Is the vehicle a stripped chassis? GO to B21.

No
GO to B2.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST B: THE INTERIOR LAMPS STAY ON CONTINUOUSLY (Continued)

Test Step Result / Action to Take
B2 CHECK THE DOOR AJAR PID STATUS WITH THE DIAGNOSTIC

TOOL
• Key in ON position. Yes
• Close all the doors. GO to B3.
• Enter the following diagnostic mode on the diagnostic tool: NoInstrument Cluster Door Ajar PIDs. If the left front door does not operate• Monitor the door ajar PIDs. correctly, GO to B10.• Does the door ajar PID match the door positions?

If the sliding door does not operate
correctly, GO to B13.
If the right front, rear or side doors (if
equipped) do not operate correctly, GO to
B16.

B3 CHECK THE HEADLAMP SWITCH
• Key in OFF position. Yes
• Disconnect: Headlamp Switch C205. GO to B4.
• Observe the interior lamps. No• Are the interior lamps still illuminated? INSTALL a new headlamp switch. REFER

to Section 417-01. TEST the system for
normal operation.

B4 CHECK THE VEHICLE SECURITY MODULE
• Key in OFF position. Yes
• Disconnect: Vehicle Security Module C203a. GO to B5.
• Observe the interior lamps. No• Are the interior lamps still illuminated? GO to B23.

B5 CHECK THE INSTRUMENT CLUSTER
• Key in OFF position. Yes
• Disconnect: Instrument Cluster C220a and C220b. GO to B6.
• Are the interior lamps still illuminated? No

GO to B8.
B6 CHECK CIRCUIT 53 (BK/LB) FOR A SHORT TO VOLTAGE

• Disconnect: Interior Lamp Relay C221. Yes
• Are the interior lamps still illuminated? REPAIR the circuit. TEST the system for

normal operation.
No
GO to B7.

B7 CHECK CIRCUIT 1008 (LG/OG) FOR A SHORT TO GROUND
• Measure the resistance between the instrument cluster

C220b-13, circuit 1008 (LG/OG), harness side and ground.

Yes
INSTALL a new interior lamp relay. TEST
the system for normal operation.
No
REPAIR the circuit. TEST the system for

• Is the resistance greater than 10,000 ohms? normal operation.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST B: THE INTERIOR LAMPS STAY ON CONTINUOUSLY (Continued)

Test Step Result / Action to Take
B8 CHECK CIRCUIT 343 (DB/LG) FOR A SHORT TO GROUND

• Measure the resistance between the instrument cluster
C220b-10, circuit 343 (DB/LG), harness side and ground.

Yes
GO to B9.
No
REPAIR the circuit. TEST the system for

• Is the resistance greater than 10,000 ohms? normal operation.
B9 CHECK CIRCUIT 402 (OG/LG) FOR A SHORT TO GROUND

• Measure the resistance between the instrument cluster
C220a-11, circuit 402 (OG/LG), harness side and ground.

Yes
GO to B22.
No
REPAIR the circuit. TEST the system for

• Is the resistance greater than 10,000 ohms? normal operation.
B10 CHECK THE LEFT FRONT DOOR AJAR SWITCH FOR A SHORT

TO GROUND
• Disconnect: Left Front Door Ajar Switch C3129. Yes
• Enter the following diagnostic mode on the diagnostic tool: INSTALL a new door ajar switch for the

Instrument Cluster Door Ajar PIDs. switch in question. TEST the system for
• Monitor the door ajar PIDs. normal operation.
• Did the door ajar PID change with the switch disconnected? No

GO to B11.
B11 CHECK FOR A SHORTED INSTRUMENT CLUSTER

• Key in OFF position.
• Disconnect: Instrument Cluster C220b.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST B: THE INTERIOR LAMPS STAY ON CONTINUOUSLY (Continued)

Test Step Result / Action to Take
B11 CHECK FOR A SHORTED INSTRUMENT CLUSTER (Continued)

• Measure the resistance between the instrument cluster
C220b-16, circuit 159 (RD/PK), harness side and ground.

Yes
GO to B22.
No

• Is the resistance greater than 10,000 ohms? GO to B12.
B12 CHECK CIRCUIT 159 (RD/PK) FOR A SHORT TO GROUND

• Disconnect: Vehicle Security Module C203a.
• Measure the resistance between the instrument cluster

C220b-16, circuit 159 (RD/PK), harness side and ground.

Yes
GO to B23.
No
REPAIR the circuit. TEST the system for

• Is the resistance greater than 10,000 ohms? normal operation.
B13 CHECK THE SLIDING DOOR AJAR SWITCH FOR A SHORT TO

GROUND
• Disconnect: Sliding Door Ajar Switch C398. Yes
• Enter the following diagnostic mode on the diagnostic tool: INSTALL a new sliding door ajar switch.

Instrument Cluster Door Ajar PIDs. TEST the system for normal operation.
• Monitor the door ajar PIDs. No• Did the door ajar PID change with the switch disconnected? GO to B14.

B14 CHECK FOR A SHORTED INSTRUMENT CLUSTER
• Key in OFF position.
• Disconnect: Instrument Cluster C220b.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST B: THE INTERIOR LAMPS STAY ON CONTINUOUSLY (Continued)

Test Step Result / Action to Take
B14 CHECK FOR A SHORTED INSTRUMENT CLUSTER (Continued)

• Measure the resistance between the instrument cluster
C220b-17, circuit 628 (WH), harness side and ground.

Yes
GO to B22.
No

• Is the resistance greater than 10,000 ohms? GO to B15.
B15 CHECK CIRCUIT 628 (WH) FOR A SHORT TO GROUND

• Disconnect: Vehicle Security Module C203a.
• Measure the resistance between the instrument cluster

C220b-17, circuit 628 (WH), harness side and ground.

Yes
GO to B23.
No
REPAIR the circuit. TEST the system for

• Is the resistance greater than 10,000 ohms? normal operation.
B16 CHECK THE RIGHT FRONT DOOR AJAR SWITCH FOR A

SHORT TO GROUND
• Disconnect: Right Front Door Ajar Switch C3141. Yes
• Enter the following diagnostic mode on the diagnostic tool: INSTALL a new right front door ajar

Instrument Cluster Door Ajar PIDs. switch. TEST the system for normal
• Monitor the door ajar PIDs. operation.
• Did the door ajar PID change with the switch disconnected? No

GO to B17.
B17 CHECK THE REAR DOOR AJAR SWITCH FOR A SHORT TO

GROUND
• Disconnect: Rear Door Ajar Switch C4119. Yes
• Enter the following diagnostic mode on the diagnostic tool: INSTALL a new rear door ajar switch.

Instrument Cluster Door Ajar PIDs. TEST the system for normal operation.
• Monitor the door ajar PIDs. No• Did the door ajar PID change with the switch disconnected? GO to B18.

B18 CHECK THE SIDE DOOR AJAR SWITCH (IF EQUIPPED) FOR A
SHORT TO GROUND
• Disconnect: Side Door Ajar Switch C816. Yes
• Enter the following diagnostic mode on the diagnostic tool: INSTALL a new side door ajar switch.

Instrument Cluster Door Ajar PIDs. TEST the system for normal operation.
• Monitor the door ajar PIDs. No• Did the door ajar PID change with the switch disconnected? GO to B19.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST B: THE INTERIOR LAMPS STAY ON CONTINUOUSLY (Continued)

Test Step Result / Action to Take
B19 CHECK FOR A SHORTED INSTRUMENT CLUSTER

• Key in OFF position.
• Disconnect: Instrument Cluster C220b.
• Measure the resistance between the instrument cluster

C220b-15, circuit 1034 (BK/WH), harness side and ground.

Yes
GO to B22.
No

• Is the resistance greater than 10,000 ohms? GO to B20.
B20 CHECK CIRCUIT 1034 (BK/WH) FOR A SHORT TO GROUND

• Disconnect: Vehicle Security Module C203b.
• Measure the resistance between the instrument cluster

C220b-15, circuit 1034 (BK/WH), harness side and ground.

Yes
GO to B23.
No
REPAIR the circuit. TEST the system for

• Is the resistance greater than 10,000 ohms? normal operation.
B21 CHECK CIRCUIT 53 (BK/LB) FOR A SHORT TO VOLTAGE

(STRIPPED CHASSIS)
• Key in OFF position. Yes
• Disconnect: Headlamp Switch C205. REPAIR the circuit. TEST the system for
• Observe the interior lamps. normal operation.
• Are the interior lamps still illuminated? No

INSTALL a new headlamp switch. REFER
to Section 417-01. TEST the system for
normal operation.

B22 CHECK FOR CORRECT INSTRUMENT CLUSTER OPERATION
• Key in OFF position. Yes
• Disconnect all instrument cluster connectors. INSTALL a new instrument cluster.
• Check for: REFER to Section 413-01A or Section

— corrosion 413-01B. TEST the system for normal
— pushed-out pins operation.

• Connect all instrument cluster connectors and make sure they Noseat correctly. The system is operating correctly at this• Operate the system and verify the concern is still present. time. The concern may have been caused• Is the concern still present? by a loose or corroded connector.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST B: THE INTERIOR LAMPS STAY ON CONTINUOUSLY (Continued)

Test Step Result / Action to Take
B23 CHECK FOR CORRECT VEHICLE SECURITY MODULE

OPERATION
• Key in OFF position. Yes• Disconnect all vehicle security module connectors. INSTALL a new vehicle security module.• Check for: REFER to Section 419-10. TEST the— corrosion system for normal operation.— pushed-out pins
• Connect all vehicle security module connectors and make sure No

they seat correctly. The system is operating correctly at this
• Operate the system and verify the concern is still present. time. The concern may have been caused
• Is the concern still present? by a loose or corroded connector.

PINPOINT TEST C: AN INDIVIDUAL INTERIOR LAMP IS INOPERATIVE

Test Step Result / Action to Take
C1 CHECK CIRCUIT 53 (BK/LB) FOR AN OPEN

• Key in OFF position.
• Disconnect: Inoperative Interior Lamp.
• Turn the headlamp switch to the dome lamp ON position.
• Measure the voltage between the inoperative interior lamp,

harness side and ground as follows:

Inoperative Lamp Connector-Pin Circuit

High-mount stoplamp C475-4 53 (BK/LB)

Interior lamp (with C981-1 53 (BK/LB)
full headliner)

Front interior/map C931-1 53 (BK/LB)
lamp assembly (with

full headliner)

Rear interior lamp C901-1 53 (BK/LB)

Cargo lamp C926-1 53 (BK/LB)

Yes
GO to C2.
No
REPAIR the circuit in question. TEST the

• Is the voltage greater than 10 volts? system for normal operation.
C2 CHECK CIRCUIT 57 (BK) FOR AN OPEN

• Measure the resistance between the inoperative interior lamp,
harness side and ground as follows:

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST C: AN INDIVIDUAL INTERIOR LAMP IS INOPERATIVE (Continued)

Test Step Result / Action to Take
C2 CHECK CIRCUIT 57 (BK) FOR AN OPEN (Continued)

Inoperative Lamp Connector-Pin Circuit

High-mount stoplamp C475-2 57 (BK)

Interior lamp (with C981-2 57 (BK)
full headliner)

Front interior/map C931-2 57 (BK)
lamp assembly (with

full headliner)

Rear interior lamp C901-2 57 (BK)

Cargo lamp C926-2 57 (BK)

Yes
INSTALL a new lamp assembly. REFER
to Lamp Assembly — Interior (Dome
Lamp) or Lamp Assembly — Interior Body
(Cargo Lamp) (With Headliner) in this
section. TEST the system for normal
operation.
No
REPAIR the circuit in question. TEST the

• Is the resistance less than 5 ohms? system for normal operation.

PINPOINT TEST D: THE INTERIOR LAMPS DO NOT TURN ON WITH ONE DOOR OPEN

Test Step Result / Action to Take
D1 CHECK CIRCUIT 57 (BK) FOR AN OPEN

• Key in OFF position.
• Disconnect: Suspect Door Ajar Switch.
• Measure the resistance between the suspect door ajar switch

connector, circuit 57 (BK), harness side and ground as follows:

Suspect Door Ajar
Switch Connector-Pin Circuit

Left front C3129-2 57 (BK)

Right front C3141-2 57 (BK)

Right side (with C816-2 57 (BK)
hinged door)

Rear door C4119-2 57 (BK)

Sliding door C398-3 57 (BK)

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST D: THE INTERIOR LAMPS DO NOT TURN ON WITH ONE DOOR OPEN (Continued)

Test Step Result / Action to Take
D1 CHECK CIRCUIT 57 (BK) FOR AN OPEN (Continued)

Yes
GO to D2.
No

• Is the resistance less than 5 ohms at the suspect door ajar REPAIR the circuit in question. CLEAR the
switch connector? DTCs. REPEAT the self-test.

D2 CHECK THE SUSPECT DOOR AJAR SWITCH
• Measure the resistance of the suspect door ajar switch,

component side, as follows:

Suspect Door Ajar Switch Connector-Pin

Left front C3129-1 and C3129-2

Right front C3141-1 and C3141-2

Right side (with hinged door) C816-2 and C816-3 Yes
GO to D3.Rear door C4119-2 and C4119-3
No

Sliding door C398-1 and C398-3 INSTALL a new door ajar switch for the
switch in question. CLEAR the DTCs.

• Is the resistance less than 5 ohms? REPEAT the self-test.
D3 CHECK THE DOOR AJAR REFERENCE CIRCUIT FOR AN OPEN

• Key in OFF position.
• Disconnect: Instrument Cluster C220b.
• Measure the resistance between the inoperative door ajar

switch, harness side and the instrument cluster, harness side as
follows:

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST D: THE INTERIOR LAMPS DO NOT TURN ON WITH ONE DOOR OPEN (Continued)

Test Step Result / Action to Take
D3 CHECK THE DOOR AJAR REFERENCE CIRCUIT FOR AN OPEN

(Continued)

Door Ajar Instrument
Suspect Door Switch Cluster
Ajar Switch Connector-Pin Connector-Pin Circuit

Left front C3129-1 C220b-16 159 (RD/PK)

Right front C3141-1 C220b-15 1034 (BK/WH)

Right side (with C816-3 C220b-15 1034 (BK/WH)
hinged door)

YesRear door C4119-3 C220b-15 1034 (BK/WH) GO to D4.
Sliding door C398-1 C220b-17 628 (WH) No

REPAIR the circuit in question. CLEAR the
• Is the resistance less than 5 ohms? DTCs. REPEAT the self-test.

D4 CHECK FOR CORRECT INSTRUMENT CLUSTER OPERATION
• Key in OFF position. Yes
• Disconnect all instrument cluster connectors. INSTALL a new instrument cluster.
• Check for: REFER to Section 413-01A or Section

— corrosion 413-01B. TEST the system for normal
— pushed-out pins operation.

• Connect all instrument cluster connectors and make sure they Noseat correctly. The system is operating correctly at this• Operate the system and verify the concern is still present. time. The concern may have been caused• Is the concern still present? by a loose or corroded connector.

PINPOINT TEST E: AN INDIVIDUAL DEMAND LAMP IS INOPERATIVE

Test Step Result / Action to Take
E1 VERIFY THE INTERIOR LAMP OPERATION

NOTE: The battery saver relay must be activated during this test. Yes
GO to E2.• Open the LF door.

• Verify all interior lamps illuminate. No
• Do the interior lamps illuminate? GO to Pinpoint Test A.

E2 CHECK CIRCUIT 54 (LG/YE) FOR AN OPEN
• Key in OFF position.
• Disconnect: Inoperative Demand Lamp.
• Measure the voltage between the inoperative demand lamp

connector, circuit 54 (LG/YE), harness side and ground as
follows:

Suspect Interior
Lamp Connector-Pin Circuit

Front interior/map C931-3 54 (LG/YE)
lamp assembly (with

full headliner)

RH vanity mirror C906-1 54 (LG/YE)

LH vanity mirror C907-1 54 (LG/YE)

Front interior lamp C981-3 54 (LG/YE)

Rear interior lamp C901-3 54 (LG/YE)

Cargo lamp C926-3 54 (LG/YE)

High mounted C475-3 54 (LG/YE)
stoplamp

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST E: AN INDIVIDUAL DEMAND LAMP IS INOPERATIVE (Continued)

Test Step Result / Action to Take
E2 CHECK CIRCUIT 54 (LG/YE) FOR AN OPEN (Continued)

Yes
INSTALL a new lamp assembly. REFER
to Lamp Assembly — Interior (Dome
Lamp) or Lamp Assembly — Interior Body
(Cargo Lamp) (With Headliner) in this
section. TEST the system for normal
operation.
No

• Is the voltage greater than 10 volts at the inoperative REPAIR the circuit in question. TEST the
demand lamp? system for normal operation.

PINPOINT TEST F: THE BATTERY SAVER DOES NOT DEACTIVATE AFTER TIME-OUT

Test Step Result / Action to Take
F1 CHECK CIRCUIT 54 (LG/YE) FOR A SHORT TO VOLTAGE

• Disconnect: Battery Saver Relay C222. Yes
• Observe the demand lighting. REPAIR the circuit. TEST the system for
• Does the demand lighting illuminate? normal operation.

No
GO to F2.

F2 CHECK CIRCUIT 1005 (VT/OG) FOR A SHORT TO GROUND
• Key in OFF position.
• Disconnect: Instrument Cluster C220a.
• Measure the resistance between the instrument cluster C220a-1,

circuit 1005 (VT/OG), harness side and ground.

Yes
GO to F3.
No
REPAIR the circuit. TEST the system for

• Is the resistance greater than 10,000 ohms? normal operation.
F3 CHECK THE BATTERY SAVER RELAY

• Carry out the battery saver relay component test. Refer to Yes
Wiring Diagrams Cell 149 for component testing. GO to F4.

• Does the battery saver relay pass the component test? No
INSTALL a new battery saver relay. TEST
the system for normal operation.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST F: THE BATTERY SAVER DOES NOT DEACTIVATE AFTER TIME-OUT (Continued)

Test Step Result / Action to Take
F4 CHECK FOR CORRECT INSTRUMENT CLUSTER OPERATION

• Key in OFF position. Yes
• Disconnect all instrument cluster connectors. INSTALL a new instrument cluster.
• Check for: REFER to Section 413-01A or Section

— corrosion 413-01B. TEST the system for normal
— pushed-out pins operation.

• Connect all instrument cluster connectors and make sure they Noseat correctly. The system is operating correctly at this• Operate the system and verify the concern is still present. time. The concern may have been caused• Is the concern still present? by a loose or corroded connector.

PINPOINT TEST G: THE ILLUMINATED ENTRY IS INOPERATIVE WHEN USING THE REMOTE
TRANSMITTER

Test Step Result / Action to Take
G1 CHECK CIRCUIT 343 (DB/LG) FOR VOLTAGE

• Key in OFF position.
• Disconnect: Vehicle Security Module C203a.
• Measure the voltage between the vehicle security module

C203a-10, circuit 343 (DB/LG), harness side and ground.

Yes
GO to G2.
No

• Is the voltage greater than 10 volts? GO to G3.
G2 CHECK CIRCUIT 343 (DB/LG) FOR A SHORT TO VOLTAGE

• Disconnect: Instrument Cluster C220b.
• Key in ON position.
• Measure the voltage between the vehicle security module

C203a-10, circuit 343 (DB/LG), harness side and ground.

Yes
REPAIR the circuit. CLEAR the DTCs.
REPEAT the self-test.
No

• Is any voltage indicated? GO to G5.
G3 CHECK CIRCUIT 343 (DB/LG) FOR AN OPEN

• Disconnect: Instrument Cluster C220b.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST G: THE ILLUMINATED ENTRY IS INOPERATIVE WHEN USING THE REMOTE

TRANSMITTER (Continued)

Test Step Result / Action to Take
G3 CHECK CIRCUIT 343 (DB/LG) FOR AN OPEN (Continued)

• Measure the resistance between the vehicle security module
C203a-10, circuit 343 (DB/LG), harness side and the instrument
cluster C220b-10, circuit 343 (DB/LG), harness side.

Yes
GO to G4.
No
REPAIR the circuit. CLEAR the DTCs.

• Is the resistance less than 5 ohms? REPEAT the self-test.
G4 CHECK FOR CORRECT INSTRUMENT CLUSTER OPERATION

• Key in OFF position. Yes
• Disconnect all instrument cluster connectors. INSTALL a new instrument cluster.
• Check for: REFER to Section 413-01A or Section

— corrosion 413-01B. TEST the system for normal
— pushed-out pins operation.

• Connect all instrument cluster connectors and make sure they Noseat correctly. The system is operating correctly at this• Operate the system and verify the concern is still present. time. The concern may have been caused• Is the concern still present? by a loose or corroded connector.
G5 CHECK FOR CORRECT VEHICLE SECURITY MODULE

OPERATION
• Key in OFF position. Yes• Disconnect all vehicle security module connectors. INSTALL a new vehicle security module.• Check for: REFER to Section 419-10. TEST the— corrosion system for normal operation.— pushed-out pins
• Connect all vehicle security module connectors and make sure No

they seat correctly. The system is operating correctly at this
• Operate the system and verify the concern is still present. time. The concern may have been caused
• Is the concern still present? by a loose or corroded connector.
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417-02-1 417-02-1Interior Lighting

REMOVAL AND INSTALLATION

Lamp Assembly — Interior (Dome
Lamp)

Removal and Installation

1. Pry the interior lamp (dome lamp) assembly
from the headliner.

3. To install, reverse the removal procedure.

2. Disconnect the interior lamp (dome lamp)
assembly electrical connector.

Copyright  2003, Ford Motor Company
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417-02-1 417-02-1Interior Lighting

REMOVAL AND INSTALLATION

3. Disconnect the dome/reading lamp electricalLamp Assembly — Dome/Reading
connector.

Removal and Installation

1. Rotate both dome/reading lamp to the stop
position, then continue until both dome/reading
lamps are in the vertical position.

4. To install, reverse the removal procedure.

2. Remove the dome/reading lamp screws.

Copyright  2003, Ford Motor Company
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REMOVAL AND INSTALLATION

Lamp Assembly — Interior Body
(Cargo Lamp) (With Headliner)

Removal and Installation

1. Remove the lens to interior lamp body (13786)
(cargo lamp) screws.

2. Remove the interior lamp body (cargo lamp)
screws.

3. Disconnect the electrical connector.

4. To install, reverse the removal procedure.

Copyright  2003, Ford Motor Company
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417-02-1 417-02-1Interior Lighting

REMOVAL AND INSTALLATION

3. Remove the bulb sockets from the rearLamp Assembly — Interior Door
hi-mount lamp (13A613) and remove the(Cargo Lamp) (Without Headliner)
interior lamp door.

Removal and Installation

1. Remove the lens to interior lamp door (13788)
(cargo lamp) screws.

4. To install, reverse the removal procedure.

2. Remove the interior lamp door (cargo lamp)
screws.
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REMOVAL AND INSTALLATION

Switch — Interior Lamp

Removal and Installation

1. Remove the front door trim panel. For
additional information, refer to Section 501-05.

2. Remove the interior lamp switch.

1 Disconnect the electrical connector.

2 Rotate switch counterclockwise.

3 Remove the interior lamp switch.

3. To install, reverse the removal procedure.
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SPECIFICATIONS

Torque Specifications

Description Nm lb-in

Daytime running lamps 3 27
module bolts
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DESCRIPTION AND OPERATION

Daytime Running Lamps (DRL)
DRL Control Module

The DRL system consists of a DRL module that is
located behind the front bumper and is mounted to
the radiator support.
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DIAGNOSIS AND TESTING
Inspection and VerificationDaytime Running Lamps (DRL)

Refer to Wiring Diagrams Cell 97, Daytime 1. Verify the customer concern.
Running Lamps (DRL) for schematic and connector 2. Visually inspect for obvious signs of electrical
information. damage.

Special Tool(s) Visual Inspection Chart
73III Automotive Meter Electrical
105-R0057 or equivalent

• Battery junction box (BJB) fuse 3 (15A)
• Central junction box (CJB) fuse 6 (10A)
• Circuitry
• DRL module

3. Verify the headlamps are operating correctly.
Principles of Operation Correct any concerns before proceeding to the

next step. Refer to Section 417-01 to continueThe DRL system operates the low beam headlamps
diagnosis of the exterior lighting.at a reduced intensity. The DRL module supplies

pulse width modulated (PWM) voltage, 4. If an obvious cause for an observed or reported
approximately 75%-92% of battery voltage, to the concern is found, correct the cause (if possible)
low beam headlamps when the following conditions before proceeding to the next step.
are met: 5. If the concern is not visually evident, verify the

symptom and GO to Symptom Chart.• The high beam headlamps are disabled.

• The ignition switch is in the RUN position.

The DRL module remains enabled when the low
beam headlamps are turned on.

Symptom Chart

Symptom Chart

Condition Possible Sources Action
• The daytime running lamps • Circuitry • GO to Pinpoint Test A.

(DRL) are inoperative • DRL module
• The DRLs are on with the • Circuitry • GO to Pinpoint Test B.

ignition switch OFF • Ignition switch
• DRL module

Pinpoint Tests

PINPOINT TEST A: THE DAYTIME RUNNING LAMPS (DRL) ARE INOPERATIVE

Test Step Result / Action to Take
A1 CHECK THE VOLTAGE TO THE DRL MODULE

• Key in OFF position.
• Disconnect: DRL Module C1030.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST A: THE DAYTIME RUNNING LAMPS (DRL) ARE INOPERATIVE (Continued)

Test Step Result / Action to Take
A1 CHECK THE VOLTAGE TO THE DRL MODULE (Continued)

• Measure the voltage between DRL module C1030-2, circuit 932
(GY/WH), harness side and ground.

Yes
GO to A2.
No
REPAIR the circuit. TEST the system for

• Is the voltage greater than 10 volts? normal operation.
A2 CHECK THE IGNITION INPUT

• Key in ON position.
• Measure the voltage between the DRL module C1030-3, circuit

295 (LB/PK), harness side and ground.

Yes
GO to A5.
No

• Is the voltage greater than 10 volts? GO to A3.
A3 CHECK CIRCUIT 295 (LB/PK) FOR AN OPEN

• Measure the voltage between the CJB fuse 6 (10A) and ground.

Yes
REPAIR circuit 295 (LB/PK). TEST the
system for normal operation.
No

• Is the voltage greater than 10 volts? GO to A4.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST A: THE DAYTIME RUNNING LAMPS (DRL) ARE INOPERATIVE (Continued)

Test Step Result / Action to Take
A4 CHECK THE IGNITION SWITCH

• Key in OFF position. Yes
• CARRY OUT the ignition switch component test. Refer to Wiring REPAIR circuit 297 (BK/LG). TEST the

Diagrams Cell 149 for component testing. system for normal operation.
• Is the ignition switch OK? No

INSTALL a new ignition switch. REFER to
Section 211-05. TEST the system for
normal operation.

A5 CHECK CIRCUIT 13 (RD/BK) FOR AN OPEN
• TURN the headlamp switch to the headlamps ON position.
• Make sure the high beams are disabled.
• Measure the voltage between the DRL C1030-1, circuit 13

(RD/BK), harness side and ground.

Yes
GO to A6.
No
REPAIR the circuit. TEST the system for

• Is the voltage greater than 10 volts? normal operation.
A6 CHECK CIRCUIT 875 (BK/LB) FOR AN OPEN

• Measure the resistance between DRL module C1030-4, circuit
875 (BK/LB), harness side and ground.

Yes
GO to A7.
No
REPAIR the circuit. TEST the system for

• Is the resistance less than 5 ohms? normal operation.
A7 CHECK FOR CORRECT DRL MODULE OPERATION

NOTE: If a loose or connection, corrosion or other contamination is
present, remove the wire connector and clean the contact surfaces

Yesand resecure the connector.
INSTALL a new DRL. REFER to Module• Disconnect the DRL module connector. — Daytime Running Lamps (DRL) in this• Check for: section.— corrosion

— pushed-out pins No
• Connect the DRL module connector and make sure it seats The system is operating correctly at this

correctly. time. Concern may have been caused by
• Operate the system and verify the concern is still present. a loose or corroded connector. CLEAR the
• Is the concern still present? DTCs. REPEAT the self-test.
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST B: THE DAYTIME RUNNING LAMPS (DRL) ARE ON WITH THE IGNITION SWITCH OFF

Test Step Result / Action to Take
B1 CHECK THE IGNITION SWITCH CIRCUIT

• Key in OFF position. Yes
• Disconnect: Ignition Switch C250. GO to B3.
• Observe the DRL. No• Are the DRL on? GO to B2.

B2 CHECK THE IGNITION SWITCH
• Key in ON position. Yes
• Carry out the ignition switch component test. Refer to Wiring REPAIR circuit 297 (BK/LG). TEST the

Diagrams Cell 149 for component testing. system for normal operation.
• Is the ignition switch OK? No

INSTALL a new ignition switch. REFER to
Section 211-05. TEST the system for
normal operation.

B3 CHECK THE HEADLAMP SYSTEM
• Disconnect: DRL Module C1030. Yes
• Observe the DRL. REFER to Section 417-01 to continue
• Are the DRL on? diagnosis of the exterior lamps.

No
GO to B4.

B4 CHECK THE DRL MODULE
• Measure the voltage between the DRL module C1030-3, circuit

295 (LB/PK), harness side and ground.

Yes
GO to B5.
No

• Is any voltage present? GO to B6.
B5 CHECK CIRCUIT 295 (LB/PK) AND 297 (BK/LG) FOR A SHORT

TO POWER
• Disconnect: CJB Fuse 6 (10A).
• Measure the voltage between the DRL module C1030-3, circuit

295 (LB/PK), harness side and ground.

Yes
REPAIR circuit 295 (LB/PK). TEST the
system for normal operation.
No
REPAIR circuit 297 (BK/LG). TEST the

• Is voltage present? system for normal operation.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST B: THE DAYTIME RUNNING LAMPS (DRL) ARE ON WITH THE IGNITION SWITCH OFF

(Continued)

Test Step Result / Action to Take
B6 CHECK FOR CORRECT DRL MODULE OPERATION

• Disconnect the DRL module connector. Yes
• Check for: INSTALL a new DRL. REFER to Module

— corrosion — Daytime Running Lamps (DRL) in this
— pushed-out pins section.

• Connect the DRL module connector and make sure it seats Nocorrectly. The system is operating correctly at this• Operate the system and verify the concern is still present. time. Concern may have been caused by• Is the concern still present? a loose or corroded connector. CLEAR the
DTCs. REPEAT the self-test.
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REMOVAL AND INSTALLATION

3. Remove the DRL control module.Module — Daytime Running Lamps
(DRL) 1 Remove the bolts.

2 Disconnect the DRL control module
Removal and Installation connector.

3 Remove the DRL control module.
1. Remove the battery. For additional information,

refer to Section 414-01.

2. Remove the A/C condenser air deflector.

1 Remove the six pin-type retainers.

2 Remove the A/C condenser air deflector.

4. To install, reverse the removal procedure.
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• instrument cluster
DESCRIPTION AND OPERATION

Communications Network • restraint control module (RCM)

The module communications network consists of the • anti-lock brake system (ABS) module
following items: • vehicle security module
• powertrain control module (PCM)

• natural gas alternative fuel control module
(AFCM)
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The ISO 9141 communications network does not
DIAGNOSIS AND TESTING

permit intermodule communication. When theCommunications Network
diagnostic tool communicates to modules on theRefer to Wiring Diagrams Cell 14 for schematic and
ISO 9141 communication network, the diagnosticconnector information.
tool must ask for all information; the modules

Special Tool(s) cannot initiate  communications. The ISO 9141
communications network will not function if the73III Automotive Meter
wire is shorted to ground or battery voltage. Also, if105-R0057 or equivalent
one of the modules on the ISO 9141
communications network loses power or shorts
internally, communications to that  module will fail.

Powertrain Control Module (PCM) (Gasoline)
The PCM is on the SCP communication network.

Worldwide Diagnostic System The PCM controls the engine for better fuel
(WDS) economy, emissions control, failure mode detection
418-F224, and storage. If one of the bus wires becomes
New Generation STAR (NGS) shorted to ground or voltage, or if some but not all
Tester termination resistors are lost, communications can
418-F052, or equivalent

continue. Check circuits 915 (PK/LB) and 914diagnostic tool with appropriate
(TN/OG) between the PCM C175 and the DLCadapter cable
C251. Total resistance values must not be more than

Principles of Operation 5 ohms. If the resistance is more than 5 ohms there
is an  open circuit in the SCP network, damage toThe vehicle has 3 module communication network
the DLC C251, damage to the PCM C175, or aprotocols:
problem in the in-line connector. For additional

• standard corporate protocol (SCP) communication information, refer to the Powertrain
network Control/Emissions Diagnosis (PC/ED) manual.

• international standards organization (ISO) 9141 Powertrain Control Module (PCM) (Diesel)
• controller area network (CAN) (diesel only) The PCM is on the CAN communication network.

The PCM controls the engine for better fuelThe SCP is an unshielded twisted pair cable, data
economy, emissions control, failure mode detectionbus plus, circuit 915 (PK/LB) and data bus minus
and storage. If one of the bus wires becomescircuit 914 (TN/OG). The ISO 9141
shorted to ground or voltage, or if some but not allcommunications network is a single wire network
termination resistors are lost, communications cancircuit 70 (LB/WH). The CAN is an unshielded
continue. Check circuits 3072 (PK/YE) and 3073twisted pair  cable, data bus, circuit 3022 (PK/YE)
(RD/WH) between the PCM C176a and the DLCand circuit 3073 (RD/WH). All networks are
C251. Total resistance values must not be more thanconnected to the data link connector (DLC). This
5 ohms. If the resistance is more than 5 ohms theremakes diagnosis and testing of these systems easier
is an  open circuit in the CAN network, damage toby allowing one diagnostic tool to be able to
the DLC C251, damage to the PCM C176a, or adiagnose and control  any module on the networks
problem in the in-line connector. For additionalfrom one connector. The DLC can be found under
information, refer to the Powertrainthe instrument panel and the steering column.
Control/Emissions Diagnosis (PC/ED) manual.The SCP and CAN communications network will

remain operational even with the severing of one of
the bus wires. Communications will also continue if
one of the bus wires is shorted to ground or voltage,
or if some but not all termination  resistors are lost.
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DIAGNOSIS AND TESTING (Continued)

Natural Gas Alternative Fuel Control Module Anti-Lock Brake System (ABS) Module
(AFCM) The ABS module is on the ISO 9141
The AFCM is on the SCP communication network. communication network. The ABS module controls
The AFCM controls the fuel and ignition systems the brake pressure to the four wheels to keep the
for better fuel economy, emissions control, failure vehicle under control while braking. The ISO
mode detection and storage. If one of the bus wires communication network will not function if the wire
becomes shorted to ground or voltage, or if  some is shorted to  ground or battery voltage. Check the
but not all termination resistors are lost, network circuit between the ABS module C135 and
communications can continue. Check circuits 915 the DLC C251. Total resistance value must not be
(PK/LB) and 914 (TN/OG) between the AFCM more than 5 ohms. If the resistance is more than 5
C1009 and the DLC C251. Total resistance values ohms, there is an open circuit in the ISO network,
must not be more than 5 ohms. If the resistance is damage to the  DLC C251, damage to the ABS
more than 5  ohms there is an open circuit in the C135, or a problem in the in-line connector. For
SCP network, damage to the DLC C251, damage to additional information, refer to Section 206-09.
the AFCM C1009, or a problem in the in-line

Vehicle Security Moduleconnector. For additional information, refer to the
The vehicle security module is on the ISO 9141Powertrain Control/Emissions Diagnosis (PC/ED)
network. The vehicle security module controls themanual.
remote keyless entry (RKE) function as well as the

Instrument Cluster power door locks. The ISO communication network
The instrument cluster is on the SCP will not function if the wire is shorted to  ground or
communications network. It is an analog face cluster battery voltage. Check the network circuit between
with a digital odometer. The instrument cluster the vehicle security module C203b and the DLC
displays a variety of information. Check circuits 915 C251. Total resistance value must not be more than
(PK/LB) and 914 (TN/OG) between the instrument 5 ohms. If the resistance is more than 5 ohms, there
cluster C220a and the DLC C251. Total resistance is an open circuit in the ISO network,  damage to
values must not be more than 5 ohms. If the the DLC C251, damage to the vehicle security
resistance is more than 5 ohms there is an open module C203b, or a problem in the in-line
circuit in the SCP network, damage to the DLC connector. For additional information, refer to
C251, damage to the instrument cluster C220a, or a Section 419-10.
problem in  the in-line connector. For additional

Inspection and Verificationinformation, refer to Section 413-01.
1. Verify the customer concern.Restraint Control Module (RCM)

The RCM is on the ISO 9141 network. The RCM 2. Visually inspect for obvious signs of
controls the deployment of the air bags based on mechanical or electrical damage.
sensor input. The ISO communication network will

Visual Inspection Chartnot function if the wire is shorted to ground or
battery voltage. Check the network circuit between Electrical
the RCM C310a and the DLC C251. Total • Battery junction box (BJB) fuse 18 (60A)
resistance value must not be more than 5 ohms. If • Central junction box (CJB) fuse 26 (20A)
the resistance is more than 5 ohms, there is an open • Wiring harness

• Connectionscircuit in the ISO network, damage to the DLC
C251, damage to the RCM C310a, or a problem in
the in-line  connector. For additional information, 3. If an obvious cause for an observed or reported
refer to Section 501-20B. concern is found, correct the cause (if possible)

before proceeding to the next step.
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DIAGNOSIS AND TESTING (Continued)

4. If the cause is not visually evident, connect the • check the connections to the vehicle.
diagnostic tool to the data link connector and • check the ignition switch position.
select the vehicle to be tested from the

5. If the diagnostic tool still does not communicatediagnostic tool menu. If the diagnostic tool does
with the vehicle, refer to the diagnostic toolnot communicate with the vehicle:
operating manual.

• check that the program card is correctly
6. GO to Pinpoint Test PC.installed.

System Precheck

PINPOINT TEST PC: DATA LINK DIAGNOSTICS TEST

Test Step Result / Action to Take
PC1 RUN THE DATA LINK DIAGNOSTICS TEST

• Key in ON position. Yes
• Enter the following diagnostic mode on the diagnostic tool: Data Test passed. RETURN to the Symptom

Link Diagnostics Test. Chart of the section for the module in
• Does the diagnostic tool indicate system passed? question.

No
If SCP circuit faults; all electronic control
units no response/not equipped, GO to
Pinpoint Test G.
If ISO circuit faults; all electronic control
units no response/not equipped, GO to
Pinpoint Test H.
If CAN circuit faults; all electronic control
units no response/not equipped, GO to
Pinpoint Test A.
If no response from the diagnostic tool,
GO to Pinpoint Test I.

Symptom Chart

Symptom Chart

Condition Possible Sources Action
• The powertrain control • Circuit or connection in the • GO to Pinpoint Test A.

module (PCM) does not standard corporate protocol
respond to the diagnostic tool (SCP) network (gasoline).

• Circuit or connection in the
controller area network
(CAN) (diesel)

• PCM.
• The instrument cluster does • Circuit or connection in the • GO to Pinpoint Test B.

not respond to the diagnostic standard corporate protocol
tool (SCP) network.

• Instrument cluster.
• The restraint control module • Circuit or connection in the • GO to Pinpoint Test C.

(RCM) does not respond to international standards
the diagnostic tool organization (ISO) 9141

network.
• RCM.

• The anti-lock brake system • Circuit or connection in the • GO to Pinpoint Test D.
(ABS) module does not international standards
respond to the diagnostic tool organization (ISO) 9141

network.
• ABS module.
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DIAGNOSIS AND TESTING (Continued)

Symptom Chart (Continued)

Condition Possible Sources Action
• The vehicle security module • Circuit or connection in the • GO to Pinpoint Test E.

does not respond to the international standards
diagnostic tool organization (ISO) 9141

network.
• Vehicle security module.

• The natural gas alternative • Circuit or connection in the • GO to Pinpoint Test F.
fuel control module (AFCM) standard corporate protocol
does not respond to the (SCP) network.
diagnostic tool • AFCM.

• No standard corporate • Circuit or connection in the • GO to Pinpoint Test G.
protocol (SCP) network SCP network.
communication • SCP networked modules.

• No international standards • Circuit or connection in the • GO to Pinpoint Test H.
organization (ISO) 9141 ISO 9141 network.
network communication • ISO 9141 networked modules.

• No module/network • Battery junction box (BJB) • GO to Pinpoint Test I.
communication — no power fuse 18 (60A).
to the diagnostic tool • Central junction box (CJB)

fuse 26 (20A).
• Data link connector (DLC)

C251 pins.
• Diagnostic tool.
• Circuitry.

Pinpoint Tests

PINPOINT TEST A: THE POWERTRAIN CONTROL MODULE (PCM) DOES NOT RESPOND TO THE
DIAGNOSTIC TOOL

Test Step Result / Action to Take
A1 CHECK FOR AN OPEN BETWEEN THE PCM AND THE DLC

C251
• Key in OFF position.
• Disconnect: PCM C175 (Gasoline).
• Disconnect: PCM C176a (Diesel).
• On gasoline engines, measure the resistance between the PCM

C175 pin 15, circuit 915 (PK/LB), harness side and DLC C251
pin 10, circuit 915 (PK/LB), harness side.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST A: THE POWERTRAIN CONTROL MODULE (PCM) DOES NOT RESPOND TO THE

DIAGNOSTIC TOOL (Continued)

Test Step Result / Action to Take
A1 CHECK FOR AN OPEN BETWEEN THE PCM AND THE DLC

C251 (Continued)

• On gasoline engines, measure the resistance between the PCM
C175 pin 16, circuit 914 (TN/OG), harness side and DLC C251
pin 2, circuit 914 (TN/OG), harness side.

• On diesel engines, measure the resistance between the PCM
C176a pin 13, circuit 3072 (PK/YE), harness side and DLC
C251 pin 6, circuit 3072 (PK/YE), harness side.

• On diesel engines, measure the resistance between the PCM
C176a pin 14, circuit 3073 (RD/WH), harness side and DLC
C251 pin 14, circuit 3073 (RD/WH), harness side.

Yes
GO to A2.
No
REPAIR the circuit in question. CLEAR the
DTCs. REPEAT the self-test. CARRY OUT

• Are the resistances less than 5 ohms? the data link diagnostics test.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST A: THE POWERTRAIN CONTROL MODULE (PCM) DOES NOT RESPOND TO THE

DIAGNOSTIC TOOL (Continued)

Test Step Result / Action to Take
A2 CHECK FOR CORRECT PCM OPERATION

• Disconnect all the PCM connectors. Yes
• Check for: INSTALL a new PCM. REFER to Section

303-14A  or Section 303-14B. CLEAR the• corrosion DTCs. REPEAT the self-test. CARRY OUT• push-out pins the data link diagnostics test.• Connect all the PCM connectors and make sure they seat
correctly. No

• Operate the system and verify the concern is still present. The system is operating correctly at this
• Is the concern still present? time. Concern may have been caused by

a loose or corroded connector. CLEAR the
DTCs. REPEAT the self-test. CARRY OUT
the data link diagnostics test.

PINPOINT TEST B: THE INSTRUMENT CLUSTER DOES NOT RESPOND TO THE DIAGNOSTIC TOOL

Test Step Result / Action to Take
B1 CHECK FOR AN OPEN BETWEEN THE INSTRUMENT CLUSTER

C220a AND THE DLC C251
• Key in OFF position.
• Disconnect: Instrument Cluster C220a.
• Measure the resistance between the instrument cluster C220a

pin 8, circuit 915 (PK/LB), harness side and the DLC C251 pin
10, circuit 915 (PK/LB), harness side.

• Measure the resistance between the instrument cluster C220a
pin 9, circuit 914 (TN/OG), harness side and the DLC C251 pin
2, circuit 914 (TN/OG), harness side.

Yes
GO to B2.
No
REPAIR the circuit in question. CLEAR the
DTCs. REPEAT the self-test. CARRY OUT

• Are the resistances less than 5 ohms? the data link diagnostics test.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST B: THE INSTRUMENT CLUSTER DOES NOT RESPOND TO THE DIAGNOSTIC TOOL

(Continued)

Test Step Result / Action to Take
B2 CHECK FOR CORRECT INSTRUMENT CLUSTER OPERATION

• Disconnect all the instrument cluster connectors. Yes
• Check for: INSTALL a new instrument cluster.

REFER to Section 413-01. CLEAR the• corrosion DTCs. REPEAT the self-test. CARRY OUT• push-out pins the data link diagnostics test.• Connect all the instrument cluster connectors and make sure
they seat correctly. No

• Operate the system and verify the concern is still present. The system is operating correctly at this
• Is the concern still present? time. Concern may have been caused by

a loose or corroded connector. CLEAR the
DTCs. REPEAT the self-test. CARRY OUT
the data link diagnostics test.

PINPOINT TEST C: THE RESTRAINT CONTROL MODULE (RCM) DOES NOT RESPOND TO THE
DIAGNOSTIC TOOL

Test Step Result / Action to Take
C1 CHECK FOR AN OPEN BETWEEN THE RCM C310a AND THE

DLC C251
• Key in OFF position.
• Deactivate the air bag system. Refer to Section 501-20B.
• Disconnect: RCM C310a.
• Measure the resistance between the RCM C310a, pin 11, circuit

70 (LB/WH), harness side and the DLC C251 pin 7, circuit 70
(LB/WH), harness side.

Yes
GO to C2.
No
REPAIR the circuit. CLEAR the DTCs.
REPEAT the self-test. CARRY OUT the

• Are the resistances less than 5 ohms? data link diagnostics test.
C2 CHECK FOR CORRECT RCM OPERATION

• Disconnect all the RCM connectors. Yes
• Check for: INSTALL a new RCM. REFER to Section

501-20B. CLEAR the DTCs. REPEAT the• corrosion self-test. CARRY OUT the data link• push-out pins diagnostics test.• Connect all the RCM connectors and make sure they seat
correctly. No

• Operate the system and verify the concern is still present. The system is operating correctly at this
• Is the concern still present? time. Concern may have been caused by

a loose or corroded connector. CLEAR the
DTCs. REPEAT the self-test. CARRY OUT
the data link diagnostics test.

PINPOINT TEST D: THE ANTI-LOCK BRAKE SYSTEM (ABS) MODULE DOES NOT RESPOND TO THE
DIAGNOSTIC TOOL

Test Step Result / Action to Take
D1 CHECK FOR AN OPEN BETWEEN THE ABS MODULE C135

AND THE DLC C251
• Key in OFF position.
• Disconnect: ABS Module C135.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST D: THE ANTI-LOCK BRAKE SYSTEM (ABS) MODULE DOES NOT RESPOND TO THE

DIAGNOSTIC TOOL (Continued)

Test Step Result / Action to Take
D1 CHECK FOR AN OPEN BETWEEN THE ABS MODULE C135

AND THE DLC C251 (Continued)

• Measure the resistance between the ABS module C135 pin 1,
circuit 70 (LB/WH), harness side and the DLC C251 pin 7, circuit
70 (LB/WH), harness side.

Yes
GO to D2.
No
REPAIR the circuit. CLEAR the DTCs.
REPEAT the self-test. CARRY OUT the

• Is the resistance less than 5 ohms? data link diagnostics test.
D2 CHECK FOR CORRECT ABS MODULE OPERATION

• Disconnect all the ABS module connectors. Yes
• Check for: INSTALL a new ABS module. REFER to

Section 206-09. CLEAR the DTCs.• corrosion REPEAT the self-test. CARRY OUT the• push-out pins data link diagnostics test.• Connect all the ABS module connectors and make sure they
seat correctly. No

• Operate the system and verify the concern is still present. The system is operating correctly at this
• Is the concern still present? time. Concern may have been caused by

a loose or corroded connector. CLEAR the
DTCs. REPEAT the self-test. CARRY OUT
the data link diagnostics test.

PINPOINT TEST E: THE VEHICLE SECURITY MODULE DOES NOT RESPOND TO THE DIAGNOSTIC
TOOL

Test Step Result / Action to Take
E1 CHECK FOR AN OPEN BETWEEN THE VEHICLE SECURITY

MODULE C203b AND THE DLC C251
• Key in OFF position.
• Disconnect: Vehicle Security Module C203b.
• Measure the resistance between the vehicle security module

C203b pin 3, circuit 70 (LB/WH), harness side and the DLC
C251 pin 7, circuit 70 (LB/WH), harness side.

Yes
GO to E2.
No
REPAIR the circuit. CLEAR the DTCs.
REPEAT the self-test. CARRY OUT the

• Is the resistance less than 5 ohms? data link diagnostics test.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST E: THE VEHICLE SECURITY MODULE DOES NOT RESPOND TO THE DIAGNOSTIC

TOOL (Continued)

Test Step Result / Action to Take
E2 CHECK FOR CORRECT VEHICLE SECURITY MODULE

OPERATION
• Disconnect all the vehicle security module connectors. Yes
• Check for: INSTALL a new vehicle security module.

REFER to Section 419-10. CLEAR the• corrosion DTCs. REPEAT the self-test. CARRY OUT• push-out pins the data link diagnostics test.• Connect all the vehicle security module connectors and make
sure they seat correctly. No

• Operate the system and verify the concern is still present. The system is operating correctly at this
• Is the concern still present? time. Concern may have been caused by

a loose or corroded connector. CLEAR the
DTCs. REPEAT the self-test. CARRY OUT
the data link diagnostics test.

PINPOINT TEST F: THE NATURAL GAS ALTERNATIVE FUEL CONTROL MODULE (AFCM) DOES NOT
RESPOND TO THE DIAGNOSTIC TOOL

Test Step Result / Action to Take
F1 CHECK FOR AN OPEN BETWEEN THE AFCM C1009 AND THE

DLC C251
• Key in OFF position.
• Disconnect: AFCM C1009.
• Measure the resistance between the AFCM C1009 pin 88, circuit

915 (PK/LB), harness side and the DLC C251 pin 10, circuit 915
(PK/LB), harness side.

• Measure the resistance between the AFCM C1009 pin 87, circuit
914 (TN/OG), harness side and the DLC C251 pin 2, circuit 914
(TN/OG), harness side.

Yes
GO to F2.
No
REPAIR the circuit in question. CLEAR the
DTCs. REPEAT the self-test. CARRY OUT

• Are the resistances less than 5 ohms? the data link diagnostics test.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST F: THE NATURAL GAS ALTERNATIVE FUEL CONTROL MODULE (AFCM) DOES NOT

RESPOND TO THE DIAGNOSTIC TOOL (Continued)

Test Step Result / Action to Take
F2 CHECK FOR CORRECT AFCM OPERATION

• Disconnect all the AFCM connectors. Yes
• Check for: INSTALL a new AFCM. REFER to Section

303-14A. CLEAR the DTCs. REPEAT the• corrosion self-test. CARRY OUT the data link• push-out pins diagnostics test.• Connect all the AFCM connectors and make sure they seat
correctly. No

• Operate the system and verify the concern is still present. The system is operating correctly at this
• Is the concern still present? time. Concern may have been caused by

a loose or corroded connector. CLEAR the
DTCs. REPEAT the self-test. CARRY OUT
the data link diagnostics test.

PINPOINT TEST G: NO STANDARD CORPORATE PROTOCOL (SCP) MODULE/NETWORK
COMMUNICATION

Test Step Result / Action to Take
G1 CHECK FOR AN OPEN BETWEEN THE INSTRUMENT CLUSTER

C220a AND THE DLC C251
• Key in OFF position.
• Disconnect: Instrument Cluster C220a.
• Measure the resistance between the instrument cluster C220a

pin 8, circuit 915 (PK/LB), harness side and the DLC C251 pin
10, circuit 915 (PK/LB), harness side.

• Measure the resistance between the instrument cluster C220a
pin 9, circuit 914 (TN/OG), harness side and the DLC C251 pin
2, circuit 914 (TN/OG), harness side.

Yes
GO to G2.
No
REPAIR the circuit in question. CLEAR the
DTCs. REPEAT the self-test. CARRY OUT

• Are the resistances less than 5 ohms? the data link diagnostics test.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST G: NO STANDARD CORPORATE PROTOCOL (SCP) MODULE/NETWORK

COMMUNICATION (Continued)

Test Step Result / Action to Take
G2 CHECK THE SCP NETWORK WITH THE INSTRUMENT

CLUSTER C220a DISCONNECTED
• Key in ON position. Yes
• Enter the following diagnostic mode on the diagnostic tool: Data GO to G7.

Link Diagnostics Test. No• Does the diagnostic tool indicate system passed? If vehicle is equipped with AFCM, GO to
G3. All others, GO to G4.

G3 CHECK THE SCP NETWORK WITH THE AFCM C1009
DISCONNECTED
• Key in OFF position.
• Connect: Instrument Cluster C220a.
• Disconnect: AFCM C1009. Yes• Key in ON position. GO to G4.• Enter the following diagnostic mode on the diagnostic tool: Data

Link Diagnostics Test. No
• Does the diagnostic tool indicate system passed? GO to G8.

G4 CHECK THE SCP CIRCUITS FOR A SHORT TO GROUND
• Key in OFF position.
• Disconnect: PCM C175 (gasoline) or C176a (diesel) and AFCM

C1009 (if equipped), and the instrument cluster C220a.
• Measure the resistance between the DLC C251 pin 10, circuit

915 (PK/LB), harness side and ground; and between the DLC
C251 pin 2, circuit 914 (TN/OG), harness side and ground

Yes
GO to G5.
No
REPAIR the circuit in question. CLEAR the
DTCs. REPEAT the self-test. CARRY OUT

• Are the resistances greater than 10,000 ohms? the data link diagnostics test.
G5 CHECK THE SCP CIRCUITS FOR A SHORT TO POWER

• Key in ON position.
• Measure the voltage between the DLC C251 pin 10, circuit 915

(PK/LB), harness side and ground; and between the DLC C251
pin 2, circuit 914 (TN/OG), harness side and ground

Yes
REPAIR the circuit in question. CLEAR the
DTCs. REPEAT the self-test. CARRY OUT
the data link diagnostics test.
No

• Is any voltage indicated? GO to G6.

(Continued)

2004 E-Series, 11/2003 



418-00-12 418-00-12Module Communications Network

DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST G: NO STANDARD CORPORATE PROTOCOL (SCP) MODULE/NETWORK

COMMUNICATION (Continued)

Test Step Result / Action to Take
G6 CHECK FOR CORRECT PCM OPERATION

• Disconnect all the PCM connectors. Yes
• Check for: INSTALL a new PCM. REFER to Section

303-14A. CARRY OUT the data link• corrosion diagnostics test.• pushed-out pins
• Connect all the PCM connectors and make sure they seat No

correctly. The system is operating correctly at this
• Operate the system and verify the concern is still present. time. Concern may have been caused by
• Is the concern still present? a loose or corroded connector. CLEAR the

DTCs. REPEAT the self-test. CARRY OUT
the data link diagnostics test.

G7 CHECK FOR CORRECT INSTRUMENT CLUSTER OPERATION
• Disconnect all the instrument cluster connectors. Yes
• Check for: INSTALL a new instrument cluster.

REFER to Section 413-01. CLEAR the• corrosion DTCs. REPEAT the self-test. CARRY OUT• push-out pins the data link diagnostics test.• Connect all the instrument cluster connectors and make sure
they seat correctly. No

• Operate the system and verify the concern is still present. The system is operating correctly at this
• Is the concern still present? time. Concern may have been caused by

a loose or corroded connector. CLEAR the
DTCs. REPEAT the self-test. CARRY OUT
the data link diagnostics test.

G8 CHECK FOR CORRECT AFCM OPERATION
• Disconnect all the AFCM connectors. Yes
• Check for: INSTALL a new AFCM. REFER to Section

303-14A. CLEAR the DTCs. REPEAT the• corrosion self-test. CARRY OUT the data link• push-out pins diagnostics test.• Connect all the AFCM connectors and make sure they seat
correctly. No

• Operate the system and verify the concern is still present. The system is operating correctly at this
• Is the concern still present? time. Concern may have been caused by

a loose or corroded connector. CLEAR the
DTCs. REPEAT the self-test. CARRY OUT
the data link diagnostics test.

PINPOINT TEST H: NO INTERNATIONAL STANDARDS ORGANIZATION (ISO) 9141 NETWORK
COMMUNICATION

Test Step Result / Action to Take
H1 CHECK ISO CIRCUIT 70 (LB/WH) BETWEEN THE DLC C251

AND THE RCM C310a FOR AN OPEN
• Key in OFF position.
• Deactivate the air bag system. Refer to Section 501-20B.
• Disconnect: RCM C310a.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST H: NO INTERNATIONAL STANDARDS ORGANIZATION (ISO) 9141 NETWORK

COMMUNICATION (Continued)

Test Step Result / Action to Take
H1 CHECK ISO CIRCUIT 70 (LB/WH) BETWEEN THE DLC C251

AND THE RCM C310a FOR AN OPEN (Continued)

• Measure the resistance between the RCM C310a pin 11, circuit
70 (LB/WH), harness side and the DLC C251 pin 7, circuit 70
(LB/WH), harness side.

Yes
GO to H2.
No
REPAIR the circuit. CLEAR the DTCs.
REPEAT the self-test. CARRY OUT the

• Is the resistance less than 5 ohms? data link diagnostics test.
H2 CHECK THE ISO 9141 NETWORK WITH THE RCM C310a

DISCONNECTED
• Key in ON position. Yes
• Enter the following diagnostic mode on the diagnostic tool: Data GO to H7.

Link Diagnostics Test. No• Does the diagnostic tool indicate system passed? If equipped with ABS module, GO to H3. If
not equipped with ABS, GO to H5.

H3 CHECK ISO CIRCUIT 70 (LB/WH) BETWEEN THE DLC C251
AND THE ABS MODULE C135 FOR AN OPEN
• Key in OFF position.
• Connect: RCM C310a.
• Disconnect: ABS Module C135.
• Measure the resistance between the ABS module C135 pin 1,

circuit 70 (LB/WH), harness side and the DLC C251 pin 7, circuit
70 (LB/WH), harness side.

Yes
GO to H4.
No
REPAIR the circuit. CLEAR the DTCs.
REPEAT the self-test. CARRY OUT the

• Is the resistance less than 5 ohms? data link diagnostics test.
H4 CHECK THE ISO 9141 NETWORK WITH THE ABS MODULE

C135 DISCONNECTED
• Key in ON position. Yes
• Enter the following diagnostic mode on the diagnostic tool: Data GO to H8.

Link Diagnostics Test. No• Does the diagnostic tool indicate system passed? GO to H5.
H5 CHECK THE ISO CIRCUIT FOR A SHORT TO GROUND

• Key in OFF position.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST H: NO INTERNATIONAL STANDARDS ORGANIZATION (ISO) 9141 NETWORK

COMMUNICATION (Continued)

Test Step Result / Action to Take
H5 CHECK THE ISO CIRCUIT FOR A SHORT TO GROUND

(Continued)

• Disconnect: RCM C310a, ABS Module C135 (if equipped) and
the Vehicle Security Module C203b (if equipped).

• Measure the resistance between the DLC C251 pin 7, circuit 70
(LB/WH), harness side and ground.

Yes
GO to H6.
No
REPAIR the circuit. CLEAR the DTCs.
REPEAT the self-test. CARRY OUT the

• Is the resistance greater than 10,000 ohms? data link diagnostics test.
H6 CHECK THE ISO CIRCUIT FOR A SHORT TO POWER

• Key in ON position.
• Measure the voltage between the DLC C251 pin 7, circuit 70

(LB/WH), harness side and ground.

Yes
REPAIR the circuit. CLEAR the DTCs.
REPEAT the self-test. CARRY OUT the
data link diagnostics test.
No
If equipped with a vehicle security module
GO to H9. If not equipped with vehicle

• Is any voltage indicated? security module, GO to H7.
H7 CHECK FOR CORRECT RCM OPERATION

• Disconnect all the RCM connectors. Yes
• Check for: INSTALL a new RCM. REFER to Section

501-20B. CLEAR the DTCs. REPEAT the• corrosion self-test. CARRY OUT the data link• push-out pins diagnostics test.• Connect all the RCM connectors and make sure they seat
correctly. No

• Operate the system and verify the concern is still present. The system is operating correctly at this
• Is the concern still present? time. Concern may have been caused by

a loose or corroded connector. CLEAR the
DTCs. REPEAT the self-test. CARRY OUT
the data link diagnostics test.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST H: NO INTERNATIONAL STANDARDS ORGANIZATION (ISO) 9141 NETWORK

COMMUNICATION (Continued)

Test Step Result / Action to Take
H8 CHECK FOR CORRECT ABS MODULE OPERATION

• Disconnect all the ABS module connectors. Yes
• Check for: INSTALL a new ABS module. Refer to

Section 206-09. CLEAR the DTCs.• corrosion REPEAT the self-test. CARRY OUT the• pushed-out pins data link diagnostics test.• Connect all the ABS module connectors and make sure they
seat correctly. No

• Operate the system and verify the concern is still present. The system is operating correctly at this
• Is the concern still present? time. Concern may have been caused by

a loose or corroded connector. CLEAR the
DTCs. REPEAT the self-test. CARRY OUT
the data link diagnostics test.

H9 CHECK FOR CORRECT VEHICLE SECURITY MODULE
OPERATION
• Disconnect all the vehicle security module connectors. Yes
• Check for: INSTALL a new vehicle security module.

REFER to Section 419-10. CLEAR the• corrosion DTCs. REPEAT the self-test. CARRY OUT• push-out pins the data link diagnostics test.• Connect all the vehicle security module connectors and make
sure they seat correctly. No

• Key in ON position. The system is operating correctly at this
• Operate the system and verify the concern is still present. time. Concern may have been caused by
• Is the concern still present? a loose or corroded connector. CLEAR the

DTCs. REPEAT the self-test. CARRY OUT
the data link diagnostics test.

PINPOINT TEST I: NO MODULE/NETWORK COMMUNICATION — NO POWER TO THE DIAGNOSTIC
TOOL

Test Step Result / Action to Take
I1 CHECK THE DIAGNOSTIC TOOL CONNECTOR

• Inspect the diagnostic tool pins for damage. Yes
• Are the pins OK? GO to I2.

No
REPAIR the diagnostic tool connector.
CARRY OUT the data link diagnostics
test.

I2 CHECK THE DLC C251 FOR DAMAGE
• Key in OFF position. Yes
• Inspect the DLC C251 pins for damage. GO to I3.
• Are the pins OK? No

REPAIR the DLC C251. CARRY OUT the
data link diagnostics test.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST I: NO MODULE/NETWORK COMMUNICATION — NO POWER TO THE DIAGNOSTIC

TOOL (Continued)

Test Step Result / Action to Take
I3 CHECK THE VOLTAGE TO THE DLC C251 CIRCUIT 40 (LB/WH)

• Measure the voltage between the DLC C251 pin 16, circuit 40
(LB/WH), harness side and ground.

Yes
GO to I4.
No
REPAIR the circuit. CARRY OUT the data

• Is the voltage greater than 10 volts? link diagnostics test.
I4 CHECK THE DLC GROUND CIRCUIT 1205 (BK) AND CIRCUIT

570 (BK)
• Measure the resistance between the DLC C251 pin 4, circuit

1205 (BK), harness side and ground; and between the DLC
C251 pin 5, circuit 570 (BK), harness side and ground.

Yes
REPAIR the diagnostic tool. CARRY OUT
the data link diagnostics test.
No
REPAIR the circuit in question. CARRY

• Are the resistances less than 5 ohms? OUT the data link diagnostics test.
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DIAGNOSIS AND TESTING

For additional WDS/diagnostic tool programmingModule Configuration
procedures, refer to Programmable Module

Special Tool(s) Installation (PMI) in this section.

Worldwide Diagnostic System There are three different methods that are used for
(WDS) module programming:
418-F224,

• programmable module installation (PMI)New Generation STAR (NGS)
Tester • calibration update
418-F052, or equivalent

• programmable parametersdiagnostic tool with appropriate
adapter cable Some modules do not support all three methods.

Principles of Operation Programmable Module Installation (PMI)
The programmable module installation (PMI)Definition of Terms
method is used when a new programmable moduleCalibration Update: Some modules are designed to
is installed on the vehicle. It is no longer necessarybe flashed or reflashed with complete new software
to command the diagnostic tool to gather modulepackages. This process of reflashing the module is a
option content from the old module. The diagnosticcalibration update.
tool automatically obtains any available module

Programmable Parameters: These are options option content information from the old module
contained within the existing software. These during the vehicle ID routine that runs when the
include items such as tire size, customer preference diagnostic tool is initially connected to the vehicle.
items and anti-theft options. The current settings are It is important that you connect WDS to the
downloaded from an existing module then  uploaded vehicle and allow it to identify the vehicle and
to a new module. They can also be configured using obtain configuration data prior to removing any
the diagnostic tool. Programming parameters is very modules.
different from updating calibrations as no software

Calibration Updateis changed only the options already contained in the
Calibration update is used to install a newsoftware.
calibration software and strategy into a module.

Module Programming Methods
Programmable ParametersSome modules must be programmed (configured) as
If a module that has been modified usingpart of the repair procedure. If this procedure is not
programmable parameters needs to be installed, thefollowed the module will not function correctly and
PMI procedure will maintain the parameters in theirmay set a number of DTCs, including B2477 or
altered state if WDS is able to communicate withP1639, which indicate that some necessary  data has
the old module during Vehicle ID. Otherwise younot been programmed into the module.
may  need to use programmable parameters toModules that need programming should not be
return them to the altered state.exchanged between vehicles. In most cases the

parameter values or settings are unique to that Vehicle Identification (VID) Block
vehicle, and if not set correctly will cause concerns Some PCMs contain a memory area called a vehicle
or faults. identification (VID) block.

 WDS will automatically attempt to retrieve the The PCM VID block may contain the factory
module configuration information from all modules settings for the PCM, unless the PCM is flashed
when vehicle ID is carried out. If the module does with a new calibration, in which case some PCM
not contain correct information, the diagnostic tool parameters may be modified.
will either request ‘‘As Built’’ data or  display a list
of items that you will need to manually configure.
The diagnostic tool will program the module based
on the data you enter.
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418-01-2 418-01-2Module Configuration

DIAGNOSIS AND TESTING (Continued)

Visual Inspection ChartAs-Built Data Center
The As-Built Data Center maintains a record of the Electrical
vehicle configuration in a database. The vehicle

• Wiring harnessVIN is required to obtain this information. The • Connectors
As-Built Data Center records the applicable module
configurations stored in each module before  the

Configurable Modulesvehicle leaves the factory. The As-Built Data Center
The vehicle contains the following modules that arewill always reflect the original build of the vehicle
configurable:as it left the factory. Only contact the As-Built Data

Center when directed to do so by the diagnostic • instrument cluster
tool.

• powertrain control module (PCM)
Inspection and Verification
1. Visually inspect for obvious signs of electrical

damage. Refer to the following chart:

Programmable Parameters Index

Programmable
Module Calibration Updatable PMI Parameter

Instrument Cluster No Yes • Beltminder
• Battery Saver Timer
• Speedometer Scaling

Powertrain Control Module Yes Yes • Fuel Octane
(PCM) • Tire/Wheel Size

• Axle Ratio
• Transmission Type
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GENERAL PROCEDURES
Step BProgrammable Module Installation

1. Press the trigger.Special Tool(s)

Worldwide Diagnostic System 2. If the VCM asks for vehicle data, enter the
(WDS) vehicle data, then press store.
Vehicle Communication Module
(VCM) with appropriate 3. The VCM asks for module data line 1. Enteradapters, or equivalent

the data and press store.diagnostic tool

4. The VCM then asks if there is an additional
line of data available for that address. Select

Using the Vehicle Communication YES or NO depending on the information in
Module (VCM) When the Original Module the As Built Data Sheet.is Not Available

5. Repeat Steps 3 and 4 until the answer is NO
1. Install the new module. for Step 4.

2. Using the VCM and the latest version of the 6. The VCM should show a screen stating that the
service function card, SELECT: Programmable module data was stored. Press the trigger.
Module Installation.

7. Follow the on-screen instructions.
3. Select the module being installed.

8. SELECT: Restore Configuration — New ECU.
4. Follow the on-screen instructions. Press the trigger.

5. SELECT: Retrieve Module Configuration — 9. The VCM completes loading the retrieved data
Old ECU and press trigger. and displays Module Download Successful.

6. Follow the on-screen instructions. 10. Test the module for correct operation.

Using the Vehicle Communication7. The VCM attempts to retrieve the module data.
Module (VCM) When the Original Module• If the module data is available, go to Step is Available

A.

• If the VCM displays: Call the As-Built Data 1. With the original module still installed, using
Center, go to Step B. the VCM and the latest version of the service

function card, SELECT: Programmable ModuleStep A
Installation.

1. SELECT: Restore Configuration — New ECU. 2. Select the module being installed and press the
Press trigger. trigger.

2. The VCM completes loading the retrieved data 3. Follow the on-screen instructions.
and displays Module Download Successful.

4. SELECT: Retrieve Module Configuration —
3. Test the module for correct operation. Old ECU. Press the trigger.

5. Follow the on-screen instructions.

6. INSTALL new module, SELECT: Restore
Configuration — New ECU. Press the trigger.
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418-01-2 418-01-2Module Configuration

GENERAL PROCEDURES (Continued)

7. The VCM completes loading the retrieved data 8. Enter the module data (the module address and
and displays Module Download Successful. line are displayed to the left of the 3 entry

boxes) and press the check mark.
8. Test the module for correct operation.

9. The WDS downloads the data into the new
Using the Worldwide Diagnostic System module and displays Operation Successful —
(WDS) When the Original Module is Not Programming Complete.Available

10. Test the module for correct operation.
1. Install the new module.

Using the Worldwide Diagnostic System
(WDS) When the Original Module is2. Connect the WDS and ID the vehicle as
Availablenormal.

3. From the Toolbox icon, select and highlight 1. Connect the WDS and ID the vehicle as
Module Programming. Then highlight the normal.
module that was installed and press the check
mark. 2. From the Toolbox icon, select and highlight

Module Programming and press the check
4. Select and highlight Programmable Module mark.

Installation. Then highlight the module that was
installed and press the check mark. 3. Select and highlight Programmable Module

Installation.
5. Follow the on-screen instructions, turn the

ignition key to the RUN position and press the 4. Follow the on-screen instructions, turn the
check mark. ignition key to the OFF position, and press the

check mark.
6. The WDS retrieves the module data,

automatically downloads the data into the new 5. Install the new module and press the check
module, and displays Module Configuration mark.
Complete.

6. Follow the on-screen instructions, turn the
7. If the data is not available in the module, the ignition key to the ON position, and press the

WDS displays a screen stating to contact the check mark.
As-Built Data Center. Retrieve the data from

7. The module configuration is complete.WWW.FMCDEALER.COM at this time and
press the check mark.

8. Test the module for correct operation.
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419-10-1 419-10-1Multifunction Electronic Modules

DESCRIPTION AND OPERATION

Module Controlled Functions
The vehicle security module:

• unlocks all doors.

• turns on the interior lamps when using a remote
keyless entry (RKE) transmitter. For additional
information, refer to Section 417-02.

• activates the lock feature that sounds the horn
when the lock button is pressed on the RKE
transmitter twice within five seconds.
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419-10-1 419-10-1Multifunction Electronic Modules

DIAGNOSIS AND TESTING

Diagnostic Trouble Code Chart

Diagnostic Trouble Code Chart

DTC Description Source Action

B1201 Fuel Sender Circuit Failure Instrument Cluster REFER to Section 413-01A
or Section 413-01B.

B1204 Fuel Sender Circuit Short Instrument Cluster REFER to Section 413-01A
to Ground or Section 413-01B.

B1205 EIC Switch-1 Assembly Instrument Cluster REFER to Section 413-01A
Circuit Failure or Section 413-01B.

B1231 Longitudinal Acceleration RCM REFER to Section
Threshold Exceeded 501-20B.

B1309 Power Door Lock Circuit Vehicle Security Module REFER to Section 501-14.
Short to Ground

B1317 Battery Voltage High Instrument Cluster REFER to Section 414-00.

B1317 Battery Voltage High RCM REFER to Section 414-00.

B1318 Battery Voltage Low Instrument Cluster REFER to Section 414-00.

B1318 Battery Voltage Low RCM REFER to Section 414-00.

B1319 Driver Door Ajar Circuit Instrument Cluster REFER to Section 417-02.
Failure

B1322 Driver Door Ajar Circuit Vehicle Security Module REFER to Section 417-02.
Short to Ground

B1328 Passenger Door Ajar Instrument Cluster REFER to Section 417-02.
Circuit Failure

B1330 Passenger Door Ajar Vehicle Security Module REFER to Section 417-02.
Circuit Short to Ground

B1334 Decklid Ajar Rear Door Vehicle Security Module REFER to Section 417-02.
Circuit Short to Ground

B1338 Door Ajar RR Circuit Short Vehicle Security Module REFER to Section 417-02.
to Ground

B1341 Power Door Unlock Circuit Vehicle Security Module REFER to Section 501-14.
Short to Ground

B1342 ECU is Defective ABS Module CLEAR the DTCs.
REPEAT the self-test. If
DTC B1342 is retrieved
again, INSTALL a new
ABS module. REFER to
Section 206-09. CLEAR
the DTCs. REPEAT the

self-test.

B1342 ECU is Defective Instrument Cluster CLEAR the DTCs.
REPEAT the self-test. If
DTC B1342 is retrieved
again, INSTALL a new

instrument cluster. REFER
to Section 413-01A or

Section 413-01B. CLEAR
the DTCs. REPEAT the

self-test.
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419-10-2 419-10-2Multifunction Electronic Modules

DIAGNOSIS AND TESTING (Continued)

Diagnostic Trouble Code Chart (Continued)

DTC Description Source Action

B1342 ECU is Defective RCM CLEAR the DTCs.
REPEAT the self-test. If
DTC B1342 is retrieved
again, INSTALL a new

RCM. REFER to Section
501-20B. CLEAR the
DTCs. REPEAT the

self-test.

B1342 ECU is Defective Vehicle Security Module CLEAR the DTCs.
REPEAT the self-test. If
DTC B1342 is retrieved
again, INSTALL a new
vehicle security module.

REFER to Vehicle Security
Module in this section.

CLEAR the DTCs.
REPEAT the self-test.

B1345 Heated Backlite Input Instrument Cluster REFER to Section 417-02.
Circuit Short to Ground

B1352 Ignition Key-In Circuit Instrument Cluster REFER to Section 413-09.
Failure

B1360 Ignition Run/Acc Circuit Instrument Cluster REFER to Section 211-05.
Open

B1522 Hood Switch Circuit Short Vehicle Security Module REFER to Section 417-02.
to Ground

B1526 Keyless Entry Circuit Short Vehicle Security Module REFER to Section 501-14.
to Ground

B1562 Door Lock Cylinder Circuit Vehicle Security Module REFER to Section 501-14.
Short to Ground

B1607 Illuminated Entry Input Instrument Cluster REFER to Section 417-02.
Circuit Failure

B1629 PRNDL Reverse Input Vehicle Security Module REFER to Section 413-01A
Short to Battery or Section 413-01B.

B1869 Lamp Air Bag Warning RCM REFER to Section
Indicator Circuit Open 501-20B.

B1870 Lamp Air Bag Warning RCM REFER to Section
Indicator Circuit Short to 501-20B.

Battery

B1877 Seatbelt Driver RCM REFER to Section
Pretensioner Circuit Open 501-20B.

B1878 Seatbelt Driver RCM REFER to Section
Pretensioner Circuit Short 501-20B.

to Battery

B1879 Seatbelt Driver RCM REFER to Section
Pretensioner Circuit Short 501-20B.

to Ground

B1881 Seatbelt Passenger RCM REFER to Section
Pretensioner Circuit Open 501-20B.
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419-10-3 419-10-3Multifunction Electronic Modules

DIAGNOSIS AND TESTING (Continued)

Diagnostic Trouble Code Chart (Continued)

DTC Description Source Action

B1882 Seatbelt Passenger RCM REFER to Section
Pretensioner Circuit Short 501-20B.

to Battery

B1883 Seatbelt Passenger RCM REFER to Section
Pretensioner Circuit Short 501-20B.

to Ground

B1885 Seatbelt Driver RCM REFER to Section
Pretensioner Circuit 501-20B.

Resistance Low on Squib

B1886 Seatbelt Passenger RCM REFER to Section
Pretensioner Circuit 501-20B.

Resistance Low on Squib

B1891 Air Bag Tone Warning RCM REFER to Section
Indicator Circuit Short to 501-20B.

Battery

B1892 Air Bag Tone Warning RCM REFER to Section
Indicator Circuit Failure 501-20B.

B1916 Air Bag Driver Circuit RCM REFER to Section
Short to Battery 501-20B.

B1921 Air Bag Diagnostic RCM REFER to Section
Monitor Ground Circuit 501-20B.

Open

B1925 Air Bag Passenger Circuit RCM REFER to Section
Short to Battery 501-20B.

B1932 Air Bag Driver Circuit RCM REFER to Section
Open 501-20B.

B1933 Air Bag Passenger Circuit RCM REFER to Section
Open 501-20B.

B1934 Air Bag Driver Inflator RCM REFER to Section
Circuit Resistance Low on 501-20B.

Squib

B1935 Air Bag Passenger Inflator RCM REFER to Section
Circuit Resistance Low on 501-20B.

Squib

B1936 Air Bag Driver Circuit RCM REFER to Section
Short to Ground 501-20B.

B1938 Air Bag Passenger Circuit RCM REFER to Section
Short to Ground 501-20B.

B2143 NVM Memory Failure Instrument Cluster REFER to Section 413-01A
or Section 413-01B.

B2226 Front Crash Sensor Internal RCM REFER to Section
Fault 501-20B.

B2227 Front Crash Sensor RCM REFER to Section
Communications Fault 501-20B.

B2276 Less Than Two Vehicle Security Module REFER to Section 501-14.
Transmitters Programmed

B2425 Remote Keyless Entry Out Vehicle Security Module REFER to Section 501-14.
of Sync
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DIAGNOSIS AND TESTING (Continued)

Diagnostic Trouble Code Chart (Continued)

DTC Description Source Action

B2477 Module Configuration Instrument Cluster REFER to Section
Failure 413-01A.

B2477 Module Configuration Vehicle Security Module REFER to Section 418-01.
Failure

B2792 Cross Link Between Firing RCM REFER to Section
Loops 501-20B.

C1095 ABS Hydraulic Pump ABS Module REFER to Section 206-09.
Motor Circuit Failure

C1096 ABS Hydraulic Pump ABS Module REFER to Section 206-09.
Motor Circuit Open

C1145 Speed Wheel Sensor RF ABS Module REFER to Section 206-09.
Input Circuit Failure

C1148 Speed Wheel Sensor RF ABS Module REFER to Section 206-09.
Coherency Fault

C1155 Speed Wheel Sensor LF ABS Module REFER to Section 206-09.
Input Circuit Failure

C1158 Speed Wheel Sensor LF ABS Module REFER to Section 206-09.
Coherency Fault

C1169 ABS Fluid Dumping ABS Module REFER to Section 206-09.
Exceeds Maximum Timing

C1184 ABS System Is Not ABS Module REFER to Section 206-09.
Operational

C1185 ABS Power Relay Output ABS Module REFER to Section 206-09.
Circuit Failure

C1194 ABS Outlet Valve Coil LF ABS Module REFER to Section 206-09.
Circuit Failure

C1196 ABS Output Valve Coil LF ABS Module REFER to Section 206-09.
Circuit Short to Battery

C1198 ABS Inlet Valve Coil LF ABS Module REFER to Section 206-09.
Circuit Failure

C1200 ABS Inlet Valve Coil LF ABS Module REFER to Section 206-09.
Circuit Short to Battery

C1202 ABS Outlet Valve Coil ABS Module REFER to Section 206-09.
Rear Circuit Failure

C1204 ABS Output Valve Coil ABS Module REFER to Section 206-09.
Rear Circuit Short to

Battery

C1206 ABS Inlet Valve Coil Rear ABS Module REFER to Section 206-09.
Circuit Failure

C1208 ABS Inlet Valve Coil Rear ABS Module REFER to Section 206-09.
Circuit Short to Battery

C1210 ABS Outlet Valve Coil RF ABS Module REFER to Section 206-09.
Circuit Failure

C1212 ABS Output Valve Coil RF ABS Module REFER to Section 206-09.
Circuit Short to Battery

C1214 ABS Inlet Valve Coil RF ABS Module REFER to Section 206-09.
Circuit Failure
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DIAGNOSIS AND TESTING (Continued)

Diagnostic Trouble Code Chart (Continued)

DTC Description Source Action

C1216 ABS Inlet Valve Coil RF ABS Module REFER to Section 206-09.
Circuit Short to Battery

C1220 Lamp ABS Warning ABS Module REFER to Section 206-09.
Output Circuit Short to

Battery

C1222 Speed Wheel Mismatch ABS Module REFER to Section 206-09.

C1225 Lamp Brake Warning ABS Module REFER to Section 206-09.
Output Circuit Short to

Battery

C1226 Lamp Brake Warning ABS Module REFER to Section 206-09.
Output Circuit Short to

Ground

C1229 Speed Wheel Sensor Rear ABS Module REFER to Section 206-09.
Center Coherency Fault

C1230 Speed Wheel Sensor Rear ABS Module REFER to Section 206-09.
Center Input Circuit Failure

C1233 Speed Wheel LF Input ABS Module REFER to Section 206-09.
Signal Missing

C1234 Speed Wheel RF Input ABS Module REFER to Section 206-09.
Signal Missing

C1237 Speed Wheel Input Signal ABS Module REFER to Section 206-09.
Missing

C1284 Oil Pressure Switch Failure Instrument Cluster REFER to Section
413-01A.

C1414 Incorrect Module Design RCM REFER to Section
Level 501-20B.

U1027 SCP (J1850) Invalid or Instrument Cluster REFER to Section
Missing Data for Engine 413-01A.

RPM

U1041 SCP (J1850) Invalid or Instrument Cluster REFER to Section
Missing Data for Vehicle 413-01A.

Speed

U1059 SCP (J1850) Invalid or Instrument Cluster REFER to Section
Mising Data for 413-01A.

Transmission/Transaxle
PRNDL

U1073 SCP (J1850) Invalid or Instrument Cluster REFER to Section
Missing Data for Engine 413-01A.

Coolant

U1123 SCP (J1850) Invalid or Instrument Cluster REFER to Section
Missing Data for Odometer 413-01A.

U1262 SCP (J1850) Instrument Cluster REFER to Section
Communication Bus Fault 413-01A.
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419-10-1 419-10-1Multifunction Electronic Modules

DIAGNOSIS AND TESTING

4. If the cause is not visually evident, connect theVehicle Security Module
diagnostic tool to the data link connector (DLC)

Special Tool(s) and select the vehicle to be tested from the
diagnostic tool menu. If the diagnostic tool does73III Automotive Meter
not communicate with the vehicle:105-R0057 or equivalent

• check that the program card is correctly
installed.

• check the connections to the vehicle.

• check the ignition switch position.

Worldwide Diagnostic System 5. If the diagnostic tool still does not communicate
(WDS) with the vehicle, refer to the diagnostic tool
418-F224, operating manual.
New Generation STAR (NGS)

6. Carry out the diagnostic tool data link test. IfTester
the diagnostic tool responds with:418-F052, or equivalent

diagnostic tool with appropriate
• ISO or SCP circuits fault; all electronicadapter cable

control units no response/not equipped, refer
Principles of Operation to Section 418-00.

The vehicle security module is on the intermational • No response/not equipped for the vehicle
standards organization (ISO) communication security module, GO to Pinpoint Test A.
network. The vehicle security module controls the • System passed, retrieve and record the
power door lock system. The module monitors the continuous diagnostic trouble codes (DTCs),
door lock/unlock switch inputs from the interior erase the continuous DTCs, and carry out the
door lock switches. When the module receives an self-test diagnostics for the vehicle security
unlock/lock command from any door lock control module.
switch, the module will activate the door lock

7. If the DTCs retrieved are related to the concern,actuators. The module also controls the remote
go to the Diagnostic Trouble Code Chart in thiskeyless entry (RKE) transmitter lock/unlock.
section.

For additional information on the power door lock
8. If no DTCs related to the concern are retrieved,system, refer to Section 501-14.

GO to Symptom Chart.
Inspection and Verification
1. Verify the customer concern.

2. Visually inspect for obvious signs of electrical
damage.

Visual Inspection Chart

Electrical

Central junction box (CJB) fuses:
— 2 (10A)
— 23 (20A)

Loose or corroded connector(s)

Vehicle security module

3. If an obvious cause for an observed or reported
concern is found, correct the cause (if possible)
before proceeding to the next step.
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419-10-2 419-10-2Multifunction Electronic Modules

DIAGNOSIS AND TESTING (Continued)

Symptom Chart

Symptom Chart

Condition Possible Sources Action
• No communication with the • Central junction box (CJB) • GO to Pinpoint Test A.

vehicle security module fuse(s):
— 2 (10A)
— 23 (20A)

• Circuitry
• Vehicle security module

Pinpoint Tests

PINPOINT TEST A: NO COMMUNICATION WITH THE VEHICLE SECURITY MODULE

Test Step Result / Action to Take
A1 CHECK THE VOLTAGE TO THE VEHICLE SECURITY MODULE

• Key in OFF position.
• Disconnect: Vehicle Security Module C203a.
• Disconnect: Vehicle Security Module C203b.
• Key in ON position.
• Measure the voltage between the vehicle security module C203a

pin 12, circuit 517 (BK/WH), harness side and ground; and
between the vehicle security module C203b pin 25, circuit 640
(RD/YE), harness side and ground.

Yes
GO to A2.
No
REPAIR the circuit(s) in question. CLEAR

• Are the voltages greater than 10 volts? the DTCs. REPEAT the self-test.
A2 CHECK THE GROUND CIRCUITS FOR AN OPEN

• Key in OFF position.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST A: NO COMMUNICATION WITH THE VEHICLE SECURITY MODULE (Continued)

Test Step Result / Action to Take
A2 CHECK THE GROUND CIRCUITS FOR AN OPEN (Continued)

• Measure the resistance between the vehicle security module
C203a pin 13, circuit 1205 (BK), harness side and ground; and
between the vehicle security module C203b pin 14, circuit 57
(BK), harness side and ground.

Yes
REFER to Section 418-00 to continue
communication diagnostics.
No
REPAIR the circuit(s) in question. CLEAR

• Are the resistances less than 5 ohms? the DTCs. REPEAT the self-test.
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REMOVAL AND INSTALLATION

Vehicle Security Module

Removal

1. CAUTION: Electronic modules are
sensitive to electrical charges. If exposed to
these charges, damage may result.

Disconnect the battery. For additional
information, refer to Section 414-01.

2. Remove the RH A-pillar lower trim panel.

Installation

1. NOTE: If installing a new module it is
necessary to reprogram the remote keyless entry
(RKE) transmitters. For additional information,
refer to Section 501-14.

To install, reverse the removal procedure.

3. Remove the vehicle security module.

1 Disconnect the electrical connectors.

2 Remove the nuts.
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419-11-1 419-11-1Electronic Compass

Temperature, Outside Air
DESCRIPTION AND OPERATION

Electronic Compass The thermometer sensor is attached to the radiator
frame behind the grille. The temperature can beA compass and outside temperature display are
displayed in Celsius or Fahrenheit by pressing thecontained in the overhead console.
SELECT switch.

The compass and temperature display can be turned
If the outside temperature falls below 3.3°C (38°F),off and on by pressing the SELECT switch in the
the display will alternate from ‘‘ICE’’ to the outsideoverhead console. The vehicle heading is displayed
temperature at a two second rate for one minute.as one of N, NE, E, SE, S, SW, W, and NW.
The outside air temperature reading can be affected

Compass Accuracy by engine heat when the vehicle is idling or has
Luggage racks and magnetic mounted devices like been off for less than two hours. The compass and
antennas should not be located on the front third of thermometer will limit the increase of the displayed
the vehicle roof. Placing these devices near the temperature to one degree per minute at  very low
compass will cause inaccurate directional readings. speeds or immediately after the ignition is turned
If these devices must be used, accuracy  may be on. After two minutes at a sustained speed of at
improved by recalibrating the compass while the least 53 km/h (33 mph), effects of engine heat are
devices are installed on the vehicle. minimal and the compass will display the current

outside temperature reading. Temperature  decreasesDriving near power lines, or driving in the area of
are always updated immediately.large iron or steel structures can temporarily change

the compass’ heading. If the compass remains If the outside air temperature sensor is short or open
inaccurate after driving near such objects, circuited, then the display will show 60°C (140°F)
demagnetize the vehicle, refer to Vehicle or -40°C (-40°F) respectively in place of
Demagnetizing in this section and recalibrate the temperature.
compass.

Most geographic areas (zones) have a magnetic
north compass point that varies slightly from the
northerly direction on maps. This variation is four
degrees between the adjacent zones and will become
noticeable as the vehicle crosses multiple  zones. A
correct zone setting eliminates the error. Refer to
Compass Zone Adjustment in this section.
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419-11-1 419-11-1Electronic Compass

2. Visually inspect for obvious signs of
DIAGNOSIS AND TESTING

mechanical and electrical damage.Electronic Compass
Refer to Wiring Diagrams Cell 102 for schematic

Visual Inspection Chart
and connector information.

Mechanical Electrical
Special Tool(s)

• Compass and • Central junction box
thermometer (CJB) fuses:73III Automotive Meter or

• Thermometer sensor — 3 (15A)equivalent
• Circuitry105-R0057

3. If inspection reveals an obvious concern(s) that
can be readily identified, repair or install a new
component as required.

4. If the fault is not visually evident, proceed toInspection and Verification
the Symptom Chart.

1. Verify the customer concern by operating the
system.

Symptom Chart

Symptom Chart

Condition Possible Sources Action
• The compass is • Compass zone setting. • GO to Pinpoint Test A.

inaccurate/inoperative • Compass calibration.
• Vehicle magnetization.
• Compass and thermometer.

• The display is inoperative • Compass and thermometer. • GO to Pinpoint Test A.
• Circuitry.
• Headlamp switch.

• The display is locked in one • Compass and thermometer. • GO to Pinpoint Test A.
position • Vehicle magnetization.

• Compass calibration.
• The outside air temperature is • Compass and thermometer. • GO to Pinpoint Test B.

inaccurate/inoperative • Thermometer sensor.
• Circuitry.

Pinpoint Tests

NOTE:  Always demagnetize a vehicle, set the
zone and calibrate before replacing an inaccurate
compass.

NOTE:  After installing a new compass, always set
the zone and calibrate.

PINPOINT TEST A: THE COMPASS IS INACCURATE/INOPERATIVE

Test Step Result / Action to Take
A1 CHECK OVERHEAD COMPASS DISPLAY

• Key in ON position. Yes
• Check the overhead display. GO to A3.
• Does the overhead compass display remain on after prove Noout? GO to A2.

(Continued)
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419-11-2 419-11-2Electronic Compass

DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST A: THE COMPASS IS INACCURATE/INOPERATIVE (Continued)

Test Step Result / Action to Take
A2 CHECK COMPASS MODE

• Press and release the SELECT switch on the overhead console. Yes
• Does the overhead compass display turn on? If the compass display turns on correctly,

GO to A3. If the compass display turns on
but the heading is inoperative/inaccurate
or display indicates VAR, GO to A4. If the
compass display turns on but it does not
display all directions, or indicates CAL, GO
to A5.
No
GO to A8.

A3 CHECK COMPASS DIMMING
• Turn the headlamp switch to the parking lamps ON position. Yes
• Does the compass display dim? Turn the headlamp switch to the OFF

position. GO to A4.
No
Turn the headlamp switch to the OFF
position. GO to A9.

A4 CHECK COMPASS ZONE SETTING
• Set the compass to the correct zone for your location; refer to Yes

Compass Zone Adjustment in this section. GO to A5.
• Is the zone adjustment set correctly? No

INSTALL a new compass and
thermometer; REFER to Compass Display
in this section. SET the zone; REFER to
Compass Zone Adjustment in this section.
CALIBRATE the  compass; REFER to
Compass Calibration in this section. TEST
the system for normal operation.

A5 CALIBRATE THE COMPASS
• Recalibrate the compass; refer to Compass Calibration in this Yes

section. GO to A7.
• Is the compass calibrated correctly? No

GO to A6.
A6 DEMAGNETIZE THE VEHICLE

• Key in OFF position. Yes
• Demagnetize the vehicle; refer to Vehicle Demagnetizing in this GO to A7.

section. No• Recalibrate the compass; refer to Compass Calibration in this INSTALL a new compass andsection. thermometer; REFER to Compass Display• Could the compass be calibrated? in this section. SET the zone; REFER to
Compass Zone Adjustment in this section.
CALIBRATE the  compass; REFER to
Compass Calibration in this section.

A7 CHECK COMPASS ACCURACY
• Position the vehicle at each of the eight directions (N, NE, E, Yes

SE, S, SW, W, NW) and verify that the displayed heading is The compass is OK. REVIEW the
accurate. The vehicle must be stationary for at least 10 seconds operation of the compass with the
at each direction. customer.

• Is the compass display accurate in each direction? No
INSTALL a new compass and
thermometer; REFER to Compass Display
in this section. SET the zone; REFER to
Compass Zone Adjustment in this section.
CALIBRATE the  compass; REFER to
Compass Calibration in this section. TEST
the system for normal operation.

A8 CHECK POWER SUPPLY TO COMPASS AND THERMOMETER
• Key in OFF position.
• Disconnect: Compass and Thermometer C930.
• Key in ON position.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST A: THE COMPASS IS INACCURATE/INOPERATIVE (Continued)

Test Step Result / Action to Take
A8 CHECK POWER SUPPLY TO COMPASS AND THERMOMETER

(Continued)

• Measure the voltage between the compass and thermometer
C930 pin 1, circuit 137 (YE/BK), harness side and ground.

Yes
GO to A10.
No
REPAIR the circuit. TEST the system for

• Is the voltage greater than 10 volts? normal operation.
A9 CHECK DIMMING CIRCUIT

• Key in OFF position.
• Disconnect: Compass and Thermometer C930.
• Turn the headlamp switch to the parking lamps ON position.
• Measure the voltage between the compass and thermometer

C930 pin 4, circuit 14 (BK), harness side and ground while
rotating the headlamp switch.

Yes
GO to A10.
No

• Is the voltage greater than 10 volts? REFER to Section 413-00.
A10 CHECK CIRCUIT 875 (BK/LB) FOR OPEN

• Key in OFF position.
• Measure the resistance between the compass and thermometer

C930 pin 2, circuit 875 (BK/LB), harness side and ground.

Yes
INSTALL a new compass and
thermometer; REFER to Compass Display
in this section. SET the zone; REFER to
Compass Zone Adjustment in this section.
CALIBRATE the  compass; REFER to
Compass Calibration in this section.
No
REPAIR the circuit. TEST the system for

• Is the resistance less than 5 ohms? normal operation.
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST B: THE OUTSIDE AIR TEMPERATURE IS INACCURATE/INOPERATIVE

Test Step Result / Action to Take
B1 CHECK FOR CORRECTLY INSTALLED SENSOR

• Key in OFF position. Yes
• Verify the thermometer sensor is correctly installed and fully GO to B2.

connected. No• Is the thermometer sensor correctly installed and fully REINSTALL or RECONNECT theconnected? thermometer sensor. TEST the system for
normal operation.

B2 CHECK THERMOMETER SENSOR FUNCTION
• Disconnect: Thermometer Sensor C132.
• Remove the thermometer sensor.
• Measure the resistance between the thermometer sensor pins,

component side, at an ambient temperature of 18°-29.5°C
(65°-85°F).

Yes
GO to B3.
No
INSTALL a new thermometer sensor.

• Is the resistance between 8,000 ohms and 14,000 ohms? TEST the system for normal operation.
B3 CHECK SENSOR CIRCUIT FEED FOR OPEN

• Disconnect: Compass And Thermometer C930.
• Measure the resistance between the compass and thermometer

C930 pin 5, circuit 767 (LB/OG), harness side and the
thermometer sensor C132 pin 1, circuit 767 (LB/OG), harness
side.

Yes
GO to B4.
No
REPAIR the circuit. TEST the system for

• Is the resistance less than 5 ohms? normal operation.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST B: THE OUTSIDE AIR TEMPERATURE IS INACCURATE/INOPERATIVE (Continued)

Test Step Result / Action to Take
B4 CHECK SENSOR CIRCUIT RETURN FOR OPEN

• Measure the resistance between the compass and thermometer
C930 pin 6, circuit 470 (PK/BK), harness side and the
thermometer sensor C132 pin 2, circuit 470 (PK/BK), harness
side.

Yes
GO to B5.
No
REPAIR the circuit. TEST the system for

• Is the resistance less than 5 ohms? normal operation.
B5 CHECK SENSOR CIRCUITS FOR SHORT

• Measure the resistance between the thermometer sensor C132
pin 1, circuit 767 (LB/OG), harness side and the thermometer
sensor C132 pin 2, circuit 470 (PK/BK), harness side.

• Measure the resistance between the thermometer sensor C132
pin 1, circuit 767 (LB/OG), harness side and ground; and
between the thermometer sensor C132 pin 2, circuit 470
(PK/BK), harness side and ground.

Yes
RECONNECT the thermometer sensor.
GO to B6.
No
REPAIR the circuit in question. TEST the

• Is the resistance greater than 10,000 ohms? system for normal operation.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST B: THE OUTSIDE AIR TEMPERATURE IS INACCURATE/INOPERATIVE (Continued)

Test Step Result / Action to Take
B6 CHECK TEMPERATURE ACCURACY

• Drive the vehicle for three minutes above 56 km/h (35 mph) Yes
(sustained). Outside air temperature function is OK.

• Does the display show the correct outside air temperature? No
INSTALL a new compass and
thermometer; REFER to Compass Display
in this section. SET the zone; REFER to
Compass Zone Adjustment in this section.
CALIBRATE the  compass; REFER to
Compass Calibration in this section. TEST
the system for normal operation.
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2. Press and hold the SELECT button until VAR
GENERAL PROCEDURES

appears on the display. Release the SELECTCompass Zone Adjustment
button.

1. Determine the zone in which the vehicle is 3. NOTE:  After a few seconds, the compass will
located. exit the VAR mode if the button is no longer

pressed.

Momentarily press the SELECT button to
increment the zone by one. Set the zone
according to the map.
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3. NOTE:  If the CAL indicator does not turn off
GENERAL PROCEDURES

after the vehicle has been driven in a circle noCompass Calibration
more than five times, demagnetize the vehicle
and repeat the procedure.

1. NOTE:  For optimum calibration, drive to an
Drive the vehicle slowly (less than 5 km/h [3open, level location away from large metallic
mph]) in complete circles until CAL disappearsobjects or structures. Switch off all
from the display.non-essential electrical accessories (rear window

defrost, heater A/C, map lamps, wipers, etc.)
and make sure all doors  are closed.

Start the vehicle.

2. NOTE:  To exit CAL mode before carrying out
a compass adjustment, turn the ignition switch
to the OFF position.

Locate the electronic compass/temperature
display on the overhead console, press and hold
the SELECT button until CAL appears in the
display, then release the SELECT button.
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2. Carry out the Compass Zone Adjustment
GENERAL PROCEDURES

procedure. For additional information, refer toVehicle Demagnetizing
Compass Zone Adjustment in this section.

CAUTION:  During demagnetizing, the 3. Carry out the Compass Calibration Adjustment
demagnetizer coil will be pulled toward the procedure. For additional information, refer to
vehicle. Place a cloth over the vehicle roof to Compass Calibration in this section.
protect the vehicle surface if contact occurs.
Make sure the cloth covers the front third and
the entire width of the  roof.

NOTE:  The demagnetizing process requires the
use of a demagnetizing coil commonly used by
television repair technicians to demagnetize
television tubes.

NOTE:  To demagnetize, use a constant circular
motion over the vehicle roof. Do not turn off the
demagnetizer while sweeping the vehicle roof to
prevent remagnetizing ferrous materials contained in
the vehicle.

NOTE:  During the demagnetizing process, make
sure the phenolic surface of the tool (the side
opposite the handle) is closest to the vehicle
surface.

1. Demagnetize the front third of the vehicle roof.

1 Turn on the demagnetizer at least 1 m (3 ft)
away from the vehicle.

2 Holding the demagnetizer no more than 2.5
cm (1 in) from the vehicle roof and starting
on the passenger side, demagnetize the front
third of the vehicle roof closest to the
windshield using a constant circular motion.
Keep the circle radius  within 30 cm (12 in)
while sweeping across the entire surface of
the vehicle roof closest to the windshield.
Continue the circular motion four times.

3 After the fourth pass and without stopping,
move the demagnetizer at least 1 m (3 ft)
away from the vehicle.

4 Turn the demagnetizer off.
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3. To install, reverse the removal procedure.
REMOVAL AND INSTALLATION

Compass Display

Removal and Installation

1. Remove the overhead console.

2. Remove the compass display.

1 Disconnect the electrical connector.

2 Depress the tab and remove the electrical
connector.

3 Remove the screws.
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Torque Specifications (Continued)
SPECIFICATIONS

Description Nm lb-ft
Torque Specifications

Armrest bracket-to-rear bench 25 18
Description Nm lb-ft seat back frame bolts

Front seat support-to-floorpan 55 41 Rear bench seat latch 55 41
bolts and studs striker-to-floorpan

Armrest bolt 35 26 Rear bench seat latch striker, 45 33
extended wagonSeat back recliner bolts (front 48 35

seat) Rear bench seat belt and 40 30
buckle assembly-to-stanchionSeat back pivot bolts (front 48 35
boltsseat)
Rear bench seat belt and 40 30Seat back pivot bolts (rear 25 18
buckle assembly-to-seat2nd row quad bucket)
cushion frame bolts

Cushion support bracket bolts 25 18
Rear quad bucket safety belt 40 30(LH rear 2nd row quad
buckle end boltbucket)
Rear quad bucket safety belt 40 30Seat track-to-seat support nuts 25 18
anchor and strap boltand bolts
Lower anchors and tethers for 25 18Seat track-to-seat cushion 25 18
children (LATCH) attachmentbolts
bolts, forward

Rear bench seat back 25 18
Lower anchors and tethers for 13 10frame-to-seat cushion frame
children (LATCH) attachmentbolts
bolts, rearward

Rear bench stanchion-to-seat 25 18
cushion frame bolts
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DESCRIPTION AND OPERATION

The rear 2nd row quad bucket seats:Seats
Two types of front seats and two types of rear seats • are removable.
are available. • have adjustable fore-and-aft seat tracks (RH only).
The captain’s chairs: • have adjustable seat backs (RH only, LH is fixed).
• are a bucket design with inboard armrests. • have armrests on both sides.
• have a an optional manual lumbar adjustment on The bench seats:

the outboard side (front seats).
• are removable.

• have an optional six-way power adjuster on the
• are located in the rear only.driver seat.
• have an armrest on the three-passenger XLT and• have a standard under-seat storage bin under the

Chateau seat only.passenger seat.
• are available for both three and four passengers.• have a seat back grab handle for rear passengers,

located on the back of the front passenger seat.
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501-10-1 501-10-1Seating

DIAGNOSIS AND TESTING

2. Visually inspect for mechanical or electricalSeats
concerns or damage.Refer to Wiring Diagrams Cell 120 for schematic

and connector information.
Visual Inspection Chart

Special Tool(s) Mechanical Electrical

FLUKE 73III Automotive Meter • Front seat tracks • I/P fuse panel fuse
105-R0057 or equivalent obstructed F2.16 (30A)

• Seat at limit(s) of travel • Loose, corroded or
damaged connectors

• Damaged switches
• Damaged motors

3. If an obvious cause for an observed or reportedWorldwide Diagnostic System
concern is found, correct the cause before(WDS)

418-FS317, proceeding to the next step.
New Generation STAR (NGS) 4. If the concern is not visually evident, verify the
Tester symptom. GO to Symptom Chart.
418-F052, or equivalent scan
tool

Restraint System Diagnostic Tool Warning

WARNING: This tool is for restraint
system service only. Remove from vehicle prior
to road use. Failure to remove could result in
injury and possible violation of vehicle safety
standards.

Inspection and Verification

1. Verify the customer concern by operating the
power seat.

Symptom Chart

Symptom Chart

Condition Possible Sources Action
• The power seat is inoperative • Fuse(s). • GO to Pinpoint Test A.

• Seat regulator control switch
(14A701).

• Circuit.
• The power seat moves but is • Seat track. • GO to Pinpoint Test B.

noisy
• The power seat moves but is • Fastening hardware. • GO to Pinpoint Test C.

loose • Seat track.
• The power seat does not • Track obstructed. • GO to Pinpoint Test D.

make full travel • Seat track.
• The power seat does not • Motor assembly. • GO to Pinpoint Test E.

move horizontally/vertically • Circuit.
• Seat regulator control switch.
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501-10-2 501-10-2Seating

DIAGNOSIS AND TESTING (Continued)

Pinpoint Tests

PINPOINT TEST A: THE POWER SEAT IS INOPERATIVE

Test Step Result / Action to Take
A1 CHECK THE VOLTAGE TO THE SEAT SWITCH

WARNING: The restraint system diagnostic tool is for
restraint system service only. Remove from vehicle prior to
road use. Failure to remove could result in injury and possible
violation of vehicle safety standards.
NOTE: If a seat equipped with a seat mounted side air bag and/or
a safety belt pretensioner (if equipped) system is being serviced,
the supplemental restraint system (SRS) must be depowered.
Refer to  Section 501-20B.
NOTE: The air bag warning lamp illuminates when the RCM fuse is
removed and the ignition switch is ON. This is normal operation and
does not indicate a supplemental restraint system (SRS) fault.
NOTE: The SRS must be fully operational and free of faults before
releasing the vehicle to the customer.
• Key in OFF position.
• Depower the SRS. Refer to Supplemental Restraint System

(SRS) Depowering and Repowering in the General Procedures
portion of Section 501-20B.

• Disconnect: Driver Safety Belt Pretensioner C323.

• WARNING: Be sure that nobody is in the vehicle and
that there is nothing blocking or set in front of any air bag
module when the battery ground cable is connected.
Connect the battery ground cable.

• Disconnect: Seat Regulator Control Switch C360.
• Measure the voltage between the seat regulator control switch

C360 pin 3, circuit 517 (BK/WH), harness side and ground.

Yes
GO to A2.
No
REPAIR circuit 517 (BK/WH).
DISCONNECT the battery ground cable.
CONNECT driver safety belt pretensioner
C323. REPOWER the supplemental
restraint system (SRS). REFER to
Section 501-20B. TEST the system for

• Is the voltage greater than 10 volts? normal operation.
A2 CHECK CIRCUIT 57 (BK)

• Measure the resistance between the seat regulator control
switch C360 pin 1, circuit 57 (BK), harness side and ground.

Yes
INSTALL a new seat regulator control
switch. DISCONNECT the battery ground
cable. CONNECT driver safety belt
pretensioner C323. REPOWER the
supplemental restraint system (SRS).
REFER to  Section 501-20B. TEST the
system for normal operation.
No
REPAIR circuit 57 (BK). DISCONNECT
the battery ground cable. CONNECT
driver safety belt pretensioner C323.
REPOWER the supplemental restraint
system (SRS). REFER to  Section
501-20B. TEST the system for normal

• Is the resistance less than 5 ohms? operation.
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501-10-3 501-10-3Seating

DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST B: THE POWER SEAT MOVES BUT IS NOISY

Test Step Result / Action to Take
B1 CHECK THE TRACK ALIGNMENT

• Check the alignment of the track to the floor and the track to the Yes
seat. ALIGN the track to the seat and the floor.

• Is the track out of alignment? TEST the system for normal operation.
No
INSTALL a new seat track. TEST the
system for normal operation.

PINPOINT TEST C: THE POWER SEAT MOVES BUT IS LOOSE

Test Step Result / Action to Take
C1 CHECK THE FASTENING HARDWARE

• Check the seat fastening hardware. Yes
• Is the fastening hardware loose? TIGHTEN all fastening hardware to

specifications. TEST the system for normal
operation.
No
INSTALL a new seat track. TEST the
system for normal operation.

PINPOINT TEST D: THE POWER SEAT DOES NOT MAKE FULL TRAVEL

Test Step Result / Action to Take
D1 CHECK FOR OBSTRUCTION IN THE SEAT TRACK

WARNING: The restraint system diagnostic tool is for
restraint system service only. Remove from vehicle prior to
road use. Failure to remove could result in injury and possible
violation of vehicle safety standards.
NOTE: If a seat equipped with a seat mounted side air bag and/or
a safety belt pretensioner (if equipped) system is being serviced,
the supplemental restraint system (SRS) must be depowered. Yes
Refer to  Section 501-20B. REMOVE the obstruction(s) and grease
NOTE: The air bag warning lamp illuminates when the RCM fuse is the track(s). CONNECT driver safety belt
removed and the ignition switch is ON. This is normal operation and pretensioner C323. REPOWER the
does not indicate a supplemental restraint system (SRS) fault. supplemental restraint system (SRS).

REFER to Section 501-20B. TEST  theNOTE: The SRS must be fully operational and free of faults before
system for normal operation.releasing the vehicle to the customer.

• Key in OFF position. No
• Depower the SRS. Refer to Supplemental Restraint System INSTALL a new seat track. CONNECT

(SRS) Depowering and Repowering in the General Procedures driver safety belt pretensioner C323.
portion of Section 501-20B. REPOWER the supplemental restraint

• Disconnect: Driver Safety Belt Pretensioner C323. system (SRS). REFER to Section
• Remove the driver seat. Refer to Front Seat in this section. 501-20B. TEST the system for normal
• Are there any obstructions in the track? operation.

PINPOINT TEST E: THE POWER SEAT DOES NOT MOVE HORIZONTALLY/VERTICALLY

Test Step Result / Action to Take
E1 DETERMINE WHICH DIRECTION HAS FAILED

WARNING: The restraint system diagnostic tool is for
restraint system service only. Remove from vehicle prior to
road use. Failure to remove could result in injury and possible
violation of vehicle safety standards.
NOTE: If a seat equipped with a seat mounted side air bag and/or
a safety belt pretensioner (if equipped) system is being serviced,
the supplemental restraint system (SRS) must be depowered.
Refer to  Section 501-20B.
NOTE: The air bag warning lamp illuminates when the RCM fuse is
removed and the ignition switch is ON. This is normal operation and
does not indicate a supplemental restraint system (SRS) fault.

YesNOTE: The SRS must be fully operational and free of faults before
GO to E5.releasing the vehicle to the customer.

• Operate the power seat. No
• Will the track move horizontally? GO to E2.

(Continued)
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501-10-4 501-10-4Seating

DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST E: THE POWER SEAT DOES NOT MOVE HORIZONTALLY/VERTICALLY (Continued)

Test Step Result / Action to Take
E2 CHECK THE VOLTAGE TO THE FORWARD REVERSE SEAT

MOTOR
• Key in OFF position.
• Depower the SRS. Refer to Supplemental Restraint System

(SRS) Depowering and Repowering in the General Procedures
portion of Section 501-20B.

• Disconnect: Driver Safety Belt Pretensioner C323.

• WARNING: Be sure that nobody is in the vehicle and
that there is nothing blocking or set in front of any air bag
module when the battery ground cable is connected.
Connect the battery ground cable.

• Disconnect: Power Seat Motor Assembly C353.
• Measure the voltage between the power seat motor assembly

C353 pin 3, circuit 981 (RD/WH), harness side and pin 6, circuit
980 (YE/WH), harness side; while depressing the
forward/reverse switch forward and backward.

Yes
INSTALL a new seat track (seat motor
assembly). DISCONNECT the battery
ground cable. CONNECT driver safety belt
pretensioner C323. REPOWER the
supplemental restraint system (SRS).
REFER to  Section 501-20B. TEST the• Is the voltage less than -10 volts when the forward reverse system for normal operation.switch is pressed forward, greater than +10 volts when the

forward reverse switch is pressed backward and 0 volts No
with the switch in the rest position? GO to E3.

E3 CHECK CIRCUIT 980 (YE/WH)
• Disconnect: Seat Regulator Control Switch C360.
• Measure the resistance the power seat motor assembly C353

pin 6, circuit 980 (YE/WH), harness side and the seat regulator
control switch C360 pin 5, circuit 980 (YE/WH), harness side;
and between the seat regulator control switch C360 pin 5,
circuit 980 (YE/WH), harness side and ground.

Yes
GO to E4.
No
REPAIR circuit 980 (YE/WH).
DISCONNECT the battery ground cable.

• Is the resistance less than 5 ohms between the forward CONNECT driver safety belt pretensioner
reverse seat motor connector and the seat regulator control C323. REPOWER the supplemental
switch connector, and greater than 10,000 ohms between restraint system (SRS). REFER to
the seat regulator control switch connector and chassis Section 501-20B. TEST the system for
ground? normal operation.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST E: THE POWER SEAT DOES NOT MOVE HORIZONTALLY/VERTICALLY (Continued)

Test Step Result / Action to Take
E4 CHECK CIRCUIT 981 (RD/WH)

• Measure the resistance between the power seat motor assembly
C353 pin 3, circuit 981 (RD/WH), harness side and the seat
regulator control switch C360 pin 2, circuit 981 (RD/WH),
harness side; and between the seat regulator control switch
C360  pin 2, circuit 981 (RD/WH), harness side and ground.

Yes
INSTALL a new seat regulator control
switch. DISCONNECT the battery ground
cable. CONNECT driver safety belt
pretensioner C323. REPOWER the
supplemental restraint system (SRS).
REFER to  Section 501-20B. TEST the
system for normal operation.
No
REPAIR circuit 981 (RD/WH).
DISCONNECT the battery ground cable.

• Is the resistance less than 5 ohms between the forward CONNECT driver safety belt pretensioner
reverse seat motor connector and the seat regulator control C323. REPOWER the supplemental
switch connector, and greater than 10,000 ohms between restraint system (SRS). REFER to
the seat regulator control switch connector and chassis Section 501-20B. TEST the system for
ground? normal operation.

E5 DETERMINE SEAT TILTING FAILURE
• Determine seat tilting failure. Yes
• Can the seat be tilted forward or backward? If only the forward tilting works, GO to E6.

If only the rear tilting works, GO to E9.
No
INSTALL a new seat regulator control
switch. DISCONNECT the battery ground
cable. CONNECT driver safety belt
pretensioner C323. REPOWER the
supplemental restraint system (SRS).
REFER to  Section 501-20B. TEST the
system for normal operation.

E6 CHECK THE VOLTAGE TO THE REAR TILTING SEAT MOTOR
• Key in OFF position.
• Depower the SRS. Refer to Supplemental Restraint System

(SRS) Depowering and Repowering in the General Procedures
portion of Section 501-20B.

• Disconnect: Driver Safety Belt Pretensioner C323.

• WARNING: Be sure that nobody is in the vehicle and
that there is nothing blocking or set in front of any air bag
module when the battery ground cable is connected.
Connect the battery ground cable.

• Disconnect: Power Seat Motor Assembly C353.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST E: THE POWER SEAT DOES NOT MOVE HORIZONTALLY/VERTICALLY (Continued)

Test Step Result / Action to Take
E6 CHECK THE VOLTAGE TO THE REAR TILTING SEAT MOTOR

(Continued)

• Measure the voltage between the power seat motor assembly
C353 pin 5, circuit 983 (RD/LG), harness side and pin 4, circuit
982 (YE/LG), harness side; while depressing the rear tilting
switch up and down.

Yes
INSTALL a new seat track (seat motor
assembly). DISCONNECT the battery
ground cable. CONNECT driver safety belt
pretensioner C323. REPOWER the
supplemental restraint system (SRS).
REFER to  Section 501-20B. TEST the• Is the voltage greater than +10 volts when the rear tilting system for normal operation.switch is pressed up, less than -10 volts when the rear

tilting switch is pressed down and 0 volts with the switch in No
the rest position? GO to E7.

E7 CHECK CIRCUIT 983 (RD/LG)
• Disconnect: Seat Regulator Control Switch C360.
• Measure the resistance between the power seat motor assembly

C353 pin 5, circuit 983 (RD/LG), harness side and the seat
regulator control switch C360 pin 4, circuit 983 (RD/LG), harness
side; and between the seat regulator control switch C360  pin 4,
circuit 983 (RD/LG), harness side and ground.

Yes
GO to E8.
No
REPAIR circuit 983 (RD/LG).
DISCONNECT the battery ground cable.
CONNECT driver safety belt pretensioner

• Is the resistance less than 5 ohms between the rear tilting C323. REPOWER the supplemental
seat motor connector and the seat regulator control switch restraint system (SRS). REFER to
connector, and greater than 10,000 ohms between the seat Section 501-20B. TEST the system for
regulator control switch connector and chassis ground? normal operation.

(Continued)
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501-10-7 501-10-7Seating

DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST E: THE POWER SEAT DOES NOT MOVE HORIZONTALLY/VERTICALLY (Continued)

Test Step Result / Action to Take
E8 CHECK CIRCUIT 982 (YE/LG)

• Measure the resistance between the power seat motor assembly
C353 pin 4, circuit 982 (YE/LG), harness side and the seat
regulator control switch C360 pin 7, circuit 982 (YE/LG), harness
side; and between the seat regulator control switch C360  pin 7,
circuit 982 (YE/LG), harness side and ground.

Yes
INSTALL a new seat regulator control
switch. DISCONNECT the battery ground
cable. CONNECT driver safety belt
pretensioner C323. REPOWER the
supplemental restraint system (SRS).
REFER to  Section 501-20B. TEST the
system for normal operation.
No
REPAIR circuit 982 (YE/LG).
DISCONNECT the battery ground cable.
CONNECT driver safety belt pretensioner

• Is the resistance less than 5 ohms between the rear tilting C323. REPOWER the supplemental
seat motor connector and the seat regulator control switch restraint system (SRS). REFER to
connector, and greater than 10,000 ohms between the seat Section 501-20B. TEST the system for
regulator control switch connector and chassis ground? normal operation.

E9 CHECK THE VOLTAGE TO THE FRONT TILTING SEAT MOTOR
• Key in OFF position.
• Depower the SRS. Refer to Supplemental Restraint System

(SRS) Depowering and Repowering in the General Procedures
portion of Section 501-20B.

• Disconnect: Driver Safety Belt Pretensioner C323.

• WARNING: Be sure that nobody is in the vehicle and
that there is nothing blocking or set in front of any air bag
module when the battery ground cable is connected.
Connect the battery ground cable.

• Disconnect: Power Seat Motor Assembly C353.
• Measure the voltage between the power seat motor assembly

C353 pin 1, circuit 979 (RD/LB), harness side and pin 2, circuit
990 (YE/LB), harness side; while depressing the front tilting
switch up and down.

Yes
INSTALL a new seat track (seat motor
assembly). DISCONNECT the battery
ground cable. CONNECT driver safety belt
pretensioner C323. REPOWER the
supplemental restraint system (SRS).
REFER to  Section 501-20B. TEST the• Is the voltage greater than +10 volts when the front tilting system for normal operation.switch is pressed up, less than -10 volts when the front

tilting switch is pressed down and 0 volts with the switch in No
the rest position? GO to E10.

E10 CHECK CIRCUIT 979 (RD/LB)
• Disconnect: Seat Regulator Control Switch C360.

(Continued)
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501-10-8 501-10-8Seating

DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST E: THE POWER SEAT DOES NOT MOVE HORIZONTALLY/VERTICALLY (Continued)

Test Step Result / Action to Take
E10 CHECK CIRCUIT 979 (RD/LB) (Continued)

• Measure the resistance between the power seat motor assembly
C353 pin 1, circuit 979 (RD/LB), harness side and the seat
regulator control switch C360 pin 6, circuit 979 (RD/LB), harness
side; and between the seat regulator control switch C360  pin 6,
circuit 979 (RD/LB), harness side and ground.

Yes
GO to E11.
No
REPAIR circuit 979 (RD/LB).
DISCONNECT the battery ground cable.
CONNECT driver safety belt pretensioner

• Is the resistance less than 5 ohms between the front tilting C323. REPOWER the supplemental
seat motor connector and the seat regulator control switch restraint system (SRS). REFER to
connector, and greater than 10,000 ohms between the seat Section 501-20B. TEST the system for
regulator control switch connector and chassis ground? normal operation.

E11 CHECK CIRCUIT 990 (YE/LB)
• Measure the resistance between the power seat motor assembly

C353 pin 2, circuit 990 (YE/LB), harness side and the seat
regulator control switch C360 pin 8, circuit 990 (YE/LB), harness
side; and between the seat regulator control switch C360  pin 8,
circuit 990 (YE/LB), harness side and ground.

Yes
INSTALL a new seat regulator control
switch. DISCONNECT the battery ground
cable. CONNECT driver safety belt
pretensioner C323. REPOWER the
supplemental restraint system (SRS).
REFER to  Section 501-20B. TEST the
system for normal operation.
No
REPAIR circuit 990 (YE/LB).
DISCONNECT the battery ground cable.
CONNECT driver safety belt pretensioner

• Is the resistance less than 5 ohms between the front tilting C323. REPOWER the supplemental
seat motor connector and the seat regulator control switch restraint system (SRS). REFER to
connector, and greater than 10,000 ohms between the seat Section 501-20B. TEST the system for
regulator control switch connector and chassis ground? normal operation.
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501-10-1 501-10-1Seating

REMOVAL AND INSTALLATION

Seat Control Switch

Removal

WARNING: Always wear safety glasses
when repairing an air bag supplemental restraint
system (SRS) vehicle and when handling an air
bag module. This will reduce the risk of injury in
the event of an accidental deployment.

WARNING: The belt and buckle assembly
pretensioner is a pyrotechnic device. Never probe
the connectors on the belt and buckle assembly
pretensioner. Doing so can result in belt and
buckle assembly pretensioner or air bag
deployment and can result in  personal injury.

WARNING: To reduce the risk of personal
injury, do not use any memory saver devices.

NOTE: If a seat equipped with a seat mounted side
air bag and/or a safety belt pretensioner (if
equipped) system is being serviced, the
supplemental restraint system (SRS) must be
depowered.

NOTE: The air bag warning lamp illuminates when 3. Remove the front seat back latch lower cover
the RCM fuse is removed and the ignition switch is screw from the front of the seat.
ON. This is normal operation and does not indicate
a supplemental restraint system (SRS) fault.

NOTE: The SRS must be fully operational and free
of faults before releasing the vehicle to the
customer.

1. Depower the SRS. For additional information,
refer to Supplemental Restraint System (SRS)
Depowering and Repowering in the General
Procedures portion of Section 501-20B.

2. Remove the screw from behind the seat back
latch handle.
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501-10-2 501-10-2Seating

REMOVAL AND INSTALLATION (Continued)

4. Remove the front seat back latch cover screw 6. Remove the seat control switch.
from the underside of the seat. 1 Pull the front seat back latch cover away

from the seat.

2 Pull the seat control switch electrical
connector through the seat cushion.

3 Remove the screws.

4 Remove the seat control switch.

5. Disconnect the seat control switch electrical
connector.
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501-10-3 501-10-3Seating

REMOVAL AND INSTALLATION (Continued)

Installation

1.

1 Install the seat control switch to the front
seat back latch lower cover.

2 Install the screws.

3 Route the front seat back latch lower cover
to the seat.

4 Position the front seat back latch lower
cover to the seat.

2. Connect the seat control switch electrical
connector. 4. Install the front seat back latch lower cover

screw to the front of the seat.

3. Install the front seat back latch cover screw to
the underside of the seat.
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REMOVAL AND INSTALLATION (Continued)

5. Install the screw behind the seat back latch 6. Repower the SRS. For additional information,
handle. refer to Supplemental Restraint System (SRS)

Depowering and Repowering in the General
Procedures portion of Section 501-20B.

7. Check the restraint system for correct operation.
For additional information, refer to Section
501-20A.
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REMOVAL AND INSTALLATION

Front Seat

Removal

WARNING: Always wear safety glasses
when repairing an air bag supplemental restraint
system (SRS) vehicle and when handling an air
bag module. This will reduce the risk of injury in
the event of an accidental deployment.

WARNING: The belt and buckle assembly
pretensioner is a pyrotechnic device. Never probe
the connectors on the belt and buckle assembly Vehicles equipped with power seat
pretensioner. Doing so can result in belt and
buckle assembly pretensioner or air bag

4. Disconnect the electrical feed electrical
deployment and can result in  personal injury.

connector underneath the seat.

WARNING: To reduce the risk of personal
injury, do not use any memory saver devices.

NOTE: If a seat equipped with a seat mounted side
air bag and/or a safety belt pretensioner (if
equipped) system is being serviced, the
supplemental restraint system (SRS) must be
depowered.

NOTE: The air bag warning lamp illuminates when
the RCM fuse is removed and the ignition switch is
ON. This is normal operation and does not indicate
a supplemental restraint system (SRS) fault.

All vehiclesNOTE: The SRS must be fully operational and free
of faults before releasing the vehicle to the
customer. 5. Remove the retainers and the front seat.

NOTE: Driver side shown, passenger side similar.

All vehicles

1. Position the seat to gain access to all seat
fasteners.

2. Depower the SRS. For additional information,
refer to Supplemental Restraint System (SRS)
Depowering and Repowering in the General
Procedures portion of Section 501-20B.

3. Disconnect the safety belt buckle pretensioner
electrical connector.
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501-10-2 501-10-2Seating

REMOVAL AND INSTALLATION (Continued)

All vehiclesInstallation

All vehicles 3. Connect the safety belt buckle pretensioner
electrical connector.

1. Install the front seat and retainers.

4. Repower the SRS. For additional information,
Vehicles equipped with power seat refer to Supplemental Restraint System (SRS)

Depowering and Repowering in the General
Procedures portion of Section 501-20B.2. Connect the electrical feed electrical connector

underneath the seat.
5. Check the restraint system for correct operation.

For additional information, refer to Section
501-20A.
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REMOVAL AND INSTALLATION

Seat — Rear, Quad Bucket

Removal

1. Disengage the detachable safety belt anchor.

1 Insert a key or small screwdriver into the
slot in the detachable anchor and lift
upward.

2 Disengage the detachable anchor tongue end
from the detachable anchor.

2. Pull the handle to release the rear bucket seat
from the pedestal.
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501-10-2 501-10-2Seating

REMOVAL AND INSTALLATION (Continued)

3. Slide the seat toward the right-hand side of the
vehicle.

4. Remove the rear bucket seat.

Installation

1. Position the rear bucket seat in the vehicle.

2. From the passenger side, insert the four pins in
the seat support into the four holes in the seat
striker.
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REMOVAL AND INSTALLATION (Continued)

3. Rotate the handle downward and in as far as it 4. Make sure the safety belt is not twisted, then
will go, to lock the rear bucket seat in place. insert the safety belt tongue into the detachable

anchor until you hear a ‘‘click’’ and feel the
latch engage.
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REMOVAL AND INSTALLATION

Rear Seat — Three- or
Four-Passenger Quick Release Bench

Removal and Installation

1. Disengage the detachable safety belt anchor if
so equipped.

1 Insert a key or small screwdriver into the
slot in the detachable anchor and lift
upward.

2 Disengage the detachable anchor tongue end
from the detachable anchor.

3. To install, reverse the removal procedure.
NOTE: Right seat latch handle shown, left seat • Make sure the safety belt is not twisted,
latch handle similar. then insert the safety belt tongue into the

detachable anchor until you hear a ‘‘click’’
2. Remove the bench seat. and feel the latch engage.

1 Pull the right and left handles rearward to
4. Check the restraint system for correct operation.release the seat from the latch strikers.

For additional information, refer to Section2 Disengage the seat latch rod hook ends
501-20A.from the seat latch striker and remove the

seat.
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501-10-1 501-10-1Seating

REMOVAL AND INSTALLATION

Latch — Striker, Quick Release

Removal and Installation

1. NOTE: The following procedure applies to
both rear bucket and rear bench seats.

NOTE: The removal procedure is similar for
all of the rear seat latch strikers (62440).

Remove the appropriate rear bench or bucket
seat.

2. Remove the bolts and washers retaining the rear
3. Remove the rear seat back latch striker.seat back latch striker to the floorpan.

• For the extended wagon fifth row bench 4. To install, reverse the removal procedure.
seat, remove the retaining nuts (not shown).
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DISASSEMBLY AND ASSEMBLY

4. NOTE: If removing the seat back pad adjusted,Seat — Front, Power Bucket
removal of the seat cushion is not necessary.
Proceed to Step 20.Disassembly
Remove the armrest.

WARNING: Always wear safety glasses 1 Pull back the Velcro fastened armrest
when repairing an air bag supplemental restraint cover to expose the bolt.
system (SRS) vehicle and when handling an air 2 Remove the bolt and the crown washer.
bag module. This will reduce the risk of injury in

3 Remove the armrest.the event of an accidental deployment.

WARNING: The belt and buckle assembly
pretensioner is a pyrotechnic device. Never probe
the connectors on the belt and buckle assembly
pretensioner. Doing so can result in belt and
buckle assembly pretensioner or air bag
deployment and can result in  personal injury.

WARNING: To reduce the risk of personal
injury, do not use any memory saver devices.

NOTE: If a seat equipped with a seat mounted side
air bag and/or a safety belt pretensioner (if
equipped) system is being serviced, the

5. Pull the front seat back pad adjustment knobsupplemental restraint system (SRS) must be
from the right side of the seat.depowered.

NOTE: The air bag warning lamp illuminates when
the RCM fuse is removed and the ignition switch is
ON. This is normal operation and does not indicate
a supplemental restraint system (SRS) fault.

NOTE: The SRS must be fully operational and free
of faults before releasing the vehicle to the
customer.

1. Position the seat to gain access to all seat
fasteners.

2. Depower the SRS. For additional information,
refer to Supplemental Restraint System (SRS)
Depowering and Repowering in the General
Procedures portion of Section 501-20B.

3. Remove the driver seat. For additional
information, refer to Front Seat in this section.
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501-10-2 501-10-2Seating

DISASSEMBLY AND ASSEMBLY (Continued)

6. Remove the bolt below the front seat back pad
adjustment knob.

8. Remove the front seat back pivot side inner
cover screw from the front of the seat.

7. Remove the screw from the underside of the
seat.
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501-10-3 501-10-3Seating

DISASSEMBLY AND ASSEMBLY (Continued)

9. Remove the front seat back pivot side inner
cover (61693) from the seat assembly.

1 Pull the front seat back pivot side inner
cover inboard to clear the belt and buckle
assembly pretensioner.

2 Rotate the front seat back pivot side inner
cover upward to release the rear pushpin
mount from the key slot.

3 Hold the front seat back pivot side inner
cover in one hand and release the retaining
clips holding the belt and buckle assembly
pretensioner boot to the front seat back
pivot side inner cover.

4 Remove the front seat back pivot side inner
cover.

13. Remove the front seat back latch lower cover
bolt from the front of the seat.

10. Remove the rear pushpin retainer from the
upper seat track mounting flange.

11. Remove the belt and buckle assembly
pretensioner. For additional information, refer to
Section 501-20A.

12. Remove the bolt from behind the seat back
latch handle.
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501-10-4 501-10-4Seating

DISASSEMBLY AND ASSEMBLY (Continued)

14. Remove the front seat back latch lower cover 16. Remove the front seat back latch lower cover
bolt from the underside of the seat. (62768).

1 Pull the front seat back latch lower cover
away from the seat.

2 Pull the power seat control switch connector
through the front seat cushion.

3 Remove the screws.

4 Remove the seat control switch from the
front seat back latch lower cover and
remove the front seat back latch lower
cover.

15. Disconnect the power seat control switch
connector.
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501-10-5 501-10-5Seating

DISASSEMBLY AND ASSEMBLY (Continued)

17. NOTE: Make sure the front seat back pad
adjuster is in the fully retracted position.

Remove the front seat back pad adjuster.

1 Remove the screws from the seat.

2 Disconnect the front seat back pad
adjustment cable from the front seat back
pad adjuster and remove the front seat back
pad adjuster.

20. Remove the front seat back cover.

1 Unfasten the J-clip at the bottom of the
front seat back.

2 Lift the front seat back cover up over the
seat back, disengaging the Velcro
fasteners (not shown), and remove the front
seat back cover.

18. Remove the bolts from the front seat back
latch.

19. Remove the front seat back.

1 Remove the bolt.

2 Pull the front seat back pad adjustment
cable through the bottom of the seat back.

3 Lift the front seat back from the seat
cushion.
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501-10-6 501-10-6Seating

DISASSEMBLY AND ASSEMBLY (Continued)

21. Remove the front seat back pad from the front
seat back frame (61019).

23. NOTE: Removal of the seat back pad adjuster
is easier when the seat back pad adjuster is
fully extended.

22. Cut the wire ties fastening the front seat back Rotate the plastic washers 60 degrees until the
pad adjuster cable to the front seat back frame. slit is facing the edge of the front seat back pad

adjuster grid.

• Rotate both the top and the bottom washers.
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501-10-7 501-10-7Seating

DISASSEMBLY AND ASSEMBLY (Continued)

24. NOTE: If only removing the seat back pad 26. NOTE: Use the fastener access holes to reach
adjuster, proceed with Step 25, then proceed to the seat support nuts.
seat assembly. Remove the nuts retaining the seat support to
Remove the front seat back pad adjuster grid the right seat track.
from the front seat back frame.

27. Remove the bolts retaining the seat support to
25. Remove the front seat back latch from the front the left seat track.

seat back frame.

1 Remove the bolts from the front seat back
latch.

2 Remove the front seat back latch.
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501-10-8 501-10-8Seating

DISASSEMBLY AND ASSEMBLY (Continued)

28. NOTE: Note the connector locations when
removing the connectors from the seat support.

Gently pull the power seat connectors from the
seat support.

31. NOTE: Use the fastener access holes to reach
the front seat track nuts.

NOTE: The RH seat track nut is shown; the
LH seat track nut is removed in the same
manner.

29. Remove the seat support from the seat tracks. Remove the two front seat track nuts retaining
the seat tracks to the seat cushion.

30. Remove the bolts retaining the seat tracks to the
seat cushion.
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501-10-9 501-10-9Seating

DISASSEMBLY AND ASSEMBLY (Continued)

32. Disconnect the power seat motor connector. 34. NOTE: Examine the plastic fasteners on the
power seat wiring assembly and install new
fasteners if worn.

NOTE: Note the locations of the plastic
fasteners when removing the wiring assembly.

Remove the power seat wiring assembly from
the seat cushion.

33. NOTE: Seat tracks and seat motors are not
serviced separately. The assembly is installed as
a single assembly.

Remove the seat tracks from the seat cushion.
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501-10-10 501-10-10Seating

DISASSEMBLY AND ASSEMBLY (Continued)

35. Remove the front seat cushion cover (62900).

1 Unfasten the J-clips on all four sides of the
front seat cushion cover.

2 Remove the seat cushion from the front seat
cushion frame.

3 Remove the front seat cushion cover from
the seat cushion, disengaging the Velcro
fastener (not shown).

Assembly

NOTE: If only installing the seat backpad adjuster,
proceed to Step 12.

1. Install the front seat cushion cover.

1 Install the front seat cushion cover to the
seat cushion, engaging the Velcro
fasteners (not shown).

2 Install the seat cushion to the front seat
cushion frame.

3 Fasten the J-clips on all four sides of the
front seat cushion cover.
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501-10-11 501-10-11Seating

DISASSEMBLY AND ASSEMBLY (Continued)

2. NOTE: Examine the plastic fasteners on the 4. Connect the power seat motor electrical
power seat wiring assembly and install new connector.
fasteners if worn.

Install the power seat wiring assembly to the
seat cushion.

5. NOTE: Use the fastener access holes to reach
the front seat track nuts.

NOTE: The RH seat track nut is shown, the
LH seat track nut is installed in the same
manner.

Install the two front seat track nuts retaining the
seat tracks to the seat cushion.

3. NOTE: Seat tracks and seat motors are not
serviced separately. The assembly is installed as
a single assembly.

Install the seat tracks to the seat cushion.

6. Install the bolts retaining the seat tracks to the
seat cushion.
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501-10-12 501-10-12Seating

DISASSEMBLY AND ASSEMBLY (Continued)

7. Install the seat support to the seat tracks.

10. NOTE: Use the fastener access holes to access
the support nuts.

8. NOTE: Examine the plastic fasteners on the Install the nuts retaining the seat support to the
power seat connectors and install new if worn. seat track.
Install the power seat connectors to the seat
support.

11. Install the front seat back latch to the front seat
back frame.

9. Install the bolts retaining the seat support to the
left seat track.
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501-10-13 501-10-13Seating

DISASSEMBLY AND ASSEMBLY (Continued)

12. NOTE: Installation of the seat back pad 14. Install wire ties fastening the front seat back
adjuster is easier when the seat back pad pad adjuster cable to the front seat back frame.
adjuster is fully extended.

Install the front seat back adjuster grid to the
front seat back frame.

13. Rotate the plastic washers 60 degrees so that
the slit is facing away from the edge of the
front seat back pad adjuster grid. Rotate both
the top and bottom washers.
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501-10-14 501-10-14Seating

DISASSEMBLY AND ASSEMBLY (Continued)

15. NOTE: When installing the seat back cushion 17. Align the front seat back to the seat cushion
to the seat back frame, removal of the excess and install the bolt.
cushion padding remaining on the frame is not
necessary.

Install the seat back foam pad to the frame.

18. Install the bolts to the front seat back latch.

19. NOTE: Make sure the front seat back pad
adjuster is in the fully retracted position.

16. Install the front seat back cover. Install the front seat back pad adjuster.
1 Pull the front seat back cover over the seat 1 Install the front seat back pad adjuster and

back, engaging the Velcro fasteners (not connect the front seat back pad adjustment
shown), and install the front seat back cable to the front seat back pad adjuster.
cover.

2 Install the screws to the seat.
2 Fasten the J-clip at the bottom of the front

seat back.

2004 E-Series, 12/2003 



501-10-15 501-10-15Seating

DISASSEMBLY AND ASSEMBLY (Continued)

20. Install the front seat back latch lower cover.

1 Install the seat control switch to the front
seat back latch lower cover.

2 Install the screws.

3 Route the seat control switch electrical
connector through the seat cushion.

4 Position the front seat back latch cover to
the seat.

21. Connect the seat control switch electrical
connector.

23. Install the front seat back latch lower cover bolt
to the front of the seat.

22. Install the front seat back latch lower cover bolt
to the underside of the seat.
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501-10-16 501-10-16Seating

DISASSEMBLY AND ASSEMBLY (Continued)

24. Install the bolt behind the seat back latch
handle.

28. Install the front seat back pivot side inner cover
screw to the front of the seat.

25. Install the belt and buckle assembly
pretensioner. For additional information, refer to
Section 501-20A.

26. Install the rear pin-type retainer to the upper
seat track mounting flange.

27. Install the front seat back pivot side inner cover
to the seat assembly.

1 Install the front seat back pivot side inner
cover.

2 Hold the front seat back pivot side inner
cover in one hand and secure with the
retaining clips to hold the belt and buckle
assembly pretensioner boot to the front seat
back pivot side inner cover.

3 Rotate the front seat back pivot side inner
cover downward to secure the rear pin-type
retainer mount to the key slot.

4 Pull the front seat back pivot side inner
cover inboard to clear the belt and buckle
assembly pretensioner.
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501-10-17 501-10-17Seating

DISASSEMBLY AND ASSEMBLY (Continued)

29. Install the screw to the underside of the seat.

31. Push the front seat back pad adjustment knob
toward the right side of the seat.

30. Install the bolt below the front seat back pad
adjustment knob.
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501-10-18 501-10-18Seating

DISASSEMBLY AND ASSEMBLY (Continued)

32. NOTE: If the same armrest is being installed, 33. Install the driver seat. For additional
the armrest plate and bolt can be reused, but information, refer to Front Seat in this section.
install a new crown washer when installing the

34. Repower the SRS. For additional information,armrest.
refer to Supplemental Restraint System (SRS)Install the armrest, new crown washer, and bolt.
Depowering and Repowering in the GeneralPosition the armrest cover.
Procedures portion of Section 501-20B.

35. Check the restraint system for correct operation.
For additional information, refer to Section
501-20A.
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501-10-1 501-10-1Seating

DISASSEMBLY AND ASSEMBLY

Seat — Front, Manual Bucket

Disassembly

WARNING: Always wear safety glasses
when repairing an air bag supplemental restraint
system (SRS) vehicle and when handling an air
bag module. This will reduce the risk of injury in
the event of an accidental deployment.

WARNING: The belt and buckle assembly
pretensioner is a pyrotechnic device. Never probe
the connectors on the belt and buckle assembly Seats with lumbar
pretensioner. Doing so can result in belt and
buckle assembly pretensioner or air bag

4. NOTE: Passenger seat shown, driver seat
deployment and can result in  personal injury.

similar.

Pull and remove the lumbar adjustment knob.WARNING: To reduce the risk of personal
injury, do not use memory saver devices.

NOTE: If a seat equipped with a supplemental
restraint system (SRS) component is being serviced,
the SRS must be depowered.

NOTE: The air bag warning lamp illuminates when
the RCM fuse is removed and the ignition switch is
ON. This is normal operation and does not indicate
a supplemental restraint system (SRS) fault.

NOTE: The SRS must be fully operational and free
of faults before releasing the vehicle to the
customer.

All seats

1. Depower the SRS. For additional information,
refer to Supplemental Restraint System (SRS)
Depowering and Repowering in the General
Procedures portion of Section 501-20B.

2. Remove the affected seat. For additional
information, refer to Front Seat in this section.

3. Remove the armrest.

1 Pull back the armrest cover hook-and-loop
strip to expose the bolt.

2 Remove the bolt and crown washer.

3 Remove the armrest.
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501-10-2 501-10-2Seating

DISASSEMBLY AND ASSEMBLY (Continued)

All seats 6. Remove the screw underneath the seat.

5. Remove the outboard side shield screw and the
seat back recliner lever screw and cover.
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501-10-3 501-10-3Seating

DISASSEMBLY AND ASSEMBLY (Continued)

Vehicles with inboard side shield7. Disengage the outboard side shield from the
seat track.

9. Remove the inboard side shield screws from
underneath the seat.

10. Rotate the inboard side shield upward to
disengage the front and center upper hooks.

• Pull the inboard side shield away to clear
the safety belt buckle pretensioner assembly.

8. Remove the outboard side shield.
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501-10-4 501-10-4Seating

DISASSEMBLY AND ASSEMBLY (Continued)

11. Remove the inboard side shield.

1 Rotate the inboard side shield upward to
release the rear pin-type retainer.

X Install a new pin-type retainer if damaged
during removal.

2 Hold the inboard side shield in one hand
and release the retaining clips holding the
safety belt buckle pretensioner boot to the
inboard side shield.

3 Remove the inboard side shield.

14. Release the push pin and position aside the
inboard seat cushion flap.

Vehicles without inboard side shield

12. Release the hook-and-loop strip on the inboard
cushion flap. Seats with manual lumbar

15. NOTE: Make sure the lumbar assembly is in
the fully relaxed position.

Remove the lumbar control adjuster.

1 Remove the 2 screws.

2 Disconnect the adjuster cable and remove
the lumbar adjuster.

13. Release the J-clip.
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501-10-5 501-10-5Seating

DISASSEMBLY AND ASSEMBLY (Continued)

All seats

16. Remove the front seat back bolt.

17. Remove the 2 bolts from the front seat back
recliner, route the adjuster cable through the
bottom of the seat and remove the front seat
back cushion.

18. CAUTION: Use care when separating
the seat cushion trim cover from the
hook-and-loop strip or the hook-and-loop
strip can be torn away from the seat cushion
foam.

Remove the front seat back cover.

1 Unfasten the J-clip at the bottom of the
front seat back.

2 Invert the cushion trim cover and release
the hook-and-loop strips (not shown), and
remove the seat cushion trim cover from the
foam pad.

2004 E-Series, 12/2003 



501-10-6 501-10-6Seating

DISASSEMBLY AND ASSEMBLY (Continued)

19. Remove the front seat back foam pad from the
front seat back frame.

21. NOTE: Removal of the lumbar assembly is
easier when the seat back pad is fully relaxed.

Rotate the plastic washers 60 degrees until theSeats with lumbar
slit is facing the edge of the front seat lumbar
adjuster grid.

20. Cut the wire ties fastening the lumber cable to
• Rotate both the top and bottom washers.

the front seat frame.
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501-10-7 501-10-7Seating

DISASSEMBLY AND ASSEMBLY (Continued)

22. Remove the lumbar adjuster grid from the front
seat back frame.

25. Remove the 4 nuts retaining the seat riser to the
seat track.

All seats

23. Remove the front seat back latch from the front
seat back frame.

1 Remove the 2 bolts from the front seat back
latch.

2 Remove the front seat back latch.

24. NOTE: Note the connector location when
removing the connector from the seat support.

If equipped, gently pull the seat belt buckle
switch connector from the seat support.
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501-10-8 501-10-8Seating

DISASSEMBLY AND ASSEMBLY (Continued)

26. Remove the seat riser from the seat tracks. 29. Remove the seat tracks from the seat cushion.

27. Remove the safety belt buckle pretensioner bolt 30. NOTE: Examine the plastic fasteners on the
and separate the safety belt buckle pretensioner safety belt wiring assembly and install new
from the seat track. fasteners if worn.

NOTE: Note the locations of the plastic
28. NOTE: Place the seat track to the mid-position fasteners when removing the wiring assembly.

to remove the seat track bolts.
Detach the safety belt wiring harness from the

Remove the 4 bolts retaining the seat tracks to seat cushion pan and remove the safety belt
the seat cushion. buckle pretensioner assembly.
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501-10-9 501-10-9Seating

DISASSEMBLY AND ASSEMBLY (Continued)

Assembly31. CAUTION: Use care when separating
the seat cushion trim cover from the

All seatshook-and-loop strip or the hook-and-loop
strip can be torn away from the seat cushion
foam. 1. Install the front seat cushion cover.

Remove the front seat cushion trim cover. 1 Install the front seat cushion cover to the
foam pad, engaging the hook-and-loop strips1 Unfasten the J-clips on all 4 sides of the
(not shown).front seat cushion trim cover.

2 Install the seat cushion to the front seat2 Remove the seat cushion from the front seat
cushion frame.cushion frame.

3 Fasten the J-clips on all four sides of the3 Remove the front seat cushion cover from
front seat cushion cover.the foam pad, disengaging the

hook-and-loop strips (not shown).
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501-10-10 501-10-10Seating

DISASSEMBLY AND ASSEMBLY (Continued)

2. NOTE: Examine the plastic fasteners on the
safety belt wiring assembly and install new
fasteners if worn.

Position the safety belt pretensioner assembly
and attach the wiring harness to the pan.

3. Install the seat tracks to the seat cushion.

5. Install the safety belt buckle pretensioner bolt.

• Tighten to 40 Nm (30 lb-ft).

6. Install the seat riser to the seat tracks.

4. NOTE: Place the seat track to the mid-position
to install the seat track bolts.

Install the 4 bolts retaining the seat tracks to
the seat cushion.
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501-10-11 501-10-11Seating

DISASSEMBLY AND ASSEMBLY (Continued)

Seats with lumbar7. Install the 4 nuts retaining the seat riser to the
seat track.

10. NOTE: Installation of the lumbar assembly is
easier when the adjuster is fully relaxed.

Install the lumbar assembly.

8. NOTE: Examine the plastic fasteners on the
safety belt connector and install new fasteners if
worn.

If equipped, attach the safety belt connector to 11. Rotate the plastic washers 60 degrees so that
the seat riser. the slit is facing away from the edge of the

lumbar grid. Rotate both the top and bottom
washers.

9. Install the front seat back latch to the front seat
back frame.

2004 E-Series, 12/2003 



501-10-12 501-10-12Seating

DISASSEMBLY AND ASSEMBLY (Continued)

12. Install wire ties fastening the lumbar adjuster
cable to the front seat back frame.

14. Install the front seat back cover.

1 Pull the front seat back cover over the seat
back, engaging the 2 hook-and-loop stripsAll seats
(not shown), and install the front seat back
cover.

13. Install the seat back foam pad to the frame.
2 Fasten the J-clip at the bottom of the front

seat back.
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501-10-13 501-10-13Seating

DISASSEMBLY AND ASSEMBLY (Continued)

15. Route the adjuster cable through the bottom of
the seat and install the front seat back to the
seat cushion and install the 2 bolts.

Seats with inboard side shield

18. Install the inboard side shield to the seat.

1 Install the inboard side shield.16. Align the front seat back to the seat cushion
2 Hold the inboard side shield in one handand install the bolt.

and secure it with the retaining clip to hold
the safety belt buckle pretensioner boot (if
equipped) to the inboard side shield.

3 Rotate the inboard side shield cover
downward to secure the rear pin-type
retainer.

Seats with lumbar

17. NOTE: Make sure the lumbar assembly is in
the fully relaxed position.

Install the lumbar controller.

1 Install the lumbar adjuster and connect the
lumbar cable.

2 Install the 2 screws.
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501-10-14 501-10-14Seating

DISASSEMBLY AND ASSEMBLY (Continued)

19. Rotate the inboard side shield downward to 22. Connect the inboard seat cushion flap J-clip.
engage the front and upper hooks.

23. Attach the inboard seat cushion flap
20. Install the 2 inboard side shield screws. hook-and-loop strip.

Seats without inboard side shield All seats

21. Position the inboard seat cushion flap and 24. Install the outboard side shield to the seat.
install the push pin.
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501-10-15 501-10-15Seating

DISASSEMBLY AND ASSEMBLY (Continued)

25. Engage the outboard side shield clip to the seat
track.

26. Install the outboard side shield screw
underneath the seat.

 Seats with lumbar

28. Install the lumbar adjustment knob.

27. Install the outboard side shield screw and the
seat back recliner lever cover and screw.
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501-10-16 501-10-16Seating

DISASSEMBLY AND ASSEMBLY (Continued)

All seats 30. Install the seat. For additional information, refer
to Front Seat in this section.

29. NOTE: If the same armrest is being installed,
31. Repower the SRS. For additional information,the armrest plate and bolt can be reused, but

refer to Supplemental Restraint System (SRS)install a new crown washer when installing the
Depowering and Repowering in the Generalarmrest.
Procedures portion of Section 501-20B.

Install the armrest, new crown washer and bolt.
Position the armrest cover. 32. Check the active restraint system for correct

operation. For additional information, refer to
Section 501-20A.
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501-10-1 501-10-1Seating

DISASSEMBLY AND ASSEMBLY

Seat — Rear, Quad Bucket

Special Tool(s)

Torx Bit, Safety Belt Bolt
501-010 (T77L-2100-A) (Used
for T-50 Head Bolt)

Disassembly and Assembly

4. Remove the safety belt buckle end assembly.
All seats

1 Use the Safety Belt Bolt Torx Bit to
remove the buckle end bolt.

1. Remove the rear quad bucket seat from the
2 Remove the safety belt buckle end.vehicle.

• For additional information, refer to Seat —
Rear, Quad Bucket in this section.

2. Remove the lower anchors and tethers for
children (LATCH).

1 Unlatch the J-clips on the LATCH cover.

2 Remove the LATCH bolts.

3 Remove the LATCH.

5. Remove the detachable safety belt anchor
buckle end.

1 Use the Safety Belt Bolt Torx Bit to
remove the detachable safety belt anchor
buckle end bolt.

2 Remove the detachable safety belt anchor
buckle end.

3. NOTE: If the same armrest is being installed,
the armrest plate and bolt can be reused, but
install a new crown washer when installing the
armrest.

Remove the armrest.

1 Pull back the Velcro fastened armrest
cover to expose the armrest bolt.

2 Remove the bolt and the crown washer.

3 Remove the armrest.
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501-10-2 501-10-2Seating

DISASSEMBLY AND ASSEMBLY (Continued)

6. Remove the right-hand seat side trim. 9. Remove the bolt.

1 Remove the screws (one located behind the
seat back latch).

2 Remove the right-hand seat side trim.

10. Remove the seat back.

7. Remove the left-hand seat side trim.

1 Remove the screws.

2 Remove the left-hand seat side trim.

8. Remove the bolts.

2004 E-Series, 12/2003 



501-10-3 501-10-3Seating

DISASSEMBLY AND ASSEMBLY (Continued)

All seats11. Remove the seat back cover.

1 Unlatch the C-clip at the bottom of the seat
13. Remove the seat back cushion.back.

2 Slide the cover upward over the seat back,
14. Remove the bolt and the seat back latch.

disengaging the Velcro fasteners (not
shown), and remove the seat back cover.

15. Remove the four nuts (two shown) and the seat
support.

LH seats

12. Access and detach the J-clips from the seat
backrest frame from beneath the seat backrest
cover.
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501-10-4 501-10-4Seating

DISASSEMBLY AND ASSEMBLY (Continued)

16. NOTE: On the RH side seat only, make sure
the seat track is in the full rearward position to
access the front seat track bolts.

Remove the seat track bolts and remove the
seat track assembly.

19. Remove the seat cushion from the seat frame.

LH seats

20. Remove the bolts and the cushion support from
the seat cushion frame.

17. On the LH side seat only, remove the two bolts
from both spacer brackets and remove both
spacer bracket assemblies.

18. Remove the seat cushion cover.

1 Unlatch the J-clips on all four sides of the
seat cushion cover.

2 Remove the seat cushion frame from the
seat cushion.

3 Remove the seat cushion cover from the
seat cushion, disengaging the Velcro
fasteners (not shown).

All seats

21. To assemble, reverse the disassembly procedure.
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501-10-1 501-10-1Seating

DISASSEMBLY AND ASSEMBLY

Seat — Rear, Three- or
Four-Passenger Quick Release Bench

Special Tool(s)

Torx Bit, Safety Belt Bolt
501-010 (T77L-2100-A) (Used
for T-50 Head Bolt)

Disassembly and Assembly 4. NOTE: Make sure the washer is located
correctly during assembly.

1. Remove the rear bench seat assembly. Remove the safety belt assembly from the left
• For additional information, refer to Rear and right stanchions.

Seat — Three- or Four-Passenger Quick 1 Use the Safety Belt Bolt Torx Bit to
Release Bench in this section. remove the safety belt anchor bolt from the

stanchion.2. Remove the armrest (if so equipped).
2 Remove the safety belt assembly.1 Peel back the Velcro-fastened armrest

cover to expose the armrest bolt.

2 Remove the bolt and crown washer.

3 Remove the armrest.

3. Remove the detachable safety belt anchor
buckle end, if so equipped.

1 Use the Safety Belt Bolt Torx Bit to
remove the detachable safety belt anchor
buckle end bolt.

2 Remove the detachable safety belt anchor
buckle end.
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501-10-2 501-10-2Seating

DISASSEMBLY AND ASSEMBLY (Continued)

5. NOTE: When removing the stanchions, note 7. NOTE: Examine the seat cushion cover plastic
their locations on the seat cushion frame and fastener and install new if worn.
install them in the same location. Remove the rear seat cushion cover (63804)
Remove the left and right stanchions from the from the seat back bracket.
seat. 1 Remove the plastic seat cushion cover
1 Remove the upper and lower bolts. fastener.

2 Remove the stanchions from the seat. 2 Peel back the rear seat cushion cover to
expose the seat back bolts on the seat back
bracket.

8. Remove the bolts from the rear seat cushion
frame and remove the seat back.

6. Use the Safety Belt Bolt Torx Bit to remove
the center safety belt bolt and washer from the
rear seat cushion frame (63160) and remove the
center safety belt (four-passenger bench seat
only).
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DISASSEMBLY AND ASSEMBLY (Continued)

9. NOTE: Make sure the safety belt is routed and
located inboard of the cushion frame bar during
assembly.

Remove the seat cushion cover clips from the
rear seat cushion frame.

12. Remove the front LATCH bolts and the
LATCH attachment.

13. Remove the rear seat cushion cover.

1 Pull the safety belt ends up through the rear
seat cushion cover and the rear seat cushion
pad.10. Remove the rear seat cushion frame from the

2 Peel the rear seat cushion cover from therear seat cushion pad (63840).
rear seat cushion pad.

11. Remove the rear Lower Anchors and Tethers
for CHildren (LATCH) bolts.
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DISASSEMBLY AND ASSEMBLY (Continued)

14. Remove the rear seat back cover (66600).

1 Unclip the J-clip at the bottom of the rear
seat back cover.

2 Peel the rear seat back cover from the seat
back.

16. Remove the armrest bracket bolts and remove
the armrest bracket from the rear seat back
frame.

15. NOTE: When installing a new rear seat back
pad, a cut-out must be made on the new pad to
fit around the armrest bracket.

Lift the rear seat back pad (66800) from the
rear seat back frame (613A38).

17. To assemble, reverse the disassembly procedure.
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General Specifications (Continued)
SPECIFICATIONS

Item Specification
General Specifications

Window Down 4-8 Amps
Item Specification  (Under Load)

Sealants and Primers Window Up (Under Load) 5-10 Amps

Urethane Adhesive Essex WSB-M2G316-B Motor Stall 14 Amps
400-HV

No Load 4 Amps Maximum
Pumpable Foam Dam ESB-M4G309-A  with No Fluctuation

RTV Sealer WSE-M4G323-A4

Urethane Metal Primer WSB-M2G234-C Torque Specifications
Essex U-413

Description Nm lb-in
Urethane Glass Primer WSB-M5B280-C

Window Regulator Bracket 8-14 71-124Essex U-402
Upper Nuts

Urethane Glass Prep WSB-M2G314-B
Rear Glass Channel Bolt 7-11 62-97Essex U-401

Window Motor Current Draw
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DESCRIPTION AND OPERATION

Glass, Frames and Mechanisms
Glass, Frames and Mechanism Components

Item Part Number Description Item Part Number Description

10 23394 Window Regulator Electric1 15257A22 Body Sliding Door Window
DriveGlass

11 03100 Windshield Glass2 25722 Body Side Door Window
Glass— (Front)

The window regulator control switches (14529) are
3 25830 Body Side Door Window

located on the front door trim panels (23942). TheGlass— (Rear)
master window regulator control switch is located

4 42006 Back Window Glass
on the driver side front door trim panel and can be

5 29600 Body Side Window used to activate all of the power windows.
(Extended)

A single window regulator control switch is located6 29600 Body Side Window
on the passenger side front door trim panel. This

7 1529727 Body Side Window
window regulator control switch allows activation of

8 21410 Front Door Window Glass the power window for that door only.
9 23200 Window Regulator

(Continued)
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Visual Inspection Chart
DIAGNOSIS AND TESTING

Glass, Frames and Mechanisms Mechanical Electrical
Refer to Wiring Diagrams Cell 100 for schematic • Window alignment • IP fuse panel —
and connector information. • Window mounting Fuse 21 (30A)

(regulator and bracket) • Damage to wiring
Special Tool(s) • Window frame harness

interference • Loose or corroded
73 Digital Multimeter connections
105-R0051 or Equivalent • Damaged switches

2. Check the wiring harness for obvious signs of
shorts, opens, bad connections or damage.

3. If the fault is not visually evident, determine
the symptom. GO to Symptom Chart.

Inspection and Verification

1. Visually inspect the components of the power
window system to determine if any of the
following electrical or mechanical concerns
apply.

Symptom Chart

Symptom Chart

Condition Possible Sources Action
• All Power Windows Are • Fuse. • GO to Pinpoint Test A.

Inoperative
• Single Power Window Is • Window regulator electric • GO to Pinpoint Test B.

Inoperative (LH) drive circuits.
• Window regulator electric

drive (23394) .
• Window regulator control

switch circuits.
• Window regulator control

switch (14529) .
• Single Power Window Is • Window regulator electric • GO to Pinpoint Test C.

Inoperative (RH) drive circuits.
• Window regulator electric

drive .
• Window regulator control

switch circuits.
• Window regulator control

switch .
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DIAGNOSIS AND TESTING (Continued)

Pinpoint Tests

PINPOINT TEST A: ALL POWER WINDOWS ARE INOPERATIVE

Test Step Result / Action to Take
A1 CHECK THE SUPPLY VOLTAGE TO THE FUSE

• Remove the IP fuse panel Fuse 21 (30A).

• Key in ON position.
• Measure the voltage between the IP fuse panel Fuse 21 (30A)

left terminal and ground.

Yes
GO to A2.
No
REPAIR Circuit 297 (BK/LG). TEST the

• Is the voltage greater than 10 volts? system for normal operation.
A2 CHECK THE LEFT CONTROL SWITCH GROUND CIRCUIT

• Key in OFF position.
• Disconnect: Left Door Left Window Regulator Control Switch

C508.
• Measure the resistance between the left door left window

regulator control switch connector C508, Circuit(s) 57 (BK) and
ground.

Yes
REPAIR Circuit 170 (R/LB) between the IP
fuse panel and the splice to the right
window regulator control switch connector
C629. TEST the system for normal
operation.
No
REPAIR Circuit 57 (BK). TEST the system

• Is the resistance less than 5 ohms? for normal operation.
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST B: SINGLE POWER WINDOW IS INOPERATIVE (LH)

Test Step Result / Action to Take
B1 CHECK THE SUPPLY VOLTAGE TO THE LEFT WINDOW

REGULATOR CONTROL SWITCH
• Disconnect: Left Door Left Window Regulator Control Switch

C508.
• Key in ON position.
• Measure the voltage between the left door left window regulator

control switch connector Pin C508-10, Circuit 170 (R/LB) and
ground.

Yes
GO to B2.
No
REPAIR Circuit 170 (R/LB) between the
left door left window regulator control
switch connector C508 and the splice to
the left door right window regulator control
switch connector C508. TEST the system

• Is the voltage greater than 10 volts? for normal operation.
B2 CHECK THE GROUND CIRCUIT 57 (BK) FOR AN OPEN

• Key in OFF position.
• Measure the resistance between the left door left window

regulator control switch connector Pins C508-7 and C508-12,
Circuits 57 (BK) and ground.

Yes
GO to B3.
No
REPAIR Circuit 57 (BK). TEST the system

• Is the resistance less than 5 ohms? for normal operation.
B3 CHECK THE SUPPLY VOLTAGE TO THE LEFT POWER

WINDOW ELECTRIC DRIVE
• Connect: Left Door Left Window Regulator Control Switch C508.
• Disconnect: Left Window Regulator Electric Drive C524.
• Key in ON position.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST B: SINGLE POWER WINDOW IS INOPERATIVE (LH) (Continued)

Test Step Result / Action to Take
B3 CHECK THE SUPPLY VOLTAGE TO THE LEFT POWER

WINDOW ELECTRIC DRIVE (Continued)

• Activate the left door left window regulator control switch in the
up position and measure the voltage between the left window
regulator electric drive connector C524 Circuit 226 (W/BK) and
Circuit 227 (Y).

• Activate the left door left window regulator control switch in the
down position and measure the voltage between the left window
electric drive connector C524 Circuit 227 (Y) and Circuit 226
(W/BK).

Yes
REPLACE the window regulator electric
drive . TEST the system for normal
operation.
No
REPAIR Circuit 226 (W/BK) or 227 (Y) if
damaged. If OK, REPLACE the left door
window regulator control switch . TEST the

• Is the voltage greater than 10 volts for both circuits? system for normal operation.

PINPOINT TEST C: SINGLE POWER WINDOW IS INOPERATIVE (RH)

Test Step Result / Action to Take
C1 CHECK CIRCUIT 170 (R/LB) FOR AN OPEN

• Disconnect: Right Door Right Window Regulator Control Switch
C629.

• Key in ON position.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST C: SINGLE POWER WINDOW IS INOPERATIVE (RH) (Continued)

Test Step Result / Action to Take
C1 CHECK CIRCUIT 170 (R/LB) FOR AN OPEN (Continued)

• Measure the voltage between the right door right window
regulator control switch connector Pin C629-3, Circuit 170 (R/LB)
and ground.

Yes
GO to C2.
No
REPAIR Circuit 170 (R/LB) between the
right door right window regulator control
switch connector C629 and the splice to
the left door right window regulator control
switch connector C508. TEST the system

• Is the voltage greater than 10 volts? for normal operation.
C2 CHECK THE VOLTAGE TO THE LEFT DOOR RIGHT WINDOW

REGULATOR CONTROL SWITCH
• Key in OFF position.
• Disconnect: Left Door Right Window Regulator Control Switch

C508.
• Key in ON position.
• Measure the voltage between the left door right window

regulator control switch connector Pin C508-11, Circuit 170
(R/LB) and ground.

Yes
GO to C3.
No
REPAIR Circuit 170 (R/LB) between the
splice and the left door right window
regulator control switch connector C508.

• Is the voltage greater than 10 volts? TEST the system for normal operation.
C3 CHECK GROUND CIRCUIT 57 (BK) FOR AN OPEN

• Key in OFF position.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST C: SINGLE POWER WINDOW IS INOPERATIVE (RH) (Continued)

Test Step Result / Action to Take
C3 CHECK GROUND CIRCUIT 57 (BK) FOR AN OPEN (Continued)

• Measure the resistance between the left door right window
regulator control switch connector Pins C508-9 and C508-14,
Circuits 57 (BK) and ground.

Yes
GO to C4.
No
REPAIR Circuit 57 (BK). TEST the system

• Is the resistance less than 5 ohms? for normal operation.
C4 CHECK THE SUPPLY VOLTAGE TO THE RIGHT WINDOW

REGULATOR CONTROL SWITCH
• Connect: Right Door Right Window Regulator Control Switch

C629.
• Key in ON position.
• Activate the left door right window regulator control switch in the

up position, and measure the voltage between the right door
right window regulator control switch connector Pin C629-2,
Circuit 314 (T/LB) and Pin C629-4, Circuit 313  (W/Y).

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST C: SINGLE POWER WINDOW IS INOPERATIVE (RH) (Continued)

Test Step Result / Action to Take
C4 CHECK THE SUPPLY VOLTAGE TO THE RIGHT WINDOW

REGULATOR CONTROL SWITCH (Continued)

• Activate the left door right window regulator control switch in the
down position and measure the voltage between the right door
right window regulator control switch connector Pin C629-4,
Circuit 313 (W/Y) and Pin C629-2, Circuit 314  (T/LB).

Yes
GO to C5.
No
REPAIR Circuit 314 (T/LB) or 313 (W/Y) if
damaged. If OK, REPLACE the left door
right window regulator control switch .

• Is the voltage greater than 10 volts for both circuits? TEST the system for normal operation.
C5 CHECK THE SUPPLY VOLTAGE TO THE RIGHT POWER

WINDOW ELECTRIC DRIVE
• Key in OFF position.
• Connect: Right Door Right Window Regulator Control Switch

C629.
• Disconnect: Right Window Regulator Electric Drive C608.
• Key in ON position.
• Activate the right door window regulator control switch in the up

position and measure the voltage between the right window
regulator electric drive connector C608 Circuit 334 (R/Y) and
Circuit 333 (Y/R).

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST C: SINGLE POWER WINDOW IS INOPERATIVE (RH) (Continued)

Test Step Result / Action to Take
C5 CHECK THE SUPPLY VOLTAGE TO THE RIGHT POWER

WINDOW ELECTRIC DRIVE (Continued)

• Activate the right door window regulator control switch in the
down position and measure the voltage between the right
window regulator electric drive connector C608 Circuit 333 (Y/R)
and Circuit 334 (R/Y).

Yes
REPLACE the window regulator electric
drive . TEST the system for normal
operation.
No
REPAIR Circuit 334 (R/Y) or 333 (Y/R) if
damaged. If OK, REPLACE the right door
window regulator control switch . TEST the

• Is the voltage greater than 10 volts for both circuits? system for normal operation.

Component Tests

Switch — Window Regulator Control

Refer to the Electrical and Vacuum Troubleshooting
Manual, Cell 149, Component Testing.
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GENERAL PROCEDURES

Windshield Reseal

Material

Item Specification

Urethane Adhesive Essex WSB-M2G316-B
400-HV

1. Remove the windshield wiper pivot arms
(17526). For additional information, refer to
Section 501-16.

2. Remove the cowl top vent panel (022A68). 6. Remove the sun visors. For additional
information, refer to Section 501-05.

3. Remove the A-pillar trim panels. For additional
information, refer to Section 501-05. 7. Remove the interior rear view mirror. For

additional information, refer to Section 501-09.
4. If equipped, remove the overhead console.

8. Clean the edge formed by the existing urethane• Remove the screw.
and the glass on the inside at the top and sides,• Remove the overhead console.
and outside on the bottom of the windshield

• Disconnect the electrical connectors. with an alcohol free cleaner.

9. Cut the urethane applicator tip to specification.

5. If equipped, remove the dome lamp assembly.

1 Pry the dome lamp from the headliner.
10. NOTE: Use either a high-ratio electric or2 Disconnect the dome lamp electrical

battery-operated caulk gun that will apply theconnector.
urethane with less effort and a continuous bead.

Apply a bead of Urethane Adhesive Essex
400-HV to the cleaned area.

11. NOTE: Make sure that all gaps in the urethane
adhesive are smoothed into one continuous
bead.

Backfill the urethane application and clean the
excess.
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GENERAL PROCEDURES (Continued)

16. If equipped, install the overhead console.12. CAUTION: The urethane adhesive
must cure for a minimum of one hour before

17. Install the A-pillar trim panels. For additionaltesting for air or water leaks.
information, refer to Section 501-05.

After the urethane has cured, check the
windshield seal for air or water leaks through 18. Install the cowl top vent panel.
the urethane adhesive bead and add urethane
adhesive as necessary. 19. Install the windshield wiper pivot arms. For

additional information, refer to Section 501-16.
13. Install the interior rear view mirror. For

additional information, refer to Section 501-09. 20. Clean the exterior and interior of the windshield
glass with an alcohol free cleaner.

14. Install the sun visors. For additional
information, refer to Section 501-05.

15. If equipped, install the dome lamp assembly.
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4. Loosen, but do not remove, the rear glass
GENERAL PROCEDURES

channel bolt.Door Window Glass Adjustment

1. Remove the front door trim panel (23942); for
additional information, refer to Section 501-05.

2. Loosen, but do not remove, the window
regulator bracket upper nuts.

5. Lower the front door window glass partway, to
allow adjustment.

6. Move the front door window glass to the
rearward position, and tighten the bolt.

3. Raise the front door window glass to the full up
position, and tighten the nuts.
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4. Carefully pry up and remove the window
REMOVAL AND INSTALLATION

regulator control switch (14529).Switch — Window Regulator Control

Removal

1. Disconnect the battery ground cable; for
additional information, refer to Section 414-01.

2. Carefully pry the window regulator switch plate
up.

Installation

1. Follow the removal procedure in reverse order.

3. Remove the two screws.
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3. Remove the rear glass channel bolt, and lift the
REMOVAL AND INSTALLATION

channel.Window Glass — Front Door

Special Tool(s)

Heavy Duty Riveter
501-D011 (D80L-23200-A) or
Equivalent

Removal

WARNING: Always wear safety glasses
and gloves when handling glass to avoid personal 4. Lower the window glass to gain access to the
injury. two glass bracket retaining rivets.

1. Remove the front door trim panel (23942); for
additional information, refer to Section 501-05.

2. Remove the front door belt line inside
weatherstrip.

5. CAUTION: Do not attempt to pry out
the rivets, as damage to the front door
window glass can result. Prior to removing
the rivet center pins, it is recommended that
a suitable block support be placed between
the front door outer panel and the glass
bracket to stabilize the glass during rivet
removal.

Remove the center pins from the rivets, using a
drift. Using a 1/4-inch diameter drill, drill out
the remainder of the rivets.

6. Lift up and rotate the front door window glass
clockwise, and remove.

Copyright  2003, Ford Motor Company
Last updated: 08/27/2003 2004 E-Series, 12/2003 



501-11-2 501-11-2Glass, Frames and Mechanisms

REMOVAL AND INSTALLATION (Continued)

Installation

1. Follow the removal procedure in reverse order.

• Use the Heavy Duty Riveter to install the
rivets (W525172-S).
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2. Remove any trim panels necessary to access the
REMOVAL AND INSTALLATION

window fasteners; for additional information,Window Glass — Typical
refer to Section 501-05.

Removal
3. Remove the glass retaining nuts. Note the

location of the retainers for installation.
CAUTION: Removing the glass requires

more than one technician.

NOTE: The weatherstrips for other than the
windshield glass (03100) and the front door window
are supplied with the glass assembly and are not
separately serviceable.

NOTE: It is important to install the glass hardware
in the same order as originally installed to prevent
improper fit and wind noise.

1. Remove the screws retaining the latch and the
latch anchor to the door or body inner panel, if
so equipped.

4. Remove the window glass from the vehicle.
• Rotate the window latch counterclockwise

until it releases from the window glass. Installation

1. Follow the removal procedure in reverse order.

• Check the glass for proper operation.
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REMOVAL AND INSTALLATION

Motor — Window Regulator Electric
Drive

Special Tool(s)

Heavy Duty Riveter
501-D011 (D80L-23200-A) or
Equivalent

Removal

1. Disconnect the battery ground cable (14301);
for additional information, refer to Section
414-01.

2. Remove the front door trim panel (23942); for
additional information, refer to Section 501-05.

3. Disconnect the electrical connector.

5. Working through the access hole, remove the
window regulator electric drive bracket from
the inner panel.

• Rotate to gain access to the three screws
retaining the window regulator electric drive
(23394) to the bracket and cable drum
housing.

6. Remove the screws, and separate the window
regulator electric drive from the bracket and
cable drum.

4. NOTE: Use care not to enlarge the sheet metal
7. Remove the window regulator electric drive.holes in the door inner panel.

Remove the center pins from the rivets, using a Installation
drift. Using a 1/4-inch diameter drill, drill out
the rivets attaching the window regulator

1. Follow the removal procedure in reverse order.electric drive bracket to the inner panel.
• Use the Heavy Duty Riveter to install the

rivets (W525172-S).
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4. Remove the nuts retaining the window regulator
REMOVAL AND INSTALLATION

upper bracket to the door inner panel.Window Regulator

Special Tool(s)

Heavy Duty Riveter
501-D011 (D80L-23200-A) or
Equivalent

Removal

1. Remove the front door window glass. For
additional information, refer to Window Glass 5. Remove the window regulator.
— Front Door in this section.

Installation
2. Remove the window regulator electric drive

(23394) (if so equipped). For additional 1. Follow the removal procedure in reverse order.
information, refer to Motor — Window • Use the Heavy Duty Riveter to install the
Regulator Electric Drive in this section. rivets (W525172-S).

3. NOTE: Use care not to enlarge the sheet metal
holes in the door inner panel.

Remove the center pins from the rivets, using a
drift. Using a 1/4-inch diameter drill, drill out
the rivets attaching the window regulator lower
bracket to the inner panel.
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REMOVAL AND INSTALLATION
8. WARNING: To prevent glass splinters

Windshield Glass from entering the eyes or cutting the hands,
wear safety glasses and heavy gloves when
cutting the glass from the vehicle.Special Tool(s)

CAUTION: To prevent damage to theInterior Auto Glass Cut-Out
Knife Kit windshield header seal (03045) , turn the
164-R2450 or Equivalent blade so that the flat side is against the pinch

weld.

Insert the Interior Glass Cut-Out Knife into the
urethane sealant at the upper center of the
vehicle interior, and work toward the bottom
corners.Removal

1. Remove the windshield wiper pivot arms
(17526); for additional information, refer to
Section 501-16.

2. Remove the cowl top vent panel (022A68); for
additional information, refer to Section 501-02.

3. Drill out the rivets, and remove the windshield
glass stops (03296).

9. NOTE: Support the windshield glass (03100) ,
to prevent the glass from dropping, before
cutting the bottom edge of the urethane sealant.

Insert the Interior Glass Cut-Out Knife into the
bottom center of the urethane sealant on the
vehicle exterior, and work toward the corners.

10. CAUTION: Removing the glass
requires more than one technician.

Carefully remove the windshield glass from the
4. Remove the inside rear view mirror (17700); vehicle.

for additional information, refer to Section
501-09.

5. Remove (pull off) the RH and LH A-pillar
mouldings.

6. Lower the front portion of the roof trim panel;
for additional information, refer to Section
501-05.

7. Lubricate the urethane sealant with ECL-784
lubricant (10:1 ratio of water to soap), to aid
the Interior Glass Cut-Out Knife Kit when
cutting the urethane sealant.
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REMOVAL AND INSTALLATION (Continued)

11. Remove the windshield header seal. 6. Clean the inside of the windshield glass with an
alcohol-free cleaner.

12. Trim the remaining urethane on the pinch weld
to within the specification. 7. NOTE: Wipe off the Urethane Glass Prep

immediately after each application because it• The old urethane must be smooth and free
flash dries.of cuts and contamination.
NOTE: Apply with deliberate strokes making
sure not to overlap the applied area.

Apply Urethane Glass Prep Essex U-401
meeting Ford specification WSB-M2G314-B
twice around the glass surface to be urethaned.

8. Apply Glass Primer Essex U-402 to the same
area than was in the previous step. Allow five
minutes to dry.

9. NOTE: The windshield glass must be
positioned within 10 minutes of applying the
urethane sealant.

Apply an 11-mm (0.43-inch) wide bead ofInstallation
Urethane Adhesive Essex 400-HV
WSB-M2G316-B to the entire primed area of1. Check the pinch weld for damaged sheet metal,
the windshield glass.raised sheet metal at the spot welds, rust or

foreign material that could cause glass damage.

2. Apply Urethane Metal Primer Essex U-413
WSB-M2G234-C to any exposed metal on the
pinch weld.

• Do not apply the primer to the existing
urethane bead.

• Let the primer dry for a minimum of 6-10
minutes before proceeding.

3. If re-installing the same windshield glass,
remove all remaining traces of urethane sealant.

4. Install the windshield header seal on the
windshield glass.

5. Properly align the windshield glass to the body,
mark the windshield glass, and remove the
windshield glass from the vehicle.

1 Place the windshield glass in the opening,
and center it from top to bottom and side to
side with about equal clearance on all sides.

2 Make alignment marks on each of the four
sides of the windshield glass.

3 Remove the windshield glass from the
vehicle, and place it inside up.
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REMOVAL AND INSTALLATION (Continued)

12. Wipe off any excess urethane adhesive and10. CAUTION: After replacing the
apply a 6-mm (0.23-inch) bead of Pumpableurethane-installed glass, the vehicle must not
Foam Dam ESB-M4G309-A between thebe driven until the urethane has cured. The
windshield header seal and the urethane sealant.curing times at temperatures above 13°C

(55°F) and relative humidity above 50% is
13. Fill the cavities between both the LH and RH12-24 hours (decreasing at higher

sides of the windshield header seal and thetemperatures and lower humidities).
sheet metal, using RTV Sealer ESB-M4G92-AInadequate curing of the urethane can
for a total length of 50 mm (2 inches) from theadversely affect the strength of the urethane
base of the A-pillars.sealant bond.

NOTE: Before installing the windshield glass , 14. Install the inside rear view mirror; for
open the windows to prevent the windshield additional information, refer to Section 501-09.
glass from being pushed out by air pressure if a
door is closed. 15. Install the roof trim panel; for additional

information, refer to Section 501-05.Position the windshield glass on the vehicle
pinch weld, aligning it with the marks.

16. Install (push on) the LH and RH A-pillar
mouldings.

17. Install the cowl top vent panel; for additional
information, refer to Section 501-02.

18. Install the windshield wiper pivot arms; for
additional information, refer to Section 501-16.

11. Position the windshield glass stops on the
vehicle. Make sure the windshield glass is
aligned and rivet the stops in position, using a
385974-S rivet.
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REMOVAL AND INSTALLATION

Moulding — Windshield Header Seal

1. Refer to Windshield Glass in this section.
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Torque Specifications (Continued)
SPECIFICATIONS

Description Nm lb-ft lb-in
Torque Specifications

Instrument panel dash 7-10 — 62-89
Description Nm lb-ft lb-in brace bolts

Coolant bottle retaining 5-6 — 45-53 Instrument panel 7-10 — 62-89
bolts steering column

opening coverInstrument panel bolts 25-35 18-26 —
reinforcement bolts

Instrument panel cowl 19-26 14-19 —
Main wiring 4-6 — 35-53top nut
assembly/lower

Instrument panel cowl 2-3 — 18-27 bulkhead connector
top screws bolt
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501-12-1 501-12-1Instrument Panel and Console

DESCRIPTION AND OPERATION

• Instrument panel finish panelInstrument Panel
• Instrument panel steering column opening coverThe instrument panel consists of the following:

reinforcement
• Driver side knee brace

• Instrument panel steering column cover
• Instrument cluster finish panel

• Passenger air bag opening cover
• Instrument panel finish panel reinforcement

• Instrument panel dash brace
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501-12-1 501-12-1Instrument Panel and Console

DESCRIPTION AND OPERATION

Console — Floor
The console consists of the following:

• Cup holders

• Console assembly

• Storage compartment (high series)

• Storage bin

Copyright  2003, Ford Motor Company
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501-12-1 501-12-1Instrument Panel and Console

REMOVAL AND INSTALLATION

6. Remove the upper center instrument panelInstrument Panel
access panel.

Removal

CAUTION: Electronic modules are
sensitive to static electrical charges. If exposed to
these charges, damage may result.

1. Remove the passenger side air bag module. For
additional information, refer to Section
501-20B.

2. Remove the steering column. For additional
information, refer to Section 211-04.

3. Remove the floor console. For additional 7. Disconnect the climate control vacuum harness
information, refer to Floor Console in this connector.
section.

4. Remove the engine cover.

• Release the engine cover latches and remove
the engine cover.

8. Remove the LH upper access panel.

5. Remove the instrument panel cowl top screws.
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501-12-2 501-12-2Instrument Panel and Console

REMOVAL AND INSTALLATION (Continued)

9. Remove the instrument panel cowl top nut. 12. Remove the main wiring assembly/lower
bulkhead connector.

1 Loosen the bulkhead connector bolt.

2 Disconnect the bulkhead connector clips.

3 Remove the bulkhead connector.

10. Remove the instrument panel dash brace
(044F48).

1 Remove the six dash brace bolts.

2 Remove the instrument panel dash brace.

13. Remove the RH A-pillar lower trim panel.

11. From under the hood, position the coolant
reservoir aside.

1 Remove the bolts.

2 Position the coolant reservoir aside.
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501-12-3 501-12-3Instrument Panel and Console

REMOVAL AND INSTALLATION (Continued)

14. Disconnect the electronic crash sensor (ECS) 18. Remove the LH instrument panel bolts.
module electrical connector.

1 Remove the locking clip.

2 Disconnect the connector.

19. NOTE: Removing the instrument panel (04320)
from the vehicle requires an assistant.

Remove the instrument panel from the vehicle
through the passenger side door.15. Disconnect the RH instrument panel cowl side

wiring electrical connectors.

16. Disconnect the antenna cable from the radio
and release the cable locators from the
instrument panel.

17. Remove the RH instrument panel bolts.
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501-12-4 501-12-4Instrument Panel and Console

REMOVAL AND INSTALLATION (Continued)

Installation

CAUTION: Electronic modules are
sensitive to static electrical charges. If exposed to
these charges, damage may result.

NOTE: Verify that the four-way locator on the LH
side is correctly seated.

1. Position the instrument panel on the LH dash
locators.

4. Engage the antenna cable locators into the
instrument panel and connect it to the radio.

5. Connect the RH instrument panel cowl side
wiring electrical connectors.

2. Install the LH instrument panel bolts.

6. Connect the ECS module electrical connector.

1 Connect the connector.

2 Install the locking clip.

3. Install the RH instrument panel bolts.
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501-12-5 501-12-5Instrument Panel and Console

REMOVAL AND INSTALLATION (Continued)

7. Install the RH A-pillar lower trim panel.

9. Install the coolant reservoir.

1 Position the reservoir.
8. From inside the engine compartment, install the

2 Install the bolts.main wiring assembly/lower bulkhead
connector.

1 Position the bulkhead connector.

2 Secure the clips.

3 Tighten the bolt.
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501-12-6 501-12-6Instrument Panel and Console

REMOVAL AND INSTALLATION (Continued)

10. Install the instrument panel dash brace.

1 Position the instrument panel dash brace.

2 Install the six bolts.

13. Connect the climate control vacuum harness
connector.

14. Install the upper center instrument panel access
panel.

11. Install the instrument panel cowl top nut.

12. Install the LH upper access panel.
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501-12-7 501-12-7Instrument Panel and Console

REMOVAL AND INSTALLATION (Continued)

15. Install the instrument panel cowl top screws.

17. Install the floor console. For additional
information, refer to Floor Console in this

16. Install the engine cover. section.

• Position the engine cover in the vehicle and
18. Install the steering column, For additionalfasten the cover latches.

information, refer to Section 211-04.

19. Install the passenger side air bag modules.
Refer to Section 501-20B.
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501-12-1 501-12-1Instrument Panel and Console

REMOVAL AND INSTALLATION

2. Remove the floor console.Floor Console
• Through the floor console opening, push and

Removal and Installation hold the locking clip while lifting upward.

1. On the high series console, remove the storage
bin.

• Release the locking tabs and remove the
storage bin.

3. NOTE: When installing the floor console, be
sure the locking clip is fully engaged.

To install, reverse the removal procedure.
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501-14-1 501-14-1Handles, Locks, Latches and Entry Systems

Torque Specifications (Continued)
SPECIFICATIONS

Description Nm lb-ft lb-in
General Specifications

License plate housing 2 — 18
Item Specification screws

Ignition Lock Service Pack Single latch interior 2 — 18
door handle nutsDoor F87Z-7821990-BA
Single latch door 2 — 18Rear door F87Z-7821990-BA
remote control screw

Sliding door F87Z-7821990-BA
Door latch screws 12 9 —

Lock Lever Kit (single latch)

Door F8DZ-5421970-AA Sliding door exterior 12 9 —
door handle nutsRear door F8DZ-5421970-AA
Sliding door latch 12 9 —Sliding door F8DZ-5421970-AA
remote control bolts
(inner)

Torque Specifications Sliding door latch 10 — 89
remote control bolts

Description Nm lb-ft lb-in (outer)
Door latch bolts 12 9 — Sliding door lower 2 — 18
(double latch) latch cover screws
Front door interior door 2 — 18 Sliding door lower 12 9 —
handle screw latch bolt
Front door interior door 2 — 18 Sliding door lower 12 9 —
handle trim panel latch nut
screw

Sliding door rear latch 10 — 89
Front door latch screws 12 9 — bolts
Hood latch release 2 — 18 Sliding door rear latch 10 — 89
handle bolts cable adjusting bolt
Hood latch bolts 12 9 — Speaker screws 4 — 35
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501-14-1 501-14-1Handles, Locks, Latches and Entry Systems

• sliding door remote control latch
DESCRIPTION AND OPERATION

Handles, Locks, Latches And • sliding door lower latch
Mechanisms • sliding door rear latch
The hood consists of the following components: • door lock actuator (if equipped)

• hood latch striker • door lock cylinder

• hood latch Vehicles equipped with a sliding door use a vehicle
security module to control the lock and unlock• hood latch release handle and cable
function as well as the sliding door memory locking

On all doors with lock actuators the door lock feature. For diagnostic information, refer to  Locks,
actuator is removed as part of the door latch Latches and Entry Systems — Module Controlled in
assembly. this section.
The front door consists of the following The remote keyless entry system (RKE) has two
components: main components:
• front door latch push button rod • vehicle security module
• exterior door handle • 2 remote transmitters
• front door latch

• door lock control switch

• interior door handle

• door lock actuator (if equipped)

• door lock cylinder

The double latched side and rear doors consist of
the following components:

• upper door latch

• lower door latch

• door handle

The single latch side and rear doors consists of the The remote transmitter initiates the following
following components: electronic system functions:

• latch remote control • unlock the driver door
• door latch • unlock all doors
• exterior door handle (side only) • lock all doors
• lock cylinder • enable the panic alarm
• door lock actuator • turn the interior lamps on (when unlocking) and
• interior door handle off (when locking)

The exterior door handle on the rear door is part of • sound the horn once when the remote transmitter
the license plate housing. LOCK button is pressed twice and all doors are

closedThe sliding door consists of the following
components: • sound the horn twice when the remote transmitter

LOCK button is pressed twice and any door is
• sliding door latch push button rod ajar
• push button rod remote control • allows up to 4 remote transmitters to be
• exterior door handle programmed
• interior door handle

• sliding door upper latch
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501-14-2 501-14-2Handles, Locks, Latches and Entry Systems

DESCRIPTION AND OPERATION (Continued)

NOTE: The remote entry lock and unlock features To confirm that the doors have been locked, press
will function when the key is in the OFF, RUN, ON the remote transmitter LOCK button again, within 3
or ACC position. seconds of the first press. The horn will sound once

if the doors have locked and all doors are closed.NOTE: The remote entry panic feature will
The horn will sound twice if 1 or more  doors arefunction when the key is in the OFF, ON or ACC
open.position.
To activate the panic alarm, press the remoteNOTE: The remote transmitter has a minimum
transmitter PANIC button. The horn will sound andoperating range of 10 m (33 feet).
the parking lamps will flash for a maximum of 2

The remote transmitters are reprogrammable and minutes and 45 seconds.
must be set at the same time. The remote

To deactivate the panic alarm, press the remotetransmitters can be programmed by using the
transmitter PANIC button again, press the remoteignition lock cylinder method. For additional
transmitter UNLOCK button, or turn the key toinformation, refer to  Remote Transmitter
ON/ACC.Programming in this section.
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501-14-1 501-14-1Handles, Locks, Latches and Entry Systems

Visual Inspection Chart
DIAGNOSIS AND TESTING

Locks, Latches and Entry Systems — Mechanical Electrical

Non Module Controlled • Binding latch • Battery junction box
mechanisms (BJB) fuse 22 (60A)Refer to Wiring Diagrams Cell 110 for schematic

• Binding linkage • Central junction boxand connector information.
• Misaligned door (CJB) fuse 5 (30A)

• CircuitrySpecial Tool(s)
• Door lock control

73III Automotive Meter switch
105-R0057 or equivalent • Door lock actuator

• Remote transmitter

3. If an obvious cause for an observed or reported
concern is found, correct the cause (if possible)
before proceeding to the next step.

4. If the cause is not visually evident, verify thatInspection and Verification
symptom and then GO to Symptom Chart.1. Verify the customer concern.

2. Visually inspect for obvious signs of
mechanical or electrical damage.

Symptom Chart

Symptom Chart

Condition Possible Sources Action
• All door locks are inoperative • Circuitry. • GO to Pinpoint Test A.

from one switch • Door lock control switch.
• The door locks operate only • Circuitry. • GO to Pinpoint Test B.

one way • Door lock control switch.
• All door locks are inoperative • Circuitry. • GO to Pinpoint Test C.
• A single door lock is • Circuitry. • GO to Pinpoint Test D.

inoperative • Door lock actuator.

Pinpoint Tests

PINPOINT TEST A: ALL DOOR LOCKS ARE INOPERATIVE FROM ONE SWITCH

Test Step Result / Action to Take
A1 CHECK THE SUPPLY VOLTAGE TO THE DOOR LOCK

CONTROL SWITCH
• Key in OFF position.
• Disconnect: Inoperative Door Lock Control Switch Connector.

(Continued)
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501-14-2 501-14-2Handles, Locks, Latches and Entry Systems

DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST A: ALL DOOR LOCKS ARE INOPERATIVE FROM ONE SWITCH (Continued)

Test Step Result / Action to Take
A1 CHECK THE SUPPLY VOLTAGE TO THE DOOR LOCK

CONTROL SWITCH (Continued)

• If the door locks are inoperative from the LH door lock control
switch, measure the voltage between the LH door lock control
switch C508 pin 3, circuit 517 (BK/WH), harness side and
ground.

• If the door locks are inoperative from the RH door lock control
switch, measure the voltage between the RH door lock control
switch C629 pin 8, circuit 517 (BK/WH), harness side and
ground.

• If the door locks are inoperative from the rear door lock control
switch, measure the voltage between the rear door lock control
switch C4121 pin 3, circuit 517 (BK/WH), harness side and
ground.

Yes
INSTALL a new door lock control switch
as necessary. TEST the system for normal
operation.
No
REPAIR the circuit. TEST the system for

• Is the voltage greater than 10 volts? normal operation.
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501-14-3 501-14-3Handles, Locks, Latches and Entry Systems

DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST B: THE DOOR LOCKS OPERATE ONE WAY ONLY

Test Step Result / Action to Take
B1 CHECK THE DOOR LOCK CONTROL SWITCHES

• Key in OFF position. Yes
• Disconnect: RH Door Lock Control Switch C629. GO to B2.
• Disconnect: LH Door Lock Control Switch C508. No• Disconnect: Rear Door Lock Control Switch C4121 (if equipped). INSTALL a new door lock control switch• Carry out the door lock control switch component test for the LH, as necessary. REFER to Door LockRH and rear (if equipped) door lock control switches. Refer to Control Switch — Front Door or Door LockWiring Diagrams Cell 149 for component testing. Control Switch — Rear Door in  this• Are the door lock control switches OK? section. TEST the system for normal

operation.
B2 CHECK THE RH DOOR LOCK CONTROL SWITCH CIRCUIT 57

(BK) FOR AN OPEN
• Measure the resistance between the RH door lock control switch

C629 pin 10, circuit 57 (BK), harness side and ground; and
between the RH door lock control switch C629 pin 6, circuit 57
(BK), harness side and ground.

Yes
On a 2-door lock control switch system
with an inoperative door lock control LOCK
button, REPAIR circuits 123 (RD) or 1296
(OG/BK) as necessary. TEST the system
for normal operation.
On a 2-door lock control switch system
with an inoperative door lock control
UNLOCK button, REPAIR circuits 124
(BN) or 1297 (YE/RD) as necessary.
TEST the system for normal operation.
If equipped with a 3-door lock control
switch system, GO to B3.
No
REPAIR the circuit. TEST the system for

• Is the resistance less than 5 ohms? normal operation.
B3 CHECK CIRCUITS 123 (RD), 1296 (OG/BK), 124 (BN) AND 1297

(YE/RD) FOR AN OPEN OR SHORT TO GROUND
• If a door lock control switch LOCK button is inoperative,

measure the resistance between the LH door lock control switch
C508 pin 5, circuit 1296 (OG/BK), harness side and the RH door
lock control switch C629 pin 9, circuit 123 (RD), harness  side;
and between the LH door lock control switch C508 pin 5, circuit
1296 (OG/BK), harness side and ground.

(Continued)
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501-14-4 501-14-4Handles, Locks, Latches and Entry Systems

DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST B: THE DOOR LOCKS OPERATE ONE WAY ONLY (Continued)

Test Step Result / Action to Take
B3 CHECK CIRCUITS 123 (RD), 1296 (OG/BK), 124 (BN) AND 1297

(YE/RD) FOR AN OPEN OR SHORT TO GROUND (Continued)

• If a door lock control switch UNLOCK button is inoperative,
measure the resistance between the LH door lock control switch
C508 pin 1, circuit 1297 (YE/RD), harness side and the RH door
lock control switch C629 pin 7, circuit 124 (BN), harness  side;
and between the LH door lock control switch C508 pin 1, circuit
1297 (YE/RD), harness side and ground.

Yes
REPAIR circuits 123 (RD) (inoperative
LOCK button) or 124 (BN) (inoperative
UNLOCK button) between the LH and rear
door lock control switches. TEST the
system for normal operation.
No
If the door lock control LOCK button is
inoperative, REPAIR circuits 123 (RD) or
1296 (OG/BK). TEST the system for
normal operation.
If the door lock control UNLOCK button is

• Is the resistance less than 5 ohms between the RH and LH inoperative, REPAIR circuits 124 (BN) or
door lock control switches and greater than 10,000 ohms 1297 (YE/RD). TEST the system for
between the LH door lock control switch and ground? normal operation.

PINPOINT TEST C: THE DOOR LOCKS ARE INOPERATIVE

Test Step Result / Action to Take
C1 CHECK CIRCUIT 517 (BK/WH) FOR VOLTAGE

• Key in OFF position.
• Disconnect: RH Door Lock Control Switch C629.
• Measure the voltage between the RH door lock control switch

C629 pin 8, circuit 517 (BK/WH), harness side and ground.

Yes
GO to C2.
No
REPAIR the circuit. TEST the system for

• Is the voltage greater than 10 volts? normal operation.

(Continued)

2004 E-Series, 12/2003 



501-14-5 501-14-5Handles, Locks, Latches and Entry Systems

DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST C: THE DOOR LOCKS ARE INOPERATIVE (Continued)

Test Step Result / Action to Take
C2 CHECK CIRCUIT 57 (BK) FOR AN OPEN

• Measure the resistance between the RH door lock control switch
C629 pin 10, circuit 57 (BK), harness side and ground; and
between the RH door lock control switch C629 pin 6, circuit 57
(BK), harness side and ground.

Yes
For a 2-door lock control switch system,
GO to C3. For a 3-door lock control switch
system,GO to C4.
No
REPAIR the circuit. TEST the system for

• Is the resistance less than 5 ohms? normal operation.
C3 CHECK CIRCUIT 117 (PK/BK) FOR AN OPEN OR A SHORT TO

GROUND FROM THE LH DOOR
• Disconnect: LH Front Door Lock Actuator C525.
• Disconnect: LH Door Lock Control Switch C508.
• Measure the resistance between the LH door lock control switch

C508 pin 4, circuit 117 (PK/BK), harness side and the LH front
door lock actuator C525 pin 1, circuit 117 (PK/BK), harness side;
and between the LH door lock control switch C508 pin  4, circuit
117 (PK/BK), harness side and ground.

Yes
REPAIR circuit 118 (PK/OG). TEST the
system for normal operation.• Is the resistance less than 5 ohms between the door lock

control switch and the LH front door lock actuator, and No
greater than 10,000 ohms between the door lock control REPAIR circuit 117 (PK/BK). TEST the
switch and ground? system for normal operation.

C4 CHECK CIRCUIT 117 (PK/BK) FOR AN OPEN OR A SHORT TO
GROUND FROM THE REAR DOOR
• Disconnect: LH Front Door Lock Actuator C525.
• Disconnect: Rear Door Lock Control Switch C4121.

(Continued)
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501-14-6 501-14-6Handles, Locks, Latches and Entry Systems

DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST C: THE DOOR LOCKS ARE INOPERATIVE (Continued)

Test Step Result / Action to Take
C4 CHECK CIRCUIT 117 (PK/BK) FOR AN OPEN OR A SHORT TO

GROUND FROM THE REAR DOOR (Continued)

• Measure the resistance between the rear door lock control
switch C4121 pin 5, circuit 117 (PK/BK), harness side and the
LH front door lock actuator C525 pin 1, circuit 117 (PK/BK),
harness side; and between the rear door lock control switch
C4121 pin 5, circuit 117 (PK/BK), harness side and ground.

Yes
REPAIR circuit 118 (PK/OG). TEST the
system for normal operation.• Is the resistance less than 5 ohms between the door lock

control switch and the LH front door lock actuator, and No
greater than 10,000 ohms between the door lock control REPAIR circuit 117 (PK/BK). TEST the
switch and ground? system for normal operation.

PINPOINT TEST D: A SINGLE DOOR LOCK IS INOPERATIVE

Test Step Result / Action to Take
D1 CHECK FOR BINDING OR STICKING OF THE INOPERATIVE

DOOR LOCK
• Check for a binding or stuck condition. Yes
• Is the door lock stuck or binding? REPAIR or INSTALL new components for

the binding or stuck components as
necessary. TEST the system for normal
operation.
No
GO to D2.

D2 CHECK CIRCUIT 117 (PK/BK) FOR VOLTAGE
• Key in OFF position.
• Disconnect: Inoperative Door Lock Actuator Connector.
• Measure the voltage between the inoperative door lock actuator

connector pin 1, circuit 117 (PK/BK), harness side and ground
while pressing the door lock control switch LOCK button.

Yes
GO to D3.
No
REPAIR the circuit. TEST the system for

• Is the voltage greater than 10 volts? normal operation.

(Continued)
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501-14-7 501-14-7Handles, Locks, Latches and Entry Systems

DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST D: A SINGLE DOOR LOCK IS INOPERATIVE (Continued)

Test Step Result / Action to Take
D3 CHECK CIRCUIT 118 (PK/OG) FOR VOLTAGE

• Measure the voltage between the inoperative door lock actuator
connector pin 2, circuit 118 (PK/OG) and ground while pressing
the door lock control switch UNLOCK button.

Yes
INSTALL a new door lock actuator. TEST
the system for normal operation.
No
REPAIR the circuit. TEST the system for

• Is the voltage greater than 10 volts? normal operation.
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501-14-1 501-14-1Handles, Locks, Latches and Entry Systems

Remote Keyless Entry (RKE)
DIAGNOSIS AND TESTING

Locks, Latches and Entry Systems — The remote transmitter sends a frequency that is
received by the vehicle security module internalModule Controlled
antenna. Depending on the frequency received, theRefer to Wiring Diagrams Cell 111 for schematic
vehicle security module will lock all doors orand connector information.
unlock the driver door. If the unlock frequency  is

Special Tool(s) received again within 3 seconds of the first unlock,
the vehicle security module will unlock all doors.73III Automotive Meter

105-R0057 or equivalent If the frequency received is for the panic button, the
vehicle security module will cycle ground to the
park lamp and horn. The park lamps and horn will
continue to cycle until the panic button is pressed
again or the key is turned to the ON  position. The
operating range of the remote transmitter maybe
affected by aftermarket systems, dealer installedWorldwide Diagnostic System

(WDS) options, high power devices or TV/Radio
418-F224, transmission towers.
New Generation STAR (NGS)
Tester Inspection and Verification
418-F052, or equivalent 1. Verify the customer concern.diagnostic tool with appropriate
adapter cable 2. Visually inspect for obvious signs of

mechanical or electrical damage.
Principles of Operation

Visual Inspection Chart
Power Door Locks

Mechanical ElectricalThe vehicle security module controls the power
• Binding latch • Battery junction boxdoor locks, keyless entry system and the memory

mechanisms (BJB) fuse(s):locking feature on vehicles equipped with a sliding
• Binding linkage — 7 (60A)

door. The lock and unlock operation is carried out • Misaligned door — 22 (60A)
by supplying ground to the vehicle security  module • Central junction box
from the door lock control switch. The normal path (CJB) fuse(s):

— 2 (10A)of the actuators is to ground through the vehicle
— 5 (30A)security module. The door lock control switch will
— 10 (20A)lock and unlock all doors by grounding the • Circuitry

appropriate circuit to the vehicle security  module. • Door lock control
The vehicle security module then supplies power to switch

• Door lock actuatorthe appropriate common actuator circuit to lock or
• Remote transmitterunlock all doors.
• Remote transmitter

The sliding door memory lock feature locks the batteries
sliding door in the event that a lock command was • Vehicle security module

• Corroded sliding doorissued by the operator while the sliding door was
contact buttonsopen. Since the door lock actuators are located in

the sliding door, power is supplied to the  actuators
through the contact plate. When the sliding door is 3. If an obvious cause for an observed or reported
opened, the circuit is also opened. If a lock concern is found, correct the cause (if possible)
command is issued through the remote transmitter before proceeding to the next step.
or door lock control switches, and the sliding door
is opened, the memory lock feature will  remember
the command, and re-issue the lock signal to the
door lock actuators once the sliding door is closed.
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501-14-2 501-14-2Handles, Locks, Latches and Entry Systems

DIAGNOSIS AND TESTING (Continued)

4. If the cause is not visually evident, connect the 6. Carry out the diagnostic tool data link test. If
diagnostic tool to the data link connector and the diagnostic tool responds with:
select the vehicle to be tested from the • SCP or ISO circuit fault; all electronic
diagnostic tool menu. If the diagnostic tool does control units no response/not equipped, refer
not communicate with the vehicle: to Section 419-10.
• Check that the program card is correctly • No response/not equipped for the vehicle

installed. security module, refer to Section 419-10.
• Check the connections to the vehicle. • System passed, retrieve and record the
• Check the ignition switch position. continuous diagnostic trouble codes (DTCs),

erase the continuous DTCs and carry out the5. If the diagnostic tool still does not communicate
self-test diagnostics for the vehicle securitywith the vehicle, refer to the diagnostic tool
module.operating manual.

7. If the DTCs retrieved are related to the concern,
proceed to the Vehicle Security Module
Diagnostic Trouble Code (DTC) Index.

Vehicle Security Module Diagnostic Trouble Code (DTC) Index 

DTC Description Source Action to Take

B1309 Power Door Lock Circuit Short to Vehicle Security GO to Pinpoint Test F.
Ground Module

B1338 Door Ajar RR Circuit Short to Vehicle Security Section 417-02.
Ground Module

B1341 Power Door Unlock Circuit Short to Vehicle Security GO to Pinpoint Test F.
Ground Module

B1485 Brake Pedal Input Circuit Battery Vehicle Security This DTC is invalid for this vehicle
Short Module application.

B2276 Less Than Two Transmitters Vehicle Security GO to Pinpoint Test K.
Programmed Module

B2425 Remote Keyless Entry Out of Vehicle Security GO to Pinpoint Test K.
Synchronization Module

— All Other DTCs Vehicle Security REFER to Section 419-10.
Module

Symptom Chart

Symptom Chart

Condition Possible Sources Action
• All door locks are inoperative • Circuitry. • GO to Pinpoint Test E.

from one switch • Door lock control switch.
• The door locks operate only • Circuitry. • GO to Pinpoint Test F.

one way • Door lock control switch.
• Vehicle security module.

• All door locks are inoperative • Circuitry. • GO to Pinpoint Test G.
• Vehicle security module.

• A single door lock is • Circuitry. • GO to Pinpoint Test H.
inoperative • Door lock actuator.

• Sliding door contact plate.
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501-14-3 501-14-3Handles, Locks, Latches and Entry Systems

DIAGNOSIS AND TESTING (Continued)

Symptom Chart (Continued)

Condition Possible Sources Action
• The doors do not lock/unlock • Remote transmitter battery. • GO to Pinpoint Test I.

using the remote transmitter • Remote transmitter.
• Remote transmitter

programming.
• Aftermarket systems.
• High power devices.
• TV/Radio transmission

towers.
• Vehicle security module.

• The remote transmitter has • Aftermarket system. • GO to Pinpoint Test J.
poor range performance • High power devices.

• TV/radio transmission towers.
• Remote transmitter.
• Vehicle security module.

• The remote keyless entry • Remote transmitter button • GO to Pinpoint Test K.
transmitter is out of pressed a substantial amount
synchronization of times while outside the

range of the vehicle.
• Remote transmitter.
• Vehicle security module.

• Panic feature is • Circuitry. • GO to Pinpoint Test L.
inoperative/does not operate • Remote transmitter.
correctly • Remote transmitter

programming.
• Vehicle security module.

Pinpoint Tests

PINPOINT TEST E: ALL DOOR LOCKS ARE INOPERATIVE FROM ONE SWITCH

Test Step Result / Action to Take
E1 CHECK THE INOPERATIVE DOOR LOCK CONTROL SWITCH

• Key in OFF position. Yes
• Disconnect: Inoperative Door Lock Control Switch Connector. REPAIR circuit 57 (BK). CLEAR the DTCs.

REPEAT the self-test.Carry out the door lock control switch component test. Refer to
Wiring Diagrams Cell 149 for component testing. No

• Is the door lock control switch OK? INSTALL a new door lock control switch.
REFER to Door Lock Control Switch —
Front Door or Door Lock Control Switch —
Rear Door in this section.  CLEAR the
DTCs. REPEAT the self-test.

PINPOINT TEST F: THE DOOR LOCKS OPERATE ONLY ONE WAY

Test Step Result / Action to Take
F1 CHECK THE SUSPECT DOOR LOCK CONTROL SWITCH

• Key in OFF position. Yes
• Disconnect: Suspect Door Lock Control Switch Connector. GO to F2.

Carry out the door lock control switch component test. Refer to No
Wiring Diagrams Cell 149 for component testing. INSTALL a new door lock control switch.

• Is the door lock control switch OK? REFER to Door Lock Control Switch —
Front Door or Door Lock Control Switch —
Rear Door in this section.  CLEAR the
DTCs. REPEAT the self-test.

F2 CHECK CIRCUIT 119 (PK/YE) FOR AN OPEN OR SHORT TO
GROUND
• Disconnect: Vehicle Security Module C203a.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST F: THE DOOR LOCKS OPERATE ONLY ONE WAY (Continued)

Test Step Result / Action to Take
F2 CHECK CIRCUIT 119 (PK/YE) FOR AN OPEN OR SHORT TO

GROUND (Continued)

• Measure the resistance between the suspect door lock control
switch connector, circuit 119 (PK/YE), harness side and the
vehicle security module C203a pin 17, circuit 119 (PK/YE),
harness side; and between the suspect door lock control switch
connector, circuit 119 (PK/YE), harness side and ground.

Yes
GO to F3.
No
REPAIR the circuit. CLEAR the DTCs.

• Is the resistance less than 5 ohms? REPEAT the self-test.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST F: THE DOOR LOCKS OPERATE ONLY ONE WAY (Continued)

Test Step Result / Action to Take
F3 CHECK CIRCUIT 120 (PK/YE) FOR AN OPEN OR SHORT TO

GROUND
• Measure the resistance between the suspect door lock control

switch connector, circuit 120 (PK/LG), harness side and the
vehicle security module C203a pin 9, circuit 120 (PK/LG),
harness side; and between the suspect door lock control switch
connector, circuit 120 (PK/LG), harness side and ground.

Yes
GO to F4.
No
REPAIR the circuit. CLEAR the DTCs.

• Is the resistance less than 5 ohms? REPEAT the self-test.
F4 CHECK FOR CORRECT VEHICLE SECURITY MODULE

OPERATION
• Disconnect all the vehicle security module connectors. Yes
• Check for: INSTALL a new vehicle security module.

REFER to Section 419-10. CLEAR the• corrosion DTCs. REPEAT the self-test.• pushed-out pins
• Connect all the vehicle security module connectors and make No

sure they seat correctly. The system is operating correctly at this
• Operate the system and verify the concern is still present. time. Concern may have been caused by
• Is the concern still present? a loose or corroded connector. CLEAR the

DTCs. REPEAT the self-test.

PINPOINT TEST G: ALL DOOR LOCKS ARE INOPERATIVE

Test Step Result / Action to Take
G1 CHECK CIRCUIT 517 (BK/WH) FOR VOLTAGE

• Key in OFF position.
• Disconnect: Vehicle Security Module C203a.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST G: ALL DOOR LOCKS ARE INOPERATIVE (Continued)

Test Step Result / Action to Take
G1 CHECK CIRCUIT 517 (BK/WH) FOR VOLTAGE (Continued)

• Measure the voltage between the vehicle security module C203a
pin 12, circuit 517 (BK/WH), harness side and ground.

Yes
GO to G2.
No
REPAIR the circuit. CLEAR the DTCs.

• Is voltage greater than 10 volts? REPEAT the self-test.
G2 CHECK CIRCUIT 57 (BK) FOR AN OPEN

• Disconnect: Vehicle Security Module C203b.
• Measure the resistance between the vehicle security module

C203b pin 14, circuit 57 (BK), harness side and ground.

Yes
GO to G3.
No
REPAIR the circuit. CLEAR the DTCs.

• Is the resistance less than 5 ohms? REPEAT the self-test.
G3 CHECK CIRCUIT 117 (PK/BK) FOR AN OPEN OR SHORT TO

GROUND
• Disconnect: LH Front Door Lock Actuator C525.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST G: ALL DOOR LOCKS ARE INOPERATIVE (Continued)

Test Step Result / Action to Take
G3 CHECK CIRCUIT 117 (PK/BK) FOR AN OPEN OR SHORT TO

GROUND (Continued)

• Measure the resistance between the vehicle security module
C203a pin 22, circuit 117 (PK/BK), harness side and the LH
front door lock actuator C525 pin 1, circuit 117 (PK/BK), harness
side; and between the vehicle security module C203a pin 22,
circuit 117 (PK/BK), harness side and ground.

Yes
GO to G4.• Is the resistance between the vehicle security module and

the LH front door lock actuator less than 5 ohms and No
greater than 10,000 ohms between the vehicle security REPAIR the circuit. CLEAR the DTCs.
module and ground? REPEAT the self-test.

G4 CHECK FOR CORRECT VEHICLE SECURITY MODULE
OPERATION
• Disconnect all the vehicle security module connectors. Yes
• Check for: INSTALL a new vehicle security module.

REFER to Section 419-10. CLEAR the• corrosion DTCs. REPEAT the self-test.• pushed-out pins
• Connect all the vehicle security module connectors and make No

sure they seat correctly. The system is operating correctly at this
• Operate the system and verify the concern is still present. time. Concern may have been caused by
• Is the concern still present? a loose or corroded connector. CLEAR the

DTCs. REPEAT the self-test.

PINPOINT TEST H: A SINGLE DOOR LOCK IS INOPERATIVE

Test Step Result / Action to Take
H1 CHECK THE DOOR LOCK OPERATION

• Observe the door lock operation while operating the door locks. Yes
• Does the sliding door lock actuator operate correctly? GO to H2.

No
GO to H4.

H2 CHECK CIRCUIT 117 (PK/BK) FOR VOLTAGE
• Key in OFF position.
• Disconnect: Suspect Door Lock Actuator Connector.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST H: A SINGLE DOOR LOCK IS INOPERATIVE (Continued)

Test Step Result / Action to Take
H2 CHECK CIRCUIT 117 (PK/BK) FOR VOLTAGE (Continued)

• Measure the voltage between the suspect door lock actuator
connector pin 1, circuit 117 (PK/BK), harness side and ground
while pressing the door lock control switch LOCK button.

Yes
GO to H3.
No
REPAIR the circuit. CLEAR the DTCs.

• Is the voltage greater than 10 volts? REPEAT the self-test.
H3 CHECK CIRCUIT 118 (PK/OG) OR CIRCUIT 163 (RD/OG) FOR

VOLTAGE
• For LH front door lock actuator, measure the voltage between

the LH front door lock actuator C525 pin 2, circuit 163 (RD/OG),
harness side and ground while pressing the door lock control
switch UNLOCK button.

• For all except LH front door lock actuator, measure the voltage
between the suspect door lock actuator connector pin 2, circuit
118 (PK/OG), harness side and ground while pressing the door
lock control switch UNLOCK button.

Yes
For vehicles with a sliding door, GO to H4.
For vehicles without a sliding door,
INSTALL a new door lock actuator.
CLEAR the DTCs. REPEAT the self-test.
No
REPAIR the circuit. CLEAR the DTCs.

• Is the voltage greater than 10 volts? REPEAT the self-test.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST H: A SINGLE DOOR LOCK IS INOPERATIVE (Continued)

Test Step Result / Action to Take
H4 CHECK THE SLIDING DOOR AJAR PID

• Connect the diagnostic tool.
• Enter the following diagnostic mode on the diagnostic tool: Enter

the vehicle security module function tests, sliding door ajar PID.
YesMonitor the sliding door ajar PID while opening and closing the GO to H6.sliding door.

• Does the sliding door ajar PID respond correctly to the No
sliding door position? GO to H5.

H5 CHECK CIRCUIT 628 (WH) FOR AN OPEN OR SHORT TO
GROUND
• Measure the resistance between the vehicle security module

C203a pin 5, circuit 628 (WH), harness side and the sliding door
ajar switch C398 pin 1, circuit 628 (WH), harness side; and
between the vehicle security module C203a pin 5, circuit 628
(WH), harness side and ground.

Yes
GO to H8.• Is the resistance less than 5 ohms between the vehicle

security module connector and the sliding door ajar switch No
connector and greater than 10,000 ohms between the REPAIR the circuit. CLEAR the DTCs.
vehicle security module connector and ground? REPEAT the self-test.

H6 CHECK CIRCUIT 117 (PK/BK) AND CIRCUIT 118 (PK/OG) FOR
AN OPEN
• Close the sliding door.
• Measure the resistance between the vehicle security module

C203a pin 22, circuit 117 (PK/BK), harness side and the sliding
door lock actuator C817 pin 1, circuit 117 (PK/BK), harness side;
and between the vehicle security module C203a pin 11,  circuit
118 (PK/OG), harness side and the sliding door lock actuator
C817 pin 2, circuit 118 (PK/OG), harness side.

Yes
INSTALL a new sliding door lock actuator.
CLEAR the DTCs. REPEAT the self-test.
No

• Is the resistance less than 5 ohms? GO to H7.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST H: A SINGLE DOOR LOCK IS INOPERATIVE (Continued)

Test Step Result / Action to Take
H7 CHECK THE SLIDING DOOR CONTACT PLATE

• With the sliding door closed, measure the resistance between
the sliding door contact plate C3235 pin 3, component side and
the sliding door contact plate C807 pin 3, component side; and
between the sliding door contact plate C3235 pin 2,  component
side and the sliding door contact plate C807 pin 2, component
side.

Yes
INSTALL a new sliding door lock actuator.
CLEAR the DTCs. REPEAT the self-test.
No
INSTALL a new sliding door contact plate.

• Are the resistances less than 5 ohms? CLEAR the DTCs. REPEAT the self-test.
H8 CHECK THE VEHICLE SECURITY MODULE FOR CORRECT

OPERATION
• Disconnect all vehicle security module connectors. Yes
• Check for: INSTALL a new vehicle security module.

REFER to Section 419-10. REPROGRAM• corrosion all remote transmitters. REFER to Remote• pushed-out pins Transmitter Programming in this section.• Connect all vehicle security module connectors and make sure INFORM the customer any remotethey seat correctly. transmitters not present will need to be• Operate the system and verify the concern is still present. reprogrammed. CLEAR the DTCs.• Is the concern still present? REPEAT the self-test.
No
The system is operating correctly at this
time. Concern may have been caused by
a loose or corroded connector. CLEAR the
DTCs. REPEAT the self-test.

PINPOINT TEST I: THE DOORS DO NOT LOCK/UNLOCK USING THE REMOTE TRANSMITTER

NOTE: All remote transmitters must be present to begin diagnosis of the remote keyless entry
(RKE) system.

NOTE: Aftermarket or dealer-installed systems may adversely affect the RKE system
operation. These systems should be disconnected before diagnosing any RKE concerns.

Test Step Result / Action to Take
I1 CHECK FOR THE CORRECT REMOTE TRANSMITTERS

• Check that the correct remote transmitters are used with the Yes
vehicle. GO to I2.
• Make sure the remote transmitters are ones provided with the No

OEM system and not from an aftermarket system, or a The system cannot be tested without the
dealer-installed system that may have been installed on the correct remote transmitters. INFORM the
vehicle. customer that all the correct remote

• Are all the correct remote transmitters present? transmitters need to be present to proceed
with diagnosis of the system.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST I: THE DOORS DO NOT LOCK/UNLOCK USING THE REMOTE TRANSMITTER

(Continued)

Test Step Result / Action to Take
I2 CHECK THE OPERATION OF THE REMOTE TRANSMITTER

WITH THE KEY IN THE OFF POSITION
• Key in OFF position. Yes
• Check the operation of the remote transmitter. The system is operating as designed.
• Does the system operate correctly now? INFORM the customer of the correct

vehicle operation.
No
GO to I3.

I3 CHECK THE POWER DOOR LOCK SYSTEM FOR CORRECT
OPERATION
• Verify the door lock/unlock operation by actuating the driver door Yes

lock control switch. GO to I4.
• Do all the doors lock and unlock correctly? No

To diagnose the inoperative door locks,
GO to Pinpoint Test C.

I4 CHECK FOR THE COMPLETE FUNCTIONALITY OF THE
REMOTE TRANSMITTER(S)
• Check all the remote transmitter buttons for correct operation. Yes
• Does the panic button operate correctly? REPLACE the inoperative remote

transmitter. REPROGRAM all remote
transmitters. REFER to Remote
Transmitter Programming in this section.
INFORM the customer any remote
transmitters not present will need to  be
reprogrammed. CLEAR the DTCs. TEST
the system for normal operation.
No
GO to I5.

I5 MAKE SURE THE REMOTE TRANSMITTER SIGNAL IS BEING
RECEIVED
• Connect the diagnostic tool.
• Enter the following diagnostic mode on the diagnostic tool: Enter

the vehicle security module function tests, transmitter test or
program transmitter.
Monitor the remote transmitter identification code (TIC) through
the diagnostic tool menus.

• NOTE: The vehicle must be electronically unlocked prior to
using any diagnostic tools (through the remote transmitter or
door lock control switch).
Verify the remote transmitter signal is being received. Using a Yesdiagnostic tool press a button on the remote transmitter while GO to I6.observing the diagnostic tool.

• Does the TIC show up on the diagnostic tool screen when a No
button is pressed? GO to I7.

I6 CHECK IF THE REMOTE TRANSMITTERS ARE PROGRAMMED
• Enter the following diagnostic mode on the diagnostic tool: Enter Yes

the vehicle security module function tests, transmitter test or GO to I8.
program transmitter. No
Monitor the remote transmitter TIC/DATA through the diagnostic PROGRAM all of the remote transmitters.
tool menus. REFER to Remote Transmitter

• Verify the remote transmitters are programmed to the vehicle. Programming in this section. INFORM the
• Does the TIC displayed under remote transmitter match any customer that any remote transmitters not

of the TICs stored in memory? present will need to be reprogrammed.
CLEAR the DTCs.  TEST the system for
normal operation.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST I: THE DOORS DO NOT LOCK/UNLOCK USING THE REMOTE TRANSMITTER

(Continued)

Test Step Result / Action to Take
I7 CHECK THE REMOTE TRANSMITTER BATTERY

• Using a thin coin, open the remote transmitter. Yes
• Do not clean off any grease from the battery terminals on the GO to I9.

back surface of the circuit board. No• Verify the correct battery is used (CR2032). INSTALL a new battery (be sure the• Remove the remote transmitter battery and measure the voltage. battery is seated correctly). DO NOT• Is the voltage greater than 2.5 volts? reprogram the remote transmitters (faulty
or dead batteries do not erase TICs from
memory). CLEAR the DTCs. TEST the
system for normal operation.

I8 CHECK IF THE REMOTE TRANSMITTER IS OUT OF
SYNCHRONIZATION WITH THE VEHICLE SECURITY MODULE
• The vehicle must be electronically unlocked prior to using any Yesdiagnostic tools (through the remote transmitter or the door lock To diagnose the remote transmitter out ofcontrol switch). synchronization, GO to Pinpoint Test K.• Retrieve continuous DTCs through diagnostic tool.
• Is continuous DTC B2425 stored in the vehicle security No

module? GO to I9.
I9 CHECK FOR NORMAL OPERATION WITH A KNOWN GOOD

TRANSMITTER
• Enter the following diagnostic mode on the diagnostic tool: Enter Yes

the vehicle security module function tests, transmitter test or REPLACE the inoperative remote
program transmitter. transmitter. PROGRAM all remote

transmitter(s). REFER to RemoteMonitor the remote transmitter TIC/DATA through the diagnostic
Transmitter Programming in this section.tool menus.
INFORM the customer any remote• Use the customer’s second remote transmitter or a known good
transmitters not present will need to  beremote transmitter that is correct for the vehicle and verify the
reprogrammed. CLEAR the DTCs. TESTremote transmitter signal is being received by the vehicle
the system for normal operation.security module.

• Does the TIC show up on the diagnostic tool when a button No
is pressed on the remote transmitter? GO to I10.

I10 CHECK THE VEHICLE SECURITY MODULE FOR CORRECT
OPERATION
• Disconnect all vehicle security module connectors. Yes
• Check for: INSTALL a new vehicle security module.

REFER to Section 419-10. REPROGRAM• corrosion all remote transmitters. REFER to Remote• pushed-out pins Transmitter Programming in this section.• Connect all vehicle security module connectors and make sure INFORM the customer any remotethey seat correctly. transmitters not present will need to be• Operate the system and verify the concern is still present. reprogrammed. CLEAR the DTCs.• Is the concern still present? REPEAT the self-test.
No
The system is operating correctly at this
time. Concern may have been caused by
a loose or corroded connector. CLEAR the
DTCs. REPEAT the self-test.
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST J: THE REMOTE TRANSMITTER HAS POOR RANGE PERFORMANCE

NOTE: All remote transmitters must be present to begin diagnosis of the remote keyless entry
(RKE) system.

NOTE: Aftermarket or dealer-installed systems may adversely affect the RKE system
operation. These systems should be disconnected before diagnosing any RKE concerns.

Test Step Result / Action to Take
J1 CHECK FOR THE CORRECT REMOTE TRANSMITTERS

• Check that the correct remote transmitters are used with the Yes
vehicle. GO to J2.
• Make sure the remote transmitters are ones provided with the No

OEM system and not from an aftermarket system, or a The system cannot be tested without the
dealer-installed system, that may have been installed on the correct remote transmitters. INFORM the
vehicle. customer that all the correct remote

• Are all the correct remote transmitters present? transmitters need to be present to proceed
with diagnosis of the system.

J2 CHECK ALL REMOTE TRANSMITTERS FOR POOR RANGE
PERFORMANCE
• NOTE: The 3 m (10 feet) measurement of range is not the Yes

standard but is a guideline that clearly indicates a vehicle is GO to J3.
experiencing poor range performance. No
Check all remote transmitters for poor range performance (less REPLACE the inoperative remote
than 3 m or 10 ft.). transmitter and REPROGRAM all remote

• Do all remote transmitters experience poor range? transmitters. REFER to Remote
Transmitter Programming in this section.
INFORM the customer any remote
transmitters not present will need  to be
reprogrammed. CLEAR the DTCs. TEST
the system for normal operation.

J3 CHECK THE LOCATION OF THE VEHICLE AND THE
APPROACH ANGLES AROUND THE VEHICLE
• Make sure the poor performance is consistent in nature and is

not from one approaching angle. Yes• Remote transmitter range performance may be degraded in GO to J4.certain locations. For example, if the vehicle is within 0.8 km
(0.5 miles) of high-power devices or radio/TV towers, the No
operating distance of the transmitters may be reduced. The system is operating correctly at this

• Is the poor range performance consistent around the time. CLEAR the DTCs. TEST the system
vehicle? for normal operation.

J4 CHECK THE VEHICLE SECURITY MODULE FOR CORRECT
OPERATION
• Disconnect all the vehicle security module connectors. Yes
• Check for: INSTALL a new vehicle security module.

REFER to Section 419-10. REPROGRAM• corrosion all remote transmitters. REFER to Remote• pushed-out pins Transmitter Programming in this section.• Connect all the vehicle security module connectors and make INFORM the customer any remotesure they seat correctly. transmitters not present will need to be• Operate the system and verify the concern is still present. reprogrammed. CLEAR the DTCs.• Is the concern still present? REPEAT the self-test.
No
The system is operating correctly at this
time. Concern may have been caused by
a loose or corroded connector. CLEAR the
DTCs. REPEAT the self-test.
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST K: THE REMOTE KEYLESS ENTRY TRANSMITTER IS OUT OF SYNCHRONIZATION

NOTE: All remote transmitters must be present to begin diagnosis of the remote keyless entry
(RKE) system.

Test Step Result / Action to Take
K1 RESYNCHRONIZE THE INOPERATIVE REMOTE TRANSMITTER

• Key in OFF position. Yes
• Press any button on the inoperative remote transmitter four The system is OK. CLEAR the DTCs.

times consecutively within 30 seconds. TEST the system for normal operation.
• Does the remote transmitter operate correctly now? No

GO to K2.
K2 CHECK FOR A SECOND REMOTE TRANSMITTER

• Check for another remote transmitter that operates with the Yes
vehicle. GO to K3.

• Is there another remote transmitter that operates with the Novehicle? GO to K4.
K3 RESYNCHRONIZE THE INOPERATIVE REMOTE TRANSMITTER

USING THE SECOND REMOTE TRANSMITTER
• Key in OFF position. Yes• Press any button on the operational remote transmitter. The system is OK. CLEAR the DTCs.• Within 30 seconds, press a button on the inoperative remote TEST the system for normal operation.transmitter.
• Check the inoperative remote transmitter for correct operation. No
• Does the inoperative remote transmitter operate now? GO to K4.

K4 PROGRAM THE INOPERATIVE REMOTE TRANSMITTER OR
ALL THE REMOTE TRANSMITTERS
• Reprogram the inoperative remote transmitter individually using Yes

a diagnostic tool or reprogram all remote transmitters using the The system is OK. INFORM the customer
manual key cycle method. Refer to Remote Transmitter that any remote transmitters not present
Programming in this  section. will need to be reprogrammed. CLEAR the

• Does the inoperative remote transmitter operate now? DTCs. TEST the system for normal
operation.
No
To diagnose the inoperative remote
transmitter, GO to Pinpoint Test I.

PINPOINT TEST L: PANIC FEATURE IS INOPERATIVE/DOES NOT OPERATE CORRECTLY

Test Step Result / Action to Take
L1 CHECK THE LAST TRANSMITTER IDENTIFICATION CODE (TIC)

RECEIVED
• Connect the diagnostic tool. Yes
• Enter the following diagnostic mode on the diagnostic tool: If only the parking lights do not operate

Monitor the vehicle security module function tests. correctly with the remote transmitters in
• Monitor the remote transmitter TIC/DATA through the diagnostic panic mode, GO to L2.

tool menus. If only the horn does not operate correctly
• Press and release the PANIC button on the remote transmitters. with the remote transmitters in panic
• Does the word PANIC appear after pressing the panic mode, GO to L5.

buttons on the remote transmitters?
No
REPROGRAM the remote transmitter(s).
REFER to Remote Transmitter
Programming in this section. After
programming, if the concern still exists,
new remote transmitter(s) are necessary.
PROGRAM the new  transmitter(s).
INFORM the customer any remote
transmitters not present will need to be
reprogrammed.

L2 CHECK THE VEHICLE SECURITY MODULE OUTPUT FUNCTION
• Trigger the vehicle security module park lamp active command Yes

on and off. GO to L8.
• Do the parking lamps turn on and off? No

GO to L3.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST L: PANIC FEATURE IS INOPERATIVE/DOES NOT OPERATE CORRECTLY (Continued)

Test Step Result / Action to Take
L3 CHECK THE PARKING LAMP OPERATION

• Turn the parking lamps on at the headlamp switch. Yes
• Do the parking lamps operate correctly? GO to L4.

No
To diagnose the inoperative parking
lamps, REFER to Section 417-01.

L4 CHECK CIRCUIT 7 (LG/YE) FOR AN OPEN
• Key in OFF position.
• Disconnect: Vehicle Security Module C203a.
• Measure the resistance between the vehicle security module

C203a pin 2, circuit 14 (BN), harness side and headlamp switch
C205 pin 5, circuit 14 (BN), harness side.

Yes
GO to L8.
No
REPAIR the circuit. CLEAR the DTCs.

• Is the resistance less than 5 ohms? REPEAT the self-test.
L5 CHECK THE HORN OPERATION

• Press the horn switch. Yes
• Does the horn operate correctly? GO to L6.

No
To diagnose the inoperative horn, REFER
to Section 413-06.

L6 CHECK THE VEHICLE SECURITY MODULE HORN OUTPUT
FUNCTION
• Key in ON position. Yes
• Trigger vehicle security module horn active command on and off. GO to L8.
• Does the horn activate on and off? No

GO to L7.
L7 CHECK CIRCUIT 1 (DB) FOR AN OPEN

• Key in OFF position.
• Disconnect: Vehicle Security Module C203b.
• Disconnect: Horn Relay C1006.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST L: PANIC FEATURE IS INOPERATIVE/DOES NOT OPERATE CORRECTLY (Continued)

Test Step Result / Action to Take
L7 CHECK CIRCUIT 1 (DB) FOR AN OPEN (Continued)

• Measure the resistance between the vehicle security module
C203b pin 10, circuit 1 (DB), harness side and the horn relay pin
2, circuit 1 (DB), harness side.

Yes
GO to L8.
No
REPAIR the circuit. CLEAR the DTCs.

• Is the resistance less than 5 ohms? REPEAT the self-test.
L8 CHECK THE VEHICLE SECURITY MODULE FOR CORRECT

OPERATION
• Disconnect all vehicle security module connectors. Yes
• Check for: INSTALL a new vehicle security module.

REFER to Section 419-10. CLEAR the• corrosion DTCs. REPEAT the self-test.• pushed-out pins
• Connect all vehicle security module connectors and make sure No

they seat correctly. The system is operating correctly at this
• Operate the system and verify the concern is still present. time. Concern may have been caused by
• Is the concern still present? a loose or corroded connector. CLEAR the

DTCs. REPEAT the self-test.
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GENERAL PROCEDURES
3. WARNING: A spacer block is required

Latch Cable Adjustment — Sliding for correct adjustment of the latch lever to
its correct position. Any adjustment withoutDoor
the use of this spacer block is not
recommended. The rear latch lever could beSpecial Tool(s)
incorrectly positioned, which could cause a

Gauge, Door Latch Cable hazard during normal operation of the
501-021 (T93T-2100-AH) vehicle. Failure to follow these instructions

may result in personal injury.

With the sliding door rear latch installed in the
door, insert the special tool between the cable
ferrule and the latch.

1. NOTE: This adjustment is used to set up the
inside and outside handle travel when opening
the sliding door. This procedure must be carried
out when a new latch remote control is installed
or when the door cannot be opened due to
insufficient handle  travel.

Remove the sliding door trim panel and
watershield. For additional information, refer to
Section 501-05.

2. Loosen the sliding door rear latch cable
adjusting bolt.

4. With the rear door latch closed to its primary
latched position, lightly pull the cable and
adjustment bracket toward the rear of the
vehicle until snug.
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GENERAL PROCEDURES (Continued)

5. NOTE: Check for correct latch operation by
opening and closing the door with the interior
and exterior door handles. Make sure the door
can be unlatched with 12.5-17.8 mm (1/2-11/16
inch) of exterior door handle travel.

Tighten the sliding door rear latch cable
adjusting bolt.
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4. If the door locks do not respond for any remote
GENERAL PROCEDURES

transmitter, wait several seconds and press theRemote Transmitter Programming
button again. If the door locks still fail to
respond, refer to Inspection and Verification.

CAUTION: All remote transmitters must Make sure that no more than the maximum
be programmed at the same time. number of  remote transmitters are attempted to

be programmed.
1. The vehicle must be electronically unlocked

before entering program mode (via remote 5. Exiting the programming mode is accomplished
transmitter, keyless entry keypad (if equipped) if one of the following occurs:
or door lock control switch while the driver

• The key transitions to the OFF position.door is open.
• 20 seconds have passed since entering

2. Turn the key from OFF to RUN 8 times within programming mode or since the last remote
10 seconds, with the eighth turn ending in transmitter was programmed.
RUN. If the module has successfully entered • The maximum number of remote
program mode, it will lock and then unlock all transmitters have been programmed.
doors.

3. Within 20 seconds, press any button on a
remote transmitter, and the doors will lock and
then unlock to confirm that each remote
transmitter has been programmed. Repeat this
step for each remote transmitter.

Copyright  2003, Ford Motor Company
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REMOVAL AND INSTALLATION

Hood Latch

Removal and Installation

1. Remove the pin-type retainers and the radiator
sight shield.

3. To install, reverse the removal procedure.

• Lower the hood to check the hood latch
alignment.

2. Remove the hood latch.

1 Remove the bolts.

2 Remove the screw and disconnect the cable.
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5. If equipped, remove the door lock actuator
REMOVAL AND INSTALLATION

rivet.Front Door Latch

Special Tool(s)

Heavy Duty Riveter
501-D011 (D80L-23200-A) or
equivalent

Removal and Installation

1. Remove the front door trim panel. For
additional information, refer to Section 501-05. 6. Disconnect the door lock cylinder lock rod.

2. Remove the screw and slide the interior door
handle forward to disengage the tabs from the
door.

7. Disconnect the exterior door handle actuating
rod.

3. Position the water shield aside.

4. Release the cable conduit from the interior door
handle then slide the cable end from the door
handle pivot.
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REMOVAL AND INSTALLATION (Continued)

8. Remove the front door latch screws. 10. Transfer parts as necessary.

11. NOTE: Use the special tool to install the new
latch assembly rivet.

To install, reverse the removal procedure.

9. Remove the front door latch assembly.
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Side door
REMOVAL AND INSTALLATION

Door Latch — Side and Rear, Single
5. Disconnect the lock cylinder lock rod.

Special Tool(s)

Heavy Duty Riveter
501-D011 (D80L-23200-A) or
equivalent

Removal and Installation

All Doors

1. If equipped, remove the door trim panel. For 6. Disconnect the exterior door handle actuating
additional information, refer to Section 501-05. rod.

2. If equipped, position the watershield aside.

3. Remove the interior door handle nuts, handle
and bezel.

Rear door

7. Remove the license plate housing screws.

4. If equipped, remove the door lock actuator
rivet.
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REMOVAL AND INSTALLATION (Continued)

All Doors8. Position the housing away from the door.

10. Remove the door latch remote control screw.

9. Disconnect the lock cylinder rod and the door
latch cable.

11. Remove the door latch screws.
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REMOVAL AND INSTALLATION (Continued)

12. Remove the door latch assembly. 13. Transfer parts as necessary.

14. NOTE: Use the special tool to install the door
lock actuator rivet.

To install, reverse the removal procedure.
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REMOVAL AND INSTALLATION

Door Latch — Side and Rear, Double

Removal and Installation

All Latches

1. If equipped, remove the door trim panel. For
additional information, refer to Section 501-05.

2. If equipped, position the watershield aside.

3. Release the appropriate actuation cable clip by Upper latch
pushing the bottom keeper of the clip upward
and sliding the clip toward the outside of the 5. Release the upper latch cable locator from the
door. door.

6. Remove the latch bolts.

4. Disconnect the appropriate cable from the
interior handle.
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REMOVAL AND INSTALLATION (Continued)

Lower latch, side door7. NOTE: Some vehicles have insolating foam in
the door frame. A fishing line may be needed
to aid in installing the new latch and cable 9. Remove the bolts and the lower door latch.
assembly through the foam.

Remove the upper latch and cable assembly.

All latches

Lower latch, rear door 10. To install, reverse the removal procedure.

8. Remove the bolts and the lower door latch.
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3. Remove the bolt, nut and the sliding door lower
REMOVAL AND INSTALLATION

latch.Sliding Door Latch — Lower

Removal and Installation

1. Remove the screws and the sliding door lower
latch cover.

4. To install, reverse the removal procedure.

2. Disconnect the cable from the sliding door
lower latch.
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3. Disconnect the attaching cable from the latch.
REMOVAL AND INSTALLATION

Sliding Door Latch — Rear

Removal and Installation

1. If equipped, remove the sliding door trim panel.
For additional information, refer to Section
501-05.

2. Remove the sliding door rear latch bolts.

4. To install, reverse the removal procedure.

Copyright  2003, Ford Motor Company
Last updated: 08/27/2003 2004 E-Series, 12/2003 



501-14-1 501-14-1Handles, Locks, Latches and Entry Systems

4. Remove the screws, the hood latch control
REMOVAL AND INSTALLATION

handle and cable assembly.Hood Latch Release Handle

Removal and Installation

1. Remove the hood latch. For additional
information, refer to Hood Latch in this section.

2. Disconnect the 2 hood latch release cable
locators.

3. Remove the hood latch handle cover and the
A-pillar lower trim panel.

5. To install, reverse the removal procedure.
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4. NOTE: The rear door exterior door handle is
REMOVAL AND INSTALLATION

part of the license plate housing.Exterior Door Handle — Side and
Disconnect the lock cylinder rod and the doorRear
latch cable and remove the license plate
housing.Special Tool(s)

Heavy Duty Riveter
501-D011 (D80L-23200-A) or
equivalent

Removal and Installation

All doors

1. If equipped, remove the door trim panel. For
additional information, refer to Section 501-05.

Rear door

2. Remove the license plate housing screws.

Side door

5. Remove the rivets.

3. Position the housing away from the door.
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REMOVAL AND INSTALLATION (Continued)

All doors6. Disconnect the actuating cable from the door
handle.

7. NOTE: Use the special tool to install the
exterior door handle assembly rivets.

To install, reverse the removal procedure.
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3. Remove the rivets and the exterior door handle.
REMOVAL AND INSTALLATION

Exterior Front Door Handle

Special Tool(s)

Heavy Duty Riveter
501-D011 (D80L-23200-A) or
equivalent

Removal

1. Remove the front door trim panel. For 4. NOTE: Use the special tool the install the
additional information, refer to Section 501-05. exterior door handle rivets.

To install, reverse the removal procedure.2. Unclip the exterior door handle actuating rod.
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3. Release the cable conduit from the interior door
REMOVAL AND INSTALLATION

handle then slide the cable end from the doorInterior Door Handle — Front
handle pivot.

Removal and Installation

1. Remove the screw and interior door handle trim
cover.

4. To install, reverse the removal procedure.

2. Remove the screw, and slide the interior door
handle forward to disengage it from the door.
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3. To install, reverse the removal procedure.
REMOVAL AND INSTALLATION

Interior Door Handle — Side and
Rear, Single Latch

Removal and Installation

1. If equipped, remove the door trim panel. For
additional information, refer to Section 501-05.

2. Remove the door handle nuts, handle and bezel.
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3. Disconnect the actuating cables.
REMOVAL AND INSTALLATION

Interior Door Handle — Side and
Rear, Double Latch

Special Tool(s)

Heavy Duty Riveter
501-D011 (D80L-23200-A) or
equivalent

Removal and Installation
4. Remove the rivets and the latch remote control.

1. If required, remove the door trim panel. For
additional information, refer to Section 501-05.

2. Release the actuating cable by pushing the
bottom keeper of the clips upward and sliding
the clip toward the outside of the door.

5. NOTE: Use the special tool to install the latch
remote control rivet.

To install, reverse the removal procedure.
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3. To install, reverse the removal procedure.
REMOVAL AND INSTALLATION

Exterior Sliding Door Handle

Removal and Installation

1. Remove the sliding door latch remote control.
For additional information, refer to Sliding
Door Latch Remote Control in this section.

2. Remove the nuts and the sliding door exterior
door handle.
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REMOVAL AND INSTALLATION

Ignition Lock Cylinder — Functional

Removal

NOTE: When a new lock cylinder is installed, the
door lock cylinder and ignition lock cylinder should
be installed as a set. This eliminates carrying and
extra key which will fit only one lock. If a new key
is used, the new key code number is stamped  on a
metal tag attached to the key.

1. Disconnect the battery. For additional
3. To install, reverse the removal procedure.information, refer to Section 414-01.

2. Remove the ignition switch lock cylinder.

1 Turn the ignition to the ON position.

2 Using a suitable tool, press the ignition
switch lock cylinder release pin while
pulling out the ignition switch lock cylinder.
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3. Remove the ignition switch lock cylinder.
REMOVAL AND INSTALLATION

Ignition Lock Cylinder — Non • Use a 1/8-inch diameter drill bit to drill out
the lock cylinder retaining pin.Functional

• Use a 3/8-inch diameter drill to drill down
Removal and Installation the middle of the ignition lock key slot until

the ignition switch lock cylinder breaks
NOTE: When a new lock cylinder is installed, the loose.
door lock cylinder and ignition lock cylinder should • Remove and discard the ignition switch lock
be installed as a set. This eliminates carrying and cylinder and the drill shavings from the
extra key which will fit only one lock. If a new key steering column.
is used, the new key code number is stamped  on a
metal tag attached to the key.

1. Remove the steering wheel. For additional
information, refer to Section 211-04.

2. Remove the cap from the ignition switch lock
cylinder.

4. Remove the bearing retainer.
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REMOVAL AND INSTALLATION (Continued)

5. NOTE: Thoroughly clean all the drill shavings
from the steering column and inspect for
damage.

Remove the bearing and the gear.

6. NOTE: Use a new ignition switch lock
cylinder.

To install, reverse the removal procedure.

• Verify ignition switch lock cylinder
operation.
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REMOVAL AND INSTALLATION

Door Lock Cylinder

Removal

All doors

NOTE: When a new lock cylinder is installed, the
door lock cylinder and ignition lock cylinder should
be installed as a set. This eliminates carrying and
extra key which will fit only one lock. If a new key
is used, the new key code number is stamped  on a
metal tag attached to the key. Rear door

NOTE: Individual lock cylinders are repaired by
4. Remove the license plate housing screws.discarding the inoperative lock cylinder and building

a new lock cylinder using the appropriate lock
repair package. The lock repair package includes a
detailed instruction sheet to build the new lock
cylinder to the current key code of the vehicle.

1. If equipped, remove the door trim panel. For
additional information, refer to Section 501-05.

Side door/Front door

2. Disconnect the lock cylinder lock rod.

5. Position the housing away from the door.

3. Remove the retainer and the lock cylinder.
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REMOVAL AND INSTALLATION (Continued)

6. Disconnect the lock cylinder rod and the door
latch cable.

9. Disconnect the lock cylinder rod.

10. Remove the retainer and the lock cylinder.

7. Remove the retainer and the lock cylinder.

All doors

Sliding door
11. To install, reverse the removal procedure.

8. If equipped, remove the speaker.

1 Remove the screws.

2 Disconnect the electrical connector.

3 Remove the speaker.
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4. Disconnect the lock cylinder rod.
REMOVAL AND INSTALLATION

Sliding Door Latch Remote Control

Special Tool(s)

Heavy Duty Riveter
501-D011 (D80L-23200-A) or
equivalent

Removal and Installation

1. If equipped, remove the sliding door trim panel. 5. Remove the sliding door latch remote control
For additional information, refer to Section bolts.
501-05.

2. If equipped, remove the door lock actuator
rivet.

6. Remove the sliding door latch remote control
bolts.

3. Disconnect the exterior door handle attaching
rod.

Copyright  2003, Ford Motor Company
Last updated: 08/27/2003 2004 E-Series, 12/2003 



501-14-2 501-14-2Handles, Locks, Latches and Entry Systems

REMOVAL AND INSTALLATION (Continued)

7. Disconnect the 2 actuating cables. 8. Transfer components as necessary.

9. NOTE: Use the special tool to install the
sliding door latch actuator remote control rivet.

To install, reverse the removal procedure.
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3. Release the locking tabs and remove the door
REMOVAL AND INSTALLATION

lock control switch.Door Lock Control Switch — Front
Door

Removal and Installation

1. Remove the switch trim panel.

4. To install, reverse the removal procedure.

2. Remove the screws and disconnect the electrical
connector.
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3. To install, reverse the removal procedure.
REMOVAL AND INSTALLATION

Door Lock Control Switch — Rear
Door

Removal and Installation

1. Remove the door trim panel. For additional
information, refer to Section 501-05.

2. Remove the door lock control switch from the
door trim panel.
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Torque Specifications (Continued)
SPECIFICATIONS

Description Nm lb-ft lb-in
General Specifications

Windshield Wiper 7-10 — 62-89
Item Specification Mounting Arm and

Pivot Shaft ScrewsCenter of RH Wiper 67.1-91.3 (2.64-3.59)
Blade to Cowl Top Vent Windshield Wiper 3-5 — 27-44
Panel mm (in) Reservoir Bolt

Center of LH Wiper 52.8-77.2 (2.08-3.04) Windshield Wiper 3-5 — 27-44
Blade to Cowl Top Vent Reservoir Nut
Panel mm (in)

Torque Specifications

Description Nm lb-ft lb-in

Battery Tray Bolts 22-34 16-25 —

Windshield Wiper 7-10 — 62-89
Motor Bolts
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DESCRIPTION AND OPERATION

Wipers and Washers
Wiper and Washer System
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DESCRIPTION AND OPERATION (Continued)

Item Part Number Description Item Part Number Description

4 17508 Windshield Wiper Motor1 17528 Windshield Wiper Blade

5 — Washer Nozzle Jet2 17526 Windshield Wiper Pivot Arm

6 17618 Windshield Washer Reservoir3 17566 Windshield Wiper Mounting
Arm and Pivot Shaft

(Continued)

Wiper Control Module and Bracket

In the INTERVAL mode, the multi-function switchItem Part Number Description
is set in one of seven interval settings and the wiper1 — Wiring Connector to Wiper
control module will activate the windshield wiperControl Module (Part of
motor through the low speed motor winding.14401)

2 — Wiper Control Module The permanent magnet three-brush F windshield
wiper motor allows selection of either low or high3 047A26 Bracket
speed when selected via the steering column

There are four modes of wiper operation: OFF mounted multi-function switch. When the
mode, LOW speed mode, HIGH speed mode and multi-function switch  is in the LOW position, the
INTERVAL mode. common brush and the low speed brush are used.
In the OFF mode, there is no windshield wiper When the multi-function switch  is in the HIGH
motor (17508) activity and the windshield wiper position, current bypasses part of the armature
motor  will be in the PARK position. winding to the high speed brush. When the

multi-function switch  is moved to the OFFIn the LOW speed mode, the multi-function switch
position, the windshield wiper motor  will continue(13K359) is set to the low speed setting and the
to run at low speed until the windshield wiperswiper control module will activate the windshield
park.wiper motor through the low speed motor winding.
When the switch is in the interval (INT) position,In the HIGH speed mode, the multi-function switch
the windshield wipers will make a single sweepis set to the high speed setting and the wiper control
followed by a pause. The pause duration ismodule will activate the windshield wiper motor
controlled by the setting the operator has selectedthrough the high speed motor winding.
through the control knob on the end of the
multi-function switch.
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DESCRIPTION AND OPERATION (Continued)

To engage the windshield washer, push the knob at
the end of the multi-function switch toward the
steering column tube (3514). When the
multi-function switch  is in the OFF or INT
position, the windshield wipers will run in LOW
while the knob is pushed in. When the washer knob
is released, the washer will stop immediately, but
the windshield wipers will continue to run for two
or three sweeps, then return to their previously set
mode. Washer engagement does not affect
windshield wiper operation when the multi-function
switch  is in the LOW or HIGH position.
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2. Visually inspect for the following obvious signs
DIAGNOSIS AND TESTING

of mechanical or electrical damage.Wipers and Washers
Refer to Wiring Diagrams Cell 81 for schematic and

Visual Inspection Chart
connector information.

Mechanical Electrical
Special Tool(s)

• Wiper blade missing or • Fuse junction panel
damaged Fuse 9 (30A)73 Digital Multimeter or

• Binding wiper pivot arm • Wiper motorequivalent
• Binding wiper mounting • Washer pump105-R0051

arm and pivot shaft • Open connectors
• Empty washer reservoir • Corroded connectors
• Kinked or broken • Multi-function switch

washer hoses • Thermal breaker internal
to the wiper motor

• Circuit
Inspection and Verification

1. Verify the customer concern by operating the 3. If the concern is not visually evident, determine
windshield wiper and washer system to the symptom and proceed to Symptom Chart.
duplicate the condition.

Symptom Chart

Symptom Chart

Condition Possible Sources Action
• The Washer Pump Is • Circuitry. • GO to Pinpoint Test A.

Inoperative • Multi-function switch
(13K359) .

• Wiper control module.
• Washer pump motor.

• The Wipers are Inoperative • Fuse. • GO to Pinpoint Test B.
• Windshield wiper motor

(17508) .
• Multi-function switch .
• Circuitry.
• Wiper control module.

• The Low Wiper Speed Does • Multi-function switch . • GO to Pinpoint Test C.
Not Operate Properly • Windshield wiper motor .

• Circuitry.
• Wiper control module.

• The High Speed Does Not • Multi-function switch. • GO to Pinpoint Test D.
Operate Properly • Windshield wiper motor.

• Circuitry.
• Wiper control module.

• The Intermittent Wiper Speed • Multi-function switch . • GO to Pinpoint Test E.
Does Not Operate Properly • Circuitry.

• Wiper control module.
• Windshield wiper motor .

• The Wipers Will Not Park at • Windshield wiper motor . • GO to Pinpoint Test F.
the Proper Position • Wiper control module.

• Circuitry.
• Wiper arms.
• Linkage.
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DIAGNOSIS AND TESTING (Continued)

Symptom Chart (Continued)

Condition Possible Sources Action
• The Wipers Stay On • Multi-function switch . • GO to Pinpoint Test G.

Continuously • Windshield wiper motor .
• Wiper control module.
• Circuitry.

Pinpoint Tests

CAUTION: Electronic modules are
sensitive to electrical charges. If exposed to these
charges, damages may result.

PINPOINT TEST A: THE WASHER PUMP IS INOPERATIVE

Test Step Result / Action to Take
A1 CHECK THE WASHER PUMP OPERATION

• Key in ON position.
• Press the washer button.

Yes
GO to A2.
No

• Does the washer pump operate properly? GO to A3.
A2 CHECK FOR BLOCKAGE OR OBSTRUCTION IN THE WASHER

HOSES
• Key in OFF position. Yes
• Inspect the washer nozzles, washer hoses and washer pump for REPAIR or REPLACE as required. TEST

blockages or obstructions. the system for normal operation.
• Are any blockages or obstructions present? No

REPLACE the washer pump motor;
REFER to Washer Pump and Reservoir.
TEST the system for normal operation.

A3 CHECK THE WASHER PUMP MOTOR FOR VOLTAGE —
CIRCUIT 941 (BK/W)
• Key in OFF position.
• Disconnect: Washer Pump Motor C137.
• Key in ON position.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST A: THE WASHER PUMP IS INOPERATIVE (Continued)

Test Step Result / Action to Take
A3 CHECK THE WASHER PUMP MOTOR FOR VOLTAGE —

CIRCUIT 941 (BK/W) (Continued)

• Measure the voltage between washer pump motor C137, circuit
941 (BK/W), and ground while pressing the washer button.

Yes
GO to A4.
No

• Is the voltage greater than 10 volts? GO to A5.
A4 CHECK THE WASHER PUMP MOTOR GROUND — CIRCUIT 57

(BK)
• Key in OFF position.
• Measure the resistance between washer pump motor C137,

circuit 57 (BK), and ground.

Yes
REPLACE the washer pump motor;
REFER to Washer Pump and Reservoir.
TEST the system for normal operation.
No
REPAIR circuit 57 (BK). TEST the system

• Is the resistance less than 5 ohms? for normal operation.
A5 CHECK CIRCUIT 941 (BK/W) FOR SHORT TO GROUND

• Key in OFF position.
• Disconnect: Wiper Control Module C2157.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST A: THE WASHER PUMP IS INOPERATIVE (Continued)

Test Step Result / Action to Take
A5 CHECK CIRCUIT 941 (BK/W) FOR SHORT TO GROUND

(Continued)

• Measure the resistance between washer pump motor C137,
circuit 941 (BK/W), and ground.

Yes
GO to A6.
No
REPAIR circuit 941 (BK/W). TEST the

• Is the resistance greater than 10,000 ohms? system for normal operation.
A6 CHECK CIRCUIT 941 (BK/W) FOR OPEN

• Measure the resistance between the washer pump motor C137,
circuit 941 (BK/W), and wiper control module C2157-4, circuit
941 (BK/W).

Yes
GO to A7.
No
REPAIR circuit 941 (BK/W). TEST the

• Is the resistance less than 5 ohms? system for normal operation.
A7 CHECK THE MULTI-FUNCTION SWITCH

• Disconnect: Multi-Function Switch C202b. Yes
• Check the multi-function switch; refer to Section 211-05. REPLACE the wiper control module;
• Is the multi-function switch OK? REFER toModule — Wiper. TEST the

system for normal operation.
No
REPLACE the multi-function switch;
REFER to Section 211-05. TEST the
system for normal operation.

PINPOINT TEST B: THE WIPERS ARE INOPERATIVE

Test Step Result / Action to Take
B1 CHECK FUSE JUNCTION PANEL FUSE 9 (30A)

• Key in OFF position. Yes
• Check fuse: Fuse 9 (30A). GO to B2.
• Is fuse junction panel 9 (30A) OK? No

REPLACE fuse junction panel fuse 9
(30A). TEST the system for normal
operation. If the fuse fails again, CHECK
for a short to ground. REPAIR as
necessary.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST B: THE WIPERS ARE INOPERATIVE (Continued)

Test Step Result / Action to Take
B2 CHECK FOR VOLTAGE TO THE WIPER CONTROL MODULE —

CIRCUIT 65 (DG)
• Disconnect: Wiper Control Module C2157.
• Key in ON position.
• Measure the voltage between wiper control module C2157-2,

circuit 65 (DG), and ground; and between wiper control module
C2157-11, circuit 65 (DG), and ground.

Yes
GO to B3.
No
REPAIR circuit 65 (DG). TEST the system

• Is the voltage greater than 10 volts? for normal operation.
B3 CHECK CIRCUIT 875 (BK/LB) FOR OPEN

• Key in OFF position.
• Measure the resistance between wiper control module C2157-3,

circuit 875 (BK/LB), and ground; and between wiper control
module C2157-5, circuit 875 (BK/LB), and ground.

Yes
GO to B4.
No
REPAIR circuit 875 (BK/LB). TEST the

• Are the resistances less than 5 ohms? system for normal operation.
B4 CHECK THE MULTI-FUNCTION SWITCH OUTPUT

• Key in OFF position.
• Turn the multi-function switch to the high position.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST B: THE WIPERS ARE INOPERATIVE (Continued)

Test Step Result / Action to Take
B4 CHECK THE MULTI-FUNCTION SWITCH OUTPUT (Continued)

• Measure the resistance between wiper control module C2157-7,
circuit 993 (BR/W), and wiper control module C2157-1, circuit
589 (O).

Yes
GO to B7.
No

• Is the resistance less than 5 ohms? GO to B5.
B5 CHECK CIRCUIT 993 (BR/W) FOR OPEN

• Disconnect: Multi-Function Switch C202b.
• Measure the resistance between multi-function switch C202b-4,

circuit 993 (BR/W), and wiper control module C2157-7, circuit
993 (BR/W).

Yes
GO to B6.
No
REPAIR circuit 993 (BR/W). TEST the

• Is the resistance less than 5 ohms? system for normal operation.
B6 CHECK CIRCUIT 589 (O) FOR OPEN

• Measure the resistance between multi-function switch C202b-1,
circuit 589 (O), and wiper control module C2157-1, circuit 589
(O).

Yes
REPLACE the multi-function switch ;
REFER to Section 211-05. TEST the
system for normal operation.
No
REPAIR circuit 589 (O). TEST the system

• Is the resistance less than 5 ohms? for normal operation.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST B: THE WIPERS ARE INOPERATIVE (Continued)

Test Step Result / Action to Take
B7 CHECK THE WIPER CONTROL MODULE OUTPUT FOR

VOLTAGE
• Connect: Wiper Control Module C2157.
• Disconnect: Wiper Motor C125.
• Turn the multi-function switch to the high position.

• Key in ON position.
• Measure the voltage between wiper motor C125-3, circuit 61

(Y/R), and wiper motor C125-5, circuit 58 (W).

Yes
REPLACE the wiper motor; REFER to
Motor — Windshield Wiper. TEST the
system for normal operation.
No

• Is the voltage greater than 10 volts? GO to B8.
B8 CHECK CIRCUIT 61 (Y/R) FOR OPEN

• Key in OFF position.
• Disconnect:  Wiper Control Module C2157.
• Measure the resistance between wiper control module

C2157-10, circuit 61 (Y/R), and wiper motor C125-3, circuit 61
(Y/R).

Yes
REPLACE the wiper control module;
REFER to Module — Wiper. TEST the
system for normal operation.
No
REPAIR circuit 61 (Y/R). TEST the system

• Is the resistance less than 5 ohms? for normal operation.
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST C: THE LOW WIPER SPEED DOES NOT OPERATE PROPERLY

Test Step Result / Action to Take
C1 CHECK THE VOLTAGE TO THE WIPER MOTOR LOW POSITION

— CIRCUIT 56 (DB/O)
• Key in OFF position.
• Disconnect: Wiper Motor C125.
• Key in ON position.
• Turn the multi-function switch to the low position.

• Measure the voltage between wiper motor C125-3, circuit 61
(Y/R), and wiper motor C125-4, circuit 56 (DB/O).

Yes
REPLACE the wiper motor; REFER to
Motor — Windshield Wiper. TEST the
system for normal operation.
No

• Is the voltage greater than 10 volts? GO to C2.
C2 CHECK CIRCUIT 56 (DB/O) FOR SHORT TO GROUND

• Key in OFF position.
• Disconnect: Wiper Control Module C2157.
• Measure the resistance between wiper motor C125-4, circuit 56

(DB/O), and ground.

Yes
GO to C3.
No
REPAIR circuit 56 (DB/O). TEST the

• Is the resistance greater than 10,000 ohms? system for normal operation.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST C: THE LOW WIPER SPEED DOES NOT OPERATE PROPERLY (Continued)

Test Step Result / Action to Take
C3 CHECK CIRCUIT 56 (DB/O) FOR OPEN

• Measure the resistance between wiper control module C2157-8,
circuit 56 (DB/O), and wiper motor C125-4, circuit 56 (DB/O).

Yes
GO to C4.
No
REPAIR circuit 56 (DB/O). TEST the

• Is the resistance less than 5 ohms? system for normal operation.
C4 CHECK THE MULTI-FUNCTION SWITCH INPUT

• Measure the resistance between wiper control module C2157-1,
circuit 589 (O), and wiper control module C2157-7, circuit 993
(BR/W).

Yes
REPLACE the wiper control module;
REFER toModule — Wiper. TEST the
system for normal operation.
No
REPLACE the multi-function switch ;
REFER to Section 211-05. TEST the

• Is the resistance between 3500 and 4500 ohms? system for normal operation.

PINPOINT TEST D: THE HIGH SPEED DOES NOT OPERATE PROPERLY

Test Step Result / Action to Take
D1 CHECK THE MULTI-FUNCTION SWITCH INPUT

• Key in OFF position.
• Disconnect:  Wiper Motor C125.
• Key in ON position.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST D: THE HIGH SPEED DOES NOT OPERATE PROPERLY (Continued)

Test Step Result / Action to Take
D1 CHECK THE MULTI-FUNCTION SWITCH INPUT (Continued)

• Turn the multi-function switch to the high position.

• Measure the voltage between wiper motor C125-3, circuit 61
(Y/R), and wiper motor C125-5, circuit 58 (W).

Yes
REPLACE the wiper motor; REFER to
Motor — Windshield Wiper. TEST the
system for normal operation.
No

• Is the voltage greater than 10 volts? GO to D2.
D2 CHECK CIRCUIT 58 (W) FOR SHORT TO GROUND

• Disconnect: Wiper Control Module C2157.
• Measure the resistance between wiper motor C125-5, circuit 58

(W), and ground.

Yes
GO to D3.
No
REPAIR circuit 58 (W). TEST the system

• Is the resistance greater than 10,000 ohms? for normal operation.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST D: THE HIGH SPEED DOES NOT OPERATE PROPERLY (Continued)

Test Step Result / Action to Take
D3 CHECK CIRCUIT 58 (W) FOR OPEN

• Measure the resistance between wiper module C2157-14, circuit
58 (W), and wiper motor C125-5, circuit 58 (W).

Yes
GO to D4.
No
REPAIR circuit 58 (W). TEST the system

• Is the resistance less than 5 ohms? for normal operation.
D4 CHECK THE MULTI-FUNCTION SWITCH INPUT

• Turn the multi-function switch to the high position.

• Measure the resistance between wiper control module C2157-1,
circuit 589 (O), and wiper control module C2157-7, circuit 993
(BR/W).

Yes
REPLACE the wiper control module;
REFER to Module — Wiper. TEST the
system for normal operation.
No
REPLACE the multi-function switch;
REFER to Section 211-05. TEST the

• Is the resistance less than 5 ohms? system for normal operation.

PINPOINT TEST E: THE INTERMITTENT WIPER SPEED DOES NOT OPERATE PROPERLY

Test Step Result / Action to Take
E1 CHECK THE MULTI-FUNCTION SWITCH INTERVAL INPUT TO

THE WIPER CONTROL MODULE — CIRCUIT 590 (DB/W)
• Key in OFF position.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST E: THE INTERMITTENT WIPER SPEED DOES NOT OPERATE PROPERLY (Continued)

Test Step Result / Action to Take
E1 CHECK THE MULTI-FUNCTION SWITCH INTERVAL INPUT TO

THE WIPER CONTROL MODULE — CIRCUIT 590 (DB/W)
(Continued)

• Disconnect: Wiper Control Module C2157.
• Turn the multi-function switch to any interval setting.

• Measure the resistance between wiper control module C2157-7,
circuit 993 (BR/W), and wiper control module C2157-1, circuit
589 (O).

Yes
GO to E2.
No
REPLACE the multi-function switch.
REFER to Section 211-05. TEST the

• Is the resistance between 10,500 and 12,000 ohms? system for normal operation.
E2 CHECK THE INTERVAL SETTING INPUT

• Turn the multi-function switch to any interval setting.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST E: THE INTERMITTENT WIPER SPEED DOES NOT OPERATE PROPERLY (Continued)

Test Step Result / Action to Take
E2 CHECK THE INTERVAL SETTING INPUT (Continued)

• Measure the resistance between wiper control module C2157-7,
circuit 993 (BR/W), and wiper control module C2157-9, circuit
590 (DB/W).

Yes
REPLACE the wiper control module;
REFER to Module — Wiper. TEST the
system for normal operation.
No

• Is the resistance reading between 3300 and 103,300 ohms? GO to E3.
E3 CHECK CIRCUIT 590 (DB/W) FOR SHORT TO GROUND

• Measure the resistance between wiper control module C2157-9,
circuit 590 (DB/W), and ground.

Yes
GO to E4.
No
REPAIR circuit 590 (DB/W). TEST the

• Is the resistance greater than 10,000 ohms? system for normal operation.
E4 CHECK CIRCUIT 590 (DB/W) FOR OPEN

• Disconnect: Multi-Function Switch C202b.
• Measure the resistance between wiper control module C2157-9,

circuit 590 (DB/W), and multi-function switch C202b-6, circuit
590 (DB/W).

Yes
REPLACE the multi-function switch;
REFER to Section 211-05. TEST the
system for normal operation.
No
REPAIR circuit 590 (DB/W). TEST the

• Is the resistance less than 5 ohms? system for normal operation.
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST F: THE WIPERS WILL NOT PARK AT THE PROPER POSITION

Test Step Result / Action to Take
F1 CHECK THE WINDSHIELD WIPER MOTOR FOR VOLTAGE

CIRCUIT 65 (DG)
• Key in OFF position.
• Disconnect:  Wiper Motor C125.
• Key in ON position.
• Measure the voltage between wiper motor C125-2, circuit 65

(DG), and ground.

Yes
GO to F2.
No
REPAIR circuit 65 (DG). TEST the system

• Is the voltage greater than 10 volts? for normal operation.
F2 CHECK THE WIPER CONTROL MODULE RETURN CIRCUITS

FOR OPEN — CIRCUIT 28 (BK/PK) AND CIRCUIT 61 (Y/R)
• Key in OFF position.
• Measure the resistance between wiper motor C125-1, circuit 28

(BK/PK), and wiper motor C125-4, circuit 56 (DB/O).

• Measure the resistance between wiper motor C125-3, circuit 61
(Y/R), and ground.

Yes
GO to F4.
No

• Are the resistances less than 5 ohms? GO to F3.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST F: THE WIPERS WILL NOT PARK AT THE PROPER POSITION (Continued)

Test Step Result / Action to Take
F3 CHECK THE WIPER CONTROL MODULE/WIPER MOTOR

CIRCUITS FOR OPEN
• Disconnect: Wiper Control Module C2157.
• Measure the resistance between wiper motor C151 and wiper

control module C2157; refer to the following chart:

Wiper Motor Wiper Control
Connector Circuit Module Connector

C125-1 28 (BK/PK) C2157-13

C125-3 61 (Y/R) C2157-10

C125-4 56 (DB/O) C2157-8

Yes
REPLACE the wiper control module;
REFER to Module — Wiper. TEST the
system for normal operation.
No
REPAIR the circuit in question. TEST the

• Are the resistances less than 5 ohms? system for normal operation.
F4 CHECK THE WIPER LINKAGE

• Verify the wiper linkage is not bent, cracked or mispositioned Yes
from the wiper motor shaft. REPLACE the wiper motor; REFER to

• Is the wiper linkage OK? Motor — Windshield Wiper. TEST the
system for normal operation.
No
REPAIR or REPLACE the wiper mounting
arm and pivot shaft; REFER to Mounting
Arm and Pivot Shaft. TEST the system for
normal operation.

PINPOINT TEST G: THE WIPERS STAY ON CONTINUOUSLY

Test Step Result / Action to Take
G1 CHECK THE MULTI-FUNCTION SWITCH

• Check the multi-function switch; refer to Section 211-05. Yes
• Is the multi-function switch OK? GO to G2.

No
REPLACE the multi-function switch;
REFER to Section 211-05. TEST the
system for normal operation.

G2 CHECK CIRCUIT 590 (DB/W) FOR SHORT TO GROUND
• Key in OFF position.
• Disconnect: Wiper Control Module C2157.
• Disconnect: Multi-Function Switch C202b.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST G: THE WIPERS STAY ON CONTINUOUSLY (Continued)

Test Step Result / Action to Take
G2 CHECK CIRCUIT 590 (DB/W) FOR SHORT TO GROUND

(Continued)

• Measure the resistance between wiper control module C2157-9,
circuit 590 (DB/W), and ground.

Yes
GO to G3.
No
REPAIR circuit 590 (DB/W). TEST the

• Is the resistance greater than 10,000 ohms? system for normal operation.
G3 CHECK CIRCUIT 589 (O) FOR SHORT TO GROUND

• Measure the resistance between wiper control module C2157-1,
circuit 589 (O), and ground.

Yes
GO to G4.
No
REPAIR circuit 589 (O). TEST the system

• Is the resistance greater than 10,000 ohms? for normal operation.
G4 CHECK CIRCUIT 993 (BR/W) FOR SHORT TO GROUND

• Measure the resistance between wiper control module C2157-7,
circuit 993 (BR/W), and ground.

Yes
REPLACE the wiper control module;
REFER to Module — Wiper. TEST the
system for normal operation.
No
REPAIR circuit 993 (BR/W). TEST the

• Is the resistance greater than 10,000 ohms? system for normal operation.
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3. Verify that the distance between the center of
GENERAL PROCEDURES

the LH windshield wiper blade and the cowlWiper Blade and Pivot Arm
top vent panel is within specification.Adjustment

1. Cycle and park the windshield wipers.

2. Verify that the distance between the center of
the RH windshield wiper blade (17528) and the
cowl top vent panel is within specification.

4. If the distance is not within specification,
remove the windshield wiper pivot arm (17526)
that is not within specification and reposition it
to specification; refer to Pivot Arm.

Copyright  2003, Ford Motor Company
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2. Lift the windshield wiper pivot arm from the
REMOVAL AND INSTALLATION

windshield wiper mounting arm and pivot shaftPivot Arm
(17566).

Removal

NOTE: The windshield wiper pivot arm (17526)
can be removed at any point in the wiper sweep
without the use of tools.

1. Release the pivot arm locking lever.

1 Carefully raise the windshield wiper blade
away from the windshield glass (03100)
until it stops.

2 Pull the locking lever away from the
windshield wiper pivot arm.

Installation

1. To install, reverse the removal procedure.

• Adjust the windshield wiper pivot arm; refer
to Wiper Blade and Pivot Arm Adjustment.
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4. Remove the windshield wiper mounting arm
REMOVAL AND INSTALLATION

and pivot shaft.Mounting Arm and Pivot Shaft
1 Remove the screws.

Removal 2 Remove the windshield wiper mounting arm
and pivot shaft.

1. NOTE: The windshield wiper mounting arm
and pivot shaft (17566) is replaced as an
assembly.

Remove the windshield wiper pivot arms
(17526); refer to Pivot Arm.

2. Remove the cowl top vent panels (022A68);
refer to Section 501-02.

3. Disconnect the windshield wiper mounting arm
and pivot shaft.

1 Remove the access cover from the dash
panel (01610).

Installation2 Remove the retaining clip.

3 Disconnect the windshield wiper mounting
1. To install, reverse the removal procedure.arm and pivot shaft  from the windshield

wiper motor (17508).
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5. Remove the windshield wiper motor.
REMOVAL AND INSTALLATION

Motor — Windshield Wiper 1 Disconnect the electrical connector.

2 Remove the bolts.
Removal

3 Remove the windshield wiper motor.

1. Remove the windshield wiper pivot arms. For
additional information, refer to Pivot Arm.

2. Raise and support the hood.

3. Remove the cowl top vent panels.

4. Disconnect the windshield wiper mounting arm
and pivot shaft.

1 Remove the access cover from the dash
panel.

2 Remove the retaining clip.

3 Disconnect the windshield wiper mounting Installation
arm and pivot shaft from the windshield
wiper motor. 1. Install the mounting arm and pivot shaft

retaining clip on the windshield wiper mounting
arm and pivot shaft.
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REMOVAL AND INSTALLATION (Continued)

2. Install the windshield wiper motor. 4. Install the cowl top vent panels.

1 Position the windshield wiper motor in the
5. Install the windshield wiper pivot arms. Fordash panel.

additional information, refer to Pivot Arm.
2 Install the bolts.

3 Connect the electrical connector.

3. Connect the windshield wiper mounting arm
and pivot shaft.

1 Press upward on the windshield wiper
mounting arm and pivot shaft after it is
aligned with the windshield wiper motor.

2 Install the access cover in the dash panel.
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REMOVAL AND INSTALLATION

Washer Pump and Reservoir

Removal

1. Raise and support the hood (16612).

2. Remove the battery (10655).

3. Remove the battery tray (10732).

1 Remove the bolts.

2 Remove the battery tray.

4. NOTE: Windshield washer fluid must be
collected in a container after the windshield
washer hose is disconnected.

Remove the washer pump and reservoir.

1 Remove the nut.

2 Remove the bolt.

3 Disconnect the filler hose.

4 Disconnect the electrical connector.

5 Detach the wiring harness locator from the
washer pump and reservoir.

6 Disconnect the windshield washer hose.

7 Remove the washer pump and reservoir.
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REMOVAL AND INSTALLATION (Continued)

5. Remove the washer pump from the reservoir.

Installation

1. CAUTION: Do not make electrical
connection prior to filling the windshield
washer reservoir. Do not operate the
windshield washer pump prior to filling the
windshield washer reservoir.

NOTE: When the battery  has been
disconnected and reconnected, some abnormal
drive symptoms may occur while the vehicle
relearns its adaptive strategy. The vehicle may
need to be driven 16 km (10 mi) or more to
relearn the strategy.

To install, reverse the removal procedure.

• Fill the windshield washer reservoir with
windshield washer fluid.
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REMOVAL AND INSTALLATION

Module — Wiper

Removal

1. Remove the engine cover. Refer to Section
501-05.

2. Remove the wiper module.

1 Disconnect the electrical connector.

2 Push the detent tabs on the wiper control
module through the holes in the mounting

Installationbracket and slide the module off the
bracket.

1. To install, reverse the removal procedure.
3 Remove the wiper control module.
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Torque Specifications (Continued)
SPECIFICATIONS

Description Nm lb-ft
Torque Specifications

Rear bumper retaining nuts 70 52
Description Nm lb-ft

Front bumper retaining nuts 70 52
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Front and rear bumpers are designed to protect the
DESCRIPTION AND OPERATION

radiator (8005), lighting equipment and sheet metalBumpers
from damage due to minor impacts. Bumpers are

Refer to the following illustration for bumper constructed of heavy-gauge steel and attach to the
components and locations. front and rear of the vehicle frame (5005).

Standard model Econoline vans and XL model Club
Wagon have light charcoal-painted front and rear
bumpers. Options include black or white painted
bumpers. XLT and Chateau models have chrome
front and rear bumpers standard. On chrome front
bumpers,  there is an added front valance panel
(17626) molded in light charcoal. On regular
chrome rear bumpers, there is an added rear bumper
stone deflector (17808) molded in light charcoal.
Other options include step-type rear bumpers (rear
bumpers not  available on RV and cutaway models).
On standard Econoline and XL models, rear
step-type bumpers are painted in light charcoal. On
XLT and Chateau models, rear step-type bumpers
are chrome. Both painted and chrome step-type
bumpers have anti-skid  step pads.
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3. NOTE: The aid of an assistant is required to
REMOVAL AND INSTALLATION

remove the front bumper.Front Bumper
Remove the retaining nuts and the front bumper
(17757).Removal and Installation

1. Raise and support the vehicle. For additional
information, refer to Section 100-02.

2. Remove the A/C condenser air deflector
(19E667).

1 Remove the pushpin retainers.

2 Remove the A/C condenser air deflector
from the frame.

4. To install, reverse the removal procedure.
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2. Remove the retaining nuts from the rear
REMOVAL AND INSTALLATION

bumper. Remove the rear bumper.Rear Bumper
• Step-type bumper shown.

Removal and Installation

1. Remove the retaining nuts from the rear bumper
(17906). Remove the rear bumper.

• Standard bumper shown.
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REMOVAL AND INSTALLATION (Continued)

3. To install, reverse the removal procedure.

• Step-type bumper shown; standard bumper
similar.
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Torque Specifications (Continued)
SPECIFICATIONS

Description Nm lb-ft
Torque Specifications

Rear safety belt and buckle 40 30
Description Nm lb-ft bolt

Shoulder safety belt height 40 30 Rear buckle end bolt 40 30
adjuster bolts

Detachable safety belt anchor 40 30
Safety belt anchor bolts 48 33 buckle end bolt
(Front)

Child safety seat tether 25 18
Safety belt retractor bolts 48 35 anchor bolt, seat pedestal
(Front)

Child safety seat tether 25 18
Shoulder strap guide nut 40 30 anchor bolt, seat frame

Belt and buckle assembly, 40 30 LATCH attachment bolts 25 18
pretensioner bolt

Manual seat track bolts 25 18
Safety belt retractor anchor 40 30

Power seat track bolts 40 30bolt (Rear)

Safety belt shoulder guide 40 30
bolt (Rear)
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DESCRIPTION AND OPERATION
Belt and Buckle Assembly —Safety Belt System
Pretensioner

The outboard safety restraints in the vehicle are
The belt and buckle assembly pretensioner is acombination lap and shoulder belts. The front and
pyrotechnic device that removes excess webbingrear seat passenger outboard safety belts have two
from the safety belt system. The belt and buckletypes of locking modes: the vehicle-sensitive
assembly pretensioner uses the same crash sensor(emergency) locking mode and the automatic
system as the air bag supplemental restraint systemlocking retractor (ALR) mode.
(SRS). When the belt and buckle assembly

Vehicle-Sensitive (Emergency) Locking pretensioner deploys, the buckle moves downward,
Mode pulling excess webbing from the lap and shoulder

safety belts.NOTE: The rear seat belts cannot be made to lock
up by pulling quickly on the belt. Fastening Safety Belts
The vehicle-sensitive locking mode is the normal

WARNING: Do not introduce slack intoretractor mode, allowing free shoulder belt length
the safety belt system because the belt locks uponadjustments to occupant movements and locking in
impact where it is positioned. Use the shoulderresponse to vehicle movements. If the driver brakes
safety belt on the outside shoulder only. Neversuddenly, turns a corner sharply or the  vehicle
wear the shoulder safety belt under the arm.receives an impact of approximately 8 km/h (5
Never swing the shoulder  safety belt around themph), the combination safety belts will lock to
neck over the inside shoulder. Never use a singlerestrain forward movement of the driver and
belt for more than one person. Make sure the lappassengers.
portion of the belt is fitted snugly and as low as

The front seat belt system can also be made to lock possible around the hips, not the waist. Failure to
manually by quickly pulling on the shoulder belt. follow these precautions  could increase the

chance and severity of injury in a collision.Automatic Locking Retractor (ALR) Mode
Always follow the preceding safety precautionsNOTE: The automatic locking retractor (ALR)
when fastening the safety belts.mode is not available on the driver safety belt.

In the automatic locking retractor (ALR) mode, the Safety Belt Extension Assembly
shoulder belt is automatically pre-locked. However, NOTE: There is a unique safety belt extension for
the belt will still retract to remove any slack in the the front seats and another unique safety belt
shoulder belt. This mode is used any time a child extension for the rear seats.
safety seat is installed in an  outboard seating

In certain cases, the safety belt may be too shortposition, or when a tight lap/shoulder belt fit is
even when it is fully extended. About 20 cm (8 in.)desired. The ALR mode is automatically engaged
can be added to the belt length by using a safetywhen the webbing is fully extracted from the
belt extension. Safety belt extensions are availableretractor. As the webbing is retracted back onto the
at no cost through Ford or  Lincoln-Mercuryspool, an audible clicking sound is  made, indicating
dealership parts departments. Safety belt extensionsthat the retractor is in the ALR mode. The ALR
are available only with black webbing. The bucklemode is automatically disengaged when the webbing
must be from the same manufacturer as the beltis retracted back onto the spool. ALR mode is
system to which it is attached.disengaged when the audible clicking sound ceases

and the webbing is free to move in or  out of the Warning System — Driver Safety Belt
retractor, indicating that the belt has returned to the

The driver safety belt incorporates a safety beltvehicle sensitive (emergency) locking mode of
warning indicator switch (10B924), an indicatoroperation.
light and warning chime. The indicator light and
warning chime function as reminders to fasten the
safety belt.
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DESCRIPTION AND OPERATION (Continued)

Safety Belt Indicator Light and Warning Child Safety Seat — Tether Attachment
Chime Some manufacturers make safety seats with a tether
The safety belt indicator light illuminates in the strap that goes over the back of the vehicle seat and
instrument cluster and a warning chime sounds to attaches to an anchoring point behind the seat.
remind the occupants to fasten their safety belts. Ford recommends the placement of tethered safety
The conditions of operation are as follows: seats in a rear seating position, with the tether strap

attached to the tether anchoring point. The right• If the driver safety belt is not buckled before the
front seating position can be used if it is the onlyignition key is turned to the ON position, the
seating position available. The  tether anchorsafety belt indicator light illuminates for 1-2
attachment point for the right front seating positionminutes and the warning chime sounds for 4-8
is located on the rear edge of the seat. Forseconds.
additional information, refer to the vehicle owner• If the driver safety belt is buckled while the
guide for installation instructions.indicator light is illuminated and the warning

chime is sounding, the safety belt indicator light Child Safety Tether Anchors
and the warning chime turn off.

Seat Pedestal
• If the driver safety belt is buckled before the

ignition key is turned to the ON position, the
safety belt indicator light and warning chime
remain off.

Belt Minder

The Belt Minder feature is a supplemental warning
to the safety belt warning function. This feature
provides additional reminders to the driver that the
driver’s safety belt is unbuckled by intermittently
sounding a chime and illuminating the  safety belt
warning lamp in the instrument cluster.

If... Then...
Seat Frame

The driver’s safety belt is The Belt Minder feature is
not buckled before the activated - the safety belt
vehicle has reached at warning light illuminates
least 5 km/h (3 mph) and and the warning chime
1-2 minutes have elapsed sounds for 6 seconds
since the ignition switch every 30 seconds,
has been turned to ON... repeating for

approximately 5 minutes
or until safety belt is
buckled.

The driver’s safety belt is The Belt Minder feature
buckled while the safety will not activate.
belt indicator light is
illuminated and the safety
belt warning chime is
sounding... Child safety seat tether anchors are located at the

following seating positions:The driver’s safety belt is The Belt Minder feature
buckled before the will not activate.

• On the seat pedestal of the front passenger seatignition switch is turned
to the ON position... • On the seat pedestal of the second row bucket

seats

• On the seat cushion frame of the three passenger
bench seat at the outboard seating positions in the
second row 
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501-20A-3 501-20A-3Safety Belt System

DESCRIPTION AND OPERATION (Continued)

• On the seat cushion frame of the three passenger The vehicle portion of the system consists of two
bench seat at the center seating positions of the attachment points (6 mm wires) bolted to the seat
third and fourth rows of seating frame of either the rear quad bucket or rear bench

seat. For location of the LATCH attachments, referIf a child safety seat was in use during a collision,
to the Owner’s Literature. The attachment  pointsinspect the seat pedestal/seat cushion frame and
protrude from the biteline between the seat cushiontether anchor for damage. If damaged, install a new
and seat backrest.seat pedestal/seat cushion frame and tether anchor,

as necessary. If a child safety seat was in use during a collision,
inspect the vehicle portion of the system for

Lower Anchors and Tethers for Children damage. If any of the attachment points (6 mm
(LATCH) wires) are damaged, a new one must be installed.
The lower anchors and tethers for children See the appropriate removal and installation
(LATCH) system is a standardized and uniform procedure in this section for service.
attachment system for installing child safety seats in
passenger vehicles. LATCH-equipped child safety
seats have two lower attachments that connect to the
vehicle portion of the LATCH system.
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501-20A-1 501-20A-1Safety Belt System

DIAGNOSIS AND TESTING
Visual Inspection ChartSafety Belt System

Mechanical Electrical
Inspection and Verification

• Loose webbing • Blown fuse(s)
1. Verify the customer concern by operating the • Safety belt retractor and • Damaged wiring harness

safety belt. tongue assembly • Loose or corroded
connections2. Visually inspect for obvious signs of • Warning chime module

mechanical and electrical damage. Refer to the • Safety belt warning
following chart. indicator switch

• Lamp fault code (LFC)
for the belt and buckle
assembly pretensioner

3. If the fault is not visually evident, determine
the symptom. GO to Symptom Chart.

Symptom Chart

Symptom Chart

Condition Possible Sources Action
• Vehicle sensitive (emergency) • Loose webbing. • REFER to Component Test

locking mode inoperative • Safety belt retractor and — Safety Belt Functional
tongue. Test in this section.

• Automatic locking retractor • Loose webbing. • REFER to Component Test
(ALR) mode inoperative • Safety belt retractor and — Safety Belt Functional

tongue. Test in this section.
• Safety belt indicator light or • Fuse. • REFER to Section 413-09.

warning chime/buzzer • Circuitry.
inoperative • Indicator light.

• Warning chime module.
• Lamp fault code (LFC) for • Circuitry. • REFER to Section 501-20B.

the belt and buckle assembly, • Belt and buckle assembly,
pretensioner inoperative pretensioner.

Component Test — Safety Belt 2. After reaching a safe area to perform sudden
Functional Test stops, attain a speed of approximately 8 km/h

(5 mph). Advise the passenger (if applicable) to
Vehicle Sensitive (Emergency) Locking Mode prepare for a severe brake application. At this
1. Buckle up and proceed to a safe test area where time, both driver and passenger must grasp their

you have plenty of space to accelerate and respective shoulder safety belts and prepare to
decelerate quickly. If the RH front or rear lean slightly forward at the moment brake
passenger safety belt must be tested, a application is made.
passenger should be buckled into the RH front

3. WARNING: The driver and passengeror rear seat. (The RH  front belt can be tested
must be prepared to brace themselves in theusing a driver only, providing the driver has the
event the retractor does not lock.ability to grasp the RH front shoulder belt and

extend it approximately 66 cm [26 in.] with no Make a maximum brake application without tire
compromise to safe driving. This method skid. (The maximum brake application should
applies to the 8 km/h [5 mph] test only.) be on dry concrete or equivalent hard road

surface, never on a wet or gravel road.)
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501-20A-2 501-20A-2Safety Belt System

DIAGNOSIS AND TESTING (Continued)

4. Both driver and passenger should lean slightly 7. If either or both safety belts do not lock up at
forward into the shoulder safety belts. At this 24 km/h (15 mph), return the vehicle for
instant, belts should lock up without webbing service of safety belts. Remove the retractor
payout. and rework sheet metal in the retractor

mounting surface. Install the retractor assembly5. If both shoulder belts lock up, the safety belt
and retest the  safety belt assembly(s).assemblies are functioning correctly.

6. NOTE: If the retractor of a new safety belt Automatic Locking Retractor (ALR) Mode
assembly is bolted into a damaged or distorted 1. Fully extract the safety belt webbing from the
mounting area, the new retractor can be warped retractor.
and not function. If this is the case, reshape the

2. Allow the webbing to retract onto the spool. Anmetal and install another new complete safety
audible clicking sound should be heard and thebelt assembly.
safety belt webbing should not be free to move

If either or both retractors fail to lock up at the out of the retractor.
8 km/h (5 mph) speed, repeat the test at a

3. Allow the webbing to retract fully onto theconstant 24 km/h (15 mph). (This test must be
spool. The webbing should now be free toperformed with a passenger if other than the
move in or out of the spool without an audibledriver safety belt is to be tested.)
clicking sound.

4. If the safety belt does not operate as indicated
in the previous steps, the safety belt must be
repaired.
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501-20A-1 501-20A-1Safety Belt System

GENERAL PROCEDURES

4. Blow out the chips.Safety Belt With Anchor Plate Thread
Damage

5. Install the safety belt component(s).

1. Remove the broken or stripped bolt and discard. 6. Install a new bolt.

2. Drill out the internal threads in the seat belt 7. Tighten the bolt(s) to specification. For
anchor plate with a 27/64-inch drill. additional information, refer to Torque

Specifications in the Specifications portion of
3. Rethread the anchor plate with a 1/2-13 tap this section.

(seat belt).
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501-20A-1 501-20A-1Safety Belt System

GENERAL PROCEDURES

Safety Belt Shoulder Height Adjuster
With Stripped Weld Nuts

Special Tool(s)

D-Ring Installation Kit
100-F012 (134-00018) or
equivalent

1. Remove the shoulder safety belt height adjuster 4. Use a threaded insert (part no. N807170-S190)
(602B82). For additional information, refer to provided in the D-Ring Installation Kit and
Height Adjuster — Shoulder Safety Belt in this screw it into the retapped hole until it is
section. slightly below the surface.

2. Use the half-inch drill with integral stop
provided in the D-Ring Installation Kit to drill
out the damaged threads in the upper pillar
structure.

5. Use a hammer to lightly tap the installation tool
provided in the D-Ring Installation Kit several
times to seat the insert keys.

3. NOTE: After each rotation, back off the tap
slightly to remove new cuttings and be sure to
blow out any chips before proceeding.

Apply a suitable lubricant to the M14 x 1.5 tap
with integral stop provided in the D-Ring
Installation Kit, and tap new threads.
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501-20A-2 501-20A-2Safety Belt System

GENERAL PROCEDURES (Continued)

6. NOTE: If the shoulder safety belt height
adjuster retaining bolts are stripped, install a
new shoulder safety belt height adjuster and
retaining bolts. For additional information, refer
to the Ford/Lincoln Mercury Master Parts
Catalog for the  appropriate parts.

Install the shoulder safety belt height adjuster.
For additional information, refer to Height
Adjuster — Shoulder Safety Belt in this
section.
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501-20A-1 501-20A-1Safety Belt System

GENERAL PROCEDURES

Safety Belt Procedure After a
Collision

WARNING: All safety belt assemblies
(including retractors, belt tension sensors [BTS]
if equipped, buckles, shoulder belt height
adjusters [if equipped], child safety seat tether
attachments and attaching hardware) should be
inspected after  any collision. All new belt
assemblies should be installed unless a qualified
technician finds the assemblies show no damage
and operate correctly. Belt assemblies not in use
during a collision should also be inspected and
new assemblies installed  if either damage or
incorrect operation is noted. Failure to follow
these instructions could increase the risk of
injury in collisions.

1. Safety belt assemblies should be periodically
inspected to make sure they have not become
damaged and are in correct operating condition,
particularly if subjected to severe stress.

2. Before installing a new safety belt assembly,
the safety belt attaching areas must be inspected
for damage and distortion. If the attaching
points are damaged or distorted, the sheet metal
must be worked back to its original shape and
structural integrity.

3. Install the new safety belt(s). For additional
information, refer to the appropriate procedure
in this section. Perform the Safety Belt
Functional Test procedure in this section.
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501-20A-1 501-20A-1Safety Belt System

GENERAL PROCEDURES

Safety Belt Twisted at the Safety Belt
Guide

4. When completed, the safety belt should look
like the illustration.

NOTE: These procedures apply to both wire-formed
and stamped D-ring designs.

1. Grasp the belt webbing at the shoulder belt
guide (D-ring).

2. Rotate and fold the belt webbing over itself to
remove the twist.

3. Feed the folded portion of the belt through the
safety belt guide (D-ring).
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501-20A-1 501-20A-1Safety Belt System

GENERAL PROCEDURES

3. Pull the excess belt webbing back through theSafety Belt Tongue Rotated on Belt
upper slot in the tongue.

4. Repeat Steps 1-3 to complete the removal of
the twist at the lower (wider and larger) slot in
the tongue.

1. Grasp the belt tongue and pull down on the
closest belt webbing to form a loop through the
upper (narrower and longer) slot in the tongue.

5. When completed, the safety belt should look
like the illustration.

2. Working within the upper slot, rotate and fold
the belt webbing over itself as required to
remove the twist.
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501-20A-1 501-20A-1Safety Belt System

REMOVAL AND INSTALLATION

2. Remove the shoulder safety belt guide.Retractor — Front Safety Belt and
Tongue 1 Remove the shoulder safety belt guide nut.

2 Remove the shoulder safety belt guide.
Special Tool(s)

Torx Bit, Safety Belt Bolt
501-010 (T77L-2100-A) (Used
for T-50 Head Bolt)

Removal

NOTE: Safety belt buckles, pyrotechnic safety belt
buckle pretensioners, height adjusters, center adjust
tongues and belts and retractors can be replaced

3. On the driver side, remove the front door scuffseparately. However, if a safety belt assembly was
plate, the body side trim finish panel, the frontin use during a collision, the belt and  retractor
upper body side trim panel, and the front lowermust be replaced as well as the center adjust tongue
body side trim panel. For additionaland belt and buckle assembly or the center adjust
information, refer to  Section 501-05.tongue and the cable and buckle assembly. When

replacing safety belts and buckles, pyrotechnic
4. Remove the front safety belt retractor.safety belt buckle pretensioners, height  adjusters,

safety cables and buckles, center adjust tongues and 1 Use the Safety Belt Bolt Torx Bit to
belts and retractors, use only the replacement parts remove the bolt.
specified in the Ford Master Parts Catalogs for the 2 Remove the front safety belt retractor.
make and model of the vehicle being serviced.
Safety belt assemblies must not be  interchanged
between vehicle models.

1. NOTE: Inspect the shoulder safety belt guide
cover for damage. If the shoulder safety belt
guide cover is damaged or if it does not remain
closed, install a new shoulder safety belt guide.

Remove the front shoulder safety belt guide
cover (60262).
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501-20A-2 501-20A-2Safety Belt System

REMOVAL AND INSTALLATION (Continued)

Installation5. On the driver side, remove the front safety belt
anchor.

1. NOTE: Make sure the safety belt webbing is1 Use the Safety Belt Bolt Torx Bit to
not twisted prior to installation.remove the bolt.
NOTE: Make sure to tighten bolts to2 Remove the front safety belt anchor.
specification.

NOTE: Inspect the shoulder safety belt guide
cover for damage. If the shoulder safety belt
guide cover is damaged or if it does not remain
closed, install a new shoulder safety belt guide.

To install, reverse the removal procedure.

• Check the active restraint system for correct
operation.

6. On the passenger side, remove the front door
scuff plate, the center body pillar upper trim
panel and the center body pillar lower trim
panel. For additional information, refer to
Section 501-05.

7. Remove the front safety belt retractor and the
front safety belt anchor.

1 Use the Safety Belt Bolt Torx Bit to
remove the retractor bolt.

2 Remove the front safety belt retractor.

3 Use the Safety Belt Bolt Torx Bit to
remove the anchor bolt.

4 Remove the front safety belt anchor.
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REMOVAL AND INSTALLATION (Continued)
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501-20A-1 501-20A-1Safety Belt System

REMOVAL AND INSTALLATION
Driver side second row retractorSafety Belt Retractor — Rear

3. Remove the body side trim finish panel.Removal and Installation
1 Remove the pin-type retainers.

All rear retractors 2 Remove the finish panel from the body
side.

1. NOTE: Inspect the shoulder safety belt guide
cover for damage. If the shoulder safety belt
guide cover is damaged or if it does not remain
closed, install a new shoulder safety belt guide.

On a rear safety belt retractor and tongue with
a flip-up shoulder safety belt guide cover, lift
the shoulder safety belt guide cover, remove the
bolt and the shoulder safety belt guide.

Driver side third, fourth and fifth row safety
belt retractors

4. Remove the quarter trim rear upper panel and
the quarter trim rear lower panel. For additional
information, refer to Section 501-05.

Passenger side rear retractors

2. NOTE: Inspect the shoulder safety belt guide
5. Remove the quarter trim upper panel, thecover for damage. If the shoulder safety belt

quarter trim lower panel, the quarter trim rearguide cover is damaged or if it does not remain
upper panel and the body side trim cover rear.closed, install a new shoulder safety belt guide.
For additional information, refer to  SectionOn a rear safety belt retractor and tongue
501-05.without a flip-up shoulder safety belt guide

cover, position the shoulder safety belt cover
aside, remove the bolt and the shoulder safety
belt guide.
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501-20A-2 501-20A-2Safety Belt System

REMOVAL AND INSTALLATION (Continued)

All rear retractors 8. If equipped with a fixed safety belt anchor,
remove the bolt and the safety belt anchor.

6. Remove the shoulder safety belt guide, safety
belt retractor bolt and the safety belt retractor.

9. NOTE: Make sure the safety belt is not twisted
prior to installation of any components.

7. If equipped with a detachable safety belt NOTE: Make sure to tighten all nuts and bolts
anchor, disengage the detachable safety belt to specification.
anchor. NOTE: Inspect the shoulder safety belt guide
1 Insert a key or small screwdriver into the cover for damage. If the shoulder safety belt

slot in the detachable anchor and lift guide cover is damaged or if it does not remain
upward. closed, install a new shoulder safety belt guide.

2 Disengage the detachable anchor tongue end To install, reverse the removal procedure.
from the detachable anchor. • Check the active restraint system for correct

operation. For additional information, refer
to Safety Belt System.
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501-20A-1 501-20A-1Safety Belt System

REMOVAL AND INSTALLATION

3. On the driver side, remove the body side trimHeight Adjuster — Shoulder Safety
finish panel and the front upper body side trimBelt
panel. For additional information, refer to
Section 501-05.

Special Tool(s)

Torx Bit, Safety Belt Bolt 4. On the passenger side, remove the center body
501-010 (T77L-2100-A) (Used pillar upper trim panel. For additional
for T-50 Head Bolt) information, refer to Section 501-05.

5. Remove the height adjuster cover (602B90).

Removal

1. NOTE: Inspect the shoulder safety belt guide
cover for damage. If the shoulder safety belt
guide cover is damaged or if it does not remain
closed, install a new shoulder safety belt guide.

Remove the front shoulder safety belt guide
cover (60262).

6. Remove the shoulder safety belt height adjuster
(602B82).

1 Use the Safety Belt Bolt Torx Bit to
remove the bolts.

2 Remove the shoulder safety belt height
adjuster.

2. Remove the shoulder safety belt guide.

1 Remove the shoulder safety belt guide nut.

2 Remove the shoulder safety belt guide.
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501-20A-2 501-20A-2Safety Belt System

REMOVAL AND INSTALLATION (Continued)

Installation

1. NOTE: Make sure the safety belt webbing is
not twisted prior to installation.

NOTE: Make sure to tighten bolts to
specification.

NOTE: Inspect the shoulder safety belt guide
cover for damage. If the shoulder safety belt
guide cover is damaged or if it does not remain
closed, install a new shoulder safety belt guide.

Follow the removal procedure in reverse order.

• Check the active restraint system for correct
operation.
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REMOVAL AND INSTALLATION

Safety Belt — Rear 3-Passenger
Bench Seat

Special Tool(s)

Torx Bit, Safety Belt Bolt
501-010 (T77L-2100-A) (Used
for T-50 Head Bolt)

Removal 4. Remove the RH rear safety belt buckle and
tongue assembly.

1. Use the Safety Belt Bolt Torx Bit to remove
the LH rear bolt and safety belt buckle.

Installation

2. Remove the LH rear safety belt buckle 1. NOTE: Make sure the safety belt webbing is
assembly. not twisted prior to installation.

NOTE: Make sure to tighten bolts to
specification.

To install, reverse the removal procedure.

• Check the active restraint system for correct
operation.

3. Use the Safety Belt Bolt Torx Bit to remove
the RH rear safety belt and buckle bolt.
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REMOVAL AND INSTALLATION (Continued)
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REMOVAL AND INSTALLATION

Safety Belt — Rear 4-Passenger
Bench Seat

Special Tool(s)

Torx Bit, Safety Belt Bolt
501-010 (T77L-2100-A) (Used
for T-50 Head Bolt)

Removal 4. Remove the safety belt and tongue.

1. Use the Safety Belt Bolt Torx Bit to remove
the LH rear safety belt and buckle bolt.

5. Use the Safety Belt Bolt Torx Bit to remove
the RH rear safety belt and buckle bolt.

2. Remove the LH rear safety belt and buckles.

3. Use the Safety Belt Bolt Torx Bit to remove
the safety belt and tongue bolt.
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501-20A-2 501-20A-2Safety Belt System

REMOVAL AND INSTALLATION (Continued)

6. Remove the RH rear safety belt and buckle.

Installation

1. NOTE: Make sure the safety belt webbing is
not twisted prior to installation.

NOTE: Make sure to tighten bolts to
specification.

To install, reverse the removal procedure.

• Check the active restraint system for correct
operation.
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REMOVAL AND INSTALLATION

Child Safety Seat Tether Anchor —
LATCH, Quad Bucket

Removal and Installation

1. Remove the seat. For additional information,
refer to Section 501-10.

2. Remove the LATCH.

1 Unlatch the J-clips on the LATCH cover.

2 Remove the LATCH bolts.

3 Remove the LATCH. 3. To install, reverse the removal procedure.

4. Check the active restraint system for correct
operation.
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REMOVAL AND INSTALLATION

Child Safety Seat Tether Anchor —
LATCH, Rear Bench

Removal and Installation

1. Remove the seat. For additional information,
refer to Section 501-10.

2. Remove the seat cushion. For additional
information, refer to Section 501-10.

3. Remove the six LATCH bolts.

• Remove the LATCH. 4. To install, reverse the removal procedure.

5. Check the active restraint system for correct
operation.
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REMOVAL AND INSTALLATION
InstallationSafety Belt Buckle — Rear Captains

Chair
1. NOTE: Make sure to tighten bolts to

specification.Special Tool(s)
To install, reverse the removal procedure.

Torx Bit, Safety Belt Bolt
501-010 (T77L-2100-A) (Used
for T-50 Head Bolt)

Removal

1. Remove the buckle end.

1 Use the Safety Belt Bolt Torx Bit to
remove the buckle end bolt.

2 Remove the buckle end.
2. Check the active restraint system for correct

operation.
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REMOVAL AND INSTALLATION

Safety Belt Buckle — Detachable
Anchor

Special Tool(s)

Torx Bit, Safety Belt Bolt
501-010 (T77L-2100-A) (Used
for T-50 Head Bolt)

Removal Installation

1. On quad bucket captain chairs, remove the 1. NOTE: Make sure to tighten bolts to
detachable safety belt anchor buckle end. specification.
1 Use the Safety Belt Bolt Torx Bit to To install, reverse the removal procedure.

remove the detachable safety belt anchor
buckle end bolt.

2 Remove the detachable safety belt anchor
buckle end.

2. On 3-passenger bench seats, remove the
detachable safety belt anchor buckle end.

1 Use the Safety Belt Bolt Torx Bit to
remove the detachable safety belt anchor
buckle end bolt.

2 Remove the detachable safety belt anchor
buckle end.

2. Check the active restraint system for correct
operation.
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REMOVAL AND INSTALLATION
Seats with power seat track and manualSafety Belt Buckle and Pretensioner
lumbar

Special Tool(s)
3. Pull and remove the lumbar adjustment knob.

Torx Bit, Safety Belt Bolt
501-010 (T77L-2100-A) (Used
for T-50 Head Bolt)

Removal and Installation

WARNING: The safety belt pretensioner is
a pyrotechnic device. Always wear safety glasses
when repairing an air bag equipped vehicle and
when handling a safety belt buckle pretensioner
or safety belt retractor pretensioner. Never probe
a pretensioner  electrical connector. Doing so
could result in pretensioner or air bag
deployment and could result in personal injury.

WARNING: To reduce the risk of personal
injury, do not use memory saver devices.

NOTE: If a seat equipped with a supplemental
restraint system (SRS) component is being serviced,
the (SRS) must be depowered.

NOTE: The air bag warning lamp illuminates when
the RCM fuse is removed and the ignition switch is
ON. This is normal operation and does not indicate
a supplemental restraint system (SRS) fault.

NOTE: The SRS must be fully operational and free
of faults before releasing the vehicle to the
customer.

NOTE: The driver seat is shown unless otherwise
noted.

All seats

1. Depower the SRS. For additional information,
refer to Supplemental Restraint System (SRS)
Depowering and Repowering in the General
Procedures portion of Section 501-20B.

2. Remove the seat with the affected safety belt
buckle and pretensioner. For additional
information, refer to Section 501-10.
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REMOVAL AND INSTALLATION (Continued)

4. Remove the screw.

6. Remove the screw from the front of the inboard
side shield.

Seats with power seat track and inboard
side shields

5. Remove the screw from the underside of the
inboard seat side shield.
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REMOVAL AND INSTALLATION (Continued)

7. Remove the inboard side shield. 9. NOTE: Passenger seat shown.

1 Pull the inboard side shield away to clear Rotate the inboard side shield upward to
the safety belt buckle and pretensioner. disengage the front and center upper hooks.

2 Rotate the inboard side shield upward to • Pull the inboard side shield away to clear
release the rear pin-type retainer. the safety belt buckle pretensioner.

X Install a new pin-type retainer if damaged
during removal.

3 Hold the inboard side shield in one hand
and release the retaining clips holding the
safety belt buckle and pretensioner boot to
the inboard side shield.

4 Remove the inboard side shield.

10. NOTE: Passenger seat shown.

Remove the inboard side shield.

1 Rotate the inboard side shield upward to
release the rear pin-type retainer.

X Install a new pin-type retainer if damaged
during removal.

2 Hold the inboard side shield in one hand
Seats with manual seat track and inboard and release the retaining clips holding theside shield

safety belt buckle pretensioner boot to the
inboard side shield.

8. NOTE: Passenger seat shown.
3 Remove the inboard side shield.

Remove the inboard side shield screws from
underneath the seat.
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REMOVAL AND INSTALLATION (Continued)

Seats without inboard side shield All seats

11. Release the hook-and-loop strip on the inboard 14. NOTE: The power seat track is shown, the
cushion flap. manual track is similar.

Loosen the four bolts and separate the seat
track and pedestal from the seat cushion to
allow removal of the safety belt buckle
electrical connector.

12. Release the J-clip.

15. Separate the electrical connector and wire
harness pin-type retainers from the seat.

13. Release the push pin and position aside the
inboard seat cushion flap.

2004 E-Series, 12/2003 



501-20A-5 501-20A-5Safety Belt System

REMOVAL AND INSTALLATION (Continued)

16. Separate the wire harness pin-type retainer from
the seat.

18. To install, reverse the removal procedure.

19. Install the seat with the affected safety belt
17. NOTE: Seat with inboard side shield shown, buckle pretensioner. For additional information,

seat without inboard side shield similar. refer to Section 501-10.

Remove the safety belt buckle and pretensioner.
20. Repower the SRS. For additional information,

1 Remove the bolt. refer to Supplemental Restraint System (SRS)
X To install, tighten to 40 Nm (30 lb-ft). Depowering and Repowering in the General

Procedures portion of Section 501-20B.2 Separate the safety belt buckle and
pretensioner.

21. Check the active restraint system for correct
3 Route out the wire harness and remove the operation.

safety belt buckle pretensioner.
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Torque Specifications (Continued)
SPECIFICATIONS

Description Nm lb-ft lb-in
Torque Specifications

Driver air bag module 6 — 53
Description Nm lb-ft lb-in bolts

Restraints control 12 9 — Passenger air bag 8 — 71
module (RCM) nuts module nuts

Front impact severity 12 9 —
sensor bolts

Copyright  2003, Ford Motor Company
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501-20B-1 501-20B-1Supplemental Restraint System

DESCRIPTION AND OPERATION

Air Bag and Safety Belt Pretensioner
Supplemental Restraint System (SRS)
The air bag supplemental restraint system (SRS) is
designed to provide increased collision protection
for front seat occupants in addition to that provided
by the three-point safety belt system. Safety belt use
is necessary to obtain the best  occupant protection
and to receive the full advantages of the SRS.

The air bag supplemental restraint system (SRS)
components are shown in the following illustration.

Copyright  2003, Ford Motor Company
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DESCRIPTION AND OPERATION (Continued)

Air Bag Supplemental Restraint System (SRS) Components

Item Part Number Description Item Part Number Description

6 16203 Driver safety belt buckle and1 044A74 Passenger air bag module
pretensioner2 16202 Passenger safety belt buckle

7 14B568 Restraint control moduleand pretensioner
protective cover3 — Air bag indicator

8 14B321 Restraints control module (part of 10849)
(RCM)4 043B13 Driver air bag module

9 14B006 Front impact severity sensor5 14A664 Clockspring
(Continued)
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DESCRIPTION AND OPERATION (Continued)

Driver Air Bag Module Restraints Control Module (RCM)

The driver air bag module: WARNING: The restraints control module
(RCM) orientation is critical for correct air bag• is steering-wheel mounted.
supplemental restraint system (SRS) operation. If

• will deploy upon receiving a flow of current from a vehicle equipped with an SRS system has been
the restraints control module (RCM). involved in a collision inspect the RCM mounting

• has no subassemblies. area and bracket  for deformation. If damaged,
the RCM must be replaced whether or not the

Clockspring air bags have deployed. In addition, make sure
The clockspring: the mounting area of the RCM is restored to its

original condition.• is mounted on the steering column, behind the
steering wheel. CAUTION: To avoid potential damage to

the restraints control module (RCM), make sure• provides a continuous electrical path from the
the RCM and bracket assembly is secured to thedriver air bag module to the restraints control
floor pan and the SRS is depowered before eithermodule (RCM).
disconnecting or reconnecting the RCM electrical

Passenger Air Bag Module connectors.

The passenger air bag module: NOTE: When installing a new restraints control
module (RCM), always make sure the correct RCM• will deploy upon receiving a flow of current from
is being installed. If an incorrect RCM is installed,the restraints control module (RCM).
erroneous DTCs will result.

• is installed as an assembly.
NOTE: The RCM has a protective cover that must

• is mounted in the passenger side of the instrument be removed prior to removal of the RCM or during
panel. diagnostic procedures.

The restraints control module (RCM) is attached toSafety Belt Pretensioners
a bracket, mounted under the front driver seat. TheAs part of the supplemental restraint system (SRS),
RCM carries out the following functions:the safety belt buckles are equipped with

pretensioners. The safety belt buckle pretensioners • supplies current flow to the inflators to deploy the
remove excess slack from the safety belt webbing. air bags in the event of a deployable crash.
The pretensioners are activated by the  restraints • activates the safety belt buckle pretensioners to
control module (RCM) when the module detects an remove slack from the safety belt. 
impact event exceeding a programmed limit and the

• monitors the air bag supplemental restraint systemsafety belt is latched (connected).
(SRS) for faults.

• illuminates the air bag indicator if a fault is
detected.

• flashes the air bag indicator to indicate the lamp
fault code (LFC) detected.

• communicates through the data link connector
(DLC) the current (on-demand) or historical
(continuous) diagnostic trouble codes (DTCs).

• signals the instrument cluster module to activate a
chime if the air bag indicator is not available and
another SRS fault exists.

• contains an internal safing sensor which is not
serviced separately.

• records deployment event data.
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DESCRIPTION AND OPERATION (Continued)

Electrical SystemThe RCM monitors the SRS for possible faults. If a
fault is detected while the ignition switch is in the The electrical system that supports the air bag
RUN position, the RCM will illuminate the air bag supplemental restraint system (SRS):
indicator located in the instrument cluster.

• receives power from the battery through the
When the ignition is cycled (turned off and then ignition circuit.
on), the air bag indicator will remain lit for six

• provides the electrical path from the restraintsseconds and then go out. If an SRS fault exists, the
control module (RCM) to the SRS components.air bag indicator will then flash the two-digit LFC.

The air bag indicator will flash the  LFC three • provides the electrical ground path for the air bag
times, then it will remain illuminated for the rest of indicator.
the key cycle. The RCM will also communicate the • provides the electrical path from the RCM to the
current and historical DTCs through the (DLC), data link connector (DLC).
using a scan tool. If the air bag indicator does not

• provides the electrical ground path from thefunction, and the system detects a  fault condition,
instrument cluster to the RCM.the RCM will signal the instrument cluster module

to activate an audible chime. The chime is a series Impact Sensors
of five sets of five tone bursts. If the chime is

WARNING: Vehicle sensor orientation isheard, the SRS and the air bag indicator require
critical for proper system operation. If a vehiclerepair.
equipped with an air bag supplemental restraintLFCs are prioritized. If two or more faults occur at
system (SRS) is involved in a collision, inspectthe same time, the fault having the highest priority
the sensor mounting bracket and wiring pigtailwill be displayed first. After that fault has been
for deformation.  Replace and properly positioncorrected, the next highest priority fault will be
the sensor or any other damaged supplementaldisplayed.
restraint system (SRS) components whether or

The RCM includes a backup power supply. This not the air bag is deployed.
feature provides sufficient energy to deploy the

Impact sensors are electronic devices that providefront air bags and safety belt buckle pretensioners in
crash severity information to the RCM to assist inthe event that the ignition circuit is damaged or lost
deployment determination. All vehicles will have ain a collision before the RCM determines  that air
front impact severity sensor located behind the frontbag deployment is required. The backup power
radiator grille. The RCM is mounted  under thesupply will deplete its stored energy approximately
front driver seat. Mounting orientation is critical forone minute after the battery ground cable is
correct operation of all impact sensors.disconnected.
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DIAGNOSIS AND TESTING

Refer to the Possible Causes section of the pinpointAir Bag and Safety Belt Pretensioner
test for the DTC involved, which lists the commonSupplemental Restraint System (SRS)
concerns that relate to the DTC. Concerns are listedRefer to Wiring Diagrams Cell 46, Air Bag for
according to priority.schematic and connector information.

Diagnosing Customer Concerns withSpecial Tool(s)
Hard DTCs

FLUKE 73III Automotive Meter Most Supplemental Restraint System (SRS)105-R0057 or equivalent
diagnostic procedures will require deactivation and
reactivation or depowering and repowering of the
system. Deactivation and reactivation requires the
disconnection of most SRS components and the
installation of restraint system diagnostic tools.
Depowering and repowering requires disconnecting

Worldwide Diagnostic System of the battery and removal of the restraints control
(WDS)

module (RCM) fuse. This reduces the risk of
Vehicle Communication Module inadvertent deployment of SRS components while(VCM) with appropriate

diagnostic procedures are being carried out.adapters, or equivalent
diagnostic tool Restraint system diagnostic tools are required for

the diagnosis and testing of the SRS. It is not
acceptable to short-circuit the air bag module
connections with a jumper wire. If a jumper wire isRestraint System Diagnostic Tool
used to short-circuit the air bag moduleWarning
connections, a lamp fault code (LFC) will be

WARNING: Restraint system diagnostic displayed.
tools are for service only. Tools must be removed
prior to operating the vehicle over the road. Prove Out Procedure
Failure to remove restraint system diagnostic Turn the ignition switch from the OFF to the ON
tools could result in injury and possible violation position and visually monitor the air bag indicator
of vehicle safety  standards. with all SRS components connected or restraint

system diagnostic tools installed. The air bagDiagnosing Customer Concerns Without
indicator will light continuously for  approximatelyHard DTCs
six seconds and then turn off. If an SRS fault is

If a lamp fault code (LFC) is reported by the present, the air bag indicator will either:
customer but is not present when the vehicle comes

• fail to light.in for service, follow the Diagnostic Instruction
procedures in this section to identify the intermittent • remain lit continuously.
DTC.

• flash.
Once the DTC is known, read the Normal Operation

The flashing might not occur until approximately 30section of the pinpoint test for the DTC involved.
seconds after the ignition switch has been turned

• Follow the deactivation or depowering procedure from the OFF to the ON position. This is the time
as directed in this section. required for the restraints control module (RCM) to

complete the testing of the SRS. If the  air bag• Determine the location of components involved in
indicator is inoperative and an SRS fault exists, acreating the DTC.
chime will sound in a pattern of five sets of five

• Carry out a thorough visual inspection of: beeps. If this occurs, the air bag indicator will need
— components. to be repaired before diagnosis can continue.

— connectors.

— splices and wiring harnesses.

— insulation on conductors.
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DIAGNOSIS AND TESTING (Continued)

Glossary Reactivate the System

Reactivate the system means to carry out theSecondary Air Bag Warning
reactivation procedure. For additional information,

The secondary air bag warning is an audible fault refer to Supplemental Restraint System (SRS)
format that consists of five sets of five tone bursts, Deactivation and Reactivation in this section.
with each set of five tone bursts separated by a five
second quiet period. One tone burst cycle will Repower the System
consist of one second ON and one  second OFF. Repower the system means to remove any restraint
This series of five activations is repeated every 30 system diagnostic tools that may have been
minutes. installed, turn the ignition ON, install the RCM

fuse, and connect the battery ground cable. ForAir Bag/Pretensioner Restraint System
additional information, refer to  SupplementalDiagnostic Tools
Restraint System (SRS) Depowering and

Air bag/pretensioner restraint system diagnostic Repowering in this section.
tools are used to simulate the equivalent resistance
of an air bag module or safety belt pretensioner Reconnect the System
during certain diagnostic procedures. Reconnect the system means to reconnect all system

components. For additional information, refer to AirDisconnect the Component
Bag System Reconnect Checklist in this section.

Disconnect the component means to disconnect the
component vehicle harness connector, not to remove Install a New Component
the component. Do not reconnect a disconnected Install a new component means to remove the
component unless instructed to do so. existing component and install a new authorized

part obtained from Ford Customer Service Division.Deactivate the System

Deactivate the system means to carry out a Verify the System
deactivation procedure. For additional information, Verify the system means to prove out the system
refer to Supplemental Restraint System (SRS) with restraint system diagnostic tools installed in
Deactivation and Reactivation in this section. place of the SRS components.

Depower the System Air Bag System Reconnect Checklist
Depower the system means to disconnect the battery The checklist below should be completed following
and remove the restraints control module (RCM) diagnosis or repair of any air bag system concern:
fuse. For additional information, refer to

1. Is the front severity crash sensor connected andSupplemental Restraint System (SRS) Depowering
mounted to the vehicle?and Repowering in this section.

2. Is the air bag connector at the base of the
Prove Out the System steering column connected?
Prove out the system means to turn the ignition 3. Are the air bag modules and belt and buckle
switch from the OFF to the ON position, and to assembly pretensioners connected?
visually monitor the air bag indicator with the air

4. Is the air bag restraints control module (RCM)bag modules and safety belt pretensioners or
module connected?restraint system diagnostic tools installed. For

5. Is the vehicle battery connected?additional information, refer to Prove Out Procedure
in this section.
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DIAGNOSIS AND TESTING
Diagnostic Test ModesDiagnostic Instructions — Air Bag
Two menu options are available under theand Safety Belt Pretensioner
diagnostic test modes:Supplemental Restraint System (SRS)
• Retrieve/Clear Continuous DTCsSpecial Tool(s)
• On-Demand Self Test

Worldwide Diagnostic System
(WDS) Retrieve/Clear Continuous DTCs
Vehicle Communication Module

During vehicle operation, the restraints control(VCM) with appropriate
module (RCM) will detect and store bothadapters, or equivalent

diagnostic tool intermittent and hard failure DTCs in nonvolatile
memory. The DTC strategy employed by the RCM
incorporates a time-out scheme for determining

The symptom chart can be used to help locate when a  concern exists in the system. The actual
supplemental restraint system (SRS) concerns if no detection time-outs vary with each DTC. The DTCs
diagnostic trouble codes (DTCs) are retrieved and can be retrieved with a scan tool using the
the listed symptoms are observed. Whether or not retrieve/clear continuous DTCs option. Any DTCs
the listed symptoms are observed, always carry  out stored in the RCM will be displayed on the scan
the following: tool along with a  brief description of the DTC. If

no DTCs are present, the scan tool will display a1. Retrieve all DTCs stored in the restraints
SYSTEM PASSED message. This option can alsocontrol module (RCM) memory. Refer to
be used to clear DTCs from the RCM memory, asRetrieve/Clear Continuous DTCs in this section.
long as the concern no longer exists. Once 126 key

2. Run the On-Demand Self Test to determine cycles have been recorded  since the concern was
what DTCs are currently being sensed by the last detected, the DTC will automatically be
RCM. Refer to the On-Demand Self Test in this removed from memory.
section.

To retrieve or clear DTCs, follow these steps:
3. If the stored DTCs are different than the current

1. Connect the scan tool to the data link connectorDTCs, always repair the current DTCs first.
(DLC).

4. If memory displays different continuous DTCs
2. Turn the ignition switch to the ON position.than the On-Demand Self Test, carry out in the

following order: 3. Follow the manufacturer’s instructions for the
scan tool being used.

• On-Demand Self Test
4. NOTE: Before proceeding with the clearing

• Memory (Retrieve/Clear Continuous DTCs) operation, make note of the DTCs displayed.
A DTC can indicate several concerns. The DTCs Once cleared, DTCs cannot be retrieved.
are to assist in system diagnosis and are not to be All continuous DTCs will be displayed on the
considered definitive. Always refer to the pinpoint screen.
test corresponding to the DTC to determine where

5. Clear the DTCs. After clearing the DTCs, cyclethe concern lies and to repair the concern  correctly.
the key OFF, then ON.

The SRS diagnostics can be divided into three
• Continuous DTCs that have been clearedsections:

will not  re-occur as ‘‘Continuous’’ in the
• diagnostic test modes same key cycle. Only new DTCs which

were not present before clearing can occur• PID/data monitor and record
as ‘‘Continuous’’ after clearing.• active command modes

Copyright  2003, Ford Motor Company
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DIAGNOSIS AND TESTING (Continued)

On-Demand Self Test Active Commands
The On-Demand Self Test option is used to verify Instrument Cluster Module
that no electrical concerns exist with the air bag

These commands allow the technician to verify theSRS. Upon entering the self-test, the restraints
operation of instrument cluster module componentscontrol module (RCM) will make an electrical
and sub-systems.check of each electrical component in the system.

If a concern is detected, a DTC is displayed on the Restraints Control Module
scan tool with a brief description of the DTC.

These commands allow the technician to verifyConcerns detected during the self-test are not stored
operation of the supplemental restraint system (SRS)in memory, unless the same concern was also
indicator lamps.detected during normal vehicle operation. The

self-test should always be run after any repair to Lamp Fault Codes
verify that the repair was successful.

When the restraints control module (RCM) detects a
To run the On-Demand Self Test, follow these system fault, it will cause the air bag indicator to
steps: flash a coded sequence; a lamp fault code (LFC).
1. Connect the scan tool to the data link connector The code is two digits. The first digit is flashed

(DLC). with a 0.5 second interval between  pulses. There is
a 2 second pause before the second digit is flashed2. Turn the ignition switch to the ON position.
which also has a 0.5 second interval between pulses.

3. Follow the manufacturer’s instructions for the There is a 5 second pause between each display of
scan tool being used. an LFC.

4. The RCM will run the On-Demand Self Test The LFC is flashed three times after which the air
and display on-demand DTCs (reflecting hard bag indicator will remain illuminated for the
system concerns) on the screen. remainder of the key-on cycle. If there are multiple

LFCs, each code will be stored for retrieval by aPID/Data Monitor and Record
diagnostic service tool, but only the  highest priority

The PID/Data Monitor and Record option allows the LFC will flash.
scan tool operator to read the state of several

Each LFC has one or more associated diagnosticparameter IDs (PIDs) to aid in diagnosing the
trouble codes.system. PIDs are real time measurements of

parameters such as voltages, resistances, etc., Diagnostic Trouble Codes (DTCs)
calculated by the restraints control module (RCM)

 While the lamp fault codes (LFCs) are anand sent to the scan tool for display. Many of the
indication of a general concern in the passivePIDs supported by the RCM are calculated
restraints system, the diagnostic trouble codesperiodically and are, therefore, not true real time
(DTCs) are more specific. The DTCs can bereadings.
retrieved from the restraints control module (RCM)

To retrieve PIDs, follow these steps: with a scan  tool via the data link connector (DLC).
1. Connect the scan tool to the data link connector

Crosslink DTCs(DLC).
When two deployable circuits are shorted together, a2. Turn the ignition switch to the ON position.
crosslink DTC will be recorded by the RCM. The3. Follow the manufacturer’s instructions for the
RCM will store the lowest priority DTC as a shortscan tool being used.
to ground fault. The crosslink DTC is a stored fault

4. Record all PIDs that are to be retrieved and only, this fault will not be available  during the
initiate PID retrieval. PIDs are updated on-demand self test. The RCM checks for a
continuously on the display. crosslink DTC only at startup, so an ignition cycle

is needed for any changes to be initiated.
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DIAGNOSIS AND TESTING (Continued)

Active Commands
This command allows the technician to verify
operation of the air bag indicator and chime. When
the air bag output command is executed, the
indicator and the chime are activated simultaneously
for approximately four seconds. Both devices are
deactivated automatically.

Restraints Control Module (RCM) Diagnostic Trouble Code (DTC) Table

DTCa LFCb Description Action To Take

— Continuous The Air Bag Indicator is Illuminated GO to Pinpoint Test A.
Continuously — RCM Disconnected or
Inoperative, Loss of Battery Feed, or
Loss of Signal Ground

B1231 13 Crash Event Detected INSTALL a new RCM and impact
sensors.

B1317 Continuous Battery Voltage High CHECK battery voltage; to be below 18
volts. REFER to Section 414-00.

B1318 Continuous Battery Voltage Low CHECK battery voltage; to be above 8.0
volts. REFER to Section 414-00.

B1342 12 RCM Is Faulted Install a new RCM.

B1869 None Lamp Air Bag Warning Indicator Circuit GO to Pinpoint Test B.
(Secondary Open or Short to Ground

air bag
warning
sounds if

another fault
is present)

B1870 None Lamp Air Bag Warning Indicator Circuit GO to Pinpoint Test C.
(Secondary Short to Battery

air bag
warning
sounds if

another fault
is present)

B1877 33 Driver Safety Belt Pretensioner Circuit GO to Pinpoint Test D.
Open

B1878 33 Driver Safety Belt Pretensioner Circuit GO to Pinpoint Test E.
Short To Battery

B1879 33 Driver Safety Belt Pretensioner Circuit GO to Pinpoint Test F.
Short To Ground

B1881 34 Passenger Safety Belt Pretensioner GO to Pinpoint Test G.
Circuit Open

B1882 34 Passenger Safety Belt Pretensioner GO to Pinpoint Test H.
Circuit Short To Battery

B1883 34 Passenger Safety Belt Pretensioner GO to Pinpoint Test I.
Circuit Short To Ground

B1885 33 Driver Safety Belt Pretensioner Circuit GO to Pinpoint Test D.
Resistance Low On Squib

B1886 34 Passenger Safety Belt Pretensioner GO to Pinpoint Test G.
Circuit Resistance Low On Squib
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DIAGNOSIS AND TESTING (Continued)

Restraints Control Module (RCM) Diagnostic Trouble Code (DTC) Table (Continued)

DTCa LFCb Description Action To Take

B1891 53 Air Bag Tone Warning Indicator Circuit GO to Pinpoint Test J.
Short to Battery

B1892 53 Air Bag Tone Warning Indicator Circuit GO to Pinpoint Test K.
Failure (Open or Short to Ground)

B1916 19 Driver Air Bag Circuit Short to Battery GO to Pinpoint Test L.

B1921 14 Air Bag Diagnostic Monitor Ground GO to Pinpoint Test M.
Circuit Open

B1925 21 Passenger Air Bag Circuit Short to GO to Pinpoint Test N.
Battery

B1932 19 Driver Air Bag Circuit Open GO to Pinpoint Test O.

B1933 21 Passenger Air Bag Circuit Open GO to Pinpoint Test P.

B1934 19 Driver Air Bag Inflator Circuit GO to Pinpoint Test Q.
Resistance Low on Squib

B1935 21 Passenger Air Bag Inflator Circuit GO to Pinpoint Test R.
Resistance Low on Squib

B1936 19 Driver Air Bag Circuit Short to Ground GO to Pinpoint Test S.

B1938 21 Passenger Air Bag Circuit Short to GO to Pinpoint Test T.
Ground

B2226 42 Front Impact Severity Sensor Internal INSTALL a new front impact severity
Fault sensor.

B2227 42 Front Impact Severity Sensor GO to Pinpoint Test U.
Communications Fault

B2477 — Module Configuration Fault INSTALL a new RCM.

B2792 c 72 Cross link between firing loops GO to Pinpoint Test V.

a DTC: Diagnostic trouble code, retrieved using the scan tool
b LFC: Lamp fault code, flashed on air bag indicator.
c The RCM will only display diagnostic trouble code B2792 as a continuous fault.

Visual Inspection ChartInspection and Verification
1. Verify the customer concern by checking the air Mechanical Electrical

bag indicator in the instrument cluster. For • Damaged restraints • Open fuse(s)
additional information, refer to Prove Out the control module (RCM) • Damaged wiring harness

bracket • Loose or corrodedSystem in this section.
• Loosely mounted impact connectors

2. Visually inspect for obvious signs of severity sensor. • Circuitry open/shorted
mechanical and electrical damage using the • Damaged shorting bars
following chart.

3. If the concern is not visually evident, use the
scan tool to retrieve diagnostic trouble codes
(DTCs) and carry out the on-demand self test.

4. If the on-demand self test is passed and no
DTCs are retrieved, GO to Symptom Chart.

5. If DTCs are retrieved, proceed to the Restraint
Control Module (RCM) Diagnostic Trouble
Code (DTC) Table.
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DIAGNOSIS AND TESTING (Continued)

Symptom Chart

Symptom Chart

Condition Possible Sources Action
• The air bag warning indicator • Ignition circuits. • GO to Pinpoint Test A.

is illuminated continuously • Ground circuits.
• RCM internal concern.
• Connector shorting bar.
• RCM camming beam.
• RCM disconnected.
• Other circuitry.
• Instrument cluster.

• Air bag indicator flashing • Air bag/pretensioner • REFER to DTC Priority
supplemental restraint system Table.
(SRS) fault

• No communication with the • Scan tool. • GO to Pinpoint Test W.
restraints control module • Circuitry.
(RCM) • Data link connector (DLC).

• RCM internal concern.
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DIAGNOSIS AND TESTING
Pinpoint Test A: The Air Bag WarningPinpoint Tests — Air Bag and Safety
Indicator Is Illuminated Continuously —Belt Pretensioner Supplemental RCM Disconnected or Inoperative, Loss

Restraint System (SRS) of Battery Feed, or Loss of Signal
Ground

Special Tool(s)

Normal OperationFLUKE 73 III Automotive
Meter During normal operation, the air bag indicator will
105-R0051 or equivalent illuminate continuously for approximately 6 seconds

and then go out after the ignition switch is placed in
the ON or START position and no air bag faults
exist. The air bag indicator will  remain illuminated
continuously after three cycles of a lamp fault code
(LFC), if a fault exists. Refer to Air Bag and SafetyWorldwide Diagnostic System

(WDS) Belt Pretensioner Supplemental Restraint System
418-FS317 (SRS) in this section. Be sure to  cycle the ignition
New Generation STAR (NGS) switch and look for an approximate 6 second
Tester indicator prove-out without LFCs.
418-F052, or equivalent scan

The restraints control module (RCM) willtool
communicate diagnostic trouble codes (DTCs) to the
scan tool using the data link connector (DLC). IfDiagnostic Tool, Restraint

System the scan tool displays NO COMMUNICATION
418-F395 when retrieving continuous DTCs, GO to Pinpoint

Test W to  troubleshoot the system.

Possible Causes

An air bag indicator that is illuminated continuously
could be caused by one of the following:Diagnostic Tool, Restraint

System
• faulted ignition circuit.418-133
• RCM disconnected from the vehicle harness.

• a loss of RCM signal ground.

• faulted wiring, terminals, or connectors.

• faulted instrument cluster module.

• a faulted RCM.
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST A: THE AIR BAG WARNING INDICATOR IS ILLUMINATED CONTINUOUSLY — RCM

DISCONNECTED OR INOPERATIVE, LOSS OF BATTERY FEED, OR LOSS OF SIGNAL GROUND

NOTE: Most faults are due to connector and/or wiring concerns. Carry out a thorough
Inspection and Verification before proceeding with the Pinpoint Test.

Test Step Result / Action to Take
A1 CHECK FOR CONTINUOUS AND ON-DEMAND DTCs

WARNING: Restraint system diagnostic tools are for
service only. Tools must be removed prior to operating the
vehicle over the road. Failure to remove restraint system
diagnostic tools could result in injury and possible violation of
vehicle safety  standards.

WARNING: Never probe the connectors on the air bag
module. Doing so can result in air bag deployment, which can
result in personal injury.

WARNING: The safety belt pretensioner is a pyrotechnic
device. Always wear safety glasses when repairing an air bag
equipped vehicle and when handling a safety belt buckle
pretensioner or safety belt retractor pretensioner. Never probe
a pretensioner  electrical connector. Doing so could result in
pretensioner or air bag deployment and could result in
personal injury.

CAUTION: To avoid potential damage to the restraints
control module (RCM), make sure the RCM and bracket
assembly is secured to the floor pan and the SRS is
depowered before either disconnecting or reconnecting the
RCM electrical connectors.
NOTE: After diagnosing or repairing an SRS, the restraint system
diagnostic tools must be removed before operating the vehicle Yes
over the road. If continuous DTCs were retrieved, GO to

A2. If on-demand DTCs were retrieved,NOTE: The SRS must be fully operational and free of faults before
GO to the Restraints Control Modulereleasing the vehicle to the customer.
(RCM) Diagnostic Trouble Code (DTC)• Enter the following diagnostic mode on the scan tool: Priority Table in this section for pinpointRetrieve/Record Continuous DTCs. test direction.• Enter the following diagnostic mode on the scan tool:

On-Demand Self Test. No
• Were any continuous or on-demand DTCs retrieved? GO to A2.

A2 CHECK THE RCM CONNECTION
• Key in OFF position.
• Depower the system. Refer to Supplemental Restraint System

(SRS) Depowering and Repowering in this section.
Yes• Connect: RCM C310a.
GO to A3.Make sure RCM C310a is fully connected and the locking tab is

engaged. No
• Is RCM C310a fully connected and are the locking tabs CONNECT C310a and ENGAGE the

engaged? locking tabs. GO to A7.
A3 CHECK CIRCUIT 937 (RD/WH) FOR AN OPEN

• Deactivate the system. Refer to Supplemental Restraint System
(SRS) Deactivation and Reactivation in this section.

• Disconnect: RCM C310a.
• Key in ON position.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST A: THE AIR BAG WARNING INDICATOR IS ILLUMINATED CONTINUOUSLY — RCM

DISCONNECTED OR INOPERATIVE, LOSS OF BATTERY FEED, OR LOSS OF SIGNAL GROUND
(Continued)

Test Step Result / Action to Take
A3 CHECK CIRCUIT 937 (RD/WH) FOR AN OPEN (Continued)

• Measure the voltage between RCM C310a pin 12, circuit 937
(RD/WH), harness side and ground.

Yes
GO to A4.
No

• Is the voltage greater than 10 volts? REPAIR circuit 937 (RD/WH) GO to A7.
A4 CHECK CIRCUIT 1203 (BK/LB) FOR AN OPEN

• Key in OFF position.
• Measure the resistance between RCM C310a pin 16, circuit

1203 (BK/LB), harness side and ground.

Yes
GO to A5.
No

• Is the resistance less than 5 ohms? REPAIR circuit 1203 (BK/LB). GO to A7.
A5 CHECK CIRCUIT 608 (BK/YE) FOR A SHORT TO GROUND

• Disconnect: Instrument Cluster C220a.
• Connect: RCM C310a.
• Measure the resistance between instrument cluster module

C220a pin 3, circuit 608 (BK/YE), harness side and ground.

Yes
REPAIR or INSTALL a new instrument
cluster. REFER to Section 413-01A or
Section 413-01B.  GO to A6.
No

• Is the resistance greater than 10,000 ohms? GO to A6.

(Continued)
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501-20B-4 501-20B-4Supplemental Restraint System

DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST A: THE AIR BAG WARNING INDICATOR IS ILLUMINATED CONTINUOUSLY — RCM

DISCONNECTED OR INOPERATIVE, LOSS OF BATTERY FEED, OR LOSS OF SIGNAL GROUND
(Continued)

Test Step Result / Action to Take
A6 CHECK THE RCM

• Disconnect: RCM C310a.
• Disconnect: RCM C310b.
• Measure the resistance between RCM C310a pin 15, circuit 608

(BK/YE), component side and ground.

Yes
REPAIR circuit 608 (BK/YE). GO to A7.
No
INSTALL a new RCM. REFER to
Restraints Control Module (RCM) in this

• Is the resistance greater than 10,000 ohms? section. GO to A7.
A7 CHECK FOR ADDITIONAL DTCs

• Refer to the continuous DTCs recorded during Step A1. Yes
• Were any continuous DTCs retrieved during Step A1? Do not clear any DTCs until all DTCs have

been resolved. GO to the Restraints
Control Module (RCM) Diagnostic Trouble
Code (DTC) Priority Table in this section
for pinpoint test direction.
No
RECONNECT the system. If previously
directed to deactivate the system,
REACTIVATE the system. REFER to
Supplemental Restraint System (SRS)
Deactivation and Reactivation in this
section. REPOWER the  system. REFER
to Supplemental Restraint System (SRS)
Depowering and Repowering in this
section. PROVE OUT the system. CLEAR
all DTCs.
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501-20B-5 501-20B-5Supplemental Restraint System

DIAGNOSIS AND TESTING (Continued)

Pinpoint Test B: DTC B1869 — Lamp Air Possible Causes
Bag Warning Indicator Circuit Open or An air bag indicator inoperative condition could beShort to Ground caused by:

Normal Operation • faulted wiring, terminals, or connectors.
During normal operation, the air bag indicator will • a faulted RCM.
illuminate continuously for approximately 6 seconds

• an instrument cluster module internal concern.and then go out after the ignition switch is placed in
the ON or START position and no air bag faults
exist. The air bag indicator will  remain illuminated
continuously after three cycles of a lamp fault code
(LFC), if a fault exists.

If the restraints control module (RCM) detects an
open or short to ground on the air bag warning
indicator circuit, it will store diagnostic trouble code
(DTC) B1869 in memory.

PINPOINT TEST B: DTC B1869 — LAMP AIR BAG WARNING INDICATOR CIRCUIT OPEN OR SHORT TO
GROUND

NOTE: Most faults are due to connector and/or wiring concerns. Carry out a thorough
Inspection and Verification before proceeding with the Pinpoint Test.

Test Step Result / Action to Take
B1 CHECK FOR CONTINUOUS AND ON-DEMAND DTCs

WARNING: Restraint system diagnostic tools are for
service only. Tools must be removed prior to operating the
vehicle over the road. Failure to remove restraint system
diagnostic tools could result in injury and possible violation of
vehicle safety  standards.

WARNING: Never probe the connectors on the air bag
module. Doing so can result in air bag deployment, which can
result in personal injury.

WARNING: The safety belt pretensioner is a pyrotechnic
device. Always wear safety glasses when repairing an air bag
equipped vehicle and when handling a safety belt buckle
pretensioner or safety belt retractor pretensioner. Never probe
a pretensioner  electrical connector. Doing so could result in
pretensioner or air bag deployment and could result in
personal injury.

CAUTION: To avoid potential damage to the restraints
control module (RCM), make sure the RCM and bracket
assembly is secured to the floor pan and the SRS is
depowered before either disconnecting or reconnecting the
RCM electrical connectors.
NOTE: After diagnosing or repairing an SRS, the restraint system

Yesdiagnostic tools must be removed before operating the vehicle
If the air bag indicator lamp doesover the road.
illuminate, GO to B2.NOTE: The SRS must be fully operational and free of faults before
If the air bag indicator does not illuminate,releasing the vehicle to the customer.
GO to B4.• Enter the following diagnostic mode on the scan tool:

Retrieve/Record Continuous DTCs. No
• Enter the following diagnostic mode on the scan tool: This is an intermittent fault. The fault

On-Demand Self Test. condition is not present at this time. GO to
• Was DTC B1869 retrieved during the on-demand self test? B6.

B2 CHECK CIRCUIT 608 (BK/YE) FOR A SHORT TO GROUND
• Key in OFF position.
• Depower the system. Refer to Supplemental Restraint System

(SRS) Depowering and Repowering in this section.
• Disconnect: Instrument Cluster Module C220a.

(Continued)
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501-20B-6 501-20B-6Supplemental Restraint System

DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST B: DTC B1869 — LAMP AIR BAG WARNING INDICATOR CIRCUIT OPEN OR SHORT TO

GROUND (Continued)

Test Step Result / Action to Take
B2 CHECK CIRCUIT 608 (BK/YE) FOR A SHORT TO GROUND

(Continued)

• Measure the resistance between instrument cluster module
C220a pin 3, circuit 608 (BK/YE), harness side and ground.

Yes
INSTALL a new instrument cluster module.
REFER to Section 413-01A or Section
413-01B.  GO to B7.
No

• Is the resistance greater than 10,000 ohms? GO to B3.
B3 CHECK THE RCM

• Disconnect: RCM C310a.
• Measure the resistance between RCM C310a pin 15, circuit 608

(BK/YE), component side and ground.

Yes
REPAIR circuit 608 (BK/YE). GO to B7.
No
INSTALL a new RCM. REFER to
Restraints Control Module (RCM) in this

• Is the resistance greater than 10,000 ohms? section. GO to B7.
B4 CHECK AIR BAG INDICATOR LAMP

• Key in OFF position.

(Continued)
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501-20B-7 501-20B-7Supplemental Restraint System

DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST B: DTC B1869 — LAMP AIR BAG WARNING INDICATOR CIRCUIT OPEN OR SHORT TO

GROUND (Continued)

Test Step Result / Action to Take
B4 CHECK AIR BAG INDICATOR LAMP (Continued)

• Depower the system. Refer to Supplemental Restraint System
(SRS) Depowering and Repowering in this section. Yes• Disconnect: RCM C310a. INSTALL a new RCM. REFER to• Repower the system. Do not prove out the system at this time. Restraints Control Module (RCM) in thisRefer to Supplemental Restraint System (SRS) Depowering and section. GO to B7.Repowering in this section.

• Key in ON position. No
• Does the air bag indicator lamp illuminate? GO to B5.

B5 CHECK CIRCUIT 608 (BK/YE) FOR AN OPEN
• Key in OFF position.
• Depower the system. Refer to Supplemental Restraint System

(SRS) Depowering and Repowering in this section.
• Disconnect: Instrument Cluster Module C220a and C220b.
• Measure the resistance between instrument cluster module

C220a pin 3, circuit 608 (BK/YE), harness side and ground.

Yes
REPAIR or INSTALL a new instrument
cluster module. REFER to Section
413-01A or Section 413-01B.  GO to B7.
No

• Is the resistance less than 5 ohms? REPAIR circuit 608 (BK/YE). GO to B7.
B6 CHECK FOR AN INTERMITTENT FAULT

• Key in OFF position. Yes
• Enter the following diagnostic mode on the scan tool: This is a hard fault. The fault condition is

On-Demand Self Test. now present. This fault cannot be cleared
• Was the DTC B1869 retrieved during the on-demand self until it is corrected and the DTC is no

test? longer retrieved during the on-demand self
test.
CHECK for causes of the intermittent fault
on circuit 608 (BK/YE). REPAIR any
intermittent concerns found.
If an intermittent concern was found and
repaired, GO to B7.
If the air bag indicator lamp does
illuminate, GO to B2.
If the air bag indicator does not illuminate,
GO to B4.
No
CHECK for causes of the intermittent fault.
ATTEMPT to recreate the hard fault by
flexing the wire harness and cycling the
ignition key frequently. ACTIVATE other
systems in the same wire harness.
REPAIR any intermittent concerns found.
GO to B7.

(Continued)
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501-20B-8 501-20B-8Supplemental Restraint System

DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST B: DTC B1869 — LAMP AIR BAG WARNING INDICATOR CIRCUIT OPEN OR SHORT TO

GROUND (Continued)

Test Step Result / Action to Take
B7 CHECK FOR ADDITIONAL DTCs

• Refer to the continuous DTCs recorded during Step B1. Yes
• Were any continuous DTCs retrieved during step B1? Do not clear any DTCs until all DTCs have

been resolved. GO to the Restraints
Control Module (RCM) Diagnostic Trouble
Code (DTC) Priority Table in this section
for pinpoint test direction.
No
RECONNECT the system. If previously
directed to deactivate the system,
REACTIVATE the system. REFER to
Supplemental Restraint System (SRS)
Deactivation and Reactivation in this
section. REPOWER the  system. REFER
to Supplemental Restraint System (SRS)
Depowering and Repowering in this
section. PROVE OUT the system. CLEAR
all DTCs.

Pinpoint Test C: DTC B1870 — Lamp Air If the RCM detects an air bag indicator failure in
Bag Warning Indicator Circuit Short to addition to another SRS failure, the RCM will send
Battery a signal to the instrument cluster module to produce

five sets of five tone bursts.Normal Operation
Possible CausesDuring normal operation, the air bag indicator will

illuminate continuously for approximately 6 seconds An air bag indicator short to battery condition could
and then go out after the ignition switch is placed in be caused by:
the ON or START position and no air bag faults

• faulted wiring, terminals, or connectors.exist. The air bag indicator will  remain illuminated
continuously after three cycles of a lamp fault code • a faulted instrument cluster module.
(LFC), if a fault exists. Refer to Air Bag and Safety • a faulted RCM.
Belt Pretensioner Supplemental Restraint System
(SRS) in this section.

If the restraints control module detects a short to
battery on the air bag warning indicator circuit, it
will store diagnostic trouble code (DTC) B1870 in
memory. If any other DTCs are active with this
DTC, the secondary air bag warning chime  will be
activated.
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501-20B-9 501-20B-9Supplemental Restraint System

DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST C: DTC B1870 — LAMP AIR BAG WARNING INDICATOR CIRCUIT SHORT TO BATTERY

NOTE: Most faults are due to connector and/or wiring concerns. Carry out a thorough
Inspection and Verification before proceeding with the Pinpoint Test.

Test Step Result / Action to Take
C1 CHECK FOR CONTINUOUS AND ON-DEMAND DTCs

WARNING: Restraint system diagnostic tools are for
service only. Tools must be removed prior to operating the
vehicle over the road. Failure to remove restraint system
diagnostic tools could result in injury and possible violation of
vehicle safety  standards.

WARNING: Never probe the connectors on the air bag
module. Doing so can result in air bag deployment, which can
result in personal injury.

WARNING: The safety belt pretensioner is a pyrotechnic
device. Always wear safety glasses when repairing an air bag
equipped vehicle and when handling a safety belt buckle
pretensioner or safety belt retractor pretensioner. Never probe
a pretensioner  electrical connector. Doing so could result in
pretensioner or air bag deployment and could result in
personal injury.

CAUTION: To avoid potential damage to the restraints
control module (RCM), make sure the RCM and bracket
assembly is secured to the floor pan and the SRS is
depowered before either disconnecting or reconnecting the
RCM electrical connectors.
NOTE: After diagnosing or repairing an SRS, the restraint system Yes
diagnostic tools must be removed before operating the vehicle This is a hard fault. The fault condition is
over the road. still present. This fault cannot be cleared

until it is corrected and the DTC is noNOTE: The SRS must be fully operational and free of faults before
longer retrieved during the on-demand selfreleasing the vehicle to the customer.
test. GO to C2.• Enter the following diagnostic mode on the scan tool:

Retrieve/Record Continuous DTCs. No
• Enter the following diagnostic mode on the scan tool: This is an intermittent fault. The fault

On-Demand Self Test. condition is not present at this time. GO to
• Was DTC B1870 retrieved during the on-demand self test? C4.

C2 CHECK CIRCUIT 608 (BK/YE) FOR A SHORT TO VOLTAGE
• Key in OFF position.
• Depower the system. Refer to Supplemental Restraint System

(SRS) Depowering and Repowering in this section.
• Disconnect: Instrument Cluster Module C220a.
• Repower the system. Do not prove out the system at this time.

Refer to Supplemental Restraint System (SRS) Depowering and
Repowering in this section.

• Key in ON position.
• Measure the voltage between instrument cluster module C220a

pin 3, circuit 608 (BK/YE), harness side and ground.

Yes
GO to C3.
No

• Is the voltage less than 0.2 volt? REPAIR circuit 608 (BK/YE). GO to C5.

(Continued)
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501-20B-10 501-20B-10Supplemental Restraint System

DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST C: DTC B1870 — LAMP AIR BAG WARNING INDICATOR CIRCUIT SHORT TO BATTERY

(Continued)

Test Step Result / Action to Take
C3 CHECK THE RCM

• Enter the following diagnostic mode on the scan tool: Yes
On-Demand Self Test. INSTALL a new RCM. REFER to

Restraints Control Module (RCM) in thisNOTE: DTC B1869 should be retrieved when carrying out the section. GO to C5.on-demand self test due to an open on circuit 608 (BK/YE), DTC
B1870 should not be retrieved at this time. No

REPAIR or INSTALL a new instrument• Was DTC B1870 retrieved during the on-demand self test?
cluster module. REFER to Section
413-01A or Section 413-01B.  GO to C5.

C4 CHECK FOR AN INTERMITTENT FAULT
• Key in OFF position. Yes
• Enter the following diagnostic mode on the scan tool: This is a hard fault. The fault condition is

On-Demand Self Test. now present. This fault cannot be cleared
• Was the DTC B1870 retrieved during the on-demand self until it is corrected and the DTC is no

test? longer retrieved during the on-demand self
test.
CHECK for causes of the intermittent fault
on circuit 608 (BK/YE). REPAIR any
intermittent concerns found.
If an intermittent concern was found and
repaired, GO to C5.
If an intermittent concern was not found
and repaired, GO to C2.
No
CHECK for causes of the intermittent fault.
ATTEMPT to recreate the hard fault by
flexing the wire harness and cycling the
ignition key frequently. ACTIVATE other
systems in the same wire harness.
REPAIR any intermittent concerns found,
GO to C5.

C5 CHECK FOR ADDITIONAL DTCs
• Refer to the continuous DTCs recorded during Step C1. Yes
• Were any continuous DTCs retrieved during step C1? Do not clear any DTCs until all DTCs have

been resolved. GO to the Restraints
Control Module (RCM) Diagnostic Trouble
Code (DTC) Priority Table in this section
for pinpoint test direction.
No
RECONNECT the system. If previously
directed to deactivate the system,
REACTIVATE the system. REFER to
Supplemental Restraint System (SRS)
Deactivation and Reactivation in this
section. REPOWER the  system. REFER
to Supplemental Restraint System (SRS)
Depowering and Repowering in this
section. PROVE OUT the system. CLEAR
all DTCs.
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501-20B-11 501-20B-11Supplemental Restraint System

DIAGNOSIS AND TESTING (Continued)

Pinpoint Test D: LFC 33/DTC Fault Conditions
B1877/B1885 — Driver Pretensioner The RCM monitors for the following faultCircuit Resistance High or Low conditions:

Normal Operation • low resistance.
NOTE: There is no restraint system diagnostic tool • high resistance or circuit open.
for the safety belt buckle pretensioners. If the
ignition switch is turned to the RUN or START Possible Causes
position with the safety belt buckle pretensioner A safety belt pretensioner fault can be caused by:
electrical connector(s) disconnected, the DTC for an

• faulted wiring, terminals, or connectors.open circuit will be activated.
• a faulted pretensioner.The safety belt pretensioners are activated by the

RCM to remove excessive slack from the safety belt • a faulted RCM.
webbing when an impact exceeding preprogrammed
limits is detected. Refer to  Air Bag and Safety Belt
Pretensioner Supplemental Restraint System (SRS)
in this section.

The restraints control module (RCM) monitors the
resistance of the circuit to the driver safety belt
pretensioner for faults. If the RCM detects an open
or resistance out of range on the driver safety belt
pretensioner circuits, it will store  diagnostic trouble
code (DTC) B1877 or B1885 in memory and flash
lamp fault code (LFC) 33 (or higher priority code if
one exists) on the air bag indicator.
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501-20B-12 501-20B-12Supplemental Restraint System

DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST D: LFC 33/DTC B1877/B1885 — DRIVER PRETENSIONER CIRCUIT RESISTANCE HIGH

OR LOW

NOTE: Most faults are due to connector and/or wiring concerns. Carry out a thorough
Inspection and Verification before proceeding with the Pinpoint Test.

Test Step Result / Action to Take
D1 CHECK FOR CONTINUOUS AND ON-DEMAND DTCs

WARNING: Restraint system diagnostic tools are for
service only. Tools must be removed prior to operating the
vehicle over the road. Failure to remove restraint system
diagnostic tools could result in injury and possible violation of
vehicle safety  standards.

WARNING: Never probe the connectors on the air bag
module. Doing so can result in air bag deployment, which can
result in personal injury.

WARNING: The safety belt pretensioner is a pyrotechnic
device. Always wear safety glasses when repairing an air bag
equipped vehicle and when handling a safety belt buckle
pretensioner or safety belt retractor pretensioner. Never probe
a pretensioner  electrical connector. Doing so could result in
pretensioner or air bag deployment and could result in
personal injury.

CAUTION: To avoid potential damage to the restraints
control module (RCM), make sure the RCM and bracket
assembly is secured to the floor pan and the SRS is
depowered before either disconnecting or reconnecting the
RCM electrical connectors.
NOTE: After diagnosing or repairing an SRS, the restraint system
diagnostic tools must be removed before operating the vehicle Yes
over the road. This is a hard fault. The fault condition is

still present. This fault cannot be clearedNOTE: The SRS must be fully operational and free of faults before
until it is corrected and the DTC is noreleasing the vehicle to the customer.
longer retrieved during the on-demand self• Enter the following diagnostic mode on the scan tool: test. GO to D2.Retrieve/Record Continuous DTCs.

• Enter the following diagnostic mode on the scan tool: No
On-Demand Self Test. This is an intermittent fault. The fault

• Was DTC B1877 or B1885 retrieved during the on-demand condition is not present at this time. GO to
self test? D5.

D2 CHECK DRIVER SAFETY BELT PRETENSIONER RESISTANCE
• Key in OFF position. Yes
• Enter the following diagnostic mode on the scan tool: PID/Data If the PID D_PRTNR is greater than 3.2

Monitor and Record. ohms, GO to D3.
• Select PID D_PRTNR. If the PID D_PRTNR is less than 1.7
• Is the resistance greater than 3.2 or less than 1.7 ohms? ohms, GO to D4.

No
INSTALL a new RCM. REFER
toRestraints Control Module (RCM) in this
section. GO to D6.

D3 CHECK THE DRIVER SAFETY BELT PRETENSIONER CIRCUITS
FOR HIGH RESISTANCE
• Key in OFF position.
• Depower the system. Refer to Supplemental Restraint System

(SRS) Depowering and Repowering in this section.
• Disconnect: Driver Safety Belt Pretensioner C323.
• Disconnect: RCM C310b.

(Continued)

2004 E-Series, 12/2003 



501-20B-13 501-20B-13Supplemental Restraint System

DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST D: LFC 33/DTC B1877/B1885 — DRIVER PRETENSIONER CIRCUIT RESISTANCE HIGH

OR LOW (Continued)

Test Step Result / Action to Take
D3 CHECK THE DRIVER SAFETY BELT PRETENSIONER CIRCUITS

FOR HIGH RESISTANCE (Continued)

• Measure the resistance between RCM C310b pin 17, circuit
1079 (LG/RD), harness side and the driver safety belt
pretensioner C323 pin 1, circuit 1079 (LG/RD), harness side;
and between RCM C310b pin 18, circuit 1080 (LG/BK), harness
side and the  driver safety belt pretensioner C323 pin 2, circuit
1080 (LG/BK), harness side.

Yes
INSTALL a new driver safety belt
pretensioner. REFER toSection 501-20A.
GO to D6.
No
REPAIR circuit 1079 (LG/RD) or circuit

• Are the resistances less than 0.5 ohm? 1080 (LG/BK). GO to D6.
D4 CHECK THE DRIVER SAFETY BELT PRETENSIONER CIRCUITS

FOR LOW RESISTANCE
• Key in OFF position.
• Depower the system. Refer to Supplemental Restraint System

(SRS) Depowering and Repowering in this section.
• Disconnect: Driver Safety Belt Pretensioner C323.
• Disconnect: RCM C310b.
• Measure the resistance between C323 pin 1, circuit 1079

(LG/RD), and pin 2, circuit 1080 (LG/BK), harness side.

Yes
INSTALL a new driver safety belt
pretensioner. REFER to Section 501-20A.
GO to D6.
No
REPAIR circuit 1079 (LG/RD) and circuit

• Is the resistance greater than 10,000 ohms? 1080 (LG/BK). GO to D6.

(Continued)
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501-20B-14 501-20B-14Supplemental Restraint System

DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST D: LFC 33/DTC B1877/B1885 — DRIVER PRETENSIONER CIRCUIT RESISTANCE HIGH

OR LOW (Continued)

Test Step Result / Action to Take
D5 CHECK FOR AN INTERMITTENT FAULT

• Key in OFF position. Yes
• Enter the following diagnostic mode on the scan tool: This is a hard fault. The fault condition is

On-Demand Self Test. now present. This fault cannot be cleared
• Was DTC B1885 or B1877 retrieved during the on-demand until it is corrected and the DTC is no

self test? longer retrieved during the on-demand self
test.
CHECK for causes of the intermittent
faults on circuits 1080 (LG/BK) and 1079
(LG/RD). REPAIR any intermittent
concerns found.
If an intermittent concern was found and
repaired, GO to D6.
If an intermittent concern was not found
and repaired, GO to D2.
No
CHECK for causes of the intermittent fault.
ATTEMPT to recreate the hard fault by
flexing the wire harness and cycling the
ignition key frequently. REPAIR any
intermittent concerns found. GO to D6.

D6 CHECK FOR ADDITIONAL DTCs
• Refer to the continuous DTCs recorded during Step D1. Yes
• Were any continuous DTCs retrieved during Step D1? Do not clear any DTCs until all DTCs have

been resolved. GO to the Restraints
Control Module (RCM) Diagnostic Trouble
Code (DTC) Table in this section for
pinpoint test direction.
No
RECONNECT the system. If previously
directed to deactivate the system,
REACTIVATE the system. REFER to
Supplemental Restraint System (SRS)
Deactivation and Reactivation in this
section. REPOWER the  system. REFER
to Supplemental Restraint System (SRS)
Depowering and Repowering in this
section. PROVE OUT the system. CLEAR
all DTCs.

Pinpoint Test E: LFC 33/DTC B1878 — The restraints control module (RCM) monitors the
Driver Pretensioner Circuit Short to circuits to the driver safety belt pretensioner for
Battery faults. If the RCM detects an unexpected voltage on

the driver safety belt pretensioner circuits, it willNormal Operation
store diagnostic trouble code (DTC)  B1878 in

NOTE: There is no restraint system diagnostic tool memory and flash lamp fault code (LFC) 33 (or
for the safety belt buckle pretensioners. If the higher priority code if one exists) on the air bag
ignition switch is turned to the RUN or START indicator.
position with the safety belt buckle pretensioner

Fault Conditionselectrical connector(s) disconnected, the DTC for an
open circuit will be activated. The RCM monitors for the following fault

conditions:The safety belt pretensioners are activated by the
RCM to remove excessive slack from the safety belt • circuit short to voltage.
webbing when an impact exceeding preprogrammed
limits is detected. Refer to  Air Bag and Safety Belt Possible Causes
Pretensioner Supplemental Restraint System (SRS) A safety belt pretensioner fault can be caused by:
in this section.

• faulted wiring, terminals, or connectors.

• a faulted RCM.
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501-20B-15 501-20B-15Supplemental Restraint System

DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST E: LFC 33/DTC B1878 — DRIVER PRETENSIONER CIRCUIT SHORT TO BATTERY

NOTE: Most faults are due to connector and/or wiring concerns. Carry out a thorough
Inspection and Verification before proceeding with the Pinpoint Test.

Test Step Result / Action to Take
E1 CHECK FOR CONTINUOUS AND ON-DEMAND DTCs

WARNING: Restraint system diagnostic tools are for
service only. Tools must be removed prior to operating the
vehicle over the road. Failure to remove restraint system
diagnostic tools could result in injury and possible violation of
vehicle safety  standards.

WARNING: Never probe the connectors on the air bag
module. Doing so can result in air bag deployment, which can
result in personal injury.

WARNING: The safety belt pretensioner is a pyrotechnic
device. Always wear safety glasses when repairing an air bag
equipped vehicle and when handling a safety belt buckle
pretensioner or safety belt retractor pretensioner. Never probe
a pretensioner  electrical connector. Doing so could result in
pretensioner or air bag deployment and could result in
personal injury.

CAUTION: To avoid potential damage to the restraints
control module (RCM), make sure the RCM and bracket
assembly is secured to the floor pan and the SRS is
depowered before either disconnecting or reconnecting the
RCM electrical connectors.
NOTE: After diagnosing or repairing an SRS, the restraint system Yes
diagnostic tools must be removed before operating the vehicle This is a hard fault. The fault condition is
over the road. still present. This fault cannot be cleared

until it is corrected and the DTC is noNOTE: The SRS must be fully operational and free of faults before
longer retrieved during the on-demand selfreleasing the vehicle to the customer.
test. GO to E2.• Enter the following diagnostic mode on the scan tool:

Retrieve/Record Continuous DTCs. No
• Enter the following diagnostic mode on the scan tool: This is an intermittent fault. The fault

On-Demand Self Test. condition is not present at this time. GO to
• Was DTC B1878 retrieved during the on-demand self test? E4.

E2 CHECK THE DRIVER SAFETY BELT PRETENSIONER
• Key in OFF position.
• Deactivate the system. Refer to Supplemental Restraint System

(SRS) Deactivation and Reactivation in this section.
• Disconnect: Driver Safety Belt Pretensioner C323.
• Disconnect: RCM C310b.
• Key in ON position.
• Measure the voltage between RCM C310b pin 17, circuit 1079

(LG/RD), harness side and ground; and between RCM C310b
pin 18, circuit 1080 (LG/BK), harness side and ground.

Yes
GO to E3.
No
REPAIR circuit 1079 (LG/RD) or circuit

• Are the voltages less than 0.2 volt? 1080 (LG/BK). GO to E5.

(Continued)
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501-20B-16 501-20B-16Supplemental Restraint System

DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST E: LFC 33/DTC B1878 — DRIVER PRETENSIONER CIRCUIT SHORT TO BATTERY

(Continued)

Test Step Result / Action to Take
E3 CONFIRM THE RCM FAULT

NOTE: Make sure all restraint system diagnostic tools, sensor Yes
electrical connectors and the RCM electrical connector are INSTALL a new RCM. REFER to
connected before carrying out the on-demand self test. If not, Restraints Control Module (RCM) in this
erroneous DTCs will be recorded. section. GO to E5.
• Key in OFF position. No
• Connect: RCM C310b. CHECK for causes of the intermittent fault.
• Connect: Driver Safety Belt Pretensioner C323. ATTEMPT to recreate the hard fault by
• Enter the following diagnostic mode on the scan tool: flexing the wire harness and cycling the

On-Demand Self Test. ignition key frequently. REPAIR any
• Was DTC B1878 retrieved during the on-demand self test? intermittent concerns found. GO to E5.

E4 CHECK FOR AN INTERMITTENT FAULT
• Key in OFF position. Yes
• Enter the following diagnostic mode on the scan tool: This is a hard fault. The fault condition is

On-Demand Self Test. now present. This fault cannot be cleared
• Was DTC B1878 retrieved during the on-demand self test? until it is corrected and the DTC is no

longer retrieved during the on-demand self
test.
CHECK for causes of the intermittent
faults on circuit 1080 (LG/BK) and 1079
(LG/RD). REPAIR any intermittent
concerns found.
If an intermittent concern was found and
repaired, GO to E5.
If an intermittent concern was not found
and repaired, GO to E2.
No
CHECK for causes of the intermittent fault.
ATTEMPT to recreate the hard fault by
flexing the wire harness and cycling the
ignition key frequently. REPAIR any
intermittent concerns found. GO to E5.

E5 CHECK FOR ADDITIONAL DTCs
• Refer to the continuous DTCs recorded during Step E1. Yes
• Were any continuous DTCs retrieved during Step E1? Do not clear any DTCs until all DTCs have

been resolved. GO to the Restraints
Control Module (RCM) Diagnostic Trouble
Code (DTC) Table in this section for
pinpoint test direction.
No
RECONNECT the system. If previously
directed to deactivate the system,
REACTIVATE the system. REFER to
Supplemental Restraint System (SRS)
Deactivation and Reactivation in this
section. REPOWER the  system. REFER
to Supplemental Restraint System (SRS)
Depowering and Repowering in this
section. PROVE OUT the system. CLEAR
all DTCs.
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501-20B-17 501-20B-17Supplemental Restraint System

DIAGNOSIS AND TESTING (Continued)

Pinpoint Test F: LFC 33/DTC B1879 — The restraints control module (RCM) monitors the
Driver Pretensioner Circuit Short to circuits to the driver safety belt pretensioner for
Ground faults. If the RCM detects a short to ground on

either of the driver safety belt pretensioner circuits,Normal Operation
it will store diagnostic trouble code  (DTC) B1878

NOTE: There is no restraint system diagnostic tool in memory and flash lamp fault code (LFC) 33 (or
for the safety belt buckle pretensioners. If the higher priority code if one exists) on the air bag
ignition switch is set to RUN or START with the indicator.
safety belt buckle pretensioner electrical

Fault Conditionsconnector(s) disconnected, the DTC for an open
circuit will  be activated. The RCM monitors for the following fault

conditions:The safety belt pretensioners are activated by the
RCM to remove excessive slack from the safety belt • circuit short to ground.
webbing when an impact exceeding preprogrammed
limits is detected. Refer to  Air Bag and Safety Belt Possible Causes
Pretensioner Supplemental Restraint System (SRS) A safety belt pretensioner fault can be caused by:
in this section.

• faulted wiring, terminals, or connectors.

• a faulted pretensioner.

• a faulted RCM.

PINPOINT TEST F: LFC 33/DTC B1879 — DRIVER PRETENSIONER CIRCUIT SHORT TO GROUND

NOTE: Most faults are due to connector and/or wiring concerns. Carry out a thorough
Inspection and Verification before proceeding with the Pinpoint Test.

Test Step Result / Action to Take
F1 CHECK FOR CONTINUOUS AND ON-DEMAND DTCs

WARNING: Restraint system diagnostic tools are for
service only. Tools must be removed prior to operating the
vehicle over the road. Failure to remove restraint system
diagnostic tools could result in injury and possible violation of
vehicle safety  standards.

WARNING: Never probe the connectors on the air bag
module. Doing so can result in air bag deployment, which can
result in personal injury.

WARNING: The safety belt pretensioner is a pyrotechnic
device. Always wear safety glasses when repairing an air bag
equipped vehicle and when handling a safety belt buckle
pretensioner or safety belt retractor pretensioner. Never probe
a pretensioner  electrical connector. Doing so could result in
pretensioner or air bag deployment and could result in
personal injury.

CAUTION: To avoid potential damage to the restraints
control module (RCM), make sure the RCM and bracket
assembly is secured to the floor pan and the SRS is
depowered before either disconnecting or reconnecting the
RCM electrical connectors.
NOTE: After diagnosing or repairing an SRS, the restraint system Yes
diagnostic tools must be removed before operating the vehicle This is a hard fault. The fault condition is
over the road. still present. This fault cannot be cleared

until it is corrected and the DTC is noNOTE: The SRS must be fully operational and free of faults before
longer retrieved during the on-demand selfreleasing the vehicle to the customer.
test. GO to F2.• Enter the following diagnostic mode on the scan tool:

Retrieve/Record Continuous DTCs. No
• Enter the following diagnostic mode on the scan tool: This is an intermittent fault. The fault

On-Demand Self Test. condition is not present at this time. GO to
• Was DTC B1879 retrieved during the on-demand self test? F5.

(Continued)
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501-20B-18 501-20B-18Supplemental Restraint System

DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST F: LFC 33/DTC B1879 — DRIVER PRETENSIONER CIRCUIT SHORT TO GROUND

(Continued)

Test Step Result / Action to Take
F2 CHECK THE DRIVER PRETENSIONER

• Key in OFF position.
• Depower the system. Refer to Supplemental Restraint System

(SRS) Depowering and Repowering in this section.
• Disconnect: Driver Safety Belt Pretensioner C323.
• Repower the system. Do not prove out the system at this time.

Refer to Supplemental Restraint System (SRS) Depowering and
Repowering in this section.

• Key in ON position. Yes
• Enter the following diagnostic mode on the scan tool: GO to F3.

On-Demand Self Test.
No

NOTE: DTC B1877 is expected to be retrieved during the INSTALL a new driver safety belt
on-demand self test, disregard the DTC at this time. pretensioner. REFER to Section 501-20A.

• Was DTC B1879 retrieved during the on-demand self test? GO to F6.
F3 CHECK THE DRIVER SAFETY BELT PRETENSIONER CIRCUITS

FOR A SHORT TO GROUND
• Key in OFF position.
• Depower the system. Refer to Supplemental Restraint System

(SRS) Depowering and Repowering in this section.
• Disconnect: RCM C310b.
• Measure the resistance between RCM C310b pin 17, circuit

1079 (LG/RD), harness side and ground; and between RCM
C310b pin 18, circuit 1080 (LG/BK), harness side and ground.

Yes
GO to F4.
No
REPAIR circuit 1079 (LG/RD) or circuit

• Are the resistances greater than 10,000 ohms? 1080 (LG/BK). GO to F6.
F4 CONFIRM THE RCM FAULT

NOTE: Make sure all restraint system diagnostic tools, sensor
electrical connectors and the RCM electrical connector are

Yesconnected before carrying out the on-demand self test. If not,
INSTALL a new RCM. REFER toerroneous DTCs will be recorded.
Restraints Control Module (RCM) in this• Connect: RCM C310b. section. GO to F6.• Connect: Driver Safety Belt Pretensioner C323.

• Repower the system. Do not prove out the system at this time. No
Refer to Supplemental Restraint System (SRS) Depowering and CHECK for causes of the intermittent fault.
Repowering in this section. ATTEMPT to recreate the hard fault by

• Enter the following diagnostic mode on the scan tool: flexing the wire harness and cycling the
On-Demand Self Test. ignition key frequently. REPAIR any

• Was DTC B1879 retrieved during the on-demand self test? intermittent concerns found. GO to F6.

(Continued)
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501-20B-19 501-20B-19Supplemental Restraint System

DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST F: LFC 33/DTC B1879 — DRIVER PRETENSIONER CIRCUIT SHORT TO GROUND

(Continued)

Test Step Result / Action to Take
F5 CHECK FOR AN INTERMITTENT FAULT

• Key in OFF position. Yes
• Enter the following diagnostic mode on the scan tool: This is a hard fault. The fault condition is

On-Demand Self Test. now present. This fault cannot be cleared
• Was DTC B1879 retrieved during the on-demand self test? until it is corrected and the DTC is no

longer retrieved during the on-demand self
test.
CHECK for causes of the intermittent fault
on circuits 1079 (LG/RD) and 1080
(LG/BK). REPAIR any intermittent
concerns found.
If an intermittent concern was found and
repaired, GO to F6.
If an intermittent concern was not found
and repaired, GO to F2.
No
CHECK for causes of the intermittent fault.
ATTEMPT to recreate the hard fault by
flexing the wire harness and cycling the
ignition key frequently. REPAIR any
intermittent concerns found. GO to F6.

F6 CHECK FOR ADDITIONAL DTCs
• Refer to the continuous DTCs recorded during Step F1. Yes
• Were any continuous DTCs retrieved during Step F1? Do not clear any DTCs until all DTCs have

been resolved. GO to the Restraints
Control Module (RCM) Diagnostic Trouble
Code (DTC) Table in this section for
pinpoint test direction.
No
RECONNECT the system. If previously
directed to deactivate the system,
REACTIVATE the system. REFER to
Supplemental Restraint System (SRS)
Deactivation and Reactivation in this
section. REPOWER the  system. REFER
to Supplemental Restraint System (SRS)
Depowering and Repowering in this
section. PROVE OUT the system. CLEAR
all DTCs.

Pinpoint Test G: LFC 34/DTC The restraints control module (RCM) monitors the
B1881/B1886 — Passenger Pretensioner resistance of the circuit to the passenger safety belt
Circuit Resistance High or Low pretensioner for faults. If the RCM detects an open

or resistance out of range on the passenger safetyNormal Operation
belt pretensioner circuits, it will  store diagnostic

NOTE: There is no restraint system diagnostic tool trouble code (DTC) B1881 or B1886 in memory
for the safety belt buckle pretensioners. If the and flash lamp fault code (LFC) 34 (or higher
ignition switch is turned to the RUN or START priority code if one exists) on the air bag indicator.
position with the safety belt buckle pretensioner

Fault Conditionselectrical connector(s) disconnected, the DTC for an
open circuit will be activated. The RCM monitors for the following fault

conditions:The safety belt pretensioners are activated by the
RCM to remove excessive slack from the safety belt • low resistance.
webbing when an impact exceeding preprogrammed

• circuit open.limits is detected. Refer to  Air Bag and Safety Belt
Pretensioner Supplemental Restraint System (SRS) • high resistance.
in this section.

2004 E-Series, 12/2003 



501-20B-20 501-20B-20Supplemental Restraint System

DIAGNOSIS AND TESTING (Continued)

Possible Causes

A safety belt pretensioner fault can be caused by:

• faulted wiring, terminals, or connectors.

• a faulted pretensioner.

• a faulted RCM.

PINPOINT TEST G: LFC 34/DTC B1881/B1886 — PASSENGER PRETENSIONER CIRCUIT RESISTANCE
HIGH OR LOW

NOTE: Most faults are due to connector and/or wiring concerns. Carry out a thorough
Inspection and Verification before proceeding with the Pinpoint Test.

Test Step Result / Action to Take
G1 CHECK FOR CONTINUOUS AND ON-DEMAND DTCs

WARNING: Restraint system diagnostic tools are for
service only. Tools must be removed prior to operating the
vehicle over the road. Failure to remove restraint system
diagnostic tools could result in injury and possible violation of
vehicle safety  standards.

WARNING: Never probe the connectors on the air bag
module. Doing so can result in air bag deployment, which can
result in personal injury.

WARNING: The safety belt pretensioner is a pyrotechnic
device. Always wear safety glasses when repairing an air bag
equipped vehicle and when handling a safety belt buckle
pretensioner or safety belt retractor pretensioner. Never probe
a pretensioner  electrical connector. Doing so could result in
pretensioner or air bag deployment and could result in
personal injury.

CAUTION: To avoid potential damage to the restraints
control module (RCM), make sure the RCM and bracket
assembly is secured to the floor pan and the SRS is
depowered before either disconnecting or reconnecting the
RCM electrical connectors.
NOTE: After diagnosing or repairing an SRS, the restraint system
diagnostic tools must be removed before operating the vehicle Yes
over the road. This is a hard fault. The fault condition is

still present. This fault cannot be clearedNOTE: The SRS must be fully operational and free of faults before
until it is corrected and the DTC is noreleasing the vehicle to the customer.
longer retrieved during the on-demand self• Enter the following diagnostic mode on the scan tool: test. GO to G2.Retrieve/Record Continuous DTCs.

• Enter the following diagnostic mode on the scan tool: No
On-Demand Self Test. This is an intermittent fault. The fault

• Was DTC B1881 or B1886 retrieved during the on-demand condition is not present at this time. GO to
self test? G5.

G2 CHECK PASSENGER SAFETY BELT PRETENSIONER
RESISTANCE
• Key in OFF position. Yes
• Enter the following diagnostic mode on the scan tool: PID/Data If the PID P_PRTNR is greater than 3.2

Monitor and Record. ohms, GO to G3.
• Select PID P_PRTNR. If the PID P_PRTNR is less than 1.7
• Is the resistance greater than 3.2 or less than 1.7 ohms? ohms, GO to G4.

No
INSTALL a new RCM. REFER to
Restraints Control Module (RCM) in this
section. GO to G5.

G3 CHECK THE PASSENGER SAFETY BELT PRETENSIONER FOR
HIGH RESISTANCE
• Key in OFF position.
• Depower the system. Refer to Supplemental Restraint System

(SRS) Depowering and Repowering in this section.
• Disconnect: Passenger Safety Belt Pretensioner C303.

(Continued)
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501-20B-21 501-20B-21Supplemental Restraint System

DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST G: LFC 34/DTC B1881/B1886 — PASSENGER PRETENSIONER CIRCUIT RESISTANCE

HIGH OR LOW (Continued)

Test Step Result / Action to Take
G3 CHECK THE PASSENGER SAFETY BELT PRETENSIONER FOR

HIGH RESISTANCE (Continued)

• Disconnect: RCM C310b.
• Measure the resistance between RCM C310b pin 35, circuit

1081 (YE/RD), harness side and the passenger safety belt
pretensioner C303 pin 1, circuit 1081 (YE/RD), harness side;
and between RCM C310b pin 36, circuit 1082 (YE/BK), harness
side and  the passenger safety belt pretensioner C303 pin 2,
circuit 1082 (YE/BK), harness side.

Yes
INSTALL a new passenger safety belt
pretensioner. REFER to Section 501-20A.
GO to G6.
No
REPAIR circuit 1081 (YE/RD) or circuit

• Are the resistances less than 0.5 ohm? 1082 (YE/BK). GO to G6.
G4 CHECK THE PASSENGER SAFETY BELT PRETENSIONER

CIRCUIT FOR LOW RESISTANCE
• Key in OFF position.
• Depower the system. Refer to Supplemental Restraint System

(SRS) Depowering and Repowering in this section.
• Disconnect: Passenger Safety Belt Pretensioner C303.
• Disconnect: RCM C310b.
• Measure the resistance between RCM C310b pin 35, circuit

1081 (YE/RD), and pin 36, circuit 1082 (YE/BK), harness side.

Yes
INSTALL a new passenger safety belt
pretensioner. GO to G6.
No
REPAIR circuit 1081 (YE/RD) and circuit

• Is the resistance greater than 10,000 ohms? 1082 (YE/BK). GO to G6.

(Continued)
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501-20B-22 501-20B-22Supplemental Restraint System

DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST G: LFC 34/DTC B1881/B1886 — PASSENGER PRETENSIONER CIRCUIT RESISTANCE

HIGH OR LOW (Continued)

Test Step Result / Action to Take
G5 CHECK FOR AN INTERMITTENT FAULT

• Key in OFF position. Yes
• Enter the following diagnostic mode on the scan tool: This is a hard fault. The fault condition is

On-Demand Self Test. now present. This fault cannot be cleared
• Was DTC B1881 or B1886 retrieved during the on-demand until it is corrected and the DTC is no

self test? longer retrieved during the on-demand self
test.
CHECK for causes of the intermittent fault
on circuits 1081 (YE/RD) and 1082
(YE/BK). REPAIR any intermittent
concerns found.
If an intermittent concern was found and
repaired, GO to G6.
If an intermittent concern was not found
and repaired, GO to G2.
No
CHECK for causes of the intermittent fault.
ATTEMPT to recreate the hard fault by
flexing the wire harness and cycling the
ignition key frequently. REPAIR any
intermittent concerns found. GO to G6.

G6 CHECK FOR ADDITIONAL DTCs
• Refer to the continuous DTCs recorded during Step G1. Yes
• Were any continuous DTCs retrieved during G1? Do not clear any DTCs until all DTCs have

been resolved. GO to the Restraints
Control Module (RCM) Diagnostic Trouble
Code (DTC) Table in this section for
pinpoint test direction.
No
RECONNECT the system. If previously
directed to deactivate the system,
REACTIVATE the system. REFER to
Supplemental Restraint System (SRS)
Deactivation and Reactivation in this
section. REPOWER the  system. REFER
to Supplemental Restraint System (SRS)
Depowering and Repowering in this
section. PROVE OUT the system. CLEAR
all DTCs.

Pinpoint Test H: LFC 34/DTC B1882 — The restraints control module (RCM) monitors the
Passenger Pretensioner Circuit Short to circuits to the passenger belt pretensioner for faults.
Voltage If the RCM detects an unexpected voltage on the

passenger safety belt pretensioner circuits, it willNormal Operation
store diagnostic trouble code (DTC)  B1882 in

NOTE: There is no restraint system diagnostic tool memory and flash lamp fault code (LFC) 34 (or
for the safety belt buckle pretensioners. If the higher priority code if one exists) on the air bag
ignition switch is set to RUN or START with the indicator.
safety belt buckle pretensioner electrical

Fault Conditionsconnector(s) disconnected, the DTC for an open
circuit will  be activated. The RCM monitors for the following fault

conditions:The safety belt pretensioners are activated by the
RCM to remove excessive slack from the safety belt • circuit short to voltage.
webbing when an impact exceeding preprogrammed
limits is detected. Refer to  Air Bag and Safety Belt Possible Causes
Pretensioner Supplemental Restraint System (SRS) A safety belt pretensioner fault can be caused by:
in this section.

• faulted wiring, terminals, or connectors.

• a faulted RCM.
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501-20B-23 501-20B-23Supplemental Restraint System

DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST H: LFC 34/DTC B1882 — PASSENGER PRETENSIONER CIRCUIT SHORT TO VOLTAGE

NOTE: Most faults are due to connector and/or wiring concerns. Carry out a thorough
Inspection and Verification before proceeding with the Pinpoint Test.

Test Step Result / Action to Take
H1 CHECK FOR CONTINUOUS AND ON-DEMAND DTCs

WARNING: Restraint system diagnostic tools are for
service only. Tools must be removed prior to operating the
vehicle over the road. Failure to remove restraint system
diagnostic tools could result in injury and possible violation of
vehicle safety  standards.

WARNING: Never probe the connectors on the air bag
module. Doing so can result in air bag deployment, which can
result in personal injury.

WARNING: The safety belt pretensioner is a pyrotechnic
device. Always wear safety glasses when repairing an air bag
equipped vehicle and when handling a safety belt buckle
pretensioner or safety belt retractor pretensioner. Never probe
a pretensioner  electrical connector. Doing so could result in
pretensioner or air bag deployment and could result in
personal injury.

CAUTION: To avoid potential damage to the restraints
control module (RCM), make sure the RCM and bracket
assembly is secured to the floor pan and the SRS is
depowered before either disconnecting or reconnecting the
RCM electrical connectors.
NOTE: After diagnosing or repairing an SRS, the restraint system Yes
diagnostic tools must be removed before operating the vehicle This is a hard fault. The fault condition is
over the road. still present. This fault cannot be cleared

until it is corrected and the DTC is noNOTE: The SRS must be fully operational and free of faults before
longer retrieved during the on-demand selfreleasing the vehicle to the customer.
test. GO to H2.• Enter the following diagnostic mode on the scan tool:

Retrieve/Record Continuous DTCs. No
• Enter the following diagnostic mode on the scan tool: This is an intermittent fault. The fault

On-Demand Self Test. condition is not present at this time. GO to
• Was DTC B1882 retrieved during the on-demand self test? H4.

H2 CHECK THE PASSENGER SAFETY BELT PRETENSIONER
• Key in OFF position.
• Deactivate the system. Refer to Supplemental Restraint System

(SRS) Deactivation and Reactivation in this section.
• Disconnect: Passenger Safety Belt Pretensioner C303.
• Disconnect: RCM C310b.
• Key in ON position.
• Measure the voltage between RCM C310b pin 35, circuit 1081

(YE/RD), harness side and ground; and between RCM C310b
pin 36, circuit 1082 (YE/BK), harness side and ground.

Yes
GO to H3.
No
REPAIR circuit 1081 (YE/RD) or circuit

• Are the voltages less than 0.2 volt? 1082 (YE/BK). GO to H5.

(Continued)
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501-20B-24 501-20B-24Supplemental Restraint System

DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST H: LFC 34/DTC B1882 — PASSENGER PRETENSIONER CIRCUIT SHORT TO VOLTAGE

(Continued)

Test Step Result / Action to Take
H3 CONFIRM THE RCM FAULT

NOTE: Make sure all restraint system diagnostic tools, sensor Yes
electrical connectors and the RCM electrical connector are INSTALL a new RCM. REFER to
connected before carrying out the on-demand self test. If not, Restraints Control Module (RCM) in this
erroneous DTCs will be recorded. section. GO to H5.
• Key in OFF position. No
• Connect: RCM C310b. CHECK for causes of the intermittent fault.
• Connect: Passenger Safety Belt Pretensioner C303. ATTEMPT to recreate the hard fault by
• Enter the following diagnostic mode on the scan tool: flexing the wire harness and cycling the

On-Demand Self Test. ignition key frequently. REPAIR any
• Was DTC B1882 retrieved during the on-demand self test? intermittent concerns found. GO to H5.

H4 CHECK FOR AN INTERMITTENT FAULT
• Key in OFF position. Yes
• Enter the following diagnostic mode on the scan tool: This is a hard fault. The fault condition is

On-Demand Self Test. now present. This fault cannot be cleared
• Was DTC B1882 retrieved during the on-demand self test? until it is corrected and the DTC is no

longer retrieved during the on-demand self
test.
CHECK for causes of the intermittent fault
on circuits 1081 (YE/RD) and 1082
(YE/BK). REPAIR any intermittent
concerns found.
If an intermittent concern was found and
repaired, GO to H5.
If an intermittent concern was not found
and repaired, GO to H2.
No
CHECK for causes of the intermittent fault.
ATTEMPT to recreate the hard fault by
flexing the wire harness and cycling the
ignition key frequently. REPAIR any
intermittent concerns found. GO to H5.

H5 CHECK FOR ADDITIONAL DTCs
• Refer to the continuous DTCs recorded during Step H1. Yes
• Were any continuous DTCs retrieved during Step H1? Do not clear any DTCs until all DTCs have

been resolved. GO to the Restraints
Control Module (RCM) Diagnostic Trouble
Code (DTC) Table in this section for
pinpoint test direction.
No
RECONNECT the system. If previously
directed to deactivate the system,
REACTIVATE the system. REFER to
Supplemental Restraint System (SRS)
Deactivation and Reactivation in this
section. REPOWER the  system. REFER
to Supplemental Restraint System (SRS)
Depowering and Repowering in this
section. PROVE OUT the system. CLEAR
all DTCs.
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501-20B-25 501-20B-25Supplemental Restraint System

DIAGNOSIS AND TESTING (Continued)

Pinpoint Test I: LFC 34/DTC B1883 — The restraints control module (RCM) checks all of
Passenger Pretensioner Circuit Short to the safety belt pretensioners for faults. If the RCM
Ground detects a short to ground fault on any of the safety

belt pretensioner circuits, it will store diagnosticNormal Operation
trouble code (DTC) B1883 in memory  and flash

NOTE: There is no restraint system diagnostic tool lamp fault code (LFC) 34 (or higher priority code if
for the safety belt buckle pretensioners. If the one exists) on the air bag indicator.
ignition switch is set to RUN or START with the

Fault Conditionssafety belt buckle pretensioner electrical
connector(s) disconnected, the DTC for an open The RCM monitors for the following fault
circuit will  be activated. conditions:
The safety belt pretensioners are activated by the • circuit short to ground.
RCM to remove excessive slack from the safety belt
webbing when an impact exceeding preprogrammed Possible Causes
limits is detected. Refer to  Air Bag and Safety Belt A safety belt pretensioner fault can be caused by:
Pretensioner Supplemental Restraint System (SRS)
in this section. • faulted wiring, terminals, or connectors.

• a faulted pretensioner.

• a faulted RCM.

PINPOINT TEST I: LFC 34/DTC B1883 — PASSENGER PRETENSIONER CIRCUIT SHORT TO GROUND

NOTE: Most faults are due to connector and/or wiring concerns. Carry out a thorough
Inspection and Verification before proceeding with the Pinpoint Test.

Test Step Result / Action to Take
I1 CHECK FOR CONTINUOUS AND ON-DEMAND DTCs

WARNING: Restraint system diagnostic tools are for
service only. Tools must be removed prior to operating the
vehicle over the road. Failure to remove restraint system
diagnostic tools could result in injury and possible violation of
vehicle safety  standards.

WARNING: Never probe the connectors on the air bag
module. Doing so can result in air bag deployment, which can
result in personal injury.

WARNING: The safety belt pretensioner is a pyrotechnic
device. Always wear safety glasses when repairing an air bag
equipped vehicle and when handling a safety belt buckle
pretensioner or safety belt retractor pretensioner. Never probe
a pretensioner  electrical connector. Doing so could result in
pretensioner or air bag deployment and could result in
personal injury.

CAUTION: To avoid potential damage to the restraints
control module (RCM), make sure the RCM and bracket
assembly is secured to the floor pan and the SRS is
depowered before either disconnecting or reconnecting the
RCM electrical connectors.
NOTE: After diagnosing or repairing an SRS, the restraint system Yes
diagnostic tools must be removed before operating the vehicle This is a hard fault. The fault condition is
over the road. still present. This fault cannot be cleared

until it is corrected and the DTC is noNOTE: The SRS must be fully operational and free of faults before
longer retrieved during the on-demand selfreleasing the vehicle to the customer.
test. GO to I2.• Enter the following diagnostic mode on the scan tool:

Retrieve/Record Continuous DTCs. No
• Enter the following diagnostic mode on the scan tool: This is an intermittent fault. The fault

On-Demand Self Test. condition is not present at this time. GO to
• Was DTC B1883 retrieved during the on-demand self test? I5.

(Continued)
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501-20B-26 501-20B-26Supplemental Restraint System

DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST I: LFC 34/DTC B1883 — PASSENGER PRETENSIONER CIRCUIT SHORT TO GROUND

(Continued)

Test Step Result / Action to Take
I2 CHECK THE PASSENGER SAFETY BELT PRETENSIONER

• Key in OFF position.
• Depower the system. Refer to Supplemental Restraint System

(SRS) Depowering and Repowering in this section.
• Disconnect: Passenger Safety Belt Pretensioner C303.
• Repower the system. Do not prove out the system at this time.

Refer to Supplemental Restraint System (SRS) Depowering and
Repowering in this section.

• Key in ON position. Yes
• Enter the following diagnostic mode on the scan tool: GO to I3.

On-Demand Self Test.
No

NOTE: DTC B1881 is expected to be retrieved during the INSTALL a new passenger safety belt
on-demand self test, disregard the DTC at this time. pretensioner. REFER to Section 501-20A.

• Was DTC B1883 retrieved during the on-demand self test? GO to I6.
I3 CHECK THE PASSENGER SAFETY BELT PRETENSIONER

CIRCUITS FOR A SHORT TO GROUND
• Key in OFF position.
• Depower the system. Refer to Supplemental Restraint System

(SRS) Depowering and Repowering in this section.
• Disconnect: RCM C310b.
• Measure the resistance between RCM C310b pin 35, circuit

1081 (YE/RD), harness side and ground; and between RCM
C310b pin 36, circuit 1082 (YE/BK), harness side and ground.

Yes
GO to I4.
No
REPAIR circuit 1081 (YE/RD) or circuit

• Are the resistances greater than 10,000 ohms? 1082 (YE/BK). GO to I6.
I4 CONFIRM THE RCM FAULT

NOTE: Make sure all restraint system diagnostic tools, sensor
electrical connectors and the RCM electrical connector are

Yesconnected before carrying out the on-demand self test. If not,
INSTALL a new RCM. REFER toerroneous DTCs will be recorded.
Restraints Control Module (RCM) in this• Connect: RCM C310b. section. GO to I6.• Connect: Passenger Safety Belt Pretensioner C303.

• Repower the system. Do not prove out the system at this time. No
Refer to Supplemental Restraint System (SRS) Depowering and CHECK for causes of the intermittent fault.
Repowering in this section. ATTEMPT to recreate the hard fault by

• Enter the following diagnostic mode on the scan tool: flexing the wire harness and cycling the
On-Demand Self Test. ignition key frequently. REPAIR any

• Was DTC B1883 retrieved during the on-demand self test? intermittent concerns found. GO to I6.

(Continued)
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501-20B-27 501-20B-27Supplemental Restraint System

DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST I: LFC 34/DTC B1883 — PASSENGER PRETENSIONER CIRCUIT SHORT TO GROUND

(Continued)

Test Step Result / Action to Take
I5 CHECK FOR AN INTERMITTENT FAULT

• Key in OFF position. Yes
• Enter the following diagnostic mode on the scan tool: This is a hard fault. The fault condition is

On-Demand Self Test. now present. This fault cannot be cleared
• Was DTC B1883 retrieved during the on-demand self test? until it is corrected and the DTC is no

longer retrieved during the on-demand self
test.
CHECK for causes of the intermittent fault
circuits 1081 (YE/RD) and 1082 (YE/BK).
REPAIR any intermittent concerns found.
If an intermittent concern was found and
repaired, GO to I6.
If an intermittent concern was not found
and repaired, GO to I2.
No
CHECK for causes of the intermittent fault.
ATTEMPT to recreate the hard fault by
flexing the wire harness and cycling the
ignition key frequently. REPAIR any
intermittent concerns found. GO to I6.

I6 CHECK FOR ADDITIONAL DTCs
• Refer to the continuous DTCs recorded during Step I1. Yes
• Were any continuous DTCs retrieved during Step I1? Do not clear any DTCs until all DTCs have

been resolved. GO to the Restraints
Control Module (RCM) Diagnostic Trouble
Code (DTC) Table in this section for
pinpoint test direction.
No
RECONNECT the system. If previously
directed to deactivate the system,
REACTIVATE the system. REFER to
Supplemental Restraint System (SRS)
Deactivation and Reactivation in this
section. REPOWER the  system. REFER
to Supplemental Restraint System (SRS)
Depowering and Repowering in this
section. PROVE OUT the system. CLEAR
all DTCs.

Pinpoint Test J: LFC 53/DTC B1891 — The air bag tone indicator is used to signal a chime
Air Bag Tone Indicator Circuit Short to if the air bag indicator is inoperative and another
Battery or Ignition SRS fault exists. If the RCM detects a short to

battery on the air bag tone warning indicator circuit,Normal Operation
it will store diagnostic trouble  code (DTC) B1891

During normal operation, the air bag indicator will in memory and flash lamp fault code (LFC) 53 (or
illuminate continuously for approximately 6 seconds higher priority code if one exists) on the air bag
and then go out after the ignition switch is placed in indicator.
the ON or START position and no air bag faults

Possible Causesexist. The air bag indicator will  remain illuminated
continuously after three cycles of a lamp fault code An air bag tone warning indicator circuit short to
(LFC), if a fault exists. Refer to Air Bag and Safety battery or ignition could be caused by:
Belt Pretensioner Supplemental Restraint System

• faulted wiring, terminals, or connectors.(SRS) in this section.
• a faulted instrument cluster module.

• a faulted RCM.
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST J: LFC53/DTC B1891 — AIR BAG TONE WARNING INDICATOR CIRCUIT SHORT TO

BATTERY OR IGNITION

NOTE: Most faults are due to connector and/or wiring concerns. Carry out a thorough
Inspection and Verification before proceeding with the Pinpoint Test.

Test Step Result / Action to Take
J1 CHECK FOR CONTINUOUS AND ON-DEMAND DTCs

WARNING: Restraint system diagnostic tools are for
service only. Tools must be removed prior to operating the
vehicle over the road. Failure to remove restraint system
diagnostic tools could result in injury and possible violation of
vehicle safety  standards.

WARNING: Never probe the connectors on the air bag
module. Doing so can result in air bag deployment, which can
result in personal injury.

WARNING: The safety belt pretensioner is a pyrotechnic
device. Always wear safety glasses when repairing an air bag
equipped vehicle and when handling a safety belt buckle
pretensioner or safety belt retractor pretensioner. Never probe
a pretensioner  electrical connector. Doing so could result in
pretensioner or air bag deployment and could result in
personal injury.

CAUTION: To avoid potential damage to the restraints
control module (RCM), make sure the RCM and bracket
assembly is secured to the floor pan and the SRS is
depowered before either disconnecting or reconnecting the
RCM electrical connectors.
NOTE: After diagnosing or repairing an SRS, the restraint system Yes
diagnostic tools must be removed before operating the vehicle This is a hard fault. The fault condition is
over the road. still present. This fault cannot be cleared

until it is corrected and the DTC is noNOTE: The SRS must be fully operational and free of faults before
longer retrieved during the on-demand selfreleasing the vehicle to the customer.
test. GO to J2.• Enter the following diagnostic mode on the scan tool:

Retrieve/Record Continuous DTCs. No
• Enter the following diagnostic mode on the scan tool: This is an intermittent fault. The fault

On-Demand Self Test. condition is not present at this time. GO to
• Was DTC B1891 retrieved during the on-demand self test? J4.

J2 CHECK THE AIR BAG TONE WARNING INDICATOR CIRCUIT
FOR A SHORT TO VOLTAGE
• Key in OFF position.
• Deactivate the system. Refer to Supplemental Restraint System

(SRS) Deactivation and Reactivation in this section.
• Disconnect: RCM C310a.
• Disconnect: Instrument Cluster Module C220b.
• Key in ON position.
• Measure the voltage between RCM C310a pin 23, circuit 1083

(LB/BK), harness side and ground.

Yes
GO to J3.
No

• Is the voltage less than 0.2 volt? REPAIR circuit 1083 (LB/BK). GO to J5.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST J: LFC53/DTC B1891 — AIR BAG TONE WARNING INDICATOR CIRCUIT SHORT TO

BATTERY OR IGNITION (Continued)

Test Step Result / Action to Take
J3 CHECK THE AIR BAG TONE WARNING INDICATOR

• Key in OFF position.
• Connect: RCM C310a.
• Key in ON position.
• Enter the following diagnostic mode on the scan tool: Yes

On-Demand Self Test. GO to J4.
NOTE: DTC B1892 should be retrieved when carrying out the No
on-demand self test due to an open circuit 1083 (LB/PK), DTC INSTALL a new instrument cluster module.
B1891 should not be retrieved at this time. REFER to Section 413-01A or Section

• Was DTC B1891 retrieved during the on-demand self test? 413-01B.  GO to J5.
J4 CONFIRM THE RCM FAULT

NOTE: Make sure all restraint system diagnostic tools, sensor Yes
electrical connectors and the RCM electrical connectors are INSTALL a new RCM. REFER to
connected before carrying out the on-demand self test. If not, Restraints Control Module (RCM) in this
erroneous DTCs will be recorded. section. GO to J6.
• Key in OFF position. No
• Connect: RCM C310a. CHECK for causes of the intermittent fault.
• Connect: Instrument Cluster Module C220b. ATTEMPT to recreate the hard fault by
• Enter the following diagnostic mode on the scan tool: flexing the wire harness and cycling the

On-Demand Self Test. ignition key frequently. REPAIR any
• Was DTC B1891 retrieved during the on-demand self test? intermittent concerns found. GO to J6.

J5 CHECK FOR AN INTERMITTENT FAULT
• Key in OFF position. Yes
• Enter the following diagnostic mode on the scan tool: This is a hard fault. The fault condition is

On-Demand Self Test. now present. This fault cannot be cleared
• Was the DTC B1891 retrieved during the on-demand self until it is corrected and the DTC is no

test? longer retrieved during the on-demand self
test.
CHECK for causes of the intermittent fault
on circuit 1083 (LB/BK). REPAIR any
intermittent concerns found.
If an intermittent concern was found and
repaired, GO to J6.
If an intermittent concern was not found
and repaired, GO to J2.
No
CHECK for causes of the intermittent fault.
ATTEMPT to recreate the hard fault by
flexing the wire harness and cycling the
ignition key frequently. ACTIVATE other
systems in the same wire harness.
REPAIR any intermittent concerns found.
GO to J6.

J6 CHECK FOR ADDITIONAL DTCs
• Refer to the continuous DTCs recorded during Step J1. Yes
• Were any continuous DTCs retrieved during Step J1? Do not clear any DTCs until all DTCs have

been resolved. GO to the Restraints
Control Module (RCM) Diagnostic Trouble
Code (DTC) Priority Table in this section
for pinpoint test direction.
No
RECONNECT the system. If previously
directed to deactivate the system,
REACTIVATE the system. REFER to
Supplemental Restraint System (SRS)
Deactivation and Reactivation in this
section. REPOWER the  system. REFER
to Supplemental Restraint System (SRS)
Depowering and Repowering in this
section. PROVE OUT the system. CLEAR
all DTCs.
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DIAGNOSIS AND TESTING (Continued)

Pinpoint Test K: LFC 53/B1892 — Air The air bag tone indicator is used to signal a chime
Bag Tone Warning Indicator Circuit if the air bag indicator is inoperative and another
Shorted to Ground or Open SRS fault exists. If the RCM detects a short to

ground or open on the air bag tone warningNormal Operation
indicator circuit, it will store diagnostic  trouble

During normal operation, the air bag indicator will code (DTC) B1892 in memory and flash lamp fault
illuminate continuously for approximately 6 seconds code (LFC) 53 (or higher priority code if one exists)
and then go out after the ignition switch is placed in on the air bag indicator.
the ON or START position and no air bag faults

Possible Causesexist. The air bag indicator will  remain illuminated
continuously after three cycles of a lamp fault code An air bag tone warning indicator circuit short to
(LFC) if a fault exists. ground or open could be caused by:

• faulted wiring, terminals, or connectors.

• a faulted instrument cluster module.

• a faulted RCM.

PINPOINT TEST K: LFC 53/DTC B1892 — AIR BAG TONE WARNING INDICATOR CIRCUIT SHORTED TO
GROUND OR OPEN

NOTE: Most faults are due to connector and/or wiring concerns. Carry out a thorough
Inspection and Verification before proceeding with the Pinpoint Test.

Test Step Result / Action to Take
K1 CHECK FOR CONTINUOUS AND ON-DEMAND DTCs

WARNING: Restraint system diagnostic tools are for
service only. Tools must be removed prior to operating the
vehicle over the road. Failure to remove restraint system
diagnostic tools could result in injury and possible violation of
vehicle safety  standards.

WARNING: Never probe the connectors on the air bag
module. Doing so can result in air bag deployment, which can
result in personal injury.

WARNING: The safety belt pretensioner is a pyrotechnic
device. Always wear safety glasses when repairing an air bag
equipped vehicle and when handling a safety belt buckle
pretensioner or safety belt retractor pretensioner. Never probe
a pretensioner  electrical connector. Doing so could result in
pretensioner or air bag deployment and could result in
personal injury.

CAUTION: To avoid potential damage to the restraints
control module (RCM), make sure the RCM and bracket
assembly is secured to the floor pan and the SRS is
depowered before either disconnecting or reconnecting the
RCM electrical connectors.
NOTE: After diagnosing or repairing an SRS, the restraint system Yes
diagnostic tools must be removed before operating the vehicle This is a hard fault. The fault condition is
over the road. still present. This fault cannot be cleared

until it is corrected and the DTC is noNOTE: The SRS must be fully operational and free of faults before
longer retrieved during the on-demand selfreleasing the vehicle to the customer.
test. GO to K2.• Enter the following diagnostic mode on the scan tool:

Retrieve/Record Continuous DTCs. No
• Enter the following diagnostic mode on the scan tool: This is an intermittent fault. The fault

On-Demand Self Test. condition is not present at this time. GO to
• Was DTC B1892 retrieved during the on-demand self test? K6.

K2 CHECK THE AIR BAG TONE WARNING INDICATOR CIRCUIT
FOR A SHORT TO GROUND
• Key in OFF position.
• Depower the system. Refer to Supplemental Restraint System

(SRS) Depowering and Repowering in this section.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST K: LFC 53/DTC B1892 — AIR BAG TONE WARNING INDICATOR CIRCUIT SHORTED TO

GROUND OR OPEN (Continued)

Test Step Result / Action to Take
K2 CHECK THE AIR BAG TONE WARNING INDICATOR CIRCUIT

FOR A SHORT TO GROUND (Continued)

• Disconnect: RCM C310a.
• Disconnect: Instrument Cluster Module C220b.
• Measure the resistance between RCM C310a pin 23, circuit

1083 (LB/BK), harness side and ground.

Yes
GO to K3.
No

• Is the resistance greater than 10,000 ohms? REPAIR circuit 1083 (LB/BK). GO to K7.
K3 CHECK THE AIR BAG TONE WARNING INDICATOR MODULE

CIRCUIT FOR AN OPEN
• Measure the resistance between RCM C310a pin 23, circuit

1083 (LB/BK), harness side and instrument cluster module
C220b pin 7, circuit 1083 (LB/BK), harness side.

Yes
GO to K4.
No

• Is the resistance less than 0.5 ohm? REPAIR circuit 1083 (LB/BK). GO to K7.
K4 CHECK THE AIR BAG TONE WARNING INDICATOR

• Deactivate the system. Refer to Supplemental Restraint System
(SRS) Deactivation and Reactivation in this section.

• Connect: Instrument Cluster Module C220b.
• Key in ON position.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST K: LFC 53/DTC B1892 — AIR BAG TONE WARNING INDICATOR CIRCUIT SHORTED TO

GROUND OR OPEN (Continued)

Test Step Result / Action to Take
K4 CHECK THE AIR BAG TONE WARNING INDICATOR (Continued)

• Measure the voltage between RCM C310a pin 23, circuit 1083
(LB/BK), harness side and ground.

Yes
GO to K5.
No
INSTALL a new instrument cluster module.
REFER toSection 413-01A or Section

• Is the voltage greater than 10 volts? 413-01B.  GO to K7.
K5 CONFIRM THE RCM FAULT

NOTE: Make sure all restraint system diagnostic tools, sensor Yes
electrical connectors and the RCM electrical connectors are INSTALL a new RCM. REFER to
connected before carrying out the on-demand self test. If not, Restraints Control Module (RCM) in this
erroneous DTCs will be recorded. section. GO to K7.
• Key in OFF position. No
• Connect: RCM C310a. CHECK for causes of the intermittent fault.
• Enter the following diagnostic mode on the scan tool: ATTEMPT to recreate the hard fault by

On-Demand Self Test. flexing the wire harness and cycling the
• Was DTC B1892 retrieved during the on-demand self test? ignition key frequently. REPAIR any

intermittent concerns found. GO to K7.
K6 CHECK FOR AN INTERMITTENT FAULT

• Key in OFF position. Yes
• Enter the following diagnostic mode on the scan tool: This is a hard fault. The fault condition is

On-Demand Self Test. now present. This fault cannot be cleared
• Was the DTC B1892 retrieved during the on-demand self until it is corrected and the DTC is no

test? longer retrieved during the on-demand self
test.
CHECK for causes of the intermittent fault
on circuit 1083 (LB/PK). REPAIR any
intermittent concerns found.
If an intermittent concern was found and
repaired, GO to K7.
If an intermittent concern was not found
and repaired, GO to K2.
No
CHECK for causes of the intermittent fault.
ATTEMPT to recreate the hard fault by
flexing the wire harness and cycling the
ignition key frequently. ACTIVATE other
systems in the same wire harness.
REPAIR any intermittent concerns found.
GO to K7.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST K: LFC 53/DTC B1892 — AIR BAG TONE WARNING INDICATOR CIRCUIT SHORTED TO

GROUND OR OPEN (Continued)

Test Step Result / Action to Take
K7 CHECK FOR ADDITIONAL DTCs

• Refer to the continuous DTCs recorded during Step K1. Yes
• Were any continuous DTCs retrieved during Step K1? Do not clear any DTCs until all DTCs have

been resolved. GO to the Restraints
Control Module (RCM) Diagnostic Trouble
Code (DTC) Priority Table in this section
for pinpoint test direction.
No
RECONNECT the system. If previously
directed to deactivate the system,
REACTIVATE the system. REFER to
Supplemental Restraint System (SRS)
Deactivation and Reactivation in this
section. REPOWER the  system. REFER
to Supplemental Restraint System (SRS)
Depowering and Repowering in this
section. PROVE OUT the system. CLEAR
all DTCs.

Pinpoint Test L: LFC 19/DTC B1916 — Possible Causes
Driver Air Bag Circuit Shorted to Battery A driver air bag circuit short to battery or ignitionor Ignition could be caused by:

Normal Operation • faulted wiring, terminals, or connectors.
The restraints control module (RCM) checks for • a faulted clockspring.
driver air bag circuit shorts to battery or ignition by

• a faulted RCM.monitoring the voltage of circuit 614 (GY/OG) and
615 (GY/WH) at pins 3 and 4. If the RCM detects a
short to battery or ignition on either of  these pins,
it will store a diagnostic trouble code (DTC) B1916
in memory and flash lamp fault code (LFC) 19 (or
higher priority code if one exists) on the air bag
indicator.
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST L: LFC 19/DTC B1916 — DRIVER AIR BAG CIRCUIT SHORTED TO BATTERY OR

IGNITION

NOTE: Most faults are due to connector and/or wiring concerns. Carry out a thorough
Inspection and Verification before proceeding with the Pinpoint Test.

Test Step Result / Action to Take
L1 CHECK FOR CONTINUOUS AND ON-DEMAND DTCs

WARNING: Restraint system diagnostic tools are for
service only. Tools must be removed prior to operating the
vehicle over the road. Failure to remove restraint system
diagnostic tools could result in injury and possible violation of
vehicle safety  standards.

WARNING: Never probe the connectors on the air bag
module. Doing so can result in air bag deployment, which can
result in personal injury.

WARNING: The safety belt pretensioner is a pyrotechnic
device. Always wear safety glasses when repairing an air bag
equipped vehicle and when handling a safety belt buckle
pretensioner or safety belt retractor pretensioner. Never probe
a pretensioner  electrical connector. Doing so could result in
pretensioner or air bag deployment and could result in
personal injury.

CAUTION: To avoid potential damage to the restraints
control module (RCM), make sure the RCM and bracket
assembly is secured to the floor pan and the SRS is
depowered before either disconnecting or reconnecting the
RCM electrical connectors.
NOTE: After diagnosing or repairing an SRS, the restraint system Yes
diagnostic tools must be removed before operating the vehicle This is a hard fault. The fault condition is
over the road. still present. This fault cannot be cleared

until it is corrected and the DTC is noNOTE: The SRS must be fully operational and free of faults before
longer retrieved during the on-demand selfreleasing the vehicle to the customer.
test. GO to L2.• Enter the following diagnostic mode on the scan tool:

Retrieve/Record Continuous DTCs. No
• Enter the following diagnostic mode on the scan tool: This in an intermittent fault. The fault

On-Demand Self Test. condition is not present at this time. GO to
• Was DTC B1916 retrieved during the on-demand self test? L6.

L2 CHECK THE DRIVER AIR BAG MODULE
• Key in OFF position.
• Depower the system. Refer to Supplemental Restraint System

(SRS) Depowering and Repowering in this section.
• Remove the driver air bag module. Refer to Driver Air Bag

Module in this section.
• Attach restraint system diagnostic tool 418-F395 to the Yesclockspring side of the driver air bag module electrical GO to L3.connector.
• Repower the system. Do not prove out the system at this time. No

Refer to Supplemental Restraint System (SRS) Depowering and CHECK for causes of the intermittent fault.
Repowering in this section. ATTEMPT to recreate the hard fault by

• Enter the following diagnostic mode on the scan tool: flexing the wire harness and cycling the
On-Demand Self Test. ignition key frequently. REPAIR any

• Was DTC B1916 retrieved during the on-demand self test? intermittent concerns found. GO to L5.
L3 CHECK CIRCUIT 614 (GY/OG) AND CIRCUIT 615 (GY/WH) FOR

A SHORT TO VOLTAGE BETWEEN THE RCM AND THE DRIVER
AIR BAG MODULE
• Key in OFF position.
• Deactivate the system. Refer to Supplemental Restraint System

(SRS) Deactivation and Reactivation in this section.
• Disconnect: Driver Air Bag Module Restraint System Diagnostic

Tool.
• Disconnect: RCM C310a.
• Key in ON position.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST L: LFC 19/DTC B1916 — DRIVER AIR BAG CIRCUIT SHORTED TO BATTERY OR

IGNITION (Continued)

Test Step Result / Action to Take
L3 CHECK CIRCUIT 614 (GY/OG) AND CIRCUIT 615 (GY/WH) FOR

A SHORT TO VOLTAGE BETWEEN THE RCM AND THE DRIVER
AIR BAG MODULE (Continued)

• Measure the voltage between RCM C310a pin 1, circuit 614
(GY/OG), harness side and ground; and between RCM C310a
pin 2, circuit 615 (GY/WH), harness side and ground.

Yes
GO to L5.
No

• Are the voltages less than 0.2 volt? GO to L4.
L4 CHECK CIRCUIT 614 (GY/OG) AND CIRCUIT 615 (GY/WH) FOR

A SHORT TO VOLTAGE BETWEEN THE RCM AND THE
CLOCKSPRING
• Key in OFF position.
• Disconnect: Clockspring C218a.
• Key in ON position.
• Measure the voltage between RCM C310a pin 1, circuit 614

(GY/OG), harness side and ground; and between RCM C301a
pin 2, circuit 615 (GY/WH), harness side and ground.

Yes
INSTALL a new clockspring. REFER to
Clockspring in this section. GO to L7.
No
Due to the shorting bar feature in the
electrical connector, the fault can exist in
either circuit. Do not remove or defeat the
shorting bar.
REPAIR circuit 614 (GY/OG) or circuit 615

• Are the voltages less than 0.2 volt? (GY/WH). GO to L7.
L5 CONFIRM THE RCM FAULT

NOTE: Make sure all restraint system diagnostic tools, sensor
Yeselectrical connectors and the RCM electrical connectors are
INSTALL a new RCM. REFER toconnected before carrying out the on-demand self test. If not,
Restraints Control Module (RCM) in thiserroneous DTCs will be recorded.
section. GO to L7.• Key in OFF position.

• Connect: RCM C310a. No
• Connect: Driver Air bag Module Restraint System Diagnostic CHECK for causes of the intermittent fault.

Tool. ATTEMPT to recreate the hard fault by
• Enter the following diagnostic mode on the scan tool: flexing the wire harness and cycling the

On-Demand Self Test. ignition key frequently. REPAIR any
• Was DTC B1891 retrieved during the on-demand self test? intermittent concerns found. GO to L7.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST L: LFC 19/DTC B1916 — DRIVER AIR BAG CIRCUIT SHORTED TO BATTERY OR

IGNITION (Continued)

Test Step Result / Action to Take
L6 CHECK FOR AN INTERMITTENT FAULT

• Key in OFF position. Yes
• Depower the system. Refer to Supplemental Restraint System This is a hard fault. The fault condition is

(SRS) Depowering and Repowering in this section. now present. This fault cannot be cleared
• Remove the driver air bag module. Refer to Driver Air Bag until it is corrected and the DTC is no

Module in this section. longer retrieved during the on-demand self
• Attach restraint system diagnostic tool 418-F395 to the test.

clockspring side of the driver air bag module electrical CHECK for causes of the intermittent fault
connector. at or near the affected air bag module

• Repower the system. Do not prove out the system at this time. connector. REPAIR any intermittent
Refer to Supplemental Restraint System (SRS) Depowering and concerns found.
Repowering in this section.

If an intermittent concern was found and• Enter the following diagnostic mode on the scan tool:
repaired, GO to L7. If an intermittentOn-Demand Self Test.
concern was not found and repaired, GO• Was the DTC B1916 retrieved during the on-demand self
to L3.test?
No
CHECK for causes of intermittent short to
battery or ignition on circuit 614 (GY/OG),
circuit 615 (GY/WH), and the clockspring
assembly. ATTEMPT to recreate the hard
fault by flexing the wire harness and
cycling the ignition key frequently.
REPAIR any intermittent concerns found.
GO to L7.

L7 CHECK FOR ADDITIONAL DTCs
• Refer to the continuous DTCs recorded during Step L1. Yes
• Were any continuous DTCs retrieved during Step L1? Do not clear any DTCs until all DTCs have

been resolved. GO to the Restraints
Control Module (RCM) Diagnostic Trouble
Code (DTC) Priority Table in this section
for pinpoint test direction.
No
RECONNECT the system. If previously
directed to deactivate the system,
REACTIVATE the system. REFER to
Supplemental Restraint System (SRS)
Deactivation and Reactivation in this
section. REPOWER the  system. REFER
to Supplemental Restraint System (SRS)
Depowering and Repowering in this
section. PROVE OUT the system. CLEAR
all DTCs.

Pinpoint Test M: LFC 14/B1921 — Air If the RCM detects a difference in resistance, it will
Bag Diagnostic Monitor Ground Circuit store diagnostic trouble code (DTC) B1921 in
Open memory and flash lamp fault code (LFC) 14 (or

higher priority code if one exists) on the air bagNormal Operation
indicator.

WARNING: The tightening torque of the
Possible Causesrestraints control module (RCM) retaining bolts
A resistance difference between the RCM bracketis critical for correct air bag supplemental
ground and harness ground can be caused by:restraint system (SRS) operation. Refer to

Restraints Control Module (RCM) in this • RCM bracket not securely mounted.
section for correct torque values.

• faulted wiring, terminals, or connectors.
NOTE: A resistance difference as low as 10 ohms

• a faulted RCM.may set the LFC.

The restraints control module (RCM) monitors the
resistance between the ground connections at the
mounting bracket and the reference ground at C310a
pin 16, circuit 1203 (BK/LB).
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501-20B-37 501-20B-37Supplemental Restraint System

DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST M: LFC 14/DTC B1921 — AIR BAG DIAGNOSTIC MONITOR GROUND CIRCUIT OPEN

NOTE: Most faults are due to connector and/or wiring concerns. Carry out a thorough
Inspection and Verification before proceeding with the Pinpoint Test.

Test Step Result / Action to Take
M1 CHECK FOR CONTINUOUS AND ON-DEMAND DTCs

WARNING: Restraint system diagnostic tools are for
service only. Tools must be removed prior to operating the
vehicle over the road. Failure to remove restraint system
diagnostic tools could result in injury and possible violation of
vehicle safety  standards.

WARNING: Never probe the connectors on the air bag
module. Doing so can result in air bag deployment, which can
result in personal injury.

WARNING: The safety belt pretensioner is a pyrotechnic
device. Always wear safety glasses when repairing an air bag
equipped vehicle and when handling a safety belt buckle
pretensioner or safety belt retractor pretensioner. Never probe
a pretensioner  electrical connector. Doing so could result in
pretensioner or air bag deployment and could result in
personal injury.

CAUTION: To avoid potential damage to the restraints
control module (RCM), make sure the RCM and bracket
assembly is secured to the floor pan and the SRS is
depowered before either disconnecting or reconnecting the
RCM electrical connectors.
NOTE: After diagnosing or repairing an SRS, the restraint system Yes
diagnostic tools must be removed before operating the vehicle This is a hard fault. The fault condition is
over the road. still present. This fault cannot be cleared

until it is corrected and the DTC is noNOTE: The SRS must be fully operational and free of faults before
longer retrieved during the on-demand selfreleasing the vehicle to the customer.
test. GO to M2.• Enter the following diagnostic mode on the scan tool:

Retrieve/Record Continuous DTCs. No
• Enter the following diagnostic mode on the scan tool: This is an intermittent fault. The fault

On-Demand Self Test. condition is not present at this time. GO to
• Was DTC B1921 retrieved during the on-demand self test? M6.

M2 INSPECT THE RCM MOUNTING, MOUNTING BRACKET AND
MOUNTING SURFACE
• Key in OFF position.
• Depower the system. Refer to Supplemental Restraint System

(SRS) Depowering and Repowering in this section.
• Inspect the RCM retainers and RCM bracket mounting bolts and

make sure they are fully seated and tightened correctly. Yes• Remove the RCM. Refer to Restraints Control Module (RCM) in CLEAN and TIGHTEN the retainers.this section. REPAIR the mounting surface as• Visually inspect the RCM, mounting bracket and mounting necessary. REINSTALL the RCM andsurface for damage, corrosion or dirt. mounting bracket to the mounting surface.• Was a significant amount of corrosion or dirt found, or was GO to M7.the RCM mounting bracket attached to the mounting
surface incorrectly or were the RCM retainers not fully No
seated and tightened correctly? GO to M3.

M3 INSTALL THE RCM AND CARRY OUT THE ON-DEMAND SELF
TEST
• Clean the RCM mounting surface.
• Install the RCM. Refer to Restraints Control Module (RCM) in

this section.
• Repower the system. Do not prove out the system at this time.

Refer to Supplemental Restraint System (SRS) Depowering and YesRepowering in this section. GO to M4.• Enter the following diagnostic mode on the scan tool:
On-Demand Self Test. No

• Was DTC B1921 retrieved during the on-demand self test? Fault corrected. GO to M7.
M4 CHECK GROUND CIRCUIT 1203 (BK/LB) FOR HIGH

RESISTANCE
• Key in OFF position.

(Continued)
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501-20B-38 501-20B-38Supplemental Restraint System

DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST M: LFC 14/DTC B1921 — AIR BAG DIAGNOSTIC MONITOR GROUND CIRCUIT OPEN

(Continued)

Test Step Result / Action to Take
M4 CHECK GROUND CIRCUIT 1203 (BK/LB) FOR HIGH

RESISTANCE (Continued)

• Depower the system. Refer to Supplemental Restraint System
(SRS) Depowering and Repowering in this section.

• Measure the resistance between RCM C310a pin 16, circuit
1203 (BK/LB), harness side and the RCM case ground.

Yes
GO to M5.
No

• Is the resistance less than 5 ohms? REPAIR circuit 1203 (BK/LB). GO to M7.
M5 CONFIRM THE RCM FAULT

NOTE: Make sure all restraint system diagnostic tools, sensor Yes
electrical connectors and the RCM electrical connectors are INSTALL a new RCM. REFER to
connected before carrying out the on-demand self test. If not, Restraints Control Module (RCM) in this
erroneous DTCs will be recorded. section. GO to M7.
• Key in OFF position. No
• Connect: RCM C310a. CHECK for causes of intermittent high
• Repower the system. Do not prove out the system at this time. resistance on circuit 1203 (BK/LB) or the

Refer to Supplemental Restraint System (SRS) Depowering and chassis ground. ATTEMPT to recreate the
Repowering in this section. hard fault by flexing the wire harness and

• Enter the following diagnostic mode on the scan tool: cycling the ignition key frequently.
On-Demand Self Test. ACTIVATE other systems in the same wire

• Was DTC B1892 retrieved during the on-demand self test? harness. REPAIR any intermittent
concerns found. GO to M7.

M6 CHECK FOR AN INTERMITTENT FAULT
• Key in OFF position. Yes
• Enter the following diagnostic mode on the scan tool: GO to M2.

On-Demand Self Test. No• Was DTC B1921 retrieved during the on-demand self test? CHECK for causes of intermittent high
resistance on circuit 1203 (BK/LB) or the
chassis ground. ATTEMPT to recreate the
hard fault by flexing the wire harness and
cycling the ignition key frequently.
ACTIVATE other systems in the same wire
harness. REPAIR any intermittent
concerns found. GO to M7.

(Continued)
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501-20B-39 501-20B-39Supplemental Restraint System

DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST M: LFC 14/DTC B1921 — AIR BAG DIAGNOSTIC MONITOR GROUND CIRCUIT OPEN

(Continued)

Test Step Result / Action to Take
M7 CHECK FOR ADDITIONAL DTCs

• Refer to the continuous DTCs recorded during Step M1. Yes
• Were any continuous DTCs retrieved Step M1? Do not clear any DTCs until all DTCs have

been resolved. GO to the Restraints
Control Module (RCM) Diagnostic Trouble
Code (DTC) Table in this section for
pinpoint test direction.
No
RECONNECT the system. If previously
directed to deactivate the system,
REACTIVATE the system. REFER to
Supplemental Restraint System (SRS)
Deactivation and Reactivation in this
section. REPOWER the  system. REFER
to Supplemental Restraint System (SRS)
Depowering and Repowering in this
section. PROVE OUT the system. CLEAR
all DTCs.

Pinpoint Test N: LFC 21/DTC B1925 — Possible Causes
Passenger Air Bag Circuit Shorted to A passenger air bag circuit short to battery orBattery or Ignition ignition could be caused by:

Normal Operation • faulted wiring, terminals, or connectors.
The restraints control module (RCM) checks for • a short to battery or ignition on the passenger air
passenger air bag circuit shorts to battery or ignition bag module.
by monitoring the voltage of circuits 607 (LB/OG)

• a faulted RCM.and 616 (PK/BK) at RCM C310a pins 3 and 4. If
the RCM detects a short to battery or  ignition on
either of these pins, it will store a diagnostic trouble
code (DTC) B1925 in memory and flash a lamp
fault code (LFC) 21 (or higher priority if one exists)
on the air bag indicator.
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST N: LFC 21/DTC B1925 — PASSENGER AIR BAG CIRCUIT SHORTED TO BATTERY OR

IGNITION

NOTE: Most faults are due to connector and/or wiring concerns. Carry out a thorough
Inspection and Verification before proceeding with the Pinpoint Test.

Test Step Result / Action to Take
N1 CHECK FOR CONTINUOUS AND ON-DEMAND DTCs

WARNING: Restraint system diagnostic tools are for
service only. Tools must be removed prior to operating the
vehicle over the road. Failure to remove restraint system
diagnostic tools could result in injury and possible violation of
vehicle safety  standards.

WARNING: Never probe the connectors on the air bag
module. Doing so can result in air bag deployment, which can
result in personal injury.

WARNING: The safety belt pretensioner is a pyrotechnic
device. Always wear safety glasses when repairing an air bag
equipped vehicle and when handling a safety belt buckle
pretensioner or safety belt retractor pretensioner. Never probe
a pretensioner  electrical connector. Doing so could result in
pretensioner or air bag deployment and could result in
personal injury.

CAUTION: To avoid potential damage to the restraints
control module (RCM), make sure the RCM and bracket
assembly is secured to the floor pan and the SRS is
depowered before either disconnecting or reconnecting the
RCM electrical connectors.
NOTE: After diagnosing or repairing an SRS, the restraint system Yes
diagnostic tools must be removed before operating the vehicle This is a hard fault. The fault condition is
over the road. still present. This fault cannot be cleared

until it is corrected and the DTC is noNOTE: The SRS must be fully operational and free of faults before
longer retrieved during the on-demand selfreleasing the vehicle to the customer.
test. GO to N2.• Enter the following diagnostic mode on the scan tool:

Retrieve/Record Continuous DTCs. No
• Enter the following diagnostic mode on the scan tool: This is an intermittent fault. The fault

On-Demand Self Test. condition is not present at this time. GO to
• Was DTC B1925 retrieved during the on-demand self test? N5.

N2 CHECK THE PASSENGER AIR BAG MODULE
• Key in OFF position.
• Depower the system. Refer to Supplemental Restraint System Yes(SRS) Depowering and Repowering in this section. GO to N3.• Disconnect: Passenger Air Bag Module C256.
• Connect: Restraint System Diagnostic Tool to 418-133 to No

Passenger Air Bag Module C256. CHECK for causes of the intermittent fault.
• Repower the system. Do not prove out the system at this time. ATTEMPT to recreate the hard fault by

Refer to Supplemental Restraint System (SRS) Depowering and flexing the wire harness and cycling the
Repowering in this section. ignition key frequently. ACTIVATE other

• Enter the following diagnostic mode on the scan tool: systems in the same wire harness.
On-Demand Self Test. REPAIR any intermittent concerns found.

• Was DTC B1925 retrieved during the on-demand self test? GO to N6.
N3 CHECK THE PASSENGER AIR BAG MODULE CIRCUIT

• Key in OFF position.
• Deactivate the system. Refer to Supplemental Restraint System

(SRS) Deactivation and Reactivation in this section.
• Disconnect: Passenger Air Bag Module Restraint System

Diagnostic Tool.
• Disconnect: RCM C310a.
• Key in ON position.

(Continued)

2004 E-Series, 12/2003 



501-20B-41 501-20B-41Supplemental Restraint System

DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST N: LFC 21/DTC B1925 — PASSENGER AIR BAG CIRCUIT SHORTED TO BATTERY OR

IGNITION (Continued)

Test Step Result / Action to Take
N3 CHECK THE PASSENGER AIR BAG MODULE CIRCUIT

(Continued)

• Measure the voltage between RCM C310a pin 3, circuit 607
(LB/OG), harness side and ground; and between RCM C310a
pin 4, circuit 616 (PK/BK), harness side and ground.

Yes
GO to N4.
No
Due to the shorting bar feature in the
electrical connector, the fault can exist in
either circuit. Do not remove or defeat the
shorting bar.
REPAIR circuit 607 (LB/OG) or circuit 616

• Are the voltages less than 0.2 volt? (PK/BK). GO to N6.
N4 CONFIRM THE RCM FAULT

NOTE: Make sure all restraint system diagnostic tools, sensor Yes
electrical connectors and the RCM electrical connector are INSTALL a new RCM. REFER to
connected before carrying out the on-demand self test. If not, Restraints Control Module (RCM) in this
erroneous DTCs will be recorded. section. GO to N6.
• Key in OFF position. No
• Connect: RCM C310b. RECONNECT the system. If previously
• Connect: Passenger Air Bag Module Restraint System directed to deactivate the system,

Diagnostic Tool. REACTIVATE the system. REFER to
• Enter the following diagnostic mode on the scan tool: Supplemental Restraint System (SRS)

On-Demand Self Test. Deactivation and Reactivation in this
• Was DTC B1925 retrieved during the on-demand self test? section. REPOWER the  system. REFER

to Supplemental Restraint System (SRS)
Depowering and Repowering in this
section. PROVE OUT the system. CLEAR
all DTCs.

N5 CHECK FOR AN INTERMITTENT FAULT
• Key in OFF position. Yes
• Depower the system. Refer to Supplemental Restraint System This is a hard fault. The fault condition is

(SRS) Depowering and Repowering in this section. now present. This fault cannot be cleared
• Disconnect: Passenger Air Bag Module C256. until it is corrected and the DTC is no
• Connect: Restraint System Diagnostic Tool 418-133 to longer retrieved during the on-demand self

Passenger Air Bag Module C256. test.
• Repower the system. Do not prove out the system at this time. CHECK for causes of the intermittent fault

Refer to Supplemental Restraint System (SRS) Depowering and at or near the affected air bag module
Repowering in this section. connector. REPAIR any intermittent

• Enter the following diagnostic mode on the scan tool: concerns found.
On-Demand Self Test.

If an intermittent concern was found and• Was the DTC B1925 retrieved during the on-demand self
repaired, GO to N6.test?
If an intermittent concern was not found
and repaired, GO to N3.

No
CHECK for causes of the intermittent fault.
ATTEMPT to recreate the hard fault by
flexing the wire harness and cycling the
ignition key frequently. ACTIVATE other
systems in the same wire harness.
REPAIR any intermittent concerns found.
GO to N6.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST N: LFC 21/DTC B1925 — PASSENGER AIR BAG CIRCUIT SHORTED TO BATTERY OR

IGNITION (Continued)

Test Step Result / Action to Take
N6 CHECK FOR ADDITIONAL DTCs

• Refer to the continuous DTCs recorded during Step N1. Yes
• Were any continuous DTCs retrieved during Step N1? Do not clear any DTCs until all DTCs have

been resolved. GO to the Restraints
Control Module (RCM) Diagnostic Trouble
Code (DTC) Priority Table in this section
for pinpoint test direction.
No
RECONNECT the system. If previously
directed to deactivate the system,
REACTIVATE the system. REFER to
Supplemental Restraint System (SRS)
Deactivation and Reactivation in this
section. REPOWER the  system. REFER
to Supplemental Restraint System (SRS)
Depowering and Repowering in this
section. PROVE OUT the system. CLEAR
all DTCs.

Pinpoint Test O: LFC 19/DTC B1932 — Possible Causes
Driver Air Bag Circuit Resistance High Driver air bag high resistance could be caused by:

Normal Operation • a faulted clockspring.
The restraints control module (RCM) monitors the • faulted wiring, terminals, or connectors.
resistance for the driver air bag ignitor by

• a faulted driver air bag module.measuring the resistance at RCM C310a pins 1 and
• a faulted RCM.2. If the RCM detects high resistance between these

pins, it will store a diagnostic trouble code  (DTC)
B1932 in memory and flash lamp fault code (LFC)
19 (or higher priority code if one exist) on the air
bag indicator.
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST O: LFC 32/DTC B1932 — DRIVER AIR BAG CIRCUIT RESISTANCE HIGH

NOTE: Most faults are due to connector and/or wiring concerns. Carry out a thorough
Inspection and Verification before proceeding with the Pinpoint Test.

Test Step Result / Action to Take
O1 CHECK FOR CONTINUOUS AND ON-DEMAND DTCs

WARNING: Restraint system diagnostic tools are for
service only. Tools must be removed prior to operating the
vehicle over the road. Failure to remove restraint system
diagnostic tools could result in injury and possible violation of
vehicle safety  standards.

WARNING: Never probe the connectors on the air bag
module. Doing so can result in air bag deployment, which can
result in personal injury.

WARNING: The safety belt pretensioner is a pyrotechnic
device. Always wear safety glasses when repairing an air bag
equipped vehicle and when handling a safety belt buckle
pretensioner or safety belt retractor pretensioner. Never probe
a pretensioner  electrical connector. Doing so could result in
pretensioner or air bag deployment and could result in
personal injury.

CAUTION: To avoid potential damage to the restraints
control module (RCM), make sure the RCM and bracket
assembly is secured to the floor pan and the SRS is
depowered before either disconnecting or reconnecting the
RCM electrical connectors.
NOTE: After diagnosing or repairing an SRS, the restraint system Yes
diagnostic tools must be removed before operating the vehicle This is a hard fault. The fault condition is
over the road. still present. This fault cannot be cleared

until it is corrected and the DTC is noNOTE: The SRS must be fully operational and free of faults before
longer retrieved during the on-demand selfreleasing the vehicle to the customer.
test. GO to O2.• Enter the following diagnostic mode on the scan tool:

Retrieve/Record Continuous DTCs. No
• Enter the following diagnostic mode on the scan tool: This is an intermittent fault. The fault

On-Demand Self Test. condition is not present at this time. GO to
• Was DTC B1932 retrieved during the on-demand self test? O7.

O2 CHECK THE DRIVER AIR BAG MODULE
• Key in OFF position.
• Depower the system. Refer to Supplemental Restraint System

(SRS) Depowering and Repowering in this section.
• Remove the driver air bag module. Refer to Driver Air Bag

Module in this section.
• Attach restraint system diagnostic tool 418-F395 to the

clockspring side of the driver air bag module electrical
connector. Yes• Repower the system. Do not prove out the system at this time. GO to O3.Refer to Supplemental Restraint System (SRS) Depowering and
Repowering in this section. No

• Enter the following diagnostic mode on the scan tool: INSTALL a new driver air bag module.
On-Demand Self Test. REFER to Driver Air Bag Module in this

• Was DTC B1932 retrieved during the on-demand self test? section. GO to O6.
O3 CHECK CIRCUIT 614 (GY/OG) AND CIRCUIT 615 (GY/WH) FOR

AN OPEN BETWEEN THE RCM AND DRIVER AIR BAG
MODULE
• Key in OFF position.
• Depower the system. Refer to Supplemental Restraint System

(SRS) Depowering and Repowering in this section.
• Disconnect: RCM C310a.
• Disconnect: Driver Air Bag Module Restraint System Diagnostic

Tool.

(Continued)
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501-20B-44 501-20B-44Supplemental Restraint System

DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST O: LFC 32/DTC B1932 — DRIVER AIR BAG CIRCUIT RESISTANCE HIGH (Continued)

Test Step Result / Action to Take
O3 CHECK CIRCUIT 614 (GY/OG) AND CIRCUIT 615 (GY/WH) FOR

AN OPEN BETWEEN THE RCM AND DRIVER AIR BAG
MODULE (Continued)

• Measure the resistance between driver air bag module, circuit
614 (GY/OG), harness side and driver air bag module, circuit
615 (GY/WH), harness side.

Yes
GO to O5.
No

• Is the resistance less than 0.5 ohm? GO to O4.
O4 CHECK THE CLOCKSPRING

• Disconnect: Clockspring C218b.
• Measure the resistance between clockspring C218a, circuit 614

(GY/OG), harness side and clockspring C218a, circuit 615
(GY/WH), harness side.

Yes
INSTALL a new clockspring. REFER to
Clockspring in this section. GO to O7.
No
Due to the shorting bar feature in the
electrical connector, the fault can exists in
either circuit.
REPAIR circuit 614 (GY/OG) or circuit 615

• Is the resistance less than 0.5 ohm? (GY/WH). GO to O7.
O5 CONFIRM THE RCM FAULT

NOTE: Make sure all restraint system diagnostic tools, sensor
Yeselectrical connectors and the RCM electrical connector are
INSTALL a new RCM. REFER toconnected before carrying out the on-demand self test. If not,
Restraints Control Module (RCM) in thiserroneous DTCs will be recorded.
section. GO to O7.• Connect: RCM C310a.

• Connect: Driver Air Bag Module Restraints Diagnostic System No
Tool. CHECK for causes of the intermittent fault.

• Repower the system. Do not prove out the system at this time. ATTEMPT to recreate the hard fault by
Refer to Supplemental Restraint System (SRS) Depowering and flexing the wire harness and cycling the
Repowering in this section. ignition key frequently. ACTIVATE other

• Enter the following diagnostic mode on the scan tool: systems in the same wire harness.
On-Demand Self Test. REPAIR any intermittent concerns found.

• Was DTC B1932 retrieved during the on-demand self test? GO to O7.

(Continued)
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501-20B-45 501-20B-45Supplemental Restraint System

DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST O: LFC 32/DTC B1932 — DRIVER AIR BAG CIRCUIT RESISTANCE HIGH (Continued)

Test Step Result / Action to Take
O6 CHECK FOR AN INTERMITTENT FAULT

• Key in OFF position. Yes
• Depower the system. Refer to Supplemental Restraint System This is a hard fault. The fault condition is

(SRS) Depowering and Repowering in this section. now present. This fault cannot be cleared
• Remove the driver air bag module. Refer to Driver Air Bag until it is corrected and the DTC is no

Module in this section. longer retrieved during the on-demand self
• Attach restraint system diagnostic tool 418-F395 to the test.

clockspring side of the driver air bag module electrical CHECK for causes of the intermittent fault
connector. at or near the affected air bag module

• Repower the system. Do not prove out the system at this time. connector. REPAIR any intermittent
Refer to Supplemental Restraint System (SRS) Depowering and concerns found.
Repowering in this section.

If an intermittent concern was found and• Enter the following diagnostic mode on the scan tool:
repaired, GO to O7.On-Demand Self Test.

• Was the DTC B1932 retrieved during the on-demand self If an intermittent concern was not found
test? and repaired, GO to O3.

No
CHECK for causes of intermittent high
resistance on circuit 614 (GY/OG), circuit
615 (GY/WH), and the clockspring
assembly. ATTEMPT to recreate the hard
fault by flexing the wire harness and
cycling the ignition key frequently. REPAIR
any  intermittent concerns found. GO to
O7.

O7 CHECK FOR ADDITIONAL DTCs
• Refer to the continuous DTCs recorded during Step O1. Yes
• Were any continuous DTCs retrieved during Step O1? Do not clear any DTCs until all DTCs have

been resolved. GO to the Restraints
Control Module (RCM) Diagnostic Trouble
Code (DTC) Priority Table in this section
for pinpoint test direction.
No
RECONNECT the system. If previously
directed to deactivate the system,
REACTIVATE the system. REFER to
Supplemental Restraint System (SRS)
Deactivation and Reactivation in this
section. REPOWER the  system. REFER
to Supplemental Restraint System (SRS)
Depowering and Repowering in this
section. PROVE OUT the system. CLEAR
all DTCs.

Pinpoint Test P: LFC 21/DTC B1933 — Possible Causes
Passenger Air Bag Circuit Resistance A passenger air bag high resistance could be causedHigh by:

Normal Operation • faulted wiring, terminals, or connectors.
The restraints control module (RCM) monitors the • a faulted passenger air bag module.
resistance of the passenger air bag ignitor by

• a faulted RCM.measuring the resistance between RCM C310a pins
3 and 4. If the RCM detects high resistance between
these pins, it will store a diagnostic trouble  code
(DTC) B1933 in memory and flash lamp fault code
(LFC) 21 (or higher priority code if one exists) on
the air bag indicator.
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501-20B-46 501-20B-46Supplemental Restraint System

DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST P: LFC 33/DTC B1933 — PASSENGER AIR BAG CIRCUIT RESISTANCE HIGH

NOTE: Most faults are due to connector and/or wiring concerns. Carry out a thorough
Inspection and Verification before proceeding with the Pinpoint Test.

Test Step Result / Action to Take
P1 CHECK FOR CONTINUOUS AND ON-DEMAND DTCs

WARNING: Restraint system diagnostic tools are for
service only. Tools must be removed prior to operating the
vehicle over the road. Failure to remove restraint system
diagnostic tools could result in injury and possible violation of
vehicle safety  standards.

WARNING: Never probe the connectors on the air bag
module. Doing so can result in air bag deployment, which can
result in personal injury.

WARNING: The safety belt pretensioner is a pyrotechnic
device. Always wear safety glasses when repairing an air bag
equipped vehicle and when handling a safety belt buckle
pretensioner or safety belt retractor pretensioner. Never probe
a pretensioner  electrical connector. Doing so could result in
pretensioner or air bag deployment and could result in
personal injury.

CAUTION: To avoid potential damage to the restraints
control module (RCM), make sure the RCM and bracket
assembly is secured to the floor pan and the SRS is
depowered before either disconnecting or reconnecting the
RCM electrical connectors.
NOTE: After diagnosing or repairing an SRS, the restraint system Yes
diagnostic tools must be removed before operating the vehicle This is a hard fault. The fault condition is
over the road. still present. This fault cannot be cleared

until it is corrected and the DTC is noNOTE: The SRS must be fully operational and free of faults before
longer retrieved during the on-demand selfreleasing the vehicle to the customer.
test. GO to P2.• Enter the following diagnostic mode on the scan tool:

Retrieve/Record Continuous DTCs. No
• Enter the following diagnostic mode on the scan tool: This is an intermittent fault. The fault

On-Demand Self Test. condition is not present at this time. GO to
• Was DTC B1933 retrieved during the on-demand self test? P5.

P2 CHECK THE PASSENGER AIR BAG MODULE
• Key in OFF position.
• Depower the system. Refer to Supplemental Restraint System

(SRS) Depowering and Repowering in this section.
• Disconnect: Passenger Air Bag Module C256.
• Attach restraint system diagnostic tool 418-133 to passenger air

bag module C256. Yes• Repower the system. Do not prove out the system at this time. GO to P3.Refer to Supplemental Restraint System (SRS) Depowering and
Repowering in this section. No

• Enter the following diagnostic mode on the scan tool: INSTALL a new passenger air bag
On-Demand Self Test. module. REFER to Passenger Air Bag

• Was DTC B1933 retrieved during the on-demand self test? Module in this section. GO to P6.
P3 CHECK THE PASSENGER AIR BAG MODULE CIRCUIT

• Key in OFF position.
• Depower the system. Refer to Supplemental Restraint System

(SRS) Depowering and Repowering in this section.
• Disconnect: RCM C310a.
• Disconnect: Passenger Air Bag Module Restraint System

Diagnostic Tool.

(Continued)
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501-20B-47 501-20B-47Supplemental Restraint System

DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST P: LFC 33/DTC B1933 — PASSENGER AIR BAG CIRCUIT RESISTANCE HIGH

(Continued)

Test Step Result / Action to Take
P3 CHECK THE PASSENGER AIR BAG MODULE CIRCUIT

(Continued)

• Measure the resistance between passenger air bag C256, circuit
607 (LB/OG), harness side and passenger air bag C256, circuit
616 (PK/BK), harness side.

Yes
GO to P4.
No
REPAIR circuit 607 (LB/OG) and circuit

• Is the resistance less than 0.5 ohm? 616 (PK/BK). GO to P5.
P4 CONFIRM THE RCM FAULT

NOTE: Make sure all restraint system diagnostic tools, sensor
Yeselectrical connectors and the RCM electrical connector are
INSTALL a new RCM. REFER toconnected before carrying out the on-demand self test. If not,
Restraints Control Module (RCM) in thiserroneous DTCs will be recorded.
section. GO to P6.• Connect: RCM C310a.

• Connect: Passenger Air Bag Module Restraints Diagnostic No
System Tool. CHECK for causes of the intermittent fault.

• Repower the system. Do not prove out the system at this time. ATTEMPT to recreate the hard fault by
Refer to Supplemental Restraint System (SRS) Depowering and flexing the wire harness and cycling the
Repowering in this section. ignition key frequently. ACTIVATE other

• Enter the following diagnostic mode on the scan tool: systems in the same wire harness.
On-Demand Self Test. REPAIR any intermittent concerns found.

• Was DTC B1933 retrieved during the on-demand self test? GO to P6.
P5 CHECK FOR AN INTERMITTENT FAULT

• Key in OFF position. Yes
• Depower the system. Refer to Supplemental Restraint System This is a hard fault. The fault condition is

(SRS) Depowering and Repowering in this section. now present. This fault cannot be cleared
• Disconnect: Passenger Air Bag Module C256. until it is corrected and the DTC is no
• Attach restraint system diagnostic tool 418-133 to passenger air longer retrieved during the on-demand self

bag module C256. test.
• Repower the system. Do not prove out the system at this time. CHECK for causes of the intermittent fault

Refer to Supplemental Restraint System (SRS) Depowering and at or near the affected air bag module
Repowering in this section. connector. REPAIR any intermittent

• Enter the following diagnostic mode on the scan tool: concerns found.
On-Demand Self Test.

If an intermittent concern was found and• Was the DTC B1933 retrieved during the on-demand self
repaired, GO to P6. If an intermittenttest?
concern was not found and repaired, GO
to P3.
No
CHECK for causes of intermittent short to
battery or ignition on circuit 607 (LB/OG)
and circuit 616 (PK/BK). ATTEMPT to
recreate the hard fault by flexing the wire
harness and cycling the ignition key
frequently. REPAIR any intermittent
concerns found. GO to P6.

(Continued)
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501-20B-48 501-20B-48Supplemental Restraint System

DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST P: LFC 33/DTC B1933 — PASSENGER AIR BAG CIRCUIT RESISTANCE HIGH

(Continued)

Test Step Result / Action to Take
P6 CHECK FOR ADDITIONAL DTCs

• Refer to the continuous DTCs recorded during Step P1. Yes
• Were any continuous DTCs retrieved during Step P1? Do not clear any DTCs until all DTCs have

been resolved. GO to the Restraints
Control Module (RCM) Diagnostic Trouble
Code (DTC) Priority Table in this section
for pinpoint test direction.
No
RECONNECT the system. If previously
directed to deactivate the system,
REACTIVATE the system. REFER to
Supplemental Restraint System (SRS)
Deactivation and Reactivation in this
section. REPOWER the  system. REFER
to Supplemental Restraint System (SRS)
Depowering and Repowering in this
section. PROVE OUT the system. CLEAR
all DTCs.

Pinpoint Test Q: LFC 19/DTC B1934 — Possible Causes
Driver Air Bag Circuit Resistance Low Driver air bag low resistance could be caused by:

Normal Operation • a faulted clockspring.
The restraints control module (RCM) monitors the • faulted wiring, terminals, or connectors.
resistance of the driver air bag ignitor by measuring

• a faulted driver air bag module.the resistance between RCM C310a pins 1 and 2. If
• a faulted RCM.the RCM detects low resistance between these pins,

it will store a diagnostic trouble code  (DTC) B1934
in memory and flash lamp fault code (LFC) 19 (or
higher priority code if one exists) on the air bag
indicator.
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501-20B-49 501-20B-49Supplemental Restraint System

DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST Q: LFC 19/DTC B1934 — DRIVER AIR BAG CIRCUIT RESISTANCE LOW

NOTE: Most faults are due to connector and/or wiring concerns. Carry out a thorough
Inspection and Verification before proceeding with the Pinpoint Test.

Test Step Result / Action to Take
Q1 CHECK FOR CONTINUOUS AND ON-DEMAND DTCs

WARNING: Restraint system diagnostic tools are for
service only. Tools must be removed prior to operating the
vehicle over the road. Failure to remove restraint system
diagnostic tools could result in injury and possible violation of
vehicle safety  standards.

WARNING: Never probe the connectors on the air bag
module. Doing so can result in air bag deployment, which can
result in personal injury.

WARNING: The safety belt pretensioner is a pyrotechnic
device. Always wear safety glasses when repairing an air bag
equipped vehicle and when handling a safety belt buckle
pretensioner or safety belt retractor pretensioner. Never probe
a pretensioner  electrical connector. Doing so could result in
pretensioner or air bag deployment and could result in
personal injury.

CAUTION: To avoid potential damage to the restraints
control module (RCM), make sure the RCM and bracket
assembly is secured to the floor pan and the SRS is
depowered before either disconnecting or reconnecting the
RCM electrical connectors.
NOTE: After diagnosing or repairing an SRS, the restraint system Yes
diagnostic tools must be removed before operating the vehicle This is a hard fault. The fault condition is
over the road. still present. This fault cannot be cleared

until it is corrected and the DTC is noNOTE: The SRS must be fully operational and free of faults before
longer retrieved during the on-demand selfreleasing the vehicle to the customer.
test. GO to Q2.• Enter the following diagnostic mode on the scan tool:

Retrieve/Record Continuous DTCs. No
• Enter the following diagnostic mode on the scan tool: This is an intermittent fault. The fault

On-Demand Self Test. condition is not present at this time. GO to
• Was DTC B1934 retrieved during the on-demand self test? Q7.

Q2 CHECK THE AIR BAG MODULE
• Key in OFF position.
• Depower the system. Refer to Supplemental Restraint System

(SRS) Depowering and Repowering in this section.
• Remove the driver air bag module. Refer to Driver Air Bag

Module in this section.
• Attach restraint system diagnostic tool 418-F395 to the

clockspring side of the driver air bag module electrical
connector. Yes• Repower the system. Do not prove out the system at this time. GO to Q3.Refer to Supplemental Restraint System (SRS) Depowering and
Repowering in this section. No

• Enter the following diagnostic mode on the scan tool: INSTALL a new driver air bag module.
On-Demand Self Test. REFER to Driver Air Bag Module in this

• Was DTC B1934 retrieved during the on-demand self test? section. GO to Q8.
Q3 CHECK CIRCUIT 614 (GY/OG) AND CIRCUIT 615 (GY/WH) FOR

LOW RESISTANCE BETWEEN THE DRIVER AIR BAG MODULE
AND THE RCM
• Key in OFF position.
• Depower the system. Refer to Supplemental Restraint System

(SRS) Depowering and Repowering in this section.
• Disconnect: Driver Air Bag Module Restraint System Diagnostic

Tool.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST Q: LFC 19/DTC B1934 — DRIVER AIR BAG CIRCUIT RESISTANCE LOW (Continued)

Test Step Result / Action to Take
Q3 CHECK CIRCUIT 614 (GY/OG) AND CIRCUIT 615 (GY/WH) FOR

LOW RESISTANCE BETWEEN THE DRIVER AIR BAG MODULE
AND THE RCM (Continued)

• Measure the resistance between driver air bag module
connector, circuit 614 (GY/OG) and circuit 615 (GY/WH),
harness side.

Yes
GO to Q6.
No

• Is the resistance greater than 10,000 ohms? GO to Q4.
Q4 CHECK CIRCUIT 614 (GY/OG) AND CIRCUIT 615 (GY/WH) FOR

LOW RESISTANCE BETWEEN THE CLOCKSPRING AND THE
RCM
• Disconnect: Clockspring C218a.
• Measure the resistance between clockspring C218a pin 3, circuit

614 (GY/OG) and pin 1, circuit 615 (GY/WH), harness side.

Yes
INSTALL a new clockspring. REFER to
Clockspring in this section. GO to Q8.
No

• Is the resistance greater than 10,000 ohms? GO to Q5.
Q5 MEASURE THE RESISTANCE BETWEEN RCM CIRCUIT 614

(GY/OG) AND CIRCUIT 615 (GY/WH)
• Disconnect: RCM C310a.
• Disconnect: RCM C310b.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST Q: LFC 19/DTC B1934 — DRIVER AIR BAG CIRCUIT RESISTANCE LOW (Continued)

Test Step Result / Action to Take
Q5 MEASURE THE RESISTANCE BETWEEN RCM CIRCUIT 614

(GY/OG) AND CIRCUIT 615 (GY/WH) (Continued)

• Measure the resistance between RCM C310a pin 1, circuit 614
(GY/OG), component side and pin 2, circuit 615 (GY/WH),
component side.

Yes
REPAIR circuit 614 (GY/OG) and circuit
615 (GY/WH). GO to Q8.
No
INSTALL a new RCM. REFER to
Restraints Control Module (RCM) in this

• Is the resistance greater than 10,000 ohms? section. GO to Q8.
Q6 CONFIRM THE RCM FAULT

NOTE: Make sure all restraint system diagnostic tools, sensor
Yeselectrical connectors and the RCM electrical connector are
INSTALL a new RCM. REFER toconnected before carrying out the on-demand self test. If not,
Restraints Control Module (RCM) in thiserroneous DTCs will be recorded.
section. GO to Q8.• Connect: RCM C310a.

• Connect: Driver Air Bag Module Restraints Diagnostic System No
Tool. CHECK for causes of the intermittent fault.

• Repower the system. Do not prove out the system at this time. ATTEMPT to recreate the hard fault by
Refer to Supplemental Restraint System (SRS) Depowering and flexing the wire harness and cycling the
Repowering in this section. ignition key frequently. ACTIVATE other

• Enter the following diagnostic mode on the scan tool: systems in the same wire harness.
On-Demand Self Test. REPAIR any intermittent concerns found.

• Was DTC B1925 retrieved during the on-demand self test? GO to Q8.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST Q: LFC 19/DTC B1934 — DRIVER AIR BAG CIRCUIT RESISTANCE LOW (Continued)

Test Step Result / Action to Take
Q7 CHECK FOR AN INTERMITTENT FAULT

• Key in OFF position. Yes
• Depower the system. Refer to Supplemental Restraint System This is a hard fault. The fault condition is

(SRS) Depowering and Repowering in this section. now present. This fault cannot be cleared
• Remove the driver air bag module. Refer to Driver Air Bag until it is corrected and the DTC is no

Module in this section. longer retrieved during the on-demand self
• Attach restraint system diagnostic tool 418-F395 to the test.

clockspring side of the driver air bag module electrical CHECK for causes of the intermittent fault
connector. at or near the affected air bag module

• Repower the system. Do not prove out the system at this time. connector. REPAIR any intermittent
Refer to Supplemental Restraint System (SRS) Depowering and concerns found.
Repowering in this section.

If an intermittent concern was found and• Enter the following diagnostic mode on the scan tool:
repaired, GO to Q8. If an intermittentOn-Demand Self Test.
concern was not found and repaired, GO• Was the DTC B1934 retrieved during the on-demand self
to Q3.test?
No
CHECK for causes of intermittent low
resistance on circuit 614 (GY/OG), circuit
615 (GY/WH) and the clockspring
assembly. ATTEMPT to recreate the hard
fault by flexing the wire harness and
cycling the ignition key frequently. REPAIR
any  intermittent concerns found. GO to
Q8.

Q8 CHECK FOR ADDITIONAL DTCs
• Refer to the continuous DTCs recorded during Step Q1. Yes
• Were any continuous DTCs retrieved during Q1? Do not clear any DTCs until all DTCs have

been resolved. GO to the Restraints
Control Module (RCM) Diagnostic Trouble
Code (DTC) Priority Table in this section
for pinpoint test direction.
No
RECONNECT the system. If previously
directed to deactivate the system,
REACTIVATE the system. REFER to
Supplemental Restraint System (SRS)
Deactivation and Reactivation in this
section. REPOWER the  system. REFER
to Supplemental Restraint System (SRS)
Depowering and Repowering in this
section. PROVE OUT the system. CLEAR
all DTCs.

Pinpoint Test R: LFC 21/DTC B1935 — Possible Causes
Passenger Air Bag Circuit Resistance Passenger air bag low resistance could be causedLow by:

Normal Operation • wiring, terminals, or connectors.
The restraints control module (RCM) monitors the • a low resistance in the passenger air bag module.
resistance of the passenger air bag ignitor by

• a faulted RCM.measuring the resistance between pins 3 and 4. If
the RCM detects low resistance between these pins,
it will store a diagnostic trouble code (DTC)  B1935
in memory and flash lamp fault code (LFC) 21 (or
higher priority code if one exists) on the air bag
indicator.
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST R: LFC 21/DTC B1935 — PASSENGER AIR BAG CIRCUIT RESISTANCE LOW

NOTE: Most faults are due to connector and/or wiring concerns. Carry out a thorough
Inspection and Verification before proceeding with the Pinpoint Test.

Test Step Result / Action to Take
R1 CHECK FOR CONTINUOUS AND ON-DEMAND DTCs

WARNING: Restraint system diagnostic tools are for
service only. Tools must be removed prior to operating the
vehicle over the road. Failure to remove restraint system
diagnostic tools could result in injury and possible violation of
vehicle safety  standards.

WARNING: Never probe the connectors on the air bag
module. Doing so can result in air bag deployment, which can
result in personal injury.

WARNING: The safety belt pretensioner is a pyrotechnic
device. Always wear safety glasses when repairing an air bag
equipped vehicle and when handling a safety belt buckle
pretensioner or safety belt retractor pretensioner. Never probe
a pretensioner  electrical connector. Doing so could result in
pretensioner or air bag deployment and could result in
personal injury.

CAUTION: To avoid potential damage to the restraints
control module (RCM), make sure the RCM and bracket
assembly is secured to the floor pan and the SRS is
depowered before either disconnecting or reconnecting the
RCM electrical connectors.
NOTE: After diagnosing or repairing an SRS, the restraint system Yes
diagnostic tools must be removed before operating the vehicle This is a hard fault. The fault condition is
over the road. still present. This fault cannot be cleared

until it is corrected and the DTC is noNOTE: The SRS must be fully operational and free of faults before
longer retrieved during the on-demand selfreleasing the vehicle to the customer.
test. GO to R2.• Enter the following diagnostic mode on the scan tool:

Retrieve/Record Continuous DTCs. No
• Enter the following diagnostic mode on the scan tool: This is an intermittent fault. The fault

On-Demand Self Test. condition is not present at this time. GO to
• Was DTC B1935 retrieved during the on-demand self test? R6.

R2 CHECK THE AIR BAG MODULE
• Key in OFF position.
• Depower the system. Refer to Supplemental Restraint System

(SRS) Depowering and Repowering in this section.
• Disconnect: Passenger Air Bag Module C256.
• Attach restraint system diagnostic tool 418-133 to the passenger

air bag module C256. Yes• Repower the system. Do not prove out the system at this time. GO to R3.Refer to Supplemental Restraint System (SRS) Depowering and
Repowering in this section. No

• Enter the following diagnostic mode on the scan tool: INSTALL a new passenger air bag
On-Demand Self Test. module. REFER to Passenger Air Bag

• Was DTC B1935 retrieved during the on-demand self test? Module in this section. GO to R7.
R3 CHECK CIRCUIT 607 (LB/OG) AND CIRCUIT 616 (PK/BK) FOR

LOW RESISTANCE BETWEEN THE PASSENGER AIR BAG
MODULE AND THE RCM
• Key in OFF position.
• Depower the system. Refer to Supplemental Restraint System

(SRS) Depowering and Repowering in this section.
• Disconnect: Passenger Air Bag Module Restraint System

Diagnostic Tool.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST R: LFC 21/DTC B1935 — PASSENGER AIR BAG CIRCUIT RESISTANCE LOW

(Continued)

Test Step Result / Action to Take
R3 CHECK CIRCUIT 607 (LB/OG) AND CIRCUIT 616 (PK/BK) FOR

LOW RESISTANCE BETWEEN THE PASSENGER AIR BAG
MODULE AND THE RCM (Continued)

• Measure the resistance between passenger air bag module
C256 circuit 607 (LB/OG), harness side and circuit 616 (PK/BK),
harness side.

Yes
GO to R5.
No

• Is the resistance greater than 10,000 ohms? GO to R4.
R4 MEASURE THE RESISTANCE BETWEEN RCM CIRCUIT 607

(LB/OG) AND CIRCUIT 616 (PK/BK)
• Disconnect: RCM C310a.
• Disconnect: RCM C310b.

(Continued)

2004 E-Series, 12/2003 



501-20B-55 501-20B-55Supplemental Restraint System

DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST R: LFC 21/DTC B1935 — PASSENGER AIR BAG CIRCUIT RESISTANCE LOW

(Continued)

Test Step Result / Action to Take
R4 MEASURE THE RESISTANCE BETWEEN RCM CIRCUIT 607

(LB/OG) AND CIRCUIT 616 (PK/BK) (Continued)

• Measure the resistance between RCM C310a pin 3, circuit 607
(LB/OG), component side and pin 4, circuit 616 (PK/BK),
component side.

Yes
INSTALL a new RCM. REFER to
Restraints Control Module (RCM) in this
section. GO to R7.
No
REPAIR circuit 607 (LB/OG) and circuit

• Is the resistance less than 10,000 ohms? 616 (PK/BK). GO to R7.
R5 CONFIRM THE RCM FAULT

NOTE: Make sure all restraint system diagnostic tools, sensor
Yeselectrical connectors and the RCM electrical connector are
INSTALL a new RCM. REFER toconnected before carrying out the on-demand self test. If not,
Restraints Control Module (RCM) in thiserroneous DTCs will be recorded.
section. GO to R7.• Connect: RCM C310a.

• Connect: Passenger Air Bag Module Restraints Diagnostic No
System Tool. CHECK for causes of the intermittent fault.

• Repower the system. Do not prove out the system at this time. ATTEMPT to recreate the hard fault by
Refer to Supplemental Restraint System (SRS) Depowering and flexing the wire harness and cycling the
Repowering in this section. ignition key frequently. ACTIVATE other

• Enter the following diagnostic mode on the scan tool: systems in the same wire harness.
On-Demand Self Test. REPAIR any intermittent concerns found.

• Was DTC B1935 retrieved during the on-demand self test? GO to R7.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST R: LFC 21/DTC B1935 — PASSENGER AIR BAG CIRCUIT RESISTANCE LOW

(Continued)

Test Step Result / Action to Take
R6 CHECK FOR AN INTERMITTENT FAULT

• Key in OFF position. Yes
• Depower the system. Refer to Supplemental Restraint System This is a hard fault. The fault condition is

(SRS) Depowering and Repowering in this section. now present. This fault cannot be cleared
• Disconnect: Passenger Air Bag Module C256. until it is corrected and the DTC is no
• Attach restraint system diagnostic tool 418-133 to the passenger longer retrieved during the on-demand self

air bag module C256. test.
• Repower the system. Do not prove out the system at this time. CHECK for causes of the intermittent fault

Refer to Supplemental Restraint System (SRS) Depowering and at or near the affected air bag module
Repowering in this section. connector. REPAIR any intermittent

• Enter the following diagnostic mode on the scan tool: concerns found.
On-Demand Self Test.

If an intermittent concern was found and• Was the DTC B1935 retrieved during the on-demand self
repaired, GO to R7.test?
If an intermittent concern was not found
and repaired, GO to R3.
No
CHECK for causes of the intermittent fault.
ATTEMPT to recreate the hard fault by
flexing the wire harness and cycling the
ignition key frequently. ACTIVATE other
systems in the same wire harness.
REPAIR any intermittent concerns found.
GO to R7.

R7 CHECK FOR ADDITIONAL DTCs
• Refer to the continuous DTCs recorded during Step R1. Yes
• Were any continuous DTCs retrieved during Step R1? Do not clear any DTCs until all DTCs have

been resolved. GO to the Restraints
Control Module (RCM) Diagnostic Trouble
Code (DTC) Priority Table in this section
for pinpoint test direction.
No
RECONNECT the system. If previously
directed to deactivate the system,
REACTIVATE the system. REFER to
Supplemental Restraint System (SRS)
Deactivation and Reactivation in this
section. REPOWER the  system. REFER
to Supplemental Restraint System (SRS)
Depowering and Repowering in this
section. PROVE OUT the system. CLEAR
all DTCs.

Pinpoint Test S: LFC 19/DTC B1936— Possible Causes
Driver Air Bag Circuit Shorted to Ground A driver air bag circuit short to ground could be

caused by:Normal Operation
• faulted wiring, terminals, or connectors.The restraints control module (RCM) checks for

driver air bag circuit shorts to ground by monitoring • faulted clockspring
the voltage of circuits 614 (GY/OG) and 615

• a faulted driver air bag module.(GY/WH) at pins 1 and 2. If the RCM detects a
• a faulted RCM.short to ground on either of these pins, it will  store

a diagnostic trouble code (DTC) B1936 in memory
and flash lamp fault code (LFC) 19 (or higher
priority code if one exists) on the air bag indicator.
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST S: LFC 19/DTC B1936 — DRIVER AIR BAG CIRCUIT SHORTED TO GROUND

NOTE: Most faults are due to connector and/or wiring concerns. Carry out a thorough
Inspection and Verification before proceeding with the Pinpoint Test.

Test Step Result / Action to Take
S1 CHECK FOR CONTINUOUS AND ON-DEMAND DTCs

WARNING: Restraint system diagnostic tools are for
service only. Tools must be removed prior to operating the
vehicle over the road. Failure to remove restraint system
diagnostic tools could result in injury and possible violation of
vehicle safety  standards.

WARNING: Never probe the connectors on the air bag
module. Doing so can result in air bag deployment, which can
result in personal injury.

WARNING: The safety belt pretensioner is a pyrotechnic
device. Always wear safety glasses when repairing an air bag
equipped vehicle and when handling a safety belt buckle
pretensioner or safety belt retractor pretensioner. Never probe
a pretensioner  electrical connector. Doing so could result in
pretensioner or air bag deployment and could result in
personal injury.

CAUTION: To avoid potential damage to the restraints
control module (RCM), make sure the RCM and bracket
assembly is secured to the floor pan and the SRS is
depowered before either disconnecting or reconnecting the
RCM electrical connectors.
NOTE: After diagnosing or repairing an SRS, the restraint system Yes
diagnostic tools must be removed before operating the vehicle This is a hard fault. The fault condition is
over the road. still present. This fault cannot be cleared

until it is corrected and the DTC is noNOTE: The SRS must be fully operational and free of faults before
longer retrieved during the on-demand selfreleasing the vehicle to the customer.
test. GO to S2.• Enter the following diagnostic mode on the scan tool:

Retrieve/Record Continuous DTCs. No
• Enter the following diagnostic mode on the scan tool: This is an intermittent fault. The fault

On-Demand Self Test. condition is not present at this time. GO to
• Was DTC B1936 retrieved during the on-demand self test? S6.

S2 CHECK THE DRIVER AIR BAG MODULE
• Key in OFF position.
• Depower the system. Refer to Supplemental Restraint System

(SRS) Depowering and Repowering in this section.
• Remove the driver air bag module. Refer to Driver Air Bag

Module in this section.
• Attach restraint system diagnostic tool 418-F395 to the

clockspring side of the driver air bag module electrical
connector. Yes• Repower the system. Do not prove out the system at this time. GO to S3.Refer to Supplemental Restraint System (SRS) Depowering and
Repowering in this section. No

• Enter the following diagnostic mode on the scan tool: INSTALL a new driver air bag module.
On-Demand Self Test. REFER to Driver Air Bag Module in this

• Was DTC B1936 retrieved during the on-demand self test? section. GO to S7.
S3 CHECK THE DRIVER AIR BAG MODULE CIRCUIT

• Key in OFF position.
• Depower the system. Refer to Supplemental Restraint System

(SRS) Depowering and Repowering in this section.
• Disconnect: RCM C310a.
• Disconnect: Driver Air Bag Module Restraint System Diagnostic

Tool.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST S: LFC 19/DTC B1936 — DRIVER AIR BAG CIRCUIT SHORTED TO GROUND

(Continued)

Test Step Result / Action to Take
S3 CHECK THE DRIVER AIR BAG MODULE CIRCUIT (Continued)

• Measure the resistance between RCM C310a pin 1, circuit 614
(GY/OG), harness side and ground; and between RCM C310a
pin 2, circuit 615 (GY/WH), harness side and ground.

Yes
GO to S5.
No

• Are the resistances greater than 10,000 ohms? GO to S4.
S4 CHECK THE DRIVER AIR BAG MODULE WIRING AND THE

CLOCKSPRING
• Disconnect: Clockspring C218a.
• Measure the resistance between RCM C310a pin 1, circuit 614

(GY/OG), harness side and ground; and between RCM C310a
pin 2, circuit 615 (GY/WH), harness side and ground.

Yes
INSTALL a new clockspring. REFER to
Clockspring in this section. GO to S7.
No
Due to the shorting bar feature in the
electrical connector, the fault can exist in
either circuit. Do not remove or defeat the
shorting bar.
REPAIR circuit 614 (GY/OG) or circuit 615

• Are the resistances greater than 10,000 ohms? (GY/WH). GO to S7.
S5 CONFIRM THE RCM FAULT

NOTE: Make sure all restraint system diagnostic tools, sensor
Yeselectrical connectors and the RCM electrical connector are
INSTALL a new RCM. REFER toconnected before carrying out the on-demand self test. If not,
Restraints Control Module (RCM) in thiserroneous DTCs will be recorded.
section. GO to S7.• Connect: RCM C310a.

• Connect: Driver Air Bag Module Restraints Diagnostic System No
Tool. CHECK for causes of intermittent short to

• Repower the system. Do not prove out the system at this time. ground on circuit 614 (GY/OG), circuit 615
Refer to Supplemental Restraint System (SRS) Depowering and (GY/WH), and the clockspring assembly.
Repowering in this section. ATTEMPT to recreate the hard fault by

• Enter the following diagnostic mode on the scan tool: flexing the wire harness and cycling the
On-Demand Self Test. ignition key frequently. REPAIR any

• Was DTC B1936 retrieved during the on-demand self test? intermittent concerns found. GO to S7.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST S: LFC 19/DTC B1936 — DRIVER AIR BAG CIRCUIT SHORTED TO GROUND

(Continued)

Test Step Result / Action to Take
S6 CHECK FOR AN INTERMITTENT FAULT

• Key in OFF position. Yes
• Depower the system. Refer to Supplemental Restraint System This is a hard fault. The fault condition is

(SRS) Depowering and Repowering in this section. now present. This fault cannot be cleared
• Remove the driver air bag module. Refer to Driver Air Bag until it is corrected and the DTC is no

Module in this section. longer retrieved during the on-demand self
• Attach restraint system diagnostic tool 418-F395 to the test.

clockspring side of the driver air bag module electrical CHECK for causes of the intermittent fault
connector. at or near the affected air bag module

• Repower the system. Do not prove out the system at this time. connector. REPAIR any intermittent
Refer to Supplemental Restraint System (SRS) Depowering and concerns found.
Repowering in this section.

If an intermittent concern was found and• Enter the following diagnostic mode on the scan tool:
repaired, GO to S7.On-Demand Self Test.

• Was DTC B1936 retrieved during the on-demand self test? If an intermittent concern was not found
and repaired, GO to S3.
No
CHECK for causes of intermittent short to
ground on circuit 614 (GY/OG), circuit 615
(GY/WH), and the clockspring assembly.
ATTEMPT to recreate the hard fault by
flexing the wire harness and cycling the
ignition key frequently. REPAIR any
intermittent concerns found. GO to S7.

S7 CHECK FOR ADDITIONAL DTCs
• Refer to the continuous DTCs recorded during Step S1. Yes
• Were any continuous DTCs retrieved during Step S1? Do not clear any DTCs until all DTCs have

been resolved. GO to the Restraints
Control Module (RCM) Diagnostic Trouble
Code (DTC) Priority Table in this section
for pinpoint test direction.
No
RECONNECT the system. If previously
directed to deactivate the system,
REACTIVATE the system. REFER to
Supplemental Restraint System (SRS)
Deactivation and Reactivation in this
section. REPOWER the  system. REFER
to Supplemental Restraint System (SRS)
Depowering and Repowering in this
section. PROVE OUT the system. CLEAR
all DTCs.

Pinpoint Test T: LFC 21/DTC B1938 — Possible Causes
Passenger Air Bag Circuit Shorted to A passenger air bag circuit short to ground could beGround caused by:

Normal Operation • faulted wiring, terminals, or connectors.
The restraints control module (RCM) checks for • a short to ground on the passenger air bag
passenger air bag circuit shorts to ground by module.
monitoring the voltage of circuits 607 (LB/OG) and

• a faulted RCM.616 (PK/BK) at pins 3 and 4. If the RCM detects a
short to ground on either of these pins, it will  store
a diagnostic trouble code (DTC) B1938 in memory
and flash a lamp fault code (LFC) 21 (or higher
priority code if one exists) on the air bag indicator.
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST T: LFC 21/DTC B1938 — PASSENGER AIR BAG CIRCUIT SHORTED TO GROUND

NOTE: Most faults are due to connector and/or wiring concerns. Carry out a thorough
Inspection and Verification before proceeding with the Pinpoint Test.

Test Step Result / Action to Take
T1 CHECK FOR A HARD OR INTERMITTENT DTC

WARNING: Restraint system diagnostic tools are for
service only. Tools must be removed prior to operating the
vehicle over the road. Failure to remove restraint system
diagnostic tools could result in injury and possible violation of
vehicle safety  standards.

WARNING: Never probe the connectors on the air bag
module. Doing so can result in air bag deployment, which can
result in personal injury.

WARNING: The safety belt pretensioner is a pyrotechnic
device. Always wear safety glasses when repairing an air bag
equipped vehicle and when handling a safety belt buckle
pretensioner or safety belt retractor pretensioner. Never probe
a pretensioner  electrical connector. Doing so could result in
pretensioner or air bag deployment and could result in
personal injury.

CAUTION: To avoid potential damage to the restraints
control module (RCM), make sure the RCM and bracket
assembly is secured to the floor pan and the SRS is
depowered before either disconnecting or reconnecting the
RCM electrical connectors.
NOTE: After diagnosing or repairing an SRS, the restraint system Yes
diagnostic tools must be removed before operating the vehicle This is a hard fault. The fault condition is
over the road. still present. This fault cannot be cleared

until it is corrected and the DTC is noNOTE: The SRS must be fully operational and free of faults before
longer retrieved during the on-demand selfreleasing the vehicle to the customer.
test. GO to T2.• Enter the following diagnostic mode on the scan tool:

Retrieve/Record Continuous DTCs. No
• Enter the following diagnostic mode on the scan tool: This is an intermittent fault. The fault

On-Demand Self Test. condition is not present at this time. GO to
• Was DTC B1938 retrieved during the on-demand self test? T5.

T2 CHECK THE PASSENGER AIR BAG MODULE
• Key in OFF position.
• Depower the system. Refer to Supplemental Restraint System

(SRS) Depowering and Repowering in this section.
• Disconnect: Passenger Air Bag Module C256.
• Attach restraint system diagnostic tool 418-133 to passenger air

bag module C256. Yes• Repower the system. Do not prove out the system at this time. GO to T3.Refer to Supplemental Restraint System (SRS) Depowering and
Repowering in this section. No

• Enter the following diagnostic mode on the scan tool: INSTALL a new passenger air bag
On-Demand Self Test. module. REFER to Passenger Air Bag

• Was DTC B1938 retrieved during the on-demand self test? Module in this section. GO to T6.
T3 CHECK THE PASSENGER AIR BAG MODULE CIRCUITS

• Key in OFF position.
• Depower the system. Refer to Supplemental Restraint System

(SRS) Depowering and Repowering in this section.
• Disconnect: RCM C310a.
• Disconnect: Passenger Air Bag Module Restraint System

Diagnostic Tool.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST T: LFC 21/DTC B1938 — PASSENGER AIR BAG CIRCUIT SHORTED TO GROUND

(Continued)

Test Step Result / Action to Take
T3 CHECK THE PASSENGER AIR BAG MODULE CIRCUITS

(Continued)

• Measure the resistance between RCM C310a pin 3, circuit 607
(LB/OG), harness side and ground; and between RCM C310a
pin 4, circuit 616 (PK/BK), harness side and ground.

Yes
GO to T4.
No
Due to the shorting bar feature in the
electrical connector, the fault can exist in
either circuit. Do not remove or defeat the
shorting bar.
REPAIR circuit 607 (LB/OG) or circuit 616

• Are the resistances greater than 10,000 ohms? (PK/BK). GO to T6.
T4 CONFIRM THE RCM FAULT

NOTE: Make sure all restraint system diagnostic tools, sensor
Yeselectrical connectors and the RCM electrical connector are
INSTALL a new RCM. REFER toconnected before carrying out the on-demand self test. If not,
Restraints Control Module (RCM) in thiserroneous DTCs will be recorded.
section. GO to T6.• Connect: RCM C310a.

• Connect: Passenger Air Bag Module Restraint Diagnostic No
System Tool. CHECK for causes of intermittent short to

• Repower the system. Do not prove out the system at this time. ground on circuit 614 (GY/OG), circuit 615
Refer to Supplemental Restraint System (SRS) Depowering and (GY/WH), and the clockspring assembly.
Repowering in this section. ATTEMPT to recreate the hard fault by

• Enter the following diagnostic mode on the scan tool: flexing the wire harness and cycling the
On-Demand Self Test. ignition key frequently. REPAIR any

• Was DTC B1938 retrieved during the on-demand self test? intermittent concerns found. GO to T6.
T5 CHECK FOR AN INTERMITTENT FAULT

• Key in OFF position. Yes
• Depower the system. Refer to Supplemental Restraint System This is a hard fault. The fault condition is

(SRS) Depowering and Repowering in this section. now present. This fault cannot be cleared
• Disconnect: Passenger Air Bag Module C256. until it is corrected and the DTC is no
• Attach restraint system diagnostic tool 418-133 to passenger air longer retrieved during the on-demand self

bag module C256. test.
• Repower the system. Do not prove out the system at this time. CHECK for causes of the intermittent fault

Refer to Supplemental Restraint System (SRS) Depowering and at or near the affected air bag module
Repowering in this section. connector. REPAIR any intermittent

• Enter the following diagnostic mode on the scan tool: concerns found.
On-Demand Self Test.

If an intermittent concern was found and• Was the DTC B1938 retrieved during the on-demand self
repaired, GO to T6.test?
If an intermittent concern was not found
and repaired, GO to T3.
No
CHECK for causes of intermittent short to
ground on circuit 607 (LB/OG) and circuit
616 (PK/BK). ATTEMPT to recreate the
hard fault by flexing the wire harness and
cycling the ignition key frequently. REPAIR
any intermittent concerns found.  GO to
T6.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST T: LFC 21/DTC B1938 — PASSENGER AIR BAG CIRCUIT SHORTED TO GROUND

(Continued)

Test Step Result / Action to Take
T6 CHECK FOR ADDITIONAL DTCs

• Refer to the continuous DTCs recorded during Step T1. Yes
• Were any continuous DTCs retrieved during Step T1? Do not clear any DTCs until all DTCs have

been resolved. GO to the Restraints
Control Module (RCM) Diagnostic Trouble
Code (DTC) Priority Table in this section
for pinpoint test direction.
No
RECONNECT the system. If previously
directed to deactivate the system,
REACTIVATE the system. REFER to
Supplemental Restraint System (SRS)
Deactivation and Reactivation in this
section. REPOWER the  system. REFER
to Supplemental Restraint System (SRS)
Depowering and Repowering in this
section. PROVE OUT the system. CLEAR
all DTCs.

Pinpoint Test U: LFC 42/DTC B2227 — Fault Conditions
Front Impact Severity Sensor The RCM monitors for the following faultCommunication Fault conditions:

Normal Operation • low resistance.
The front impact severity sensor provides data to • high resistance or circuit open.
the RCM for use in calculating impact severity. The

• circuit short to voltage.front impact severity sensor is used by the RCM as
• circuit short to ground.an input for deployment determination. Refer to

Air Bag and Safety Belt Pretensioner Supplemental
Possible CausesRestraint System (SRS) in this section.
A impact sensor fault can be caused by: The RCM checks the impact sensor circuits for

faults. If the RCM detects a fault on either of the • faulted wiring, terminals, or connectors.
front impact severity impact sensor circuits, it will • a faulted impact sensor.
store diagnostic trouble code (DTC) B2227 in

• incorrect sensor mounting.memory and flash lamp fault code (LFC) 42 (or
higher priority code if one exists) on the air bag • a faulted RCM.
indicator.

2004 E-Series, 12/2003 



501-20B-63 501-20B-63Supplemental Restraint System

DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST U: DTC B2227 — RESTRAINT SYSTEM — IMPACT SENSOR FAULT

NOTE: Most faults are due to connector and/or wiring concerns. Carry out a thorough
Inspection and Verification before proceeding with the Pinpoint Test.

Test Step Result / Action to Take
U1 CHECK FOR CONTINUOUS AND ON-DEMAND DTCs

WARNING: Restraint system diagnostic tools are for
service only. Tools must be removed prior to operating the
vehicle over the road. Failure to remove restraint system
diagnostic tools could result in injury and possible violation of
vehicle safety  standards.

WARNING: Never probe the connectors on the air bag
module. Doing so can result in air bag deployment, which can
result in personal injury.

WARNING: The safety belt pretensioner is a pyrotechnic
device. Always wear safety glasses when repairing an air bag
equipped vehicle and when handling a safety belt buckle
pretensioner or safety belt retractor pretensioner. Never probe
a pretensioner  electrical connector. Doing so could result in
pretensioner or air bag deployment and could result in
personal injury.

CAUTION: To avoid potential damage to the restraints
control module (RCM), make sure the RCM and bracket
assembly is secured to the floor pan and the SRS is
depowered before either disconnecting or reconnecting the
RCM electrical connectors.
NOTE: After diagnosing or repairing an SRS, the restraint system Yes
diagnostic tools must be removed before operating the vehicle This is a hard fault. The fault condition is
over the road. still present. This fault cannot be cleared

until it is corrected and the DTC is noNOTE: The SRS must be fully operational and free of faults before
longer retrieved during the on-demand selfreleasing the vehicle to the customer.
test. GO to U2.• Enter the following diagnostic mode on the scan tool:

Retrieve/Record Continuous DTCs. No
• Enter the following diagnostic mode on the scan tool: This is an intermittent fault. The fault

On-Demand Self Test. condition is not present at this time. GO to
• Was DTC B2227 retrieved during the on-demand self test? U12.

U2 INSPECT THE FRONT IMPACT SEVERITY SENSOR MOUNTING,
MOUNTING SURFACE
• Key in OFF position.
• Depower the system. Refer to Supplemental Restraint System

(SRS) Depowering and Repowering in this section.
• Access the front impact severity sensor. Refer to Front Impact

Severity Sensor in this section.
• Inspect the front impact severity sensor for:

— loose electrical connector.
— loose sensor mounting bolts.

• Remove the front impact severity sensor. Refer to Front Impact
Severity Sensor in this section. Yes• Visually inspect the front impact severity sensor, alignment tabs, CLEAN and TIGHTEN bolts to requiredelectrical connector, and mounting surface for damage, corrosion specifications, or REPAIR the mountingor dirt. surface as necessary. REINSTALL the• Was a significant amount of corrosion or dirt found, or was front impact severity sensor. GO to U13.the front severity impact sensor attached to the mounting
surface incorrectly or were the sensor bolts not fully seated No
and tightened correctly? GO to U3.

U3 CHECK THE FRONT IMPACT SEVERITY SENSOR GROUND
CIRCUIT 618 (PK/LG) FOR HIGH RESISTANCE
• Reinstall the front impact severity sensor. For additional

information. refer to Front Impact Severity Sensor in this section.
• Disconnect: Front Impact Severity Sensor C177.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST U: DTC B2227 — RESTRAINT SYSTEM — IMPACT SENSOR FAULT (Continued)

Test Step Result / Action to Take
U3 CHECK THE FRONT IMPACT SEVERITY SENSOR GROUND

CIRCUIT 618 (PK/LG) FOR HIGH RESISTANCE (Continued)

• Measure the resistance between front impact severity sensor
C177 pin 2, circuit 618 (VT/LG), harness side and front impact
severity sensor case ground.

Yes
GO to U5.
No

• Is the resistance less than 100 ohms? GO to U4.
U4 CHECK THE FRONT IMPACT SEVERITY MOUNTING

• Remove the front impact severity sensor.
• Clean and repair the mounting surface as necessary.
• Clean the front impact severity sensor mounting bolts.
• Install the front impact severity sensor.
• Repower the system. Do not prove out the system at this time.

Refer to Supplemental Restraint System (SRS) Depowering and YesRepowering in this section. GO to U5.• Enter the following diagnostic mode on the scan tool:
On-Demand Self Test. No

• Was DTC B2227 retrieved during the on-demand self test? Fault corrected. GO to U13.
U5 CHECK CIRCUIT 617 (VT/OG) AND CIRCUIT 618 (VT/LG) FOR A

SHORT TO VOLTAGE BETWEEN THE RCM AND THE FRONT
IMPACT SEVERITY SENSOR
• Key in OFF position.
• Depower the system. Refer to Supplemental Restraint System

(SRS) Depowering and Repowering in this section.
• Disconnect: RCM C310b.
• Repower the system. Do not prove out the system at this time.

Refer to Supplemental Restraint System (SRS) Depowering and
Repowering in this section.

• Key in ON position.
• Measure the voltage resistance between front impact severity

sensor C177 pin 1, circuit 617 (VT/OG), harness side and
ground; and between front impact severity sensor C177 pin 2,
circuit 618 (VT/LG), harness side and ground.

Yes
GO to U6.
No
REPAIR circuit 617 (VT/OG) or circuit 618

• Are the voltages less than 0.2 volt? (VT/LG). GO to U13.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST U: DTC B2227 — RESTRAINT SYSTEM — IMPACT SENSOR FAULT (Continued)

Test Step Result / Action to Take
U6 CHECK CIRCUIT 617 (VT/OG) AND CIRCUIT 618 (VT/LG) FOR A

SHORT TO GROUND BETWEEN THE RCM AND THE FRONT
IMPACT SEVERITY SENSOR
• Key in OFF position.
• Depower the system. Refer to Supplemental Restraint System

(SRS) Depowering and Repowering in this section.
• Measure the resistance between front impact severity sensor

C177 pin 1, circuit 617 (VT/OG), harness side and ground; and
between front impact severity sensor C177 pin 2, circuit 618
(VT/LG), harness side and ground.

Yes
GO to U7.
No
REPAIR circuit 617 (VT/OG) or circuit 618

• Are the resistances greater than 10,000 ohms? (VT/LG). GO to U13.
U7 CHECK CIRCUIT 617 (VT/OG) FOR AN OPEN BETWEEN THE

RCM AND THE FRONT IMPACT SEVERITY SENSOR
• Measure the resistance between RCM C310b pin 19, circuit 617

(VT/OG), harness side and front impact severity sensor C177
pin 1, circuit 617 (VT/OG), harness side.

Yes
GO to U8.
No

• Is the resistance less than 0.5 ohm? REPAIR circuit 617 (VT/OG). GO to U13.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST U: DTC B2227 — RESTRAINT SYSTEM — IMPACT SENSOR FAULT (Continued)

Test Step Result / Action to Take
U8 CHECK CIRCUIT 618 (VT/LG) FOR AN OPEN BETWEEN THE

RCM AND THE FRONT IMPACT SEVERITY SENSOR
• Measure the resistance between RCM C310b pin 20, circuit 618

(VT/LG), harness side and front impact severity sensor C177 pin
2, circuit 618 (VT/LG), harness side.

Yes
GO to U9.
No

• Is the resistance less than 0.5 ohm? REPAIR circuit 618 (PK/LG). GO to U13.
U9 CHECK CIRCUIT 617 (VT/OG) FOR A SHORT TO CIRCUIT 618

(VT/LG) BETWEEN THE RCM AND THE FRONT IMPACT
SEVERITY SENSOR
• Measure the resistance between C177 pin 1 circuit 617

(VT/OG), harness side and C177 pin 2, circuit 618 (VT/LG),
harness side.

Yes
GO to U10.
No
REPAIR circuits 617 (VT/OG) and circuit

• Is the resistance greater than 10,000 ohms? 618 (VT/LG). GO to U13.
U10 CHECK THE FRONT IMPACT SEVERITY SENSOR

• Install a known good front impact severity sensor. Refer to Front
Impact Severity Sensor in this section.

• Connect: Front Impact Severity Sensor C177.
• Connect: RCM C310b.
• Repower the system. Do not prove out the system at this time. YesRefer to Supplemental Restraint System (SRS) Depowering and INSTALL the original front impact severityRepowering in this section. sensor. GO to U11.• Enter the following diagnostic mode on the scan tool:

On-Demand Self Test. No
• Was DTC B2227 retrieved during the on-demand self test? Fault corrected. GO to U13.

(Continued)

2004 E-Series, 12/2003 



501-20B-67 501-20B-67Supplemental Restraint System

DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST U: DTC B2227 — RESTRAINT SYSTEM — IMPACT SENSOR FAULT (Continued)

Test Step Result / Action to Take
U11 CONFIRM THE RCM FAULT

NOTE: Make sure all restraint system diagnostic tools, sensor Yes
electrical connectors and the RCM electrical connectors are INSTALL a new RCM. REFER to
connected before carrying out the on-demand self test. If not, Restraints Control Module (RCM) in this
erroneous DTCs will be recorded. section. GO to U13.
• Key in ON position. No
• Enter the following diagnostic mode on the scan tool: CHECK for causes of the intermittent fault.

On-Demand Self Test. ATTEMPT to recreate the hard fault by
• Was DTC B2227 retrieved during the on-demand self test? flexing the wire harness and cycling the

ignition key frequently. ACTIVATE other
systems in the same wire harness.
REPAIR any intermittent concerns found.
GO to U13.

U12 CHECK FOR AN INTERMITTENT FAULT
• Key in OFF position. Yes
• Enter the following diagnostic mode on the scan tool: This is a hard fault. The fault condition is

On-Demand Self Test. now present. The fault cannot be cleared
• Was DTC B2227 retrieved during the on-demand self test? until it is corrected and the DTC is no

longer retrieved during the on-demand self
test. GO to U2.
No
CHECK for causes of the intermittent fault.
ATTEMPT to recreate the hard fault by
flexing the wire harness and cycling the
ignition key frequently. ACTIVATE other
systems in the same wire harness.
REPAIR any intermittent concerns found.
GO to U13.

U13 CHECK FOR ADDITIONAL DTCs
• Refer to the continuous DTCs recorded during Step U1. Yes
• Were any continuous DTCs retrieved during Step U1? Do not clear any DTCs until all DTCs have

been resolved. GO to the Restraints
Control Module (RCM) Diagnostic Trouble
Code (DTC) Table in this section for
pinpoint test direction.
No
RECONNECT the system. If previously
directed to deactivate the system,
REACTIVATE the system. REFER to
Supplemental Restraint System (SRS)
Deactivation and Reactivation in this
section. REPOWER the  system. REFER
to Supplemental Restraint System (SRS)
Depowering and Repowering in this
section. PROVE OUT the system. CLEAR
all DTCs.
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DIAGNOSIS AND TESTING (Continued)

PINPOINT TEST V: LFC 72/DTC B2792 — Fault Conditions
Cross Link Between Firing Loops The RCM monitors for the following fault

conditions:Normal Operation
• deployment circuits shorted together.NOTE: The RCM will only display diagnostic

trouble code B2792 as a continuous fault.
Possible Causes

 The RCM monitors the air bag deployment circuits
Cross link between firing loops can be caused by:for a short to another deployment circuit. The RCM

carries out this check only at startup, so an ignition • faulted wiring.
cycle is required for any changes to take effect. • a faulted RCM.
This is a stored DTC fault only, not  available
during self test. During each ignition cycle, if the
RCM detects a cross link fault on any deployment
circuit, it will store diagnostic trouble code (DTC)
B2792 in memory and flash lamp fault code (LFC)
72 on the air bag indicator. The RCM  will also
display the lowest priority device indicating the
shorted component.

PINPOINT TEST V: LFC 72/DTC B2792 — RESTRAINT SYSTEM — CROSS LINK CIRCUIT FAILURE

NOTE: Most faults are due to connector and/or wiring concerns. Carry out a thorough
Inspection and Verification before proceeding with the Pinpoint Test.

Test Step Result / Action to Take
V1 CHECK FOR CONTINUOUS AND ON-DEMAND DTCs

WARNING: Restraint system diagnostic tools are for
service only. Tools must be removed prior to operating the
vehicle over the road. Failure to remove restraint system
diagnostic tools could result in injury and possible violation of
vehicle safety  standards.

WARNING: Never probe the connectors on the air bag
module. Doing so can result in air bag deployment, which can
result in personal injury.

WARNING: The safety belt pretensioner is a pyrotechnic
device. Always wear safety glasses when repairing an air bag
equipped vehicle and when handling a safety belt buckle
pretensioner or safety belt retractor pretensioner. Never probe
a pretensioner  electrical connector. Doing so could result in
pretensioner or air bag deployment and could result in
personal injury.

CAUTION: To avoid potential damage to the restraints
control module (RCM), make sure the RCM and bracket
assembly is secured to the floor pan and the SRS is
depowered before either disconnecting or reconnecting the
RCM electrical connectors.
NOTE: After diagnosing or repairing an SRS, the restraint system
diagnostic tools must be removed before operating the vehicle
over the road.
NOTE: The SRS must be fully operational and free of faults before
releasing the vehicle to the customer.
• Key in OFF position.
• Depower the system. Refer to Supplemental Restraint System

(SRS) Depowering and Repowering in this section.
• Remove the driver air bag module. Refer to Driver Air Bag

Module in this section.
• Attach restraint system diagnostic tool 418-F395 to the

clockspring side of the driver air bag module electrical
connector.

• Disconnect: Passenger Air Bag Module C256.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST V: LFC 72/DTC B2792 — RESTRAINT SYSTEM — CROSS LINK CIRCUIT FAILURE

(Continued)

Test Step Result / Action to Take
V1 CHECK FOR CONTINUOUS AND ON-DEMAND DTCs

(Continued)

• Attach restraint system diagnostic tool 418-133 to the passenger
air bag module C256.

Yes• Repower the system. Do not prove out the system at this time.
If DTCs B2792 and B1938 are present,Refer to Supplemental Restraint System (SRS) Depowering and
GO to V2.Repowering in this section.

• Enter the following diagnostic mode on the scan tool: If DTCs B2792 and B1879 are present,
Retrieve/Record all Continuous and On-Demand DTCs. GO to V3.

• Enter the following diagnostic mode on the scan tool: Clear All If DTCs B2792 and B1883 are present,DTCs. GO to V4.• Cycle the ignition OFF then ON.
• Enter the following diagnostic mode on the scan tool: Retrieve No

All Continuous and On-Demand DTCs. This is an intermittent fault. The fault
• Was DTC B2792 retrieved continuous along with DTCs condition is not present at this time. GO to

B1938, B1879 or B1883? V7.
V2 CHECK THE PASSENGER AIR BAG CIRCUITS FOR A SHORT

TO THE DRIVER AIR BAG CIRCUITS
• Key in OFF position.
• Depower the system. Refer to Supplemental Restraint System

(SRS) Depowering and Repowering in this section.
• Disconnect: RCM C310a.
• Disconnect: Driver Air Bag Module Restraint System Diagnostic

Tool.
• Disconnect: Passenger Air Bag Module Restraint System

Diagnostic Tool.
• Check the passenger air bag module circuits for a short to the

driver air bag module circuits by carrying out the following:
— Measure the resistance between RCM C310a pin 3, circuit

607 (LB/OG), harness side and the RCM C310a pin 1,
circuit 614 (GY/OG), harness side.

— Measure the resistance between RCM C310a pin 3, circuit
607 (LB/OG), harness side and the RCM C310a pin 2,
circuit 615 (GY/WH), harness side.

— Measure the resistance between RCM C310a pin 4, circuit
616 (PK/BK), harness side and the RCM C310a pin 1,
circuit 614 (GY/OG), harness side.

— Measure the resistance between RCM C310a pin 4, circuit
616 (PK/BK), harness side and the RCM C310a pin 2,
circuit 615 (GY/WH), harness side.

Yes
GO to V6.
No
REPAIR short in circuit 607 (LB/OG),
circuit 614 (GY/OG), circuit 615 (GY/WH),

• Are the resistances greater than 10,000 ohms? or circuit 616 (PK/BK). GO to V8.
V3 CHECK THE DRIVER SAFETY BELT BUCKLE PRETENSIONER

CIRCUITS FOR A SHORT TO THE DRIVER OR PASSENGER
AIR BAG CIRCUITS
• Key in OFF position.
• Depower the system. Refer to Supplemental Restraint System

(SRS) Depowering and Repowering in this section.
• Disconnect: RCM C310b.
• Disconnect: RCM C310a.
• Disconnect: Driver Safety Belt Buckle Pretensioner C323.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST V: LFC 72/DTC B2792 — RESTRAINT SYSTEM — CROSS LINK CIRCUIT FAILURE

(Continued)

Test Step Result / Action to Take
V3 CHECK THE DRIVER SAFETY BELT BUCKLE PRETENSIONER

CIRCUITS FOR A SHORT TO THE DRIVER OR PASSENGER
AIR BAG CIRCUITS (Continued)

• Disconnect: Driver Air Bag Module Restraint System Diagnostic
Tool.

• Disconnect: Passenger Air Bag Module Restraint System
Diagnostic Tool.

• Check the driver safety belt buckle pretensioner circuits for a
short to the driver air bag module circuits and the passenger air
bag module circuits by carrying out the following:
— Measure the resistance between RCM C310b pin 17, circuit

1079 (LG/RD), harness side and the RCM C310a pin 1,
circuit 614 (GY/OG), harness side.

— Measure the resistance between RCM C310b pin 17, circuit
1079 (LG/RD), harness side and the RCM C310a pin 2,
circuit 615 (GY/WH), harness side.

— Measure the resistance between RCM C310b pin 18, circuit
1080 (LG/BK), harness side and the RCM C310a pin 1,
circuit 614 (GY/OG), harness side.

— Measure the resistance between RCM C310b pin 18, circuit
1080 (LG/BK), harness side and the RCM C310a pin 2,
circuit 615 (GY/WH), harness side.

— Measure the resistance between RCM C310b pin 17, circuit
1079 (LG/RD), harness side and the RCM C310a pin 3,
circuit 607 (LB/OG), harness side.

— Measure the resistance between RCM C310b pin 17, circuit
1079 (LG/RD), harness side and the RCM C310a pin 2,
circuit 616 (PK/BK), harness side.

— Measure the resistance between RCM C310b pin 18, circuit
1080 (LG/BK), harness side and the RCM C310a pin 3,
circuit 607 (LB/OG), harness side.

— Measure the resistance between RCM C310b pin 18, circuit
1080 (LG/BK), harness side and the RCM C310a pin 2,
circuit 616 (PK/BK), harness side.

Yes
GO to V6.
No
REPAIR short in circuit 1079 (LG/RD),
circuit 1080 (LG/BK), circuit 614 (GY/OG),
circuit 615 (GY/WH), circuit 607 (LB/OG)

• Are the resistances greater than 10,000 ohms? and/or circuit 616 (PK/BK). GO to V8.
V4 CHECK THE PASSENGER SAFETY BELT BUCKLE

PRETENSIONER CIRCUITS FOR A SHORT TO THE DRIVER
SAFETY BELT BUCKLE PRETENSIONER CIRCUITS
• Key in OFF position.
• Depower the system. Refer to Supplemental Restraint System

(SRS) Depowering and Repowering in this section.
• Disconnect: RCM C310b.
• Disconnect: Passenger Safety Belt Buckle Pretensioner C303.
• Disconnect: Driver Safety Belt Buckle Pretensioner C323.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST V: LFC 72/DTC B2792 — RESTRAINT SYSTEM — CROSS LINK CIRCUIT FAILURE

(Continued)

Test Step Result / Action to Take
V4 CHECK THE PASSENGER SAFETY BELT BUCKLE

PRETENSIONER CIRCUITS FOR A SHORT TO THE DRIVER
SAFETY BELT BUCKLE PRETENSIONER CIRCUITS (Continued)

• Check the passenger safety belt pretensioner circuits for a short
to the driver pretensioner circuits by carrying out the following:
— Measure the resistance between RCM C310b pin 35, circuit

1081 (YE/RD), harness side and the RCM C310b pin 17,
circuit 1079 (LG/RD), harness side.

— Measure the resistance between RCM C310b pin 35, circuit
1081 (YE/RD), harness side and the RCM C310b pin 18,
circuit 1080 (LG/BK), harness side.

— Measure the resistance between RCM C310b pin 36, circuit
1082 (LB/BK), harness side and the RCM C310b pin 17,
circuit 1079 (LG/RD), harness side.

— Measure the resistance between RCM C310b pin 36, circuit
1082 (LB/BK), harness side and the RCM C310b pin 18,
circuit 1080 (LG/BK), harness side.

Yes
GO to V5.
No
REPAIR short in circuit 1081 (YE/RD),
circuit 1082 (LG/BK), circuit 1079 (LG/RD),

• Are the resistances greater than 10,000 ohms? and/or circuit 1080 (LG/BK). GO to V8.
V5 CHECK THE PASSENGER SAFETY BELT BUCKLE

PRETENSIONER CIRCUITS FOR A SHORT TO THE DRIVER OR
PASSENGER AIR BAG CIRCUITS
• Disconnect: Driver Air Bag Module Restraint System Diagnostic

Tool.
• Disconnect: Passenger Air Bag Module Restraint System

Diagnostic Tool.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST V: LFC 72/DTC B2792 — RESTRAINT SYSTEM — CROSS LINK CIRCUIT FAILURE

(Continued)

Test Step Result / Action to Take
V5 CHECK THE PASSENGER SAFETY BELT BUCKLE

PRETENSIONER CIRCUITS FOR A SHORT TO THE DRIVER OR
PASSENGER AIR BAG CIRCUITS (Continued)

• Check the passenger safety belt buckle pretensioner circuits for
a short to the driver air bag module circuits and passenger air
bag module circuits by carrying out the following:
— Measure the resistance between RCM C310b pin 35, circuit

1081 (YE/RD), harness side and the RCM C310a pin 1,
circuit 614 (GY/OG), harness side.

— Measure the resistance between RCM C310b pin 35, circuit
1081 (YE/RD), harness side and the RCM C310a pin 2,
circuit 615 (GY/WH), harness side.

— Measure the resistance between RCM C310b pin 36, circuit
1082 (LB/RD), harness side and the RCM C310a pin 1,
circuit 614 (GY/OG), harness side.

— Measure the resistance between RCM C310b pin 36, circuit
1082 (LB/RD), harness side and the RCM C310a pin 2,
circuit 615 (GY/WH), harness side.

— Measure the resistance between RCM C310b pin 35, circuit
1081 (YE/RD), harness side and the RCM C310a pin 3,
circuit 607 (LB/OG), harness side.

— Measure the resistance between RCM C310b pin 35, circuit
1081 (YE/RD), harness side and the RCM C310a pin 4,
circuit 616 (PK/BK), harness side.

— Measure the resistance between RCM C310b pin 36, circuit
1082 (LB/RD), harness side and the RCM C310a pin 3,
circuit 607 (LB/OG), harness side.

— Measure the resistance between RCM C310b pin 36, circuit
1082 (LB/RD), harness side and the RCM C310a pin 4,
circuit 616 (PK/BK), harness side.

Yes
GO to V6.
No
REPAIR short in circuit 1081 (YE/RD),
circuit 1082 (LB/RD), circuit 614 (GY/OG),
circuit 615 (GY/WH), circuit 607 (LB/OG)

• Are the resistances greater than 10,000 ohms? and/or circuit 616 (PK/BK). GO to V8.
V6 CONFIRM THE RCM FAULT

NOTE: Make sure all restraint system diagnostic tools, sensor
electrical connectors and the RCM electrical connectors are
connected before carrying out the on-demand self test. If not,
erroneous DTCs will be recorded.
• Connect: RCM C310b.
• Connect: RCM C310a.
• Connect: Driver Air Bag Module Restraint System Diagnostic

Tool.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST V: LFC 72/DTC B2792 — RESTRAINT SYSTEM — CROSS LINK CIRCUIT FAILURE

(Continued)

Test Step Result / Action to Take
V6 CONFIRM THE RCM FAULT (Continued)

• Connect: Passenger Air Bag Module Restraint System YesDiagnostic Tool. INSTALL a new RCM. REFER to• Connect: Passenger Safety Belt Buckle Pretensioner (if Restraints Control Module (RCM) in thispreviously disconnected). section. GO to V8.• Connect:  Driver Safety Belt Buckle Pretensioner (if previously
disconnected). No

• Repower the system. Do not prove out the system at this time. CHECK for causes of the intermittent fault.
Refer to Supplemental Restraint System (SRS) Depowering and ATTEMPT to recreate the hard fault by
Repowering in this section. flexing the wire harness and cycling the

• Key in ON position. ignition key frequently. ACTIVATE other
• Enter the following diagnostic mode on the scan tool: Retrieve systems in the same wire harness.

Continuous DTCs. REPAIR any intermittent concerns found.
• Was DTC B2792 retrieved? GO to V8.

V7 CHECK FOR AN INTERMITTENT FAULT
• Clear all DTCs. Yes
• Cycle the ignition OFF then ON. This is a hard fault. The fault condition is
• Enter the following diagnostic mode on the scan tool: Retrieve now present. The fault cannot be cleared

Continuous DTCs. until it is corrected and the DTC is no
• Was DTC B2227 retrieved during the on-demand self test? longer retrieved during the on-demand self

test. GO to V8.
No
CHECK for causes of the intermittent fault.
ATTEMPT to recreate the hard fault by
flexing the wire harness and cycling the
ignition key frequently. ACTIVATE other
systems in the same wire harness.
REPAIR any intermittent concerns found.
GO to V8.

V8 CHECK FOR ADDITIONAL DTCs
• Clear all DTCs. Yes
• Cycle the ignition OFF then ON. Do not clear any DTCs until all DTCs have
• Enter the following diagnostic mode on the scan tool: Retrieve been resolved. GO to the Restraints

all Continuous and On-Demand DTCs. Control Module (RCM) Diagnostic Trouble
• Were additional DTCs retrieved? Code (DTC) Table in this section for

pinpoint test direction.
No
RECONNECT the system. If previously
directed to deactivate the system,
REACTIVATE the system. REFER to
Supplemental Restraint System (SRS)
Deactivation and Reactivation in this
section. REPOWER the  system. REFER
to Supplemental Restraint System (SRS)
Depowering and Repowering in this
section. PROVE OUT the system. CLEAR
all DTCs.

Pinpoint Test W: No Communication Possible Causes
With The Restraints Control Module A no communication fault with the RCM can be(RCM) caused by:

Normal Operation • faulted wiring, terminals or connectors.
The scan tool communicates with the restraints • a faulted data link connector (DLC).
control module (RCM) through the data link

• a faulted RCM.connector (DLC) C251 pin 7, circuit 70 (LB/WH).
• low battery voltage.
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST W: NO COMMUNICATION WITH THE RESTRAINTS CONTROL MODULE (RCM)

NOTE: Most faults are due to connector and/or wiring concerns. Carry out a thorough
Inspection and Verification before proceeding with the Pinpoint Test.

Test Step Result / Action to Take
W1 CHECK RCM C310a PIN 11 FOR DAMAGE

WARNING: Restraint system diagnostic tools are for
service only. Tools must be removed prior to operating the
vehicle over the road. Failure to remove restraint system
diagnostic tools could result in injury and possible violation of
vehicle safety  standards.

WARNING: Never probe the connectors on the air bag
module. Doing so can result in air bag deployment, which can
result in personal injury.

WARNING: The safety belt pretensioner is a pyrotechnic
device. Always wear safety glasses when repairing an air bag
equipped vehicle and when handling a safety belt buckle
pretensioner or safety belt retractor pretensioner. Never probe
a pretensioner  electrical connector. Doing so could result in
pretensioner or air bag deployment and could result in
personal injury.

CAUTION: To avoid potential damage to the restraints
control module (RCM), make sure the RCM and bracket
assembly is secured to the floor pan and the SRS is Yes
depowered before either disconnecting or reconnecting the GO to W2.
RCM electrical connectors.

NoNOTE: After diagnosing or repairing an SRS, the restraint system REPAIR RCM C310a or RCM C310a pindiagnostic tools must be removed before operating the vehicle 11 as necessary. RETEST theover the road. communication to the RCM. RECONNECT
NOTE: The SRS must be fully operational and free of faults before the system. If previously directed to
releasing the vehicle to the customer. deactivate the system, REACTIVATE the
• Key in OFF position. system. REFER to  Supplemental
• Depower the system. Refer to Supplemental Restraint System Restraint System (SRS) Deactivation and

(SRS) Depowering and Repowering in this section. Reactivation in this section. REPOWER
• Disconnect: RCM C310a. the system. REFER to  Supplemental
• Inspect the RCM C310a, harness side and RCM C310a, Restraint System (SRS) Depowering and

component side, pin 11 for damage. Repowering in this section. PROVE OUT
• Are RCM C310a and RCM C310a pin 11 OK? the system. CLEAR all DTCs.

W2 CHECK DLC C251 PIN 7 FOR DAMAGE
• Inspect DLC C251 and DLC C251 pin 7 for damage.

Yes
GO to W3.
No
REPAIR DLC C251 or DLC C251 pin 7 as
necessary. RECONNECT the system. If
previously directed to deactivate the
system, REACTIVATE the system. REFER
to  Supplemental Restraint System (SRS)
Deactivation and Reactivation in this
section. REPOWER the system. REFER
to  Supplemental Restraint System (SRS)
Depowering and Repowering in this
section. PROVE OUT the system. CLEAR

• Are DLC C251 and DLC C251 pin 7 OK? all DTCs.
W3 CHECK CIRCUIT 937 (RD/WH) FOR AN OPEN

• Deactivate the system. Refer to Supplemental Restraint System
(SRS) Deactivation and Reactivation in this section.

• Key in ON position.

(Continued)

2004 E-Series, 12/2003 



501-20B-75 501-20B-75Supplemental Restraint System

DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST W: NO COMMUNICATION WITH THE RESTRAINTS CONTROL MODULE (RCM)

(Continued)

Test Step Result / Action to Take
W3 CHECK CIRCUIT 937 (RD/WH) FOR AN OPEN (Continued)

• Measure the voltage between RCM C310a pin 12, circuit 937
(RD/WH), harness side and ground.

Yes
GO to W4.
No
REPAIR circuit 937 (RD/WH). RETEST
the communication to the RCM.
RECONNECT the system. If previously
directed to deactivate the system,
REACTIVATE the system. REFER to
Supplemental Restraint System (SRS)
Deactivation and Reactivation in this
section. REPOWER the system. REFER
to  Supplemental Restraint System (SRS)
Depowering and Repowering in this
section. PROVE OUT the system. CLEAR

• Is the voltage greater than 10 volts? all DTCs.
W4 CHECK CIRCUIT 1203 (BK/LB) FOR AN OPEN

• Key in OFF position.
• Measure the resistance between RCM C310a pin 16, circuit

1203 (BK/LB), harness side and a sheet metal ground near the
RCM.

Yes
GO to W5.
No
REPAIR circuit 1203 (BK/LB). RETEST
the communication to the RCM.
RECONNECT the system. If previously
directed to deactivate the system,
REACTIVATE the system. REFER to
Supplemental Restraint System (SRS)
Deactivation and Reactivation in this
section. REPOWER the system. REFER
to  Supplemental Restraint System (SRS)
Depowering and Repowering in this
section. PROVE OUT the system. CLEAR

• Is the resistance less than 5 ohms? all DTCs.
W5 CHECK CIRCUIT 70 (LB/WH) FOR AN OPEN

• Measure the resistance between RCM C310a pin 11, circuit 70
(LB/WH), harness side and the DLC C251 pin 7, circuit 70
(LB/WH), harness side.

Yes
GO to W6.
No
REPAIR circuit 70 (LB/WH). RETEST the
communication to the RCM. RECONNECT
the system. If previously directed to
deactivate the system, REACTIVATE the
system. REFER to  Supplemental
Restraint System (SRS) Deactivation and
Reactivation in this section. REPOWER
the system. REFER to  Supplemental
Restraint System (SRS) Depowering and
Repowering in this section. PROVE OUT

• Is the resistance less than 0.5 ohms? the system. CLEAR all DTCs.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST W: NO COMMUNICATION WITH THE RESTRAINTS CONTROL MODULE (RCM)

(Continued)

Test Step Result / Action to Take
W6 CONFIRM THE RCM FAULT

NOTE: Make sure all restraint system diagnostic tools, sensor Yes
electrical connectors and the RCM electrical connectors are Fault corrected. RECONNECT the system.
connected before carrying out the on-demand self test. If not, If previously directed to deactivate the
erroneous DTCs will be recorded. system, REACTIVATE the system. REFER

to Supplemental Restraint System (SRS)• Connect: RCM C310a.
Deactivation and Reactivation in this• Enter the following diagnostic mode on the scan tool:
section.  REPOWER the system. REFEROn-Demand Self Test.
to Supplemental Restraint System (SRS)• Did the scan tool communicate with the RCM?
Depowering and Repowering in this
section. PROVE OUT the system. CLEAR
all DTCs.
No
INSTALL a new RCM. REFER TO
Restraints Control Module (RCM) in this
section. RETEST the communication to
the RCM. RECONNECT the system. If
previously directed to deactivate the
system, REACTIVATE the  system.
REFER to Supplemental Restraint System
(SRS) Deactivation and Reactivation in
this section. REPOWER the system.
REFER to  Supplemental Restraint
System (SRS) Depowering and
Repowering in this section. PROVE OUT
the system. CLEAR all DTCs.
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GENERAL PROCEDURES

4. Turn the ignition ON and visually monitor theSupplemental Restraint System (SRS)
air bag indicator for at least 30 seconds. The airDepowering and Repowering
bag indicator will remain lit continuously (no
flashing) if the correct RCM fuse has beenDepowering Procedure
removed. If the air bag indicator does not
remain lit  continuously, remove the correct

WARNING: Always wear safety glasses RCM fuse before proceeding.
when repairing an air bag supplemental restraint
system (SRS) vehicle and when handling an air 5. Turn the ignition switch to OFF.
bag module. This will reduce the risk of injury in
the event of an accidental deployment. 6. WARNING: To avoid accidental

deployment and possible personal injury, the
WARNING: Never probe the connectors on backup power supply must be depleted

the air bag module. Doing so can result in air before repairing or replacing any front or
bag deployment, which can result in personal side air bag supplemental restraint system
injury. (SRS) components and before servicing,

replacing,  adjusting or striking components
WARNING: To reduce the risk of personal near the front or side air bag sensors or

injury, do not use any memory saver devices. RCM, such as doors, instrument panel,
console, door latches, strikers, seats and hood

CAUTION: To avoid potential damage to latches.
the restraints control module (RCM), make sure

To deplete the backup power supply energy,the RCM and bracket assembly is secured to the
disconnect the battery ground cable and waitfloor pan and the SRS is depowered before either
at least one minute. Be sure to disconnectdisconnecting or reconnecting the RCM electrical
auxiliary batteries and power supplies (ifconnectors.
equipped).

NOTE: If a seat equipped with a supplemental Disconnect the battery ground cable (14301)
restraint system (SRS) component is being serviced, and wait at least one minute. For additional
the SRS must be depowered. information, refer to Section 414-01.

NOTE: The air bag warning lamp illuminates when Repowering Procedure
the RCM fuse is removed and the ignition switch is
ON. This is normal operation and does not indicate

1. WARNING: The restraint systema supplemental restraint system (SRS) fault.
diagnostic tool is for restraint system service
only. Remove from vehicle prior to road use.NOTE: The SRS must be fully operational and free
Failure to remove could result in injury andof faults before releasing the vehicle to the
possible violation of vehicle safety standards.customer.
Make sure all restraint system diagnostic tool(s)

1. Turn all vehicle accessories OFF. that may have been installed during the repair
have been removed from the vehicle and all

2. Turn the ignition switch to OFF. SRS components are connected.

3. At the central junction box (CJB), located 2. Turn the ignition switch from OFF to ON.
below the LH side of the instrument panel,
remove the cover and the restraints control 3. Install the RCM module fuse F2.20 (10A) to
module (RCM) module fuse F2.20 (10A) from the CJB and install the cover.
the CJB. For additional information, refer to the
Wiring Diagram Manual.
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GENERAL PROCEDURES (Continued)

5. Prove out the supplemental restraint system4. WARNING: Be sure that nobody is in
(SRS) as follows:the vehicle and that there is nothing blocking

or set in front of any air bag module when Turn the ignition key from ON to OFF. Wait
the battery ground cable is connected. 10 seconds, then turn the key back to ON and

visually monitor the air bag indicator with theConnect the battery ground cable. For additional
air bag modules installed. The air bag indicatorinformation, refer to Section 414-01.
will light continuously for approximately six
seconds and  then turn off. If an air bag
supplemental restraint system (SRS) fault is
present, the air bag indicator will either:

- fail to light.

- remain lit continuously.

- flash.

The flashing might not occur until
approximately 30 seconds after the ignition
switch has been turned from the OFF to the ON
position. This is the time required for the
restraints control module (RCM) to complete
the testing of the SRS. If the  air bag indicator
is inoperative and a SRS fault exists, a chime
will sound in a pattern of five sets of five
beeps. If this occurs, the air bag indicator and
any SRS fault discovered must be diagnosed
and repaired.

Clear all continuous DTCs from the restraints
control module using a scan tool.
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GENERAL PROCEDURES

NOTE: The SRS must be fully operational and freeSupplemental Restraint System (SRS)
of faults before releasing the vehicle to theDeactivation and Reactivation
customer.

Special Tool(s) 1. Turn all vehicle accessories OFF.
Diagnostic Tool, Restraint
System 2. Turn the ignition switch to OFF.
418-F395

3. At the central junction box (CJB), located
below the LH side of the instrument panel,
remove the cover and the restraints control
module (RCM) module fuse F2.20 (10A) from
the CJB. For additional information, refer to theDiagnostic Tool, Restraint
Wiring Diagram Manual.System

418-133
4. Turn the ignition ON and visually monitor the

air bag indicator for at least 30 seconds. The air
bag indicator will remain lit continuously (no
flashing) if the correct RCM fuse has been
removed. If the air bag indicator does not

Depowering Procedure remain lit  continuously, remove the correct
RCM fuse before proceeding.

WARNING: Always wear safety glasses
5. Turn the ignition switch to OFF.when repairing an air bag supplemental restraint

system (SRS) vehicle and when handling an air
6. WARNING: To avoid accidentalbag module. This will reduce the risk of injury in

deployment and possible personal injury, thethe event of an accidental deployment.
backup power supply must be depleted
before repairing or replacing any front orWARNING: Never probe the connectors on
side air bag supplemental restraint systemthe air bag module. Doing so can result in air
(SRS) components and before servicing,bag deployment, which can result in personal
replacing,  adjusting or striking componentsinjury.
near the front or side air bag sensors or
RCM, such as doors, instrument panel,WARNING: To reduce the risk of personal
console, door latches, strikers, seats and hoodinjury, do not use any memory saver devices.
latches.

CAUTION: To avoid potential damage to To deplete the backup power supply energy,
the restraints control module (RCM), make sure disconnect the battery ground cable and wait
the RCM and bracket assembly is secured to the at least one minute. Be sure to disconnect
floor pan and the SRS is depowered before either auxiliary batteries and power supplies (if
disconnecting or reconnecting the RCM electrical equipped).
connectors. Disconnect the battery ground cable (14301)

and wait at least one minute. For additionalNOTE: If a seat equipped with a supplemental
information, refer to Section 414-01.restraint system (SRS) component is being serviced,

the SRS must be depowered.

NOTE: The air bag warning lamp illuminates when
the restraints control module (RCM) fuse is
removed and the ignition switch is ON. This is
normal operation and does not indicate a
supplemental restraint system (SRS) fault.
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GENERAL PROCEDURES (Continued)

7. NOTE: Make sure the wheels are in the
straight-ahead position.

Remove the driver air bag module.

1 Remove the two steering wheel back cover
plugs.

2 Remove the two driver air bag module
bolts.

3 Disconnect the horn electrical connector.

4 Disconnect the clockspring electrical
connector.

5 Remove the driver air bag module.
10. Remove the RH lower instrument panel

reinforcement.

8. Attach the restraint system diagnostic tool to
the clockspring electrical connector at the top of
the steering column. 11. Disconnect the passenger air bag module

electrical connector.

9. Remove the RH lower instrument finish panel.
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GENERAL PROCEDURES (Continued)

12. Attach restraint system diagnostic tool to the
vehicle harness side of the passenger air bag
module electrical connector.

5. Position the RH lower instrument panel finish
panel reinforcement. Install the bolts.

13. Install the RCM fuse F2.20 (10A) to the CJB.

14. Connect the battery ground cable. For additional
information, refer to Section 414-00.

Reactivation Procedure

1. Remove the RCM fuse F2.20 (10A) from the
CJB.

2. Disconnect the battery ground cable and wait at
least one minute. For additional information,
refer to Section 414-00. 6. Align the retaining clips and install the RH

lower instrument finish panel.
3. Remove restraint system diagnostic tool from

the vehicle harness side of the passenger air bag
module electrical connector.

4. Connect the passenger air bag module electrical
connector.
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GENERAL PROCEDURES (Continued)

7. Remove the restraint system diagnostic tool 9. WARNING: The restraint system
from the clockspring electrical connector at the diagnostic tool is for restraint system service
top of the steering column. only. Remove from vehicle prior to road use.

Failure to remove could result in injury and
possible violation of vehicle safety standards.

Make sure all restraint system diagnostic tool(s)
that may have been installed during the repair
have been removed from the vehicle and all
SRS components are connected.

10. Turn the ignition switch from OFF to ON.

11. Install the RCM module fuse F2.20 (10A) to
the CJB and install the cover.

12. WARNING: Be sure that nobody is in
the vehicle and that there is nothing blocking8. Install the driver air bag module.
or set in front of any air bag module when

1 Connect the horn electrical connector. the battery ground cable is connected.
2 Connect the driver air bag module electrical Connect the battery ground cable.

connector.

3 Position the driver air bag module into the
steering wheel.

4 Install the two driver air bag module bolts.

5 Install the two steering wheel back cover
plugs.
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GENERAL PROCEDURES (Continued)

13. Prove out the supplemental restraint system
(SRS) as follows:

Turn the ignition key from ON to OFF. Wait
10 seconds, then turn the key back to ON and
visually monitor the air bag indicator with the
air bag modules installed. The air bag indicator
will light continuously for approximately six
seconds and  then turn off. If an air bag
supplemental restraint system (SRS) fault is
present, the air bag indicator will either:

- fail to light.

- remain lit continuously.

- flash.

The flashing might not occur until
approximately 30 seconds after the ignition
switch has been turned from the OFF to the ON
position. This is the time required for the
restraints control module (RCM) to complete
the testing of the SRS. If the  air bag indicator
is inoperative and a SRS fault exists, a chime
will sound in a pattern of five sets of five
beeps. If this occurs, the air bag indicator and
any SRS fault discovered must be diagnosed
and repaired.

Clear all continuous DTCs from the restraints
control module using a scan tool.
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GENERAL PROCEDURES
All vehiclesInspection and Repair After a

Supplemental Restraint System (SRS)
1. NOTE: Refer to the correct removal andDeployment

installation procedure for all SRS components
being installed.

WARNING: The restraint system
When any deployable device or combination ofdiagnostic tool is for restraint system service
devices are deployed and/or the restraintsonly. Remove from vehicle prior to road use.
control module (RCM) has the diagnosticFailure to remove could result in injury and
trouble code (DTC) B1231 (Crash Datapossible violation of vehicle safety standards.
Memory Full) in memory, the repair of the
vehicle’s SRS is to include the  removal of allNOTE: After diagnosing or repairing a
deployed devices and the installation of newsupplemental restraint system (SRS), the restraint
deployable devices, the removal and installationsystem diagnostic tools (if required) must be
of new impact sensors, and the removal andremoved before operating the vehicle over the
installation of a new RCM. DTCs must clearedroad.
from all required modules after repairs are

NOTE: After diagnosing or repairing a seat system, carried  out.
the restraint system diagnostic tools (if required)
must be removed before operating the vehicle Vehicles with occupant classification sensor

(OCS) systemover the road.

NOTE: Deployable devices (such as air bag 2. NOTE:  After installation of new occupant
modules, pretensioners) may deploy alone or in classification sensor (OCS) components carry
various combinations depending on the impact

out the OCS System Reset procedure as
event.

instructed in the workshop manual. Refer to the
appropriate workshop manual (WSM) for OCSNOTE: Always refer to the appropriate workshop
system removal and installation  procedure.manual procedures prior to carrying out vehicle

repairs affecting the supplemental restraint system When a vehicle has been involved in a collision
(SRS) and safety belt system. and the occupant classification sensor (OCS)

module has DTC B1231 stored in memory, the
NOTE: The SRS must be fully operational and free repair of the OCS system is to include the
of faults before releasing the vehicle to the following procedures for the specified system:
customer.

• For rail type OCS system, inspect the
passenger side floorpan for damage and
repair as necessary. Install new OCS rails.

• For weight sensor bolt type OCS system,
inspect the passenger side floorpan for
damage and repair as necessary. Install a
new seat track with OCS weight sensor
bolts.

• NOTE:  Most bladder type OCS modules
do not store a DTC B1231 in memory after
deployment. The DTC B1231 is stored only
by the RCM.

For bladder type OCS system, inspect for
damage and repair as necessary. If
installation of an OCS component is
required, an OCS service kit must be
installed.

Copyright  2003, Ford Motor Company
Last updated: 8/30/2006 2004 E-Series, 12/2003 



501-20B-2 501-20B-2Supplemental Restraint System

GENERAL PROCEDURES (Continued)

All vehicles 6. Inspect the entire vehicle for damage, including
the following components:

3. When any damage to the impact sensor • Steering column (deployable column if
mounting points or mounting hardware has equipped)
occurred, repair or install new mounting points • Instrument panel knee bolsters and mounting
and mounting hardware as needed. points

• Instrument panel braces and brackets4. When the driver air bag module has deployed, a
new clockspring must be installed. • Instrument panel and mounting points

• Seats and seat mounting points
5. New driver and/or front passenger safety belt

• Safety belts, safety belt buckles and safetysystems (including retractors, buckles and
belt retractors. For additional information,height adjusters) must be installed if the vehicle
refer to Section 501-20Ais involved in a collision that results in

deployment of the driver and/or front passenger • SRS wiring, wiring harnesses and
safety belt  pretensioners. For additional connectors
information, refer to Section 501-20A.

7. After carrying out the review and inspection of
the entire vehicle for damage, repair or install
new components as needed.
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GENERAL PROCEDURES

3. NOTE: If a dual stage driver or passenger airPyrotechnic Device Disposal
bag module has deployed due to a crash event,
the air bag module requires manual deploymentDisposal of Deployable Devices and
to make sure both stages have deployed beforePyrotechnic Devices That Are
scrapping the vehicle or disposing of the air bagUndeployed/Inoperative
module. To  determine if a vehicle is equipped
with dual stage driver or passenger air bagNOTE: All inoperative air bag modules and safety
modules, refer to the Description and Operationbelt pretensioners have been placed on the
portion of this section.Mandatory Return List. All discolored or damaged

air bag modules must be treated the same as any Dispose of the deployed device in the same
inoperative live air bag being returned. manner as any other part to be scrapped.

Disposal of Deployable Devices and1. Depower the system. For additional
Pyrotechnic Devices That Requireinformation, refer to Supplemental Restraint
Manual DeploymentSystem (SRS) Depowering and Repowering in

the General Procedures portion of this section.
1. Safety and environmental concerns require

2. Remove the undeployed/inoperative device. For consideration and treatment of restraints system
additional information, refer to the appropriate deployable and pyrotechnic devices when
procedure in this section or Section 501-20A. disposing of vehicles, deployable devices or

pyrotechnic devices. Deploying deployable and
3. NOTE: When installing a new air bag module, pyrotechnic devices  before scrapping a vehicle

a prepaid return postcard is provided with the or the device eliminates the potential for
replacement air bag module. The serial number hazardous exposures or reactions during
for the new part and the vehicle identification processing. If special handling procedures are
number (VIN) must be recorded and sent to followed, deployable and pyrotechnic devices
Ford Motor Company. can be deployed safely and recycled with the

vehicle, shipped separately to a recyclingIf installing a new air bag module record the
facility or disposed of safely.necessary information and return the inoperative

air bag module to Ford Motor Company. NOTE: To determine the deployable devices a
vehicle is equipped with, refer to the Description

Disposal of Deployable Devices and and Operation portion of this section.Pyrotechnic Devices That Are Deployed
A vehicle equipped with any of the following
deployable devices requires manual deployment1. Depower the system. For additional
of the devices before scrapping the vehicle orinformation, refer to Supplemental Restraint
component. For additional information, refer toSystem (SRS) Depowering and Repowering in
the appropriate portion of this procedure.the General Procedures portion of this section.
• Driver air bag module

2. Remove the deployed device. For additional • Passenger air bag module
information, refer to the appropriate procedure

• Seat side air bag modulesin this section or Section 501-20A.
• Safety canopy modules

• Side air curtain modules
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GENERAL PROCEDURES (Continued)

2. NOTE: To determine the pyrotechnic devices a WARNING: Do not set a live air bag
vehicle is equipped with, refer to the module down with the trim cover face down.
Description and Operation portion of this This will reduce the risk of injury in the event of
section. an accidental deployment.
A vehicle equipped with any of the following

WARNING: Carry a live seat side air bagpyrotechnic devices requires manual deployment
module with the air bag and tear seam pointedof the devices before scrapping the vehicle or
away from your body. This will reduce the riskcomponent. For additional information, refer to
of injury in the event of an accidentalthe appropriate portion of this procedure.
deployment.• Safety belt buckle pretensioners

• Safety belt retractor pretensioners WARNING: Deployment is to be carried
• Adaptive load limiting retractors out outdoors with all personnel at least 9.14

meters (30 feet) away to make sure of personal• Deployable steering column
safety. Due to the loud report which occurs when
the air bag is deployed, hearing protection is3. NOTE: To determine if a vehicle is equipped
required.with dual stage driver or passenger air bag

modules, refer to the Description and Operation
WARNING: After deployment, the air bagportion of this section.

surface can contain deposits of sodium
If a dual stage driver or passenger air bag hydroxide, a product of the gas generant
module has deployed due to a crash event, the combustion that is irritating to the skin. Wash
air bag module requires manual deployment to your hands with soap and water afterwards.
make sure both stages have deployed before
scrapping the vehicle or disposing of the air bag NOTE: For air bag modules with multiple squibs,
module. For  additional information, refer to all the squibs on the air bag module must be
Driver Air Bag Module, Passenger Air Bag deployed.
Module and Seat Side Air Bag Modules —
Remote Deployment in this procedure. NOTE: Some driver and passenger front air bags

have 2 deployment stages. After a crash event it is
Driver Air Bag Module, Passenger Air possible that Stage 1 has deployed and Stage 2 has
Bag Module and Seat Side Air Bag not.Modules — Remote Deployment

If a front air bag module has deployed, it is
mandatory that the front air bag module be

WARNING: Always wear safety glasses remotely deployed using the appropriate air bag
when repairing an air bag supplemental restraint disposal procedure.
system (SRS) vehicle and when handling an air
bag module. This will reduce the risk of injury in NOTE: A typical air bag disposal is shown that is
the event of an accidental deployment. similar for all vehicles.

WARNING: Never probe the connectors on
the air bag module. Doing so can result in air
bag deployment, which can result in personal
injury.

WARNING: Carry a live air bag module
with the air bag and trim cover pointed away
from your body. This will reduce the risk of
injury in the event of an accidental deployment.
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GENERAL PROCEDURES (Continued)

All driver, passenger and seat side air bag 3. Remove the air bag module. For additional
modules information, refer to the appropriate procedure

in this section.
1. Make a container to house the air bag module

4. NOTE: If the air bag module does not have afor deployment.
hard-wired pigtail, it will be necessary to cut• NOTE: The tires must be of sufficient size
the wires and connector(s) from the vehicleto accommodate the air bag module.
wire harness and reconnect to the air bag

Obtain a tire and wheel assembly and an module.
additional 4 tires (without wheels) of the

Cut each of the air bag module wires near thesame size.
electrical connector that connects to the vehicle

• With the tire and wheel assembly on the wire harness.
bottom, stack the tires.

5. Remove any sheathing (if present) and strip the• Securely tie all of the tires together.
insulation from the ends of the cut wires.

6. NOTE: Typical driver air bag module with 2
squibs shown, other air bag modules with
multiple squibs similar.

For air bag modules with multiple squibs, twist
together a wire from each squib then repeat for
the remaining wires from each squib.

7. Make a jumper harness to deploy the air bag
module.

• Obtain 2 wires (20 gauge minimum) at least
9.14 meters (30 feet) long and strip both
ends of each wire.

2. Depower the system. For additional • At one end of the jumper harness, connect
information, refer to Supplemental Restraint the wires together.
System (SRS) Depowering and Repowering in
the General Procedures portion of this section.
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GENERAL PROCEDURES (Continued)

8. Using the end of the jumper harness that the
wires are not connected together, attach each
wire of the jumper harness to each wire of the
air bag module or to the twisted-together wires
if multiple squibs. Use tape or other insulating
material  to make sure that the leads do not
make contact with each other.

Driver air bag modules

9. NOTE: Make sure to maintain the connections
to the air bag module.

With the stack of tires upright and the wheel on
Passenger and seat side air bag modulesthe bottom, carefully place the driver air bag

module, with the trim cover facing up, on the
wheel. 10. NOTE: Make sure to maintain the connections

to the air bag module.

Tip the stack of tires on its side and place the
air bag module inside the center tire, making
sure that there are 2 tires beneath the tire
containing the air bag module and 2 tires
(including the tire and wheel assembly) above
the tire  containing the air bag module.
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GENERAL PROCEDURES (Continued)

11. Place the tire stack upright, with the wheel on 14. Deploy the air bag module by touching the ends
top. of the 2 wires of the jumper harness to the

terminals of a 12-volt battery.

15. To allow for cooling, wait at least 10 minutes
before approaching the deployed air bag
module.

16. Dispose of the deployed air bag module in the
same manner as any other part to be scrapped.

Safety Belt Buckle Pretensioners, Safety Belt
Retractor Pretensioners and Adaptive Load
Limiting Safety Belt Retractors — Remote
Deployment

WARNING: The safety belt pretensioner is
a pyrotechnic device. Always wear safety glasses
when repairing an air bag equipped vehicle and
when handling a safety belt buckle pretensioner
or safety belt retractor pretensioner. Never probe
a pretensioner  electrical connector. Doing so
could result in pretensioner or air bag
deployment and could result in personal injury.

WARNING: Deployment is to be carried
out outdoors with all personnel at least 9.14
meters (30 feet) away to make sure of personal
safety. Due to the loud report which occurs when
the pretensioner or adaptive load limitingAll driver, passenger and seat side air bag
retractor is deployed, hearing  protection ismodules
required.

12. Remain at least 9.14 meters (30 feet) away NOTE: A typical safety belt buckle and retractor
from the air bag module. disposal is shown that is similar for all vehicles.

13. From the end of the jumper harness that is not
connected to the air bag module, disconnect the
2 wires of the jumper harness from each other.
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GENERAL PROCEDURES (Continued)

1. Make a container to house the safety belt 4. NOTE: If the safety belt buckle or retractor
buckle or retractor for deployment. does not have a hard-wired pigtail, it will be

necessary to cut the wires and connector(s)• NOTE: The tires must be of sufficient size
from the vehicle wire harness and reconnect toto accommodate the safety belt buckle or
the safety belt buckle or retractor.retractor.
Cut each of the safety belt buckle or retractorObtain a tire and wheel assembly and an
wires near the electrical connector that connectsadditional 4 tires (without wheels) of the
to the vehicle wire harness.same size.

• With the tire and wheel assembly on the 5. Remove any sheathing (if present) and strip the
bottom, stack the tires. insulation from the ends of the cut wires.

• Securely tie all of the tires together.
6. Make a jumper harness to deploy the safety belt

buckle or retractor.

• Obtain 2 wires (20 gauge minimum) at least
9.14 meters (30 feet) long and strip both
ends of each wire.

• At one end of the jumper harness, connect
the wires together.

7. NOTE: Typical safety belt retractor
pretensioner shown, other safety belt buckle
pretensioners and load limiting retractors
similar.

Using the end of the jumper harness that the
wires are not connected together, attach each
wire of the jumper harness to each wire of the
safety belt buckle or retractor. Use tape or other
insulating material to make sure that the leads
do not  make contact with each other.

2. Depower the system. For additional
information, refer to Supplemental Restraint
System (SRS) Depowering and Repowering in
the General Procedures portion of this section.

3. Remove the safety belt buckle or retractor. For
additional information, refer to the appropriate
procedure in Section 501-20A.

• When deploying a safety belt buckle
pretensioner, install a nut and bolt of
sufficient length and of the same diameter
as was used to retain it to the seat.
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GENERAL PROCEDURES (Continued)

8. NOTE: Make sure to maintain the connections 13. To allow for cooling, wait at least 10 minutes
to the safety belt buckle or retractor. before approaching the deployed safety belt

buckle or retractor.Tip the stack of tires on its side and place the
safety belt buckle or retractor inside the center

14. Dispose of the deployed safety belt buckle ortire, making sure that there are 2 tires beneath
retractor in the same manner as any other partthe tire containing the safety belt buckle or
to be scrapped.retractor and 2 tires (including the tire and

wheel assembly) above the tire containing the Safety Belt Buckle Pretensioners, Safety Belt
safety belt buckle or retractor. Retractor Pretensioners and Load Limiting

Safety Belt Retractors — In-Vehicle
9. Place the tire stack upright, with the wheel on Deployment

top.

WARNING: The safety belt pretensioner is
a pyrotechnic device. Always wear safety glasses
when repairing an air bag equipped vehicle and
when handling a safety belt buckle pretensioner
or safety belt retractor pretensioner. Never probe
a pretensioner  electrical connector. Doing so
could result in pretensioner or air bag
deployment and could result in personal injury.

WARNING: Deployment is to be carried
out outdoors with all personnel at least 9.14
meters (30 feet) away to make sure of personal
safety. Due to the loud report which occurs when
the pretensioner or adaptive load limiting
retractor is deployed, hearing  protection is
required.

NOTE: A typical safety belt buckle and retractor
disposal is shown that is similar for all vehicles.

1. Depower the system. For additional
information, refer to Supplemental Restraint
System (SRS) Depowering and Repowering in
the General Procedures portion of this section.

2. Access the safety belt buckle or retractor
electrical connectors. For additional information,
refer to Section 501-20A.10. Remain at least 9.14 meters (30 feet) away

from the safety belt buckle or retractor.
3. Cut each of the safety belt buckle or retractor

wires, leaving at least 4 inches to work with.11. From the end of the jumper harness that is not
connected to the safety belt buckle or retractor,

4. Remove any sheathing (if present) and strip thedisconnect the 2 wires of the jumper harness
insulation from the ends of the cut wires.from each other.

12. Deploy the safety belt buckle or retractor by
touching the ends of the 2 wires of the jumper
harness to the terminals of a 12-volt battery.

2004 E-Series, 12/2003 



501-20B-8 501-20B-8Supplemental Restraint System

GENERAL PROCEDURES (Continued)

Safety Canopy Modules and Side Air Curtain5. Make a jumper harness to deploy the safety belt
Modules — In-Vehicle Deploymentbuckle or retractor.

• Obtain 2 wires (20 gauge minimum) at least
WARNING: Always wear safety glasses9.14 meters (30 feet) long and strip both

when repairing an air bag supplemental restraintends of each wire.
system (SRS) vehicle and when handling an air• At one end of the jumper harness, connect
bag module. This will reduce the risk of injury inthe wires together.
the event of an accidental deployment.

6. NOTE: Typical safety belt retractor
WARNING: After deployment, the air bagpretensioner shown, other safety belt buckle

surface can contain deposits of sodiumpretensioners and load limiting retractors are
hydroxide, a product of the gas generantsimilar.
combustion that is irritating to the skin. Wash

Using the end of the jumper harness that the your hands with soap and water afterwards.
wires are not connected together, attach each
wire of the jumper harness to each wire of the WARNING: Deployment is to be carried
safety belt buckle or retractor. Use tape or other out outdoors with all personnel at least 9.14
insulating material to make sure that the leads meters (30 feet) away to make sure of personal
do not  make contact with each other. safety. Due to the loud report which occurs when

the safety canopy or side air curtain is deployed,
hearing protection is  required.

NOTE: The safety canopy module deployment for a
scrapped vehicle will occur in its installed position
in the vehicle.

NOTE: A typical safety canopy module disposal is
shown that is similar for all vehicles.

1. Depower the system. For additional
information, refer to Supplemental Restraint
System (SRS) Depowering and Repowering in
the General Procedures portion of this section.

7. Remain at least 9.14 meters (30 feet) away
2. Access the safety canopy/side air curtainfrom the safety belt buckle or retractor.

module electrical connectors. For additional
information, refer to the appropriate procedure8. From the end of the jumper harness that is not
in this section.connected to the safety belt buckle or retractor,

disconnect the 2 wires of the jumper harness
3. Cut each of the safety canopy/side air curtainfrom each other.

module wires leaving at least 4 inches to work
with.9. Deploy the safety belt buckle or retractor by

touching the ends of the 2 wires of the jumper
4. Remove any sheathing (if present) and strip theharness to the terminals of a 12-volt battery.

insulation from the ends of the cut wires.
10. To allow for cooling, wait at least 10 minutes

before approaching the deployed safety belt
buckle or retractor.

11. Dispose of the deployed safety belt buckle or
retractor in the same manner as any other part
to be scrapped.
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GENERAL PROCEDURES (Continued)

5. NOTE: Typical safety canopy/side air curtain 8. From the end of the jumper harness that is not
module with 2 squibs shown, other safety connected to the safety canopy/side air curtain
canopy/side air curtain modules with 2 squibs module, disconnect the 2 wires of the jumper
are similar. harness from each other.

For safety canopy/side air curtain modules with
9. Deploy the safety canopy/side air curtainmultiple squibs, twist together a wire from each

module by touching the ends of the 2 wires ofsquib then repeat for the remaining wires from
the jumper harness to the terminals of a 12-volteach squib.
battery.

10. To allow for cooling, wait at least 10 minutes
before approaching the deployed safety
canopy/side air curtain module.

11. Dispose of the deployed safety canopy/side air
curtain module in the same manner as any other
part to be scrapped.

Deployable Steering Column — In-Vehicle
Deployment

WARNING: Always wear safety glasses
when repairing an air bag supplemental restraint6. Make a jumper harness to deploy the safety
system (SRS) vehicle and when handling an aircanopy/side air curtain module.
bag module. This will reduce the risk of injury in

• Obtain 2 wires (20 gauge minimum) at least the event of an accidental deployment.
9.14 meters (30 feet) long and strip both
ends of each wire. WARNING: Deployment is to be carried

out outdoors with all personnel at least 9.14• At one end of the jumper harness, connect
meters (30 feet) away to make sure of personalthe wires together.
safety. Due to the loud report which occurs when

7. Using the end of the jumper harness that the the deployable steering column is deployed,
wires are not connected together, attach each hearing protection is  required.
wire of the jumper harness to each wire of the

1. Depower the system. For additionalsafety canopy/side air curtain module or to the
information, refer to Supplemental Restrainttwisted-together wires if multiple squibs. Use
System (SRS) Depowering and Repowering intape or  other insulating material to make sure
the General Procedures portion of this section.that the leads do not make contact with each

other.
2. NOTE: It may be necessary to lower or remove

the deployable steering column from the
instrument panel to access the deployable
steering column electrical connector.

Access the deployable steering column electrical
connector.
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GENERAL PROCEDURES (Continued)

3. NOTE: If the deployable steering column does
not have a hard-wired pigtail, it will be
necessary to cut the wires and connector(s)
from the vehicle wire harness and reconnect to
the deployable steering column.

Cut each of the deployable steering column
wires, leaving at least 4 inches to work with.

4. Remove any sheathing (if present) and strip the
insulation from the ends of the cut wires.

5. Make a jumper harness to deploy the
deployable steering column.

7. Remain at least 9.14 meters (30 feet) away
• Obtain 2 wires (20 gauge minimum) at least from the deployable steering column.

9.14 meters (30 feet) long and strip both
ends of each wire. 8. From the end of the jumper harness that is not

• At one end of the jumper harness, connect connected to the deployable steering column,
the wires together. disconnect the 2 wires of the jumper harness

from each other.
6. Using the end of the jumper harness that the

wires are not connected together, attach each 9. Deploy the deployable steering column by
wire of the jumper harness to each wire of the touching the ends of the 2 wires of the jumper
deployable steering column. Use tape or other harness to the terminals of a 12-volt battery.
insulating material to make sure that the leads
do not make  contact with each other. 10. To allow for cooling, wait at least 10 minutes

before approaching the deployed steering
column.

11. Dispose of the deployed steering column in the
same manner as any other part to be scrapped.
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REMOVAL AND INSTALLATION

Front Impact Severity Sensor

Removal

WARNING: Vehicle sensor orientation is
critical for proper system operation. If a vehicle
equipped with an air bag supplemental restraint
system (SRS) is involved in a collision, inspect
the sensor mounting bracket and wiring pigtail
for deformation.  Replace and properly position
the sensor or any other damaged supplemental
restraint system (SRS) components whether or
not the air bag is deployed. 3. Disconnect the front impact severity sensor

electrical connector.
WARNING: Always were safety glasses

when repairing an air bag supplemental restraint
system (SRS) vehicle and when handling an air
bag module. This will reudce the risk of injury in
the event of an accidental deployment.

WARNING: To reduce the risk of personal
injury, do not use any memory saver devices.

NOTE: The air bag warning lamp illuminates when
the RCM fuse is removed and the ignition switch is
ON. This is normal operation and does not indicate
a supplemental restraint system (SRS) fault.

NOTE: Repair is made by installing a new part
4. Lower the front air foil to access front impactonly. If the new part does not correct the condition,

severity senor bolts.install the original part and perform the diagnostic
procedure again.

NOTE: The SRS must be fully operational and free
of faults before releasing the vehicle to the
customer.

1. Depower the system. For additional
information, refer to Supplemental Restraint
System (SRS) Depowering and Repowering in
this section.

2. Remove the radiator grille.

1 Remove the screws on top of the radiator
grille.

2 Grasp grille and pull forward to disengage
the three lower clips.

3 Remove the grille.
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501-20B-2 501-20B-2Supplemental Restraint System

REMOVAL AND INSTALLATION (Continued)

5. Remove the front impact severity sensor bolts 2. Reposition the front air foil.
and remove the sensor.

3. Connect the front impact severity sensor
electrical connector.

Installation

4. Install the radiator grille.1. WARNING: The tightening torque of
the air bag front impact severity sensor

5. Repower the system. For additional information,retaining bolt is critical for correct system
refer to Supplemental Restraint System (SRS)operation.
Depowering and Repowering in this section.

Position the front impact severity sensor and
install the bolts.
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REMOVAL AND INSTALLATION

NOTE: Repair is made by installing a new partRestraints Control Module (RCM)
only. If the new part does not correct the condition,
install the original part and carry out the diagnosticRemoval
procedure again.

WARNING: The restraints control module 1. Depower the system. For additional
(RCM) orientation is critical for correct air bag information, refer to Supplemental Restraint
supplemental restraint system (SRS) operation. If System (SRS) Depowering and Repowering in
a vehicle equipped with an SRS system has been this section.
involved in a collision inspect the RCM mounting
area and bracket  for deformation. If damaged, 2. Remove the driver seat. For additional
the RCM must be replaced whether or not the information, refer to Section 501-10.
air bags have deployed. In addition, make sure
the mounting area of the RCM is restored to its 3. CAUTION: Care must be taken to
original condition. prevent damage to the RCM cover. If the

RCM cover is damaged, a new cover must be
WARNING: Always wear safety glasses installed.

when repairing an air bag supplemental restraint
Remove the restraints control module (RCM)system (SRS) vehicle and when handling an air
cover.bag module. This will reduce the risk of injury in

the event of an accidental deployment. • Pry outward on each side of the cover to
disengage the clips.

WARNING: To reduce the risk of personal • Slide the cover rearward and remove.
injury, do not use any memory saver devices.

CAUTION: To avoid potential damage to
the restraints control module (RCM), make sure
the RCM and bracket assembly is secured to the
floor pan and the SRS is depowered before either
disconnecting or reconnecting the RCM electrical
connectors.

CAUTION: Electronic modules are
sensitive to static electrical charges. If exposed to
these charges, damage can result.

NOTE: The air bag warning lamp illuminates when
the RCM fuse is removed and the ignition switch is
ON. This is normal operation and does not indicate
a supplemental restraint system (SRS) fault.

NOTE: When installing a new restraints control
module (RCM), always make sure the correct RCM
is being installed. If an incorrect RCM is installed,
erroneous DTCs will result.

NOTE: The SRS must be fully operational and free
of faults before releasing the vehicle to the
customer.
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REMOVAL AND INSTALLATION (Continued)

4. Remove the restraints control module electrical
connectors.

1 Disconnect the large restraints control
module (RCM) electrical connector.

X Pinch the thumb tab and pivot the
connector position assurance lever all the
way back until it stops.

2 Pull out and disconnect the RCM large
electrical connector.

Installation

WARNING: The tightening torque of the
air bag restraints control module (RCM) bracket
retaining nuts is critical for correct system
operation.

NOTE: Inspect the RCM bracket bolts for corrosion
before securing the RCM and bracket assembly to
the vehicle.

1. Install the RCM and bracket assembly and
tighten the bolts to specification.

5. Disconnect the small RCM electrical connector.

6. Remove the bolts and remove the RCM and
bracket assembly.
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REMOVAL AND INSTALLATION (Continued)

2. Place the connector position assurance lever in
the full release position before attempting to
connect the connector.

3. CAUTION: Putting the large RCM
electrical connector into the RCM on an
angle can cause bad electrical connections
and damaged components.

With the large RCM electrical connector
uniformly aligned, lightly push in until a subtle
audible click is heard and slight resistance is
felt.

5. Align the small RCM electrical connector and
push in until the connector is fully seated into
the RCM.

4. CAUTION: Do not push the connector
onto where the lever pivots and seats itself.
Light pressure is needed to get the connector
into position on the RCM before using the
lever to fully seat the connector.

Push the large electrical connector position
assurance lever until the retainer engages and
locks into place.
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REMOVAL AND INSTALLATION (Continued)

6. Align and install the RCM cover. 7. Install the driver seat. For additional
information, refer to Section 501-10.

8. Repower the system. For additional information,
refer to Supplemental Restraint System (SRS)
Depowering and Repowering in this section.
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REMOVAL AND INSTALLATION

2. NOTE: Make sure the wheels are in theDriver Air Bag Module
straight-ahead position.

Removal Remove the driver air bag module.

1 Remove the two steering wheel back cover
WARNING: To reduce the risk of personal plugs.

injury, do not use any memory saver devices. 2 Remove the two driver air bag module
bolts.

WARNING: Carry a live air bag module
3 Disconnect the horn electrical connector.with the air bag and trim cover pointed away
4 Disconnect the clockspring electricalfrom your body. This will reduce the risk of

connector.injury in the event of an accidental deployment.

5 Remove the driver air bag module.
WARNING: Do not set a live air bag

module down with the trim cover face down.

WARNING: After deployment, the air bag
surface can contain deposits of sodium
hydroxide, a product of the gas generant
combustion that is irritating to the skin. Wash
your hands with soap and water afterwards.

WARNING: Never probe the connectors on
the air bag module. Doing so can result in air
bag deployment, which can result in personal
injury.

WARNING: Air bag modules with
discolored or damaged trim covers must be
replaced, not repainted.

NOTE: The air bag warning lamp illuminates when
the restraints control module (RCM) fuse is
removed and the ignition switch is ON. This is
normal operation and does not indicate a
supplemental restraint system (SRS) fault.

NOTE: Repair is made by installing a new part
only. If the new part does not correct the condition,
install the original part and perform the diagnostic
procedure again.

NOTE: The SRS must be fully operational and free
of faults before releasing the vehicle to the
customer.

1. Depower the system. For additional
information, refer to Supplemental Restraint
System (SRS) Depowering and Repowering in
this section.
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REMOVAL AND INSTALLATION (Continued)

Installation

1. Install the driver air bag module.

1 Connect the horn electrical connectors.

2 Connect the driver air bag module electrical
connector.

3 Position the driver air bag module into the
steering wheel.

4 Install the two bolts.

5 Install the two steering wheel back cover
plugs.

2. Repower the system. For additional information,
refer to Supplemental Restraint System (SRS)
Depowering and Repowering in this section.
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REMOVAL AND INSTALLATION

NOTE: Repair is made by installing a new partPassenger Air Bag Module
only. If the new part does not correct the condition,
install the original part and carry out the diagnosticRemoval
procedure again.

WARNING: Always wear safety glasses 1. Depower the system. For additional
when repairing an air bag supplemental restraint information, refer to Supplemental Restraint
system (SRS) vehicle and when handling an air System (SRS) Depowering and Repowering in
bag module. This will reduce the risk of injury in this section.
the event of an accidental deployment.

2. Remove the RH lower instrument panel.
WARNING: Carry a live air bag module

with the air bag and deployment door pointed
away from your body. This will reduce the risk
of injury in the event of an accidental
deployment.

WARNING: Do not set a live air bag
module down with the deployment door face
down. This will reduce the risk of injury in the
event of an accidental deployment.

WARNING: After deployment, the air bag
surface can contain deposits of sodium
hydroxide, a product of the gas generant
combustion that is irritating to the skin. Wash 3. Remove the bolts. Remove the RH lower
your hands with soap and water afterwards. instrument panel reinforcement.

WARNING: Never probe the connectors on
the air bag module. Doing so can result in air
bag deployment, which can result in personal
injury.

WARNING: Air bag modules with
discolored or damaged deployment doors must
be installed new, not repainted.

WARNING: To reduce the risk of personal
injury, do not use any memory saver devices.

NOTE: The air bag warning lamp illuminates when
the RCM fuse is removed and the ignition switch is
ON. This is normal operation and does not indicate
a supplemental restraint system (SRS) fault.

NOTE: The SRS must be fully operational and free
of faults before releasing the vehicle to the
customer.
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REMOVAL AND INSTALLATION (Continued)

4. Disconnect the passenger air bag module
electrical connector.

5. Remove the inner RH lower instrument panel
reinforcement mounting bracket.

7. CAUTION: Do not handle the
passenger air bag module by grabbing the
edges of the deployment door.

Remove the passenger air bag.

• Release the passenger air bag retaining tabs.
6. Remove the passenger air bag module retaining (retainer on each side).

bolts.
• Separate the passenger air bag module from

the instrument panel.

• Remove the passenger air bag module.
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REMOVAL AND INSTALLATION (Continued)

Installation

1. Remove or position anything aside that may be
blocking the accessibility to the passenger air
bag alignment rails.

4. When all tabs and locators are aligned, slide
and engage the passenger air bag module into
the instrument panel.

2. Check passenger air bag alignment locators and
bolt retainers for damage, repair as needed.

3. Install the passenger air bag module.

1 Position the passenger air bag module
alignment locators to the alignment rails of
the I/P.

2 Align the passenger air bag module
deployment door tabs.
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REMOVAL AND INSTALLATION (Continued)

5. Install the passenger air bag module bolts.

8. Install the RH lower instrument panel
reinforcement.

6. Connect the passenger air bag module electrical
9. Install the RH lower instrument panel.connector.

10. Repower the system. For additional information,7. Install the RH lower instrument panel
refer to Supplemental Restraint System (SRS)reinforcement mounting bracket.
Depowering and Repowering in this section.
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REMOVAL AND INSTALLATION

2. Remove the driver air bag module. ForClockspring
additional information, refer to Driver Air Bag
Module in this section.Removal

3. Pull to release the retaining clips and remove
WARNING: To reduce the risk of personal the steering column opening lower finish panel.

injury, do not use any memory saver devices.

WARNING: Carry a live air bag module
with the air bag and trim cover pointed away
from your body. This will reduce the risk of
injury in the event of an accidental deployment.

WARNING: Do not set a live air bag
module down with the trim cover face down.

WARNING: After deployment, the air bag
surface can contain deposits of sodium
hydroxide, a product of the gas generant
combustion that is irritating to the skin. Wash
your hands with soap and water afterwards. 4. Remove the steering column opening lower

finish panel reinforcement.
WARNING: Never probe the connectors on 1 Release the pin-type retainers and remove

the air bag module. Doing so can result in air the electrical connector.
bag deployment, which can result in personal

2 Remove the screw and data link connector.injury.
3 Remove the bolts.

WARNING: Air bag modules with 4 Remove the steering column opening lower
discolored or damaged trim covers must be finish panel reinforcement.
replaced, not repainted.

NOTE: The air bag warning lamp illuminates when
the RCM fuse is removed and the ignition switch is
ON. This is normal operation and does not indicate
a supplemental restraint system (SRS) fault.

NOTE: The SRS must be fully operational and free
of faults before releasing the vehicle to the
customer.

NOTE: A repair is made by installing a new part
only. If the new part does not correct the condition,
install the original part and carry out diagnostic
procedure again.

1. Depower the system. For additional
information, refer to Supplemental Restraint
System (SRS) Depowering and Repowering in
this section.
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501-20B-2 501-20B-2Supplemental Restraint System

REMOVAL AND INSTALLATION (Continued)

5. Disconnect the clockspring electrical connectors
at the base of the steering column.

9. Remove the ignition switch lock cylinder
(11582).

1 Position the lock cylinder to RUN.
6. NOTE: Make sure the wheels (1007) are in the

2 Using a suitable tool, push upward on thestraight-ahead position.
cylinder release tab through the hole in the

Remove the steering wheel (3600). For lower shroud while pulling the cylinder
additional information, refer to Section 211-04. outward.

7. If so equipped, twist the tilt wheel handle and
shank (3F609) and remove.

10. Remove the upper steering column shroud.

8. Remove the lower steering column shroud
(3530).

1 Remove the three screws.

2 Remove the steering column shroud.
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501-20B-3 501-20B-3Supplemental Restraint System

REMOVAL AND INSTALLATION (Continued)

11. Apply two strips of masking tape across the 15. Separate the wire from the two retaining clips
clockspring. holding the wire to the column.

16. Remove the clockspring.

• Feed the wiring harness through the
instrument panel (04320).

12. Remove the key-in-ignition warning indicator
switch.

Installation

Vehicles receiving a new clockspring

1. NOTE: A new clockspring is supplied in a
centralized position and held there with a key.

Remove the key from the clockspring, holding
the rotor in its centralized position.

• Do not allow the clockspring rotor to turn.

13. Disconnect the clockspring electrical connector
and separate the air bag electrical connector
from the bracket.

14. Pry the retaining clips loose.
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501-20B-4 501-20B-4Supplemental Restraint System

REMOVAL AND INSTALLATION (Continued)

Vehicles needing clockspring recentering All vehicles

4. NOTE: Slight turning of the clockspring rotor2. WARNING: Incorrect centralization
is allowable for alignment purposes to themay result in premature component failure.
steering column.If in doubt when centralizing the clockspring,

repeat the centralizing procedure. Failure to With the flats of the clockspring aligned to the
follow this instruction may result in personal flats of the steering column, slide the
injury. clockspring onto the steering column engaging

the retaining tabs.
CAUTION: Make sure the road wheels

are in the straight ahead position.

NOTE: If a clockspring has rotated out of
center, follow through with this step.

Centralize the clockspring.

1 Hold the clockspring outer housing
stationary.

2 CAUTION: Overturning will
destroy the clockspring. The internal
ribbon wire acts as the stop and can be
broken from its internal connection.

While turning the rotor clockwise, carefully
feel for the ribbon wire to run out of length

5. Press at the six, twelve, and three o’clockand for a slight resistance. Stop turning at
positions to seat the clockspring.this point.

3 Turn the clockspring counterclockwise
approximately 2.25 turns. This is the center
point of the clockspring.

X Do not allow the rotor to turn from this
position.

6. Rotate the wiring and secure into two wire
clips.

7. Connect the clockspring electrical connector.

• Connect the clockspring electrical connector.

X Install the pin-type retainer into theVehicle repairs reusing the same
bracket.clockspring

3. NOTE: When the tape is removed, do not
allow the clockspring to turn.

Remove the tape applied during clockspring
removal.
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501-20B-5 501-20B-5Supplemental Restraint System

REMOVAL AND INSTALLATION (Continued)

8. Install the key-in-ignition warning indicator 13. Install the lower steering column shroud.
switch.

14. Install the steering column opening cover.
9. If a new clockspring is used, remove the yellow

15. If so equipped, install the tilt wheel handle andanti-rotation tab.
shank.

10. Install the upper steering column shroud.

16. Install the steering wheel. For additional
11. Install the ignition switch lock cylinder. information, refer to Section 211-04.

1 Turn the ignition switch lock cylinder to the
17. Connect the clockspring electrical connectors.RUN position.

• Install the pin-type retainers into the bracket.2 Insert the ignition switch lock cylinder into
the steering column housing.

3 Make sure the ignition switch lock cylinder
is fully seated and aligned in the
inter-locking washer before turning the key
to the OFF position. This will permit the
retaining pin of the ignition switch lock
cylinder to extend into the hole in  the
steering column.

12. Rotate the ignition switch lock cylinder, using
the key, to make sure of correct mechanical
operation in all positions.
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501-20B-6 501-20B-6Supplemental Restraint System

REMOVAL AND INSTALLATION (Continued)

18. Install the steering column opening lower finish 20. Install the driver air bag module.
panel reinforcement. 1 Connect the horn electrical connector.
1 Position the steering column opening lower 2 Connect the driver air bag module electrical

finish panel reinforcement. connector.
2 Install the bolts. 3 Position the driver air bag module into the
3 Install the electrical connector pin-type steering wheel.

retainers. 4 Install the two bolts.
4 Position the data link connector and install 5 Install the two steering wheel back cover

the screws. plugs.

19. Align the steering column opening lower finish 21. Repower the system. For additional information,
panel and push in to seat the retaining clips. refer to Supplemental Restraint System (SRS)

Depowering and Repowering in this section.
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501-00-1 501-00-1Body System — General Information

General Specifications (Continued)
SPECIFICATIONS

Item Specification
General Specifications

Sealants
Item Specification

3M Strip-Caulk-Black WSB-M4G32-C
Adhesives 051135-08578

Trim and Weatherstrip — Clear Silicone Rubber ESB-M4G92-A
Adhesive TA-14 TA-32

Lubricants Silicone Gasket and WSE-M4G323-A4
Sealant TA-30Silicone Spray Lubricant ESR-M13P4-A

XL-6
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501-00-1 501-00-1Body System — General Information

DESCRIPTION AND OPERATION

Body
The body:

• is an open-cowl structure.

• is constructed of a lightweight, all steel-welded
material, with bolted, removable LH and RH
hinged doors and hood.

• has roof and body side panels that are separate
pieces with trim inserts at the joints.

• has a split, 3-part lower dash crossmember that
has gussets at each corner.
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501-00-1 501-00-1Body System — General Information

DESCRIPTION AND OPERATION

Insulation
Insulation is installed:

• under the roof.

• above and below the dash.

• at the cowl sides.

• over the front and rear floorpan areas.
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501-00-1 501-00-1Body System — General Information

DESCRIPTION AND OPERATION
Trim and Weatherstrip AdhesiveBody Sealer Types And Applications
Trim and Weatherstrip Adhesive TA-14 or

Clear Silicone Rubber equivalent:
Clear silicone rubber TA-32 or equivalent meeting

• is a quick-drying, strong adhesive designed toFord specification ESB-M4G92-A:
hold or repair weatherstripping on doors, bodies

• does not run. and the surrounding metal.

• is fast-drying. Silicone Spray Lubricant
• remains semi-elastic. Silicone Spray Lubricant XL-6 or equivalent
• can be used for sealing water leaks and wind meeting Ford specification ESR-M13P4-A:

noise.
• is used on the door and window weatherstrips.

Caulking Cord • must be applied to weatherstrips at every
3M Strip Caulk-Black 051135-08578 or equivalent lubrication period.
meeting Ford specification WSB-M4G32-C: • makes doors easier to close.

• has a plastic base with a filler. • avoids weatherstrip squeaks.

• is heavy-bodied. • retards weatherstrip wear.

• is commonly known as perma-gum. • helps maintain door window alignment by
reducing friction between the glass frame and• can be used for seam sealing in such areas as the
rubber weatherstrips.floorpan, wheelhouse, running board, dash panel,

door openings and drip rails.

• is used on spot-weld holes, around mounting clips
and between surfaces not sealed by a gasket.
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501-00-1 501-00-1Body System — General Information

DIAGNOSIS AND TESTING

4. Some leaks can be located by placing brightBody System
light under the vehicle, removing trim or carpet

Inspection and Verification as necessary and inspecting the interior of the
body at joints and weld lines.

Leaks
NoiseNOTE: The trim will reveal the location of most

leaks. Use spray chalk and a hose, if necessary. Wind noise, rattles and their sources are detected by
driving the vehicle at highway speeds. Drive the1. Remove any trim or carpet in the general area
vehicle in 4 different directions, with all windowsof the leak.
closed, radio off, blower motor off and all2. Road test or water hose test the vehicle.
ventilation ducts open.

3. Inspect for a dust pattern around the area in
Most wind noise leaks will occur at the door andquestion. Inspect for water paths near and
window seals or at the sheet metal joints in the doorabove the area in question.
or the door opening.

Symptom Chart

Symptom Chart

Condition Possible Sources Action
• Dust and water leaks • Body sealer missing. • REMOVE trim. CHECK for

• Openings in welds or body leaks and SEAL with
joints. appropriate sealer. ROAD

• Components not fully TEST or WATER HOSE
installed. TEST for leaks. RECHECK

• Components missing. trim for leaks. Or USE light
• Components damaged. under vehicle with trim

removed. CHECK interior of
body at joints and weld lines.

• Dust/water leaks at floorpan • Missing or damaged plugs or • CHECK plugs for correct
and grommets grommets. installation. Install new plugs

if necessary. 
• Door drain holes collecting • Holes clogged with mud or • CHECK drain holes regularly.

water road tar. CLEAN drain holes of dirt
and foreign material with a
punch or screwdriver.

• Water leaks around perimeter • Gaps in the sealant bead. • APPLY Urethane Adhesive.
of windshield

• Windshield misaligned or not • REINSTALL the windshield.
installed correctly. REFER to Section 501-11.

• Opening in weld or body • See above condition for dust
joint. and water leaks.
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501-00-2 501-00-2Body System — General Information

DIAGNOSIS AND TESTING (Continued)

Symptom Chart (Continued)

Condition Possible Sources Action
• Wind noise, air entering • Leaks at door and window • SEAL leaks with Silicone

vehicle through small holes in seals or sheet metal joints in Gasket and Sealant TA-30 or
body doors or door openings. equivalent meeting Ford

Specification
WSE-M4G323-A4.

• Loose/misaligned • REATTACH w/strip.
weatherstrip. REPLACE any damaged push

pins. Use Trim and
Weatherstrip Adhesive TA-14
or equivalent as necessary.

• Poor door fit. • ADJUST striker. REFER to
Section 501-14. CHECK for
acceptable door efforts after
the repair.

• Rattles • Loose screws, nuts, bolts, • CHECK doors by carefully
small pieces of deadener in striking underside of door
door wells, pillars and quarter with a rubber mallet. LISTEN
panels. for loose objects in door.

REPAIR. TIGHTEN body
bolts and screws. If tightening
bolts does not eliminate rattle,
cause could be misalignment.
REFER to  Section 501-03.

• Weatherstripping or • APPLY additional sealer.
anti-squeak material has INSTALL in correct location
slipped out of position. to eliminate rattle.
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501-02-1 501-02-1Front End Body Panels

Torque Specifications (Continued)
SPECIFICATIONS

Description Nm lb-ft lb-in
Torque Specifications

Grille opening panel 11 — 8
Description Nm lb-ft lb-in reinforcement screws

Hood hinge retaining 9-14 80-124 — Radiator grille support 10 89 —
screws retaining screws

Front fender-to-front 1-2 9-18 — Cowl top vent 1-2 9-18 —
fender splash shield panel-to-cowl top outer
retaining screws panel retaining screws

Front fender retaining 9-12 80-106 — Transmission 0.1 cooler 6 53 —
screws
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501-02-1 501-02-1Front End Body Panels

DESCRIPTION AND OPERATION

Front End Body Panels
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501-02-2 501-02-2Front End Body Panels

DESCRIPTION AND OPERATION (Continued)

Item Part Number Description Item Part Number Description

4 16005 Front Fender1 16612 Hood

5 16796 Hood Hinge2 8A284 Radiator Grille Opening Panel
Reinforcement 6 022A68 Cowl Top Vent Panel

3 19E672 Radiator Air Deflector 7 16826 Hood Support Rod
(Continued)
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501-02-1 501-02-1Front End Body Panels

Installation
REMOVAL AND INSTALLATION

Air Deflector — Upper
1. Follow the removal procedure in reverse order.

Removal

1. Raise and support the hood (16612).

2. Remove the air cleaner assembly; for additional
information, refer to Section 303-12.

3. Remove the A/C condenser air deflector
(19E672).

• Remove the pushpins attaching the radiator
air deflector.
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501-02-1 501-02-1Front End Body Panels

REMOVAL AND INSTALLATION

Air Deflector — Right and Left

Removal

1. Remove the radiator grille opening panel
reinforcement (8A284). For additional
information, refer to Grille Opening Panel
Reinforcement in this section.

2. Remove the left or right radiator deflector.

1 Pry out the pushpins (four per deflector)
Installationfrom the radiator support.

2 Remove the left or right radiator air
1. Follow the removal procedure in reverse order.deflector.
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501-02-1 501-02-1Front End Body Panels

Installation
REMOVAL AND INSTALLATION

Valance Panel
1. To install, reverse the removal procedure.

Removal

1. Remove the radiator grille supports. For
additional information, refer to Radiator Grille
Support in this section.

2. Remove the front end valance panel retaining
screws.
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501-02-1 501-02-1Front End Body Panels

REMOVAL AND INSTALLATION

Fender — Front

Removal

1. Remove the radiator grille opening panel
reinforcement (8A284). For additional
information, refer to Grille Opening Panel
Reinforcement in this section.

2. Remove the screws at the lower edge of the
front fender securing the splash shield.

4. Remove the front fender-to-radiator support3. With the front door open, remove the
retaining screw and the front fender-to-front endfender-to-cowl side brackets retaining bolts, and
stone deflector retaining screws.the bolt and shims securing the lower rear of

the fender.
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501-02-2 501-02-2Front End Body Panels

REMOVAL AND INSTALLATION (Continued)

5. Remove the front fender (16005).

• Remove the front fender-to-fender upper
apron retaining screws.

Installation

1. Follow the removal procedure in reverse order.
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501-02-1 501-02-1Front End Body Panels

REMOVAL AND INSTALLATION

Grille Opening Panel Reinforcement

Removal and Installation

1. Raise and support the hood (16612).

2. Remove the headlamps. For additional
information, refer to Section 417-01.

3. NOTE: RH shown, LH similar.

Remove the parking lamp screws.
6. Remove the upper A/C condenser air deflector

retainers.

4. Pull the parking lamp (13200) forward and
disconnect the electrical connector.

7. Remove the radiator grille opening panel
reinforcement screws.

5. Remove the radiator grille (8200).

1 Remove the screws on top of the radiator
grille.

2 Grasp the radiator grille by the lower
crossmember and pull forward firmly to
disengage the three lower clips.

3 Remove the radiator grille.
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501-02-2 501-02-2Front End Body Panels

REMOVAL AND INSTALLATION (Continued)

8. Remove the grille opening panel reinforcement 9. To install, reverse the removal procedure.
(8A284).

• Disconnect the headlamp connectors.
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501-02-1 501-02-1Front End Body Panels

REMOVAL AND INSTALLATION

Radiator Grille Support

Removal and Installation

1. Remove the radiator grille opening panel
reinforcement (8A284). For additional
information, refer to Grille Opening Panel
Reinforcement in this section.

2. Position aside the upper air deflector.

3. Remove the transmission oil cooler. 5. Remove the radiator grille support(s).
1 Disconnect and plug the hoses.

2 Remove the screws.

6. To install, reverse the removal procedure.

4. Remove the power steering fluid cooler bolts
and position the cooler aside.
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501-03-1 501-03-1Body Closures

Torque Specifications (Continued)
SPECIFICATIONS

Description Nm lb-ft
General Specifications

Front Body Side Door 25-35 18-26
Item Specification Hinge-to-Door Bolts

Lubricants Rear Body Side Door 25-35 18-26
Hinge-to-Door BoltsMulti-Purpose Grease ESR-M1C159-A and

D7AZ-19584-AA or ESB-M1C106-B or Rear Body Side Door 25-35 18-26
DOAZ-19584-AA ESR-M1C159-A and Hinge-to-Body Bolts

ESB-M1C93-B
Front Body Side Door 25-35 18-26
Hinge-to-Body Bolts

Torque Specifications Sliding Door Lower Guide 9-14 6-10
Check Screws

Description Nm lb-ft
Sliding Door Lower Roller 25-35 18-26

Rear Cargo Door 25-35 18-26 Hinge-to-Door Bolts
Hinge-to-Door Bolts

Sliding Door Center Roller 25-35 18-26
Rear Cargo Door 25-35 18-26 Hinge-to-Door Bolts
Hinge-to-Body Bolts

Rear and Side Cargo Door 9-14 6-10
Check Screws
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501-03-1 501-03-1Body Closures

DESCRIPTION AND OPERATION

Body Closures
The body closures are shown in the following
illustration.

Component Location

Item Part Number Description Item Part Number Description

4 24623 Hinged Body Side Cargo1 20124 Front Door
Door— (Rear)2 24622 Sliding Body Side Door

5 40010 Dual Rear Doors3 24622 Hinged Body Side Cargo
Door— (Front)

(Continued)
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501-03-1 501-03-1Body Closures

4. Repeat if necessary.
GENERAL PROCEDURES

Hinge Adjustment — Door
5. Lubricate the door hinges, using Multi-Purpose

Grease D7AZ-19584-AA or DOAZ-19584-AA
1. NOTE: The hinge holes are enlarged or or equivalent meeting Ford specifications

elongated to provide for hinge and door ESR-M1C159-A and ESB-M1C106-B or
alignment. ESR-M1C159-A and ESB-M1C93-B.
Loosen the hinge bolts enough to permit
movement of the door.

2. Move the door to the desired fit.

3. NOTE: The front body side cargo door hinges
are shown; all other door hinges are similar.

Tighten the hinge bolts and check the door for
proper fit.

Copyright  2003, Ford Motor Company
Last updated: 8/27/2003 2004 E-Series, 11/2003 



501-03-1 501-03-1Body Closures

2. Move the body side door in or out to obtain a
GENERAL PROCEDURES

flush fit with the body panel.Hinge Adjustment — Sliding, Front
Upper

3. Tighten the body side door upper roller hinge
bolts.

1. Loosen the two body side door upper roller
hinge bolts.
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501-03-1 501-03-1Body Closures

4. Move the body side door lower roller forward
GENERAL PROCEDURES

or rearward to obtain a snug fit.Hinge Adjustment — Sliding, Front
Lower

5. Using a plastic hammer, adjust the body side
door lower roller to adjust the up or down

1. Support the sliding body side door. position of the sliding body side door.

2. Remove the sliding lower latch trim cover.

1 Remove the screws.

2 Remove the sliding door lower latch trim
cover.

6. Tighten the body side door lower roller hinge
bolts.

3. Loosen the lower hinge reinforcement bolts.

7. Install the sliding lower latch trim cover.
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501-03-1 501-03-1Body Closures

3. Move the body side door center roller up and
GENERAL PROCEDURES

down or fore and aft until the desiredHinge Adjustment — Sliding, Center
adjustment is obtained.Roller

4. Tighten the center roller bolts.
1. Remove the sliding door trim panel; for

additional information, refer to Section 501-05.

2. Loosen the center roller bolts.
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501-03-1 501-03-1Body Closures

4. Open the sliding body side door and remove the
REMOVAL AND INSTALLATION

body side door scuff plate.Door — Sliding Body Side
1 Remove the six pushpins.

Removal 2 Remove the screws at the front end of the
scuff plate.

1. Open the sliding body side door (24622) and 3 Remove the scuff plate.
remove the sliding body side door upper roller
trim cover.

1 Remove the screw.

2 Remove the upper roller trim cover.

5. Remove the body side door lower guide check
assembly.

1 Remove the nuts.

2 Remove the body side door lower guide
2. Remove the sliding body side door lower roller check assembly.

latch cover.

1 Remove the screws.

2 Remove the lower roller latch cover.

3. Close the sliding body side door and remove
the sliding body side door trim panels; for
additional information, refer to Section 501-05.
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501-03-2 501-03-2Body Closures

REMOVAL AND INSTALLATION (Continued)

6. Remove the sliding body side door upper rear
moulding screw, and loosen the moulding.

10. Supporting the door, slide the door fully
rearward and tilt the door slightly outward to
release the upper roller hinge from the upper

7. Slide the body side door to the full forward track.
position.

8. CAUTION: Steps 8-10 require two
technicians. 

Support the door and tilt the bottom outward to
release the lower roller from the bottom track.

11. CAUTION: When marking hinge
locations, use a felt marker or equivalent. Do
not scratch the paint.

Mark the locations of the upper and lower
hinges on the sliding body side door.

9. Tilt the center of the door outward to release
the sliding door hinge and roller (26800) from
the body side track.
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501-03-3 501-03-3Body Closures

REMOVAL AND INSTALLATION (Continued)

Installation12. Remove the body side door lower hinge from
the body side door.

1. Follow the removal procedure in reverse order.1 Remove the bolts.

2 Remove the body side door lower hinge.

13. Remove the sliding door hinge and roller from
the sliding body side door.

1 Remove the bolts.

2 Remove the sliding door hinge and roller.
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501-05-1 501-05-1Interior Trim and Ornamentation

DESCRIPTION AND OPERATION

Interior Trim

Component Locations — RH Center Pillar, LH Rear Door and LH Body Side

Item Part Number Description Item Part Number Description

4 31011 Front upper body side trim1 28154 Center body pillar trim panel
panel (LH)(RH)

5 31005 Rear upper body side trim2 42325 Back door window garnish
panel (LH)moulding (LH)

3 45221 Back door trim panel (LH)
(Continued)
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501-05-2 501-05-2Interior Trim and Ornamentation

DESCRIPTION AND OPERATION (Continued)

Component Locations — RH Side and RH Rear Door

Item Part Number Description Item Part Number Description

6 13244 Body side door scuff plate1 42324 Back door window garnish
moulding (RH) 7 N806817 S100 nut insert (Replace

when scuff plate is removed.)2 45220 Back door trim panel (RH)

8 27419 Body side cargo door trim3 25560 Body side cargo window
panel (rear)garnish moulding (front)

9 27411 Body side cargo door trim4 25561 Body side cargo window
panel (front)garnish moulding (rear)

10 42624 Back door scuff plate5 28154 Center body pillar upper trim
panel (RH)

(Continued)
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501-05-3 501-05-3Interior Trim and Ornamentation

DESCRIPTION AND OPERATION (Continued)

Component Locations — RH Side and Roof
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501-05-4 501-05-4Interior Trim and Ornamentation

DESCRIPTION AND OPERATION (Continued)

Item Part Number Description Item Part Number Description

8 312A07 Jack stowage cover (regular1 52044 Front roof trim panel
cab)2 52052 Rear roof trim panel

9 45400 Jack stowage cover (extended3 04100 Sun visor (RH)
cab)

4 04101 Sun visor (LH)
10 312A06 Lower rear body side trim

5 13000 Floor mat/carpet (front) panel (RH)
6 13046 Floor mat/carpet (rear)

7 31486 Lower front body side trim
panel (RH)

(Continued)
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501-05-5 501-05-5Interior Trim and Ornamentation

DESCRIPTION AND OPERATION (Continued)

Component Locations — LH Side
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501-05-6 501-05-6Interior Trim and Ornamentation

DESCRIPTION AND OPERATION (Continued)

Item Part Number Description Item Part Number Description

5 31487 Front lower body side trim1 03513 Windshield side garnish
panel (LH)moulding (LH)

6 23943 Front door trim panel (LH)2 28155 Center body pillar upper trim
panel (LH) 7 13201 Front door scuff plate (LH)

3 312A07 Rear lower body trim panel 8 02349 Cowl side trim panel (LH)
(LH)

4 311A59 Body side trim finish panel
(Continued)
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501-05-7 501-05-7Interior Trim and Ornamentation

DESCRIPTION AND OPERATION (Continued)

Component Locations — RH Side and Engine Cover
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501-05-8 501-05-8Interior Trim and Ornamentation

DESCRIPTION AND OPERATION (Continued)

Item Part Number Description Item Part Number Description

5 10318 Engine cover1 31004 Upper front body side trim
panel (RH) 6 02348 Cowl side trim panel (RH)

2 31010 Upper rear body side trim 7 13200 Front door scuff plate (RH)
panel (RH)

8 27411 Sliding body side door trim
3 23942 Front door trim panel panel
4 03512 Windshield side garnish 9 25560 Sliding body side door

moulding (RH) window garnish moulding
(Continued)
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501-05-1 501-05-1Interior Trim and Ornamentation

REMOVAL AND INSTALLATION

4. NOTE: Pull down at the top of the A-pillarA-Pillar Trim Panel
trim panel to release upper retaining clip.

Removal and Installation Pull the A-pillar trim panel downward to
release the remaining two retaining clips.

NOTE: Right side shown, left side similar.

1. Remove the right front assist handle covers.

5. To install, reverse the removal procedure.

2. Remove the assist handle bolts.

3. Remove the assist handle.
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501-05-1 501-05-1Interior Trim and Ornamentation

REMOVAL AND INSTALLATION

4. Remove the door trim panel retaining screws.Trim Panel — Front Door

Removal and Installation

1. Remove the door handle bezel.

2. Remove the power window/door lock switch
bezel, if so equipped.

5. Lift the door trim panel up from the door to
disengage the trim panel clips.

6. Remove the courtesy lamp wiring harness
connector and remove the door trim panel.

7. To install, reverse the removal procedure.
3. Remove the rearview mirror fastener trim cover.
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501-05-1 501-05-1Interior Trim and Ornamentation

REMOVAL AND INSTALLATION

Trim Panel — Dual Rear Cargo Doors

Removal and Installation

NOTE: The following procedure applies to both the
left and the right dual rear cargo doors.

1. Remove the door pull handle.

1 Remove the screw access covers.

2 Remove the screws.

3 Remove the door pull handle.

2. Lift the window garnish moulding upward
slightly and pull the moulding from the door.
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501-05-2 501-05-2Interior Trim and Ornamentation

REMOVAL AND INSTALLATION (Continued)

3. Remove the door trim panel.

1 Remove the screws.

2 Lift the door trim panel slightly upward.

3 Disconnect the power door lock electrical
connector, if so equipped.

4 Remove the door trim panel.

4. To install, reverse the removal procedure.
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501-05-1 501-05-1Interior Trim and Ornamentation

REMOVAL AND INSTALLATION

Trim Panel — Dual Side Cargo Doors

Removal and Installation

NOTE: The following procedure applies to both the
front and the rear dual side cargo doors.

1. Remove the door pull handle.

1 Remove the door pull handle fastener
covers.

2 Remove the screws.

3 Remove the door pull handle.

2. Remove the window latch.

1 Remove the screws.

2 Remove the window latch.

3. Pry the window garnish moulding away from
the door and remove.

• The rear side cargo door is shown; the front
side cargo door is similar.
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501-05-2 501-05-2Interior Trim and Ornamentation

REMOVAL AND INSTALLATION (Continued)

4. Remove the side cargo door trim panel. 5. To install, reverse the removal procedure.

• Lift the door trim panel slightly upward and
remove.

• The rear side cargo door is shown; the front
side cargo door is similar.
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501-05-1 501-05-1Interior Trim and Ornamentation

REMOVAL AND INSTALLATION

Trim Panel — Sliding Door

Removal and Installation

1. Remove the upper roller hinge trim cover.

1 Remove the screw.

2 Remove the upper roller hinge trim cover.

4. Remove the sliding door window garnish
moulding.

• Pry the window garnish moulding from the
door, starting at the top.

2. Remove the window latches, if so equipped.

1 Remove the screws.

2 Remove the window latches.

3. Remove the door pull handle.

1 Remove the door pull handle fastener trim
covers.

2 Remove the screws.

3 Remove the door pull handle.
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501-05-2 501-05-2Interior Trim and Ornamentation

REMOVAL AND INSTALLATION (Continued)

5. Remove the sliding door trim panel (high level
trim shown).

1 Remove the screws.

X For the lower level trim, remove the nine
door trim panel rivets (not shown).

2 Lift the door trim panel slightly upward and
remove.

6. To install, reverse the removal procedure.
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501-05-1 501-05-1Interior Trim and Ornamentation

REMOVAL AND INSTALLATION

Trim Panel — Quarter, Right Side

Special Tool(s)

Torx Bit, Safety Belt Bolt
501-010 (T77L-2100-A) (Used
for T-50 Head Bolt)

Removal and Installation

4. Pull the rear door weatherstrip off at the rear
1. Remove the rear seats to access the quarter trim door opening to access the trim panel rivets.

panels. For additional information, refer to
Section 501-10. 5. Remove the rear seat belt shoulder strap covers.

• Pry the seat belt shoulder strap covers2. Remove the jack stowage cover (regular
upward from the upper trim panels.wagon).

• Lift the jack stowage cover slightly upward
and pull away from the body side.

6. Remove the window latches, if so equipped.

1 Remove the two screws.

2 Remove the window latch.3. Remove the jack stowage cover (extended
wagon).

• Lift the jack stowage cover slightly upward
and pull away from the body side.
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501-05-2 501-05-2Interior Trim and Ornamentation

REMOVAL AND INSTALLATION (Continued)

7. Remove the safety belt guide (extended wagon).

1 Lift the safety belt guide cover.

2 Using the special tool, remove the bolt.

3 Remove the safety belt guide.

11. Remove the upper front body side trim panel.

1 Remove the screw.

2 Remove the upper front trim panel.

8. Remove the safety belt retractor cover
(extended wagon).

9. Remove the safety belt retractor (extended
wagon).

1 Remove the safety belt guide.

2 Using the special tool, remove the bolt.

3 Remove the safety belt retractor.

12. Remove the lower rear body side trim panel
(extended wagon).

1 Remove the screws.

2 Remove the pushpins.

3 Remove the lower rear body trim panel.

10. Remove the upper rear body side trim panel.

1 Remove the pushpins.

2 Remove the upper rear trim panel.
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501-05-3 501-05-3Interior Trim and Ornamentation

REMOVAL AND INSTALLATION (Continued)

13. Remove the lower front body side trim panel. 14. To install, reverse the removal procedure.

1 Remove the screws. • Replace any metal clips to the quarter trim
panel before installing.2 Lift the lower front trim panel slightly

upward, and remove the panel from the • To install the upper front body side trim
body side. panel, start at the front lower corner, then

work along the lower edge to the pillar.

• To install the upper rear body side trim
panel, start at the front lower portion and
work up the pillars.
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501-05-1 501-05-1Interior Trim and Ornamentation

REMOVAL AND INSTALLATION

6. Remove the rear upper body side trim panelTrim Panel — Quarter, Left Side
(extended wagon shown).

Removal and Installation 1 Remove the screw.

2 Remove the pin-type retainers.
1. Remove the rear seats to access the quarter trim 3 Remove the rear upper body side trim

panels. For additional information, refer to panel.
Section 501-10.

2. Remove the body side trim finish panel.

1 Remove the pin-type retainers.

2 Remove the finish panel from the body
side.

7. Remove the rear lower body side trim panel
(extended wagon shown).

1 Remove the screws.

X For the regular wagon, remove the three
trim panel screws.

2 Remove the pin-type retainers.3. If equipped, disconnect the powerpoint
electrical connector. 3 Lift the panel slightly and remove the trim

panel from the body side.
4. Remove the rear seat belt shoulder strap

opening covers.

• Pry the seat belt shoulder strap covers from
the upper trim panels.

5. Pull the rear door weatherstrip off at the rear
door opening to access the trim panel pin-type
retainers.
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501-05-2 501-05-2Interior Trim and Ornamentation

REMOVAL AND INSTALLATION (Continued)

8. Remove the window latches, if so equipped. 12. Remove the front upper body side trim panel.

1 Remove the two screws. 1 Remove the screws.

2 Remove the window latch. 2 Remove the front upper trim panel from the
body side.

9. Position the driver seat to the full forward
position. 13. Remove the front lower body side trim panel.

1 Remove the screw.
10. Remove the front seat belt guide cover.

2 Remove the pin-type retainers.

3 Lift the front upper trim panel slightly
upward and remove from the body side.

11. Remove the nut and front safety belt guide.
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501-05-3 501-05-3Interior Trim and Ornamentation

REMOVAL AND INSTALLATION (Continued)

14. To install, reverse the removal procedure.

• To install the front upper body side trim
panel, start at the lower pillar, then work to
the second lower pillar.

• To install the rear lower body side trim
panel, start with the clip to the heater
housing, then snap the trim panel into the
panel clips.

• To install the rear upper body side trim
panel, start with the rear lower portion of
the panel at the pillar.

2004 E-Series, 12/2003 



501-05-1 501-05-1Interior Trim and Ornamentation

REMOVAL AND INSTALLATION

Visor — Sun

Removal and Installation

1. Remove the sun visors.

1 Remove the screws.

2 Disconnect the lighted vanity mirror harness
connector, if so equipped.

3 Remove the sun visors.

2. To install, reverse the removal procedure.
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501-05-1 501-05-1Interior Trim and Ornamentation

REMOVAL AND INSTALLATION

5. Remove the left and right B-pillar trim panels.Headliner — Front
• Pull at the top of the B-pillar trim panel and

Removal and Installation work downward.

1. Remove the sun visors and sun visor attaching
clips. For additional information, refer to Visor
— Sun in this section.

2. Remove the A-pillar trim panel. For additional
information, refer to A-Pillar Trim Panel in this
section.

3. NOTE: Inspect the shoulder safety belt guide
cover for damage. If the shoulder safety belt
guide cover is damaged or it does not remain
closed, install a new safety belt guide.

Remove the front shoulder safety belt guide 6. If equipped, remove the screw and the overhead
cover. console.

• Disconnect the electrical connectors.

4. Remove the shoulder safety belt guide.

1 Remove the shoulder safety belt guide. 7. Remove the first row of pushpins fastening the
X To install, tighten to 48 Nm (35 lb-ft). front headliner.

2 Remove the shoulder safety belt guide.

Copyright  2003, Ford Motor Company
Last updated: 3/23/2006 2004 E-Series, 12/2003 



501-05-2 501-05-2Interior Trim and Ornamentation

REMOVAL AND INSTALLATION (Continued)

8. Pull the front headliner from underneath the 10. Remove the front headliner from the vehicle.
front door opening weatherstrips.

11. To install, reverse the removal procedure.
9. Disconnect the wire harness at the B-pillar.
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REMOVAL AND INSTALLATION

Headliner — Rear

Removal and Installation

1. NOTE: The front headliner must be removed to
remove the head impact countermeasure (HIC)
and the rear headliner.

Remove the front headliner. For additional
information, refer to Headliner — Front in this
section.

2. Remove the last 2 rows of seats.
5. Remove the screws and the video display, if

3. On a rear safety belt retractor and tongue with equipped.
a flip-up shoulder safety belt cover, remove the

• Disconnect the electrical connectors.shoulder safety belt guide.

1 Lift the shoulder safety belt guide cover.

2 Use the Safety Belt Torx Bit to remove
the bolt.

X To install, tighten to 48 Nm (35 lb-ft).

3 Remove the shoulder safety belt guide.

6. Remove the upper rear body side trim panel.

1 Remove the 3 pushpins.

2 Remove the upper rear trim panel.

4. On a rear safety belt retractor and tongue
without a flip-up shoulder safety belt cover,
remove the shoulder safety belt guide.

1 Position the shoulder safety belt cover
aside.

2 Use the Safety Belt Torx Bit to remove
the bolt.

X To install, tighten to 48 Nm (35 lb-ft).

3 Remove the shoulder safety belt guide.
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501-05-2 501-05-2Interior Trim and Ornamentation

REMOVAL AND INSTALLATION (Continued)

7. Remove the upper front body side trim panel.

1 Remove the screw.

2 Remove the upper front trim panel.

10. Remove the coat hooks.

1 Remove the screw.

2 Remove the coat hook.

8. Remove the window latches, if equipped.

1 Remove the 2 screws.

2 Remove the window latch.

11. Remove the rear safety belt tongue and retractor
assemblies upper attachments. For additional
information, refer to Section 501-20A.

12. Remove the sliding door upper roller hinge trim
9. NOTE: RH side shown, LH side similar. cover, if equipped with a sliding door.

NOTE: Vehicles equipped with a sliding door 1 Remove the screw.
are not equipped with a RH head impact

2 Remove the upper roller hinge trim cover.countermeasure.

Remove the HIC, if equipped.

1 Remove the 2 pushpins.

2 Remove the HIC.
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501-05-3 501-05-3Interior Trim and Ornamentation

REMOVAL AND INSTALLATION (Continued)

13. Open the sliding door and loosen the sliding
door upper garnish moulding, if equipped with
a sliding door.

14. NOTE: LH shown, RH similar.

Remove the upper body side trim panels at the
headliner.

15. Remove the rear cargo lamp. For additional
information, refer to Section 417-02.

16. Remove the rear headliner attaching pushpins.
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501-05-4 501-05-4Interior Trim and Ornamentation

REMOVAL AND INSTALLATION (Continued)

17. Pull the headliner from underneath the door
opening weatherstrips.

18. Remove the headliner from the vehicle. 19. To install, reverse the removal procedure.
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REMOVAL AND INSTALLATION

Engine Cover

Removal and Installation

1. Remove the console. For additional information,
refer to Section 501-12.

2. Remove the instrument panel steering column
cover (04459).

4. To install, reverse the removal procedure.

3. Remove the engine cover.

• Unfasten the engine cover latches.

• Lift the engine cover upward from the floor,
and remove from the vehicle.
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SPECIFICATIONS

Torque Specifications

Description Nm lb-in

Radiator grille screws 1.5-2.5 13-22
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501-08-1 501-08-1Exterior Trim and Ornamentation

Installation
REMOVAL AND INSTALLATION

Radiator Grille
1. Follow the removal procedure in reverse order.

Removal

1. Raise and support the hood (16612).

2. Remove the radiator grille (8200).

1 Remove the screws on top of the radiator
grille.

2 Grasp the radiator grille by the lower
crossmember and pull forward firmly to
disengage the three lower clips.

3 Remove the radiator grille.
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501-09-1 501-09-1Rear View Mirrors

Torque Specifications
SPECIFICATIONS

Description Nm lb-in
General Specifications

Exterior rear view mirror nuts 7 62
Item Specification

Exterior rear view mirror 5 44
Rear View Mirror — motor screws — Aero
Adhesive TA-17
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501-09-1 501-09-1Rear View Mirrors

DESCRIPTION AND OPERATION

The interior rear view mirror:Rear View Mirrors
The rear view mirrors consist of the following: • is windshield-mounted.

• is a manual hand-set day/night mirror.• Interior rear view mirror (17700).
The exterior rear view mirrors:• Exterior mirror control switch (14B133).

• Exterior rear view mirror trailer tow • are controlled manually or by optional power
(17682/17683). controls.

• Exterior rear view mirror, Western (17A721) • are of a fold-away design.

• Exterior rear view mirror glass.

• Exterior rear view mirror motor (Aero).
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501-09-1 501-09-1Rear View Mirrors

DIAGNOSIS AND TESTING
Visual Inspection ChartRear View Mirrors

Refer to Wiring Diagrams Cell 124, Power Mirrors Mechanical Electrical
for schematic and connector information. • Damaged mirror(s) • Fuse

• Damaged exterior mirror • Circuitry
Special Tool(s) control switch • Exterior mirror control

switch73III Automotive Multimeter
105-R0057 or equivalent

3. Verify components or systems related to the
fuse for correct operation. If the components or
systems are not operating correctly, the fuse(s),
fuse feed circuits or fuse load side circuit(s)
may be faulty.

4. If the fault is not visually evident, determineInspection and Verification
the symptom. GO to Symptom Chart.1. Verify the customer concern by operating the

power exterior rear view mirrors.

2. Visually inspect for obvious signs of
mechanical and electrical damage. Refer to the
following chart:

Symptom Chart

Symptom Chart

Condition Possible Sources Action
• The mirrors are inoperative • Fuse. • GO to Pinpoint Test A.

• Circuitry.
• Exterior mirror control

switch.
• A single mirror is inoperative • Circuitry. • GO to Pinpoint Test B.

• Exterior mirror control
switch.

• Exterior rear view mirror.
• Exterior rear view mirror

motor (Aero mirrors only).

Pinpoint Tests

PINPOINT TEST A: THE MIRRORS ARE INOPERATIVE

Test Step Result / Action to Take
A1 CHECK THE POWER MIRROR SWITCH

NOTE: Make sure the only fault with the vehicle is inoperative Yes
mirrors. GO to A2.
• Disconnect: Exterior Mirror Control Switch C527. No
• Check the exterior mirror control switch. Refer to wiring INSTALL a new exterior mirror control

diagrams Cell 149 for component testing. switch. REFER to Exterior Mirror Control
• Is the exterior mirror control switch OK? Switch in this section. TEST the system

for normal operation.

(Continued)
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501-09-2 501-09-2Rear View Mirrors

DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST A: THE MIRRORS ARE INOPERATIVE (Continued)

Test Step Result / Action to Take
A2 CHECK THE EXTERIOR MIRROR CONTROL SWITCH FEED

CIRCUIT
• Measure the voltage between exterior mirror control switch

C527-1, circuit 54 (LG/YE) and chassis ground.

Yes
GO to A3.
No
REPAIR the circuit. TEST the system for

• Is the voltage greater than 10 volts? normal operation.
A3 CHECK THE EXTERIOR MIRROR CONTROL SWITCH GROUND

CIRCUIT
• Measure the resistance between exterior mirror control switch

C527-5, circuit 57 (BK) and chassis ground.

Yes
REPAIR circuit 542 (YE). TEST the
system for normal operation.
No
REPAIR circuit 57 (BK). TEST the system

• Is the resistance less than 5 ohms? for normal operation.

PINPOINT TEST B: A SINGLE MIRROR IS INOPERATIVE

Test Step Result / Action to Take
B1 CHECK THE EXTERIOR MIRROR CONTROL SWITCH

• Disconnect: Exterior Mirror Control Switch C527. Yes
If the LH exterior rear view mirror does notCheck the exterior mirror control switch for correct operation.
operate correctly, GO to B2. If the RH• Is the exterior mirror control switch OK?
exterior rear view mirror does not operate
correctly, GO to B3.
No
INSTALL a new exterior mirror control
switch. TEST the system for normal
operation.

(Continued)
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DIAGNOSIS AND TESTING (Continued)
PINPOINT TEST B: A SINGLE MIRROR IS INOPERATIVE (Continued)

Test Step Result / Action to Take
B2 CHECK THE LH MIRROR CIRCUITS

• Disconnect: LH Exterior Rear View Mirror C521. Yes
• Measure the resistances, one at a time, between LH exterior For vehicles equipped with trailer tow

rear view mirror C521 and exterior mirror control switch C527 at mirrors, INSTALL a new LH exterior
circuits 540 (RD), 541 (DB) and 542 (YE). mirror. REFER to Exterior Mirror — Aero,

Trailer Tow in this section. TEST the
system for normal operation. For vehicles
equipped with Aero mirrors, CHECK the
LH exterior mirror jumper harness between
the vehicle harness and the LH exterior
mirror motor for open or shorted circuits,
and damaged or pushed out pins. If the
jumper harness is not OK, INSTALL a new
LH  mirror. REFER to Exterior Mirror —
Aero, Trailer Tow. Otherwise, for vehicles
equipped with Aero mirrors, INSTALL a
new LH exterior mirror motor. REFER to
Exterior Mirror Motor — Aero in this
section. TEST the system for normal
operation.
No
REPAIR the affected circuit. TEST the

• Is the resistance less than 5 ohms? system for normal operation.
B3 CHECK THE RH MIRROR CIRCUITS

• Disconnect: RH Exterior Rear View Mirror C601. Yes
• Measure the resistances, one at a time, between the RH exterior For vehicles equipped with trailer tow

rear view mirror C601 and exterior mirror control switch C527 at mirrors, INSTALL a new RH exterior
circuits 542 (YE), 544 (PK) and 543 (DG). mirror. REFER to Exterior Mirror — Aero,

Trailer Tow in this section. TEST the
system for normal operation. For vehicles
equipped with Aero mirrors, CHECK the
RH exterior mirror jumper harness
between the vehicle harness and the RH
exterior mirror motor for open or shorted
circuits, and damaged or pushed out pins.
If the jumper harness is not OK, INSTALL
a new RH  mirror. REFER to Exterior
Mirror — Aero, Trailer Tow. Otherwise, for
vehicles equipped with Aero mirrors,
INSTALL a new RH exterior mirror motor.
REFER to  Exterior Mirror Motor — Aero
in this section. TEST the system for
normal operation.
No
REPAIR the affected circuit. TEST the

• Is the resistance less than 5 ohms? system for normal operation.
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501-09-1 501-09-1Rear View Mirrors

REMOVAL AND INSTALLATION

Exterior Mirror — Aero, Trailer Tow

Removal and Installation

NOTE: Do not remove the exterior mirror assembly
when repairing an individual part. Individual
components can be installed without removing the
exterior mirrors.

NOTE: Trailer tow mirror shown, Aero mirror
similar.

1. Disconnect the battery ground cable. For
5. Remove the exterior rear view mirror (17682).additional information, refer to Section 414-01.

1 If equipped, disconnect the electrical
2. Remove the exterior rear view mirror mounting connector.

hole cover.
2 Remove the nuts.

3 Remove the exterior rear view mirror.

3. Remove the front door trim panel (23942). For
additional information, refer to Section 501-05.

4. If equipped with power exterior mirrors, remove
the front radio speaker (18808).

1 Remove the radio speaker screws.

2 Disconnect the radio speaker wiring
connector.

3 Remove the front radio speaker.
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501-09-2 501-09-2Rear View Mirrors

REMOVAL AND INSTALLATION (Continued)

6. To install, reverse the removal procedure.

• Torque the exterior rear view mirror nuts in
the sequence shown.
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501-09-1 501-09-1Rear View Mirrors

REMOVAL AND INSTALLATION
InstallationInterior Rear View Mirror

1. Place the interior rear view mirror on theSpecial Tool(s)
windshield bracket.

Installer, Rear View Mirror
501-025 (T94P-17700-AH) 2. Using the special tool, press the interior rear

view mirror on the windshield bracket until
fully seated.

Removal

1. Position the interior rear view mirror (17700) in
the full down position.

2. Grasp the interior rear view mirror and
carefully continue to pull down on the mirror
until released from the bracket.
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501-09-1 501-09-1Rear View Mirrors

REMOVAL AND INSTALLATION

2. Disconnect the electrical connector and removeExterior Mirror Control Switch
the switch.

Removal and Installation

1. Pry the plate assembly upward.

3. To install, reverse the removal procedure.
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501-09-1 501-09-1Rear View Mirrors

REMOVAL AND INSTALLATION

Exterior Mirror Glass — Aero

Removal and Installation

1. Position the exterior rear view mirror glass in
the full down position.

3. Install the exterior rear view mirror glass.

• Align the exterior rear view mirror glass and
press gently on the center of the glass until
the exterior rear view mirror glass is seated.

2. Remove the exterior rear view mirror glass.

• Grasp one of the exposed tabs with pliers
and pull back on the tab while pulling on
the exterior rear view mirror glass.
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501-09-1 501-09-1Rear View Mirrors

REMOVAL AND INSTALLATION

Exterior Mirror Glass — Trailer Tow

Special Tool(s)

Heat Gun or equivalent
107-R0300

Removal

NOTE: LH trailer tow mirror shown.

NOTE: The service repair kit (17K707) for the
exterior mirror glass includes new jack pins and
sealing boots. When installing a new mirror glass
assembly, do not install new jack pins and sealing
boots unless the original ones are worn or damaged.

All exterior mirrors

1. Position the exterior mirror glass in the full up
position.

Power exterior mirrors only All exterior mirrors

3. Grasp the outside bottom edge of the mirror2. CAUTION: Avoid damaging the jack
glass and carefully remove it from the mirrorpins and sealing boots while removing the
housing.mirror glass.

Using a trim panel removal tool or equivalent
notched tool, carefully disengage the two jack
pin balls from their sockets in the glass
assembly back, leaving the jack pins and
sealing boots attached to the mirror motor.
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501-09-2 501-09-2Rear View Mirrors

REMOVAL AND INSTALLATION (Continued)

Installation 4. Position the tabs on the edges of the jack pin
balls so they align with the key slots in the

Power exterior mirrors (worn or damaged jack sockets on the back of the mirror glass
pins and sealing boots only) assembly.

• Rotate the tab on the upper jack pin ball so
1. Remove the sealing boots from the exterior that it is in the vertical position (pointing

mirror motor. UP).

• Rotate the tab on the lower jack pin ball so
that it is in the horizontal position (pointing
LEFT/RIGHT), and facing away from the
vehicle.

2. Install the jack pins in the sealing boots.

All exterior mirrors

5. Place the new exterior mirror glass assembly,
with the glass side down, on a smooth firm
surface.

6. CAUTION: Do not overheat the
exterior mirror glass backing plate. Heat
only until the backing plate is warm to the
touch (approximately 10 seconds).

3. Install the jack pins and sealing boots. Using the special tool, warm the main pivot and
jack pin sockets in the exterior mirror glass• Hold the legs of the jack pins and push the
backing plate.jack pins back into the exterior mirror

housing.

• Install the sealing boots so the shoulder of
the sealing boot is under the mirror collar.
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REMOVAL AND INSTALLATION (Continued)

Power exterior mirrors Power exterior mirrors

NOTE: If the jack pins do not engage, they may7. Loosely install the glass.
not be aligned correctly. Remove the exterior mirror1 Starting with the bottom two friction pins,
glass, align the jack pins to the slots in the socketsposition the friction pins in their openings
and repeat the installation procedure.in the mirror housing.

2 Align the locating tabs, on the jack pin 9. NOTE: The jack pin should click while
balls, with the slots in the sockets on the manually adjusting the exterior mirror glass.
back of the mirror glass assembly. Tilt the exterior mirror glass to the full

outboard position and then press on the outer
side of the glass until the upper jack pin snaps
into the socket on the exterior mirror backing
plate.

10. NOTE: The jack pin should click while
manually adjusting the exterior mirror glass.

Tilt the exterior mirror glass to the full down
position and then press on the bottom edge of
the mirror glass until the lower jack pin snaps
into the socket on the exterior mirror backing
plate.

All exterior mirrors

8. Using a flat hand, press on the center of the
mirror glass until seated on the center pivot of
the mirror housing.

• Seat the side jack pin (vertical facing tab)
by carefully pressing the left center edge of
the mirror glass into the mirror case, so that
the side jack pin ball snaps into the socket.

• Seat the bottom jack pin (horizontal facing
tab) by carefully pressing the bottom center
edge of the mirror glass into the mirror case,
so that the bottom jack pin ball snaps into
the socket.
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501-09-1 501-09-1Rear View Mirrors

REMOVAL AND INSTALLATION

Exterior Mirror Glass — Spotter,
Trailer Tow

Special Tool(s)

Heat Gun or equivalent
107-R0300

Removal
3. CAUTION: Do not overheat the

spotter glass backing plate. Heat only until
WARNING: Cover the spotter glass backing plate is warm to the touch

surface with adhesive tape to avoid injury from (approximately 10 seconds).
the glass breaking during removal. Failure to do

Using the special tool, warm the main pivotso can result in personal injury.
socket in the spotter glass backing plate.

1. Adjust the spotter glass fully upwards.

2. Using a flat-blade screwdriver under the center
of the spotter glass assembly, remove the
spotter glass assembly.

4. Align the friction pins to the grommets and
push in.

Installation

WARNING: Cover the spotter glass
surface with adhesive tape to avoid injury from
the glass breaking during installation. Failure to
do so may result in personal injury.

1. Place the new spotter glass assembly down on a
smooth firm surface.

2. Align the friction pins vertically to the spotter
glass backing plate socket and push down to
snap the pivot ball into the socket.

Copyright  2003, Ford Motor Company
Last updated: 08/27/2003 2004 E-Series, 12/2003 



501-09-2 501-09-2Rear View Mirrors

REMOVAL AND INSTALLATION (Continued)

6. Remove the adhesive tape and check for normal5. CAUTION: The spotter glass can
operation.break if pressure is not applied directly over

the pivot socket.

Align the spotter glass backing plate pivot
socket to the exterior mirror pivot ball and push
with the thumb over the socket.
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501-09-1 501-09-1Rear View Mirrors

REMOVAL AND INSTALLATION

Exterior Mirror Motor — Aero

Removal and Installation

1. Remove the Aero exterior rear view mirror
glass. For additional information, refer to
Exterior Mirror Glass — Aero in this section.

2. Remove the screws and remove the exterior
rear view mirror motor.

• Disconnect the electrical connector.

3. To install, reverse the removal procedure.
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502-02-1 502-02-1Full Frame and Body Mounting

Torque Specifications (Continued)
SPECIFICATIONS

Description Nm lb-ft
Torque Specifications

Left-hand rear body restraint 55 41
Description Nm lb-ft cable nut

Body bolts 70 52 Absorber assembly 40-55 30-41
self-tapping screwsForward body restraint cable 70 52

screw E-550 split frame bolts 450 332

Right-hand rear body restraint 22 16
cable screw
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502-02-1 502-02-1Full Frame and Body Mounting

DESCRIPTION AND OPERATION

Frame and Body Mounting
School Bus Cut-Away — Gasoline Engine

Item Part Number Description Item Part Number Description

5 W528834 U-nut (M10)1 5Z011 Side impact reinforcement
(left hand) 6 W52114-S428 Nut (M12 x 1.75)

2 5N100 Side impact reinforcement 7 N805420-S101 Bolt (M12 x 1.17 x 35)
(right hand)

8 9061 Fuel tank support — rear
3 — Bolt (M10 x 35)

4 9K027 Fuel tank protection bracket
(Continued)
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502-02-2 502-02-2Full Frame and Body Mounting

DESCRIPTION AND OPERATION (Continued)

E-550 Split Frame Cut-Away

Item Part Number Description

1 5005 Front frame assembly

2 - Bolt and nut (12 required)

3 5005 Rear frame assembly
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502-02-3 502-02-3Full Frame and Body Mounting

DESCRIPTION AND OPERATION (Continued)

Cab Back Cut-Away

The frame is made up of two steel channel rails andItem Part Number Description
riveted crossmembers, except for the transmission1 N806728 Cab back U-nut (20 required)
support crossmember and engine support

2 N606677 Cab back screws (20 crossmember which are bolted. The E-550 is arequired)
bolted together split frame. Vehicle application

3 40300 Cab back assembly determines the crossmembers used. For additional
4 - PIA screw (7 required) information on the crossmembers and the E-550
5 278A98 Cab assembly split frame, refer to the Ford Trucks Body Builder’s

Layout Book.
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502-02-4 502-02-4Full Frame and Body Mounting

DESCRIPTION AND OPERATION (Continued)

The vehicle body sits on rubber body supports.
There are lower and upper body supports to keep
the vehicle body from sitting directly on the frame.
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502-02-1 502-02-1Full Frame and Body Mounting

GENERAL PROCEDURES

Frame Maintenance

Rivet Removal

CAUTION: Do not drill outside the rivet
into the frame (5005) as that will weaken the
frame.

NOTE: Rivets that are removed will be replaced
with the next larger size bolts.

1. Drill a 1/8-inch pilot hole through the rivet.
4. Drive out the rivet with a punch.

2. Drill an 11/32-inch hole through the rivet
5. Remove the support.(3/8-inch and 10-mm rivets), or drill a 3/8-inch

hole through the center of 7/16-inch rivets. Rivet Replacement

NOTE: Rivets that are removed will be replaced
with the next larger size bolts.

1. CAUTION: Drill only where a rivet
was removed.

Drill a bolt hole in the support and the frame.

1 Line drill a hole the size of the bolt through
the old rivet hole (i.e., for 7/16-inch
diameter rivets, use a 1/2-inch drill, 3/8-inch
or 10-mm rivets use a 7/16-inch drill).

2 Position the support.

3 Insert the bolts, nuts and washers (Property3. Remove the rivet head.
Class 9.8 metric [Grade 8]) in the drilled
holes (at least two threads on the bolt must
protrude through the components).

4 Tighten the bolts.
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502-02-2 502-02-2Full Frame and Body Mounting

GENERAL PROCEDURES (Continued)

Drilling Precautions Frame Straightening

1. If a hole must be drilled in the frame, make WARNING: Straightening of front frame
sure the hole meets the following requirements: rail convolute is prohibited.

• The hole is at least the specified distance
1. When straightening the frame, make sure theabove the frame centerline.

following requirements are met:
• The edge of the drilled hole is at least the

• If heat is needed to straighten a framespecified distance from the edge of the
member, keep the temperature below 650°Cnearest hole.
(1200°F) (a dull red glow).

• The edge of the drilled hole is at least the
• Heat must be kept to a minimum area sospecified distance from the edge of the

that the hardness of the metal will not beflange.
affected.

• The drilled hole is at least the specified
• Straightening must only be attempted ondistance from any other existing bracket or

frames that fail to meet specifications of thecomponent of the frame.
diagonal checking method or where damage
is apparent.

• Straightening must be limited to parts which
are not severely bent.

Frame Reinforcing

1. After a bent frame member has been
straightened, inspect the frame member closely
for cracks. If any cracks are located, the
damage must be welded and, if necessary,
reinforced.

Welding Precautions

1. If welding must be done on a frame, make sure
the following requirements are met:

• If the frame is attached to the vehicle, the
battery ground cable must be disconnected
before using any electrical welding
equipment. Refer to Section 414-01  for
correct battery disconnect procedures.

• Do not use gas welding equipment. Arc
welding is the only approved method.

• Use a temperature-indicating crayon to make
sure that the temperature does not exceed
750°C (1400°F).

• Replace spot-welded components by spot
welding where possible. If spot welding is
not possible, use puddle welding.
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502-02-3 502-02-3Full Frame and Body Mounting

GENERAL PROCEDURES (Continued)

2. The following procedure details the
recommended frame crack repair procedure:

• Stop drill the crack(s) at the end.

• V-grind the crack(s) in preparation for
welding.

• Weld the crack(s).

• Grind off the weld excess.

• Add a reinforcing plate if necessary. The
reinforcing plate must be made from flat or
angle stock of the same material and
thickness as the frame member being
reinforced, and must extend to either side of
the crack.

Ideally, the reinforcement will be cut from
the corresponding area of a similar frame.

• Weld the reinforcing plate entirely, using the
skip weld method to reduce potential heat
buildup from concentrating in any one
particular area during repair.
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502-02-1 502-02-1Full Frame and Body Mounting

REMOVAL AND INSTALLATION

Body Support
Body Mount, E-150 — Disassembled View

Item Part Number Description Item Part Number Description

4 N808569-S100 Bolt and washer1 1000193 Absorber assembly (body bolt
lower) 5 N807249-S100 Bolt and washer

2 1000192 Absorber assembly (body bolt 6 1000192 Absorber assembly (body bolt
upper) upper)

3 6200145 Shim (Continued)

(Continued)
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502-02-2 502-02-2Full Frame and Body Mounting

REMOVAL AND INSTALLATION (Continued)

Item Part Number Description Item Part Number Description

7 1000155 Absorber assembly (body bolt 9 N801954-S2 Screw (self-tapping)
upper) 10 1000192 Absorber assembly (body

8 1000151 Retainer assembly (body bolt bolt)
lower)

(Continued)

Body Mount, E-150 — Installation
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502-02-3 502-02-3Full Frame and Body Mounting

REMOVAL AND INSTALLATION (Continued)

Body Mount, E-250, E-350 — Disassembled View

Item Part Number Description Item Part Number Description

7 1000154 Absorber assembly (body bolt1 1000193 Absorber assembly (body bolt
upper)lower)

8 1000155 Absorber assembly (body bolt2 1000192 Absorber assembly (body bolt
lower)upper)

9 1000151 Retainer assembly (lower)3 6200145 Shim

10 5B097 Bumper assembly (E-3504 N808569-S100 Bolt and washer
regular and super vans only)5 N807249-S100 Bolt and washer

6 10001A42 Retainer assembly (upper)
(Continued)
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502-02-4 502-02-4Full Frame and Body Mounting

REMOVAL AND INSTALLATION (Continued)

Body Mount, E-250, E-350 — Installation
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502-02-5 502-02-5Full Frame and Body Mounting

REMOVAL AND INSTALLATION (Continued)

Body Mount, E-250, E-350 (Extended Body) — Disassembled View

Item Part Number Description Item Part Number Description

6 N808569-S100 Bolt and washer1 N807249-S100 Bolt and washer

7 6200145 Shim2 10001A42 Retainer assembly (upper)

8 1000192 Absorber assembly (body bolt3 1000154 Absorber assembly (body bolt
upper)upper)

9 1000193 Absorber assembly (body bolt4 1000155 Absorber assembly (body bolt
lower)lower)

10 5B097 Bumper assembly5 1000151 Retainer assembly (lower)
(Continued)
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502-02-6 502-02-6Full Frame and Body Mounting

REMOVAL AND INSTALLATION (Continued)

Body Mount, E-250, E-350 (Extended Body) — Installation
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502-02-7 502-02-7Full Frame and Body Mounting

REMOVAL AND INSTALLATION (Continued)

Body Mount, E-550 — Disassembled View

Item Part Number Description Item Part Number Description

5 N807249-S100 Bolt and washer1 1000193 Absorber assembly (body bolt
lower) 6 1000154 Absorber assembly (body bolt

upper)2 1000192 Absorber assembly (body bolt
upper) 7 1000155 Absorber assembly (body bolt

lower)3 6200145 Shim

8 1000151 Retainer assembly (lower)4 N808569-S100 Bolt and washer
(Continued)
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502-02-8 502-02-8Full Frame and Body Mounting

REMOVAL AND INSTALLATION (Continued)

Body Mount, E-550 — Installation
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502-02-9 502-02-9Full Frame and Body Mounting

REMOVAL AND INSTALLATION (Continued)

Cables, Body Restraint — Disassembled View

Item Part Number Description Item Part Number Description

4 N620483-S2 Nut1 N807037-S40 Screw

5 1500086 Body restraint cable (LH)2 1500086 Body restraint cable (RH)

6 N606703-S102 Screw and washer3 N808992-S301 Battery support brace retainer
(Continued)

Cables, Body Restraint — Installation

2004 E-Series, 11/2003 



502-02-10 502-02-10Full Frame and Body Mounting

REMOVAL AND INSTALLATION (Continued)

1. Refer to the preceding illustrations.

• For information on E-350 Commercial,
E-350 RV Stripped, and E-350 RV
Cutaway, refer to the Ford Light and Heavy
Truck Body Builder’s Layout Book.
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502-02-1 502-02-1Full Frame and Body Mounting

REMOVAL AND INSTALLATION

Frame Extension

1. For the recommended installation of frame
extensions for mounting optional longitudinal
spacers, refer to the Ford Light and Heavy
Truck Body Builder’s Layout Book.
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502-02-1 502-02-1Full Frame and Body Mounting

REMOVAL AND INSTALLATION

Side Impact Reinforcement

Removal and Installation

1. Raise and support the vehicle. For additional
information, refer to Section 100-02.

2. NOTE: Vehicle body removed for clarity.

NOTE: Left side shown, right side similar.

Remove the side impact reinforcement (5Z011
left side, 5N100 right side).

3. To install, reverse the removal procedure.
1 Remove the eight nuts.

2 Remove the side impact reinforcement.
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502-02-1 502-02-1Full Frame and Body Mounting

3. To install, reverse the removal procedure.
REMOVAL AND INSTALLATION

Fuel Tank Protection Bracket

Removal and Installation

1. Raise and support the vehicle. For additional
information, refer to Section 100-02.

2. Remove the fuel tank protection bracket
(9K027).

1 Remove the bolt.

2 Remove the fuel tank protection bracket.
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