GROUP TAB LOCATOR

Maintenance Schedules

0
7  Cooling - 2.7L Diesel
E

|

|

| 8 Electronic Control Modules

[ 81 Iignition Control

| O  Engine

| 11  Exhaust System and Turbocharger - 2.7L Diesel

| 14  Fuel System

[ 21  Transmission and Transfer Case

| 25  Emissions Control - 2.7L Diesel

| Service Manual Comment Forms (Rear of Manual)




WG

MAINTENANCE SCHEDULES 0-1

MAINTENANCE SCHEDULES

TABLE OF CONTENTS

page
MAINTENANCE SCHEDULES FOR ALL
MARKETS EXCEPT U.S., CANADA and
MEXICO
DESCRIPTION — DIESEL ENGINES .. ....... 1

MAINTENANCE SCHEDULES
FOR ALL MARKETS EXCEPT
U.S., CANADA and MEXICO

DESCRIPTION — DIESEL ENGINES

Maintenance Schedule Information not included in
this section, is located in the appropriate Owner’s
Manual.

There are two maintenance schedules that show
the required service for your vehicle.

First is Schedule "B". It is for vehicles that are
operated under the conditions listed at the beginning
of the schedule.

e Extensive engine idling.

e Driving in dusty conditions.

e More than 50% of your driving is at sustained
high speeds during hot weather, above 32° C (90° F).

e Trailer towing.

e Taxi, police, or delivery service (commercial ser-
vice).

e Off-road or desert driving.

NOTE: Most vehicles are operated under the condi-
tions listed for Schedule “B.”

Second is Schedule “A”. It is for vehicles that are
not operated under any of the conditions listed under
Schedule “B.”

Use the schedule that best describes your driving
conditions. Where time and mileage are listed, follow
the interval that occurs first.

CAUTION: Failure to perform the required mainte-
nance items may result in damage to the vehicle.

At Each Stop for Fuel

e Check the engine oil level about 5 minutes after
a fully warmed engine is shut off. Checking the oil
level while the vehicle is on level ground will
improve the accuracy of the oil level reading. Add oil
only when the level is at or below the ADD or MIN
mark.

e Check the windshield washer solvent, and add
as required.

Once a Month

e Check the tire pressure and look for unusual
wear or damage.

e Inspect the battery, clean and tighten the termi-
nals as required.

e Check the fluid levels of the coolant reservoir,
brake master cylinder, power steering, and transmis-
sion, and add as needed.

e Check all lights and all other electrical items for
correct operation.

At Each Oil Change
Change the engine oil filter.
Inspect the exhaust system.
Inspect the brake hoses.
Inspect front suspension ball joints.
Check the coolant level, hoses, and clamps.

e Inspect engine accessory drive belts, replace as
necessary.

e Inspect for the presence of water in the fuel fil-
ter/water separator unit.

e Rotate the tires.

o After completion of off-road operation, the
underside of the vehicle should be thoroughly
inspected. Examine threaded fasteners for looseness.

Schedule “B”

Follow schedule “B” if you usually operate your
vehicle under one or more of the following conditions.

e Extensive engine idling.

e Driving in dusty conditions.

e More than 50% of your driving is at sustained
high speeds during hot weather, above 32° C (90° F).

e Trailer towing.

e Taxi, police, or delivery service (commercial ser-
vice).
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MAINTENANCE SCHEDULES FOR ALL MARKETS EXCEPT U.S., CANADA and MEXICO (Continued)
Kilometers 10 000 km |20 000 km |30 000 km A0 000 km  pO 000 km
Change the engine oil and engine oll filter. X X X X X
Lubricate the upper knuckle ball stud at X X X X X
steering & suspension ball joints.

Drain and refill the front and rear axles. X X

Inspect the engine air filter element. X X X
Replace as necessary.

Replace the engine air filter element. X X

Replace the fuel filter/water separator unit. X X

Inspect the brake linings. X X

Clean and lubricate the brake caliper pins. X X

Drain the transfer case and refill (Quadra- X
Trac Only).

Kilometers 60 000 km |70 000 km BO 000 km DO 000 km  [100 000 km
Change the engine oil and engine oil filter. X X X X X
Lubricate the upper knuckle ball stud at X X X X X
steering & suspension ball joints.

Drain and refill the front and rear axles. X X X
Inspect the brake linings. X X X
Clean and lubricate the brake caliper pins. X X X
Drain and replace brake fluid. X
Inspect the engine air filter element. X X

Replace as necessary.

Replace the engine air filter element. X X X
Replace the fuel filter/water separator unit. X X X
Inspect the accessory drive belt and X
replace if needed.

Drain and refill the automatic transmission X
fluid, and change filter.

Drain and refill the transfer case fluid X

(Quadra-Trac Only).
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MAINTENANCE SCHEDULES FOR ALL MARKETS EXCEPT U.S., CANADA and MEXICO (Continued)

Kilometers

110000 km

120 000
km

130000 km

140000 km

150000 km

160000 km

Change the engine oil and
engine oil filter.

X

X

X

X

X

X

Lubricate the upper
knuckle ball stud at
steering & suspension ball
joints.

X

X

X

X

X

X

Inspect the brake linings.

Clean and lubricate the
brake caliper pins.

Drain and refill the front
and rear axle fluid.

Inspect the engine air filter
element. Replace as
necessary.

Replace the engine air
filter element.

Replace the fuel
filter/water separator unit.

Flush and replace the
engine coolant.

Drain and refill the transfer
case (Quadra-Trac Only).

Inspection and service should also be performed
anytime a malfunction is observed or suspected.

Retain all receipts.
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MAINTENANCE SCHEDULES FOR ALL MARKETS EXCEPT U.S., CANADA and MEXICO (Continued)

Schedule “A”

Kilometers 20 000 km |40 000 km |60 000 km B0 000 km  [LOO 000 km
Change the engine oil and engine oll filter. X X X X X
Lubricate the upper knuckle ball stud at the X X X X X
steering & suspension ball joints.

Inspect the brake linings. X X

Clean and lubricate the brake caliper pins. X X

Drain and replace the brake fluid. X

Inspect the engine air filter element. X X X
Replace as necessary.

Replace the engine air filter element. X X

Replace the fuel filter/water separator unit. X X

Inspect the accessory drive belt, and X
replace if necessary.

Drain the transfer case and refill (Quadra- X X

Trac Only).

Kilometers 120 000 km |140 000 km [160 000 km {180 000 km
Change the engine oil and engine oll filter. X X X X
Lubricate the upper knuckle ball stud at the steering X X X X
& suspension ball joints.

Inspect the brake linings. X X

Clean and lubricate the brake caliper pins. X X

Drain and replace the brake fluid. X

Inspect the engine air filter element. Replace as X X
necessary.

Replace the engine air filter element X X

Replace the fuel filter/water separator unit. X X

Flush and replace the engine coolant. X

Inspect the accessory drive belt, and replace if X
necessary.

Drain the transfer case and refill (Quadra-Trac Only). X

Drain the transfer case and refill (Quadra-Trac Only). X

Inspection and service should also be performed
anytime a malfunction is observed or suspected.
Retain all receipts.

WARNING: You can be badly injured working on or
around a motor vehicle. Do only that service work

for which you have the knowledge and the right
equipment. If you have any doubt about your ability
to perform a service job, take your vehicle to a
competent mechanic.
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COOLING - 2.7L DIESEL
OPERATION—COOLING SYSTEM

The cooling system regulates engine operating tem-
perature. It allows the engine to reach normal oper-
ating temperature as quickly as possible. It also
maintains normal operating temperature and pre-
vents overheating.

The cooling system also provides a means of heat-
ing the passenger compartment and cooling the auto-
matic transmission fluid (if equipped). The cooling
system is pressurized and uses a centrifugal water
pump to circulate coolant throughout the system.

DIAGNOSIS AND TESTING

DIAGNOSIS AND TESTING - PRELIMINARY
CHECKS

ENGINE COOLING SYSTEM OVERHEATING
Establish what driving conditions caused the com-
plaint. Abnormal loads on the cooling system such as
the following may be the cause:
PROLONGED IDLE
VERY HIGH AMBIENT TEMPERATURE
SLIGHT TAIL WIND AT IDLE
SLOW TRAFFIC
TRAFFIC JAMS
HIGH SPEED OR STEEP GRADES
Driving techniques that avoid overheating are:
e |dle with A/C off when temperature gauge is at
end of normal range.
e Increasing engine speed for more air flow is rec-
ommended.

COOLING - 2.7L DIESEL 7 -1
page

DIAGNOSIS AND TESTING - COOLING
SYSTEM ... 2
ACCESSORY DRIVE . ... ... ... . ... .. ... 5
ENGINE ... 9

TRAILER TOWING:

Consult Trailer Towing section of owners manual.
Do not exceed limits.

AIR CONDITIONING; ADD-ON OR AFTER MARKET:

A maximum cooling package should have been
ordered with vehicle if add-on or after market A/C is
installed. If not, maximum cooling system compo-
nents should be installed for model involved per
manufacturer’s specifications.

RECENT SERVICE OR ACCIDENT REPAIR:

Determine if any recent service has been per-
formed on vehicle that may effect cooling system.
This may be:

e Engine adjustments (incorrect timing)

e Slipping engine accessory drive belt(s)

e Brakes (possibly dragging)

e Changed parts. Incorrect water pump or pump
rotating in wrong direction due to belt not correctly
routed

e Reconditioned radiator or cooling system refill-
ing (possibly under filled or air trapped in system).

NOTE: If investigation reveals none of the previous
items as a cause for an engine overheating com-
plaint, (Refer t o 7 - COOLING - DIAGNOSIS AND
TESTING)
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COOLING - 2.7L DIESEL (Continued)
DIAGNOSIS AND TESTING - COOLING SYSTEM

COOLING SYSTEM DIAGNOSIS—DIESEL ENGINE

CONDITION

POSSIBLE CAUSES

CORRECTION

TEMPERATUREGAUGE READS
LOW

1. Vehicle is equipped with a heavy
duty cooling system.

2. Temperature gauge not
connected

3. Temperature gauge connected
but not operating.

4. Coolant level low.

1. None. System operating normaly.
2. Connect gauge.

3. Check gauge. Refer (Refer to 8 -
ELECTRICAL/INSTRUMENT
CLUSTER - DIAGNOSIS AND
TESTING)

4. Fill cooling system. (Refer to 7 -
COOLING - STANDARD
PROCEDURE)

TEMPERATURE GAUGE READS
HIGH. COOLANT MAY OR MAY
NOT BE LEAKING FROM SYSTEM

1. Vehicle overloaded, high ambient
(outside) temperatures with A/C
turned on, stop and go driving or
prolonged operation at idle speeds.

2. Temperature gauge not
functioning correctly.

3. Air traped in cooling

4. Radiator cap faulty.

5. Plugged A/C or radiator cooling
fins.

6. Coolant mixture incorrect.

7. Thermostat stuck shut.

8. Bug screen or winter front being
used.

9. Viscous fan drive not operating
properly.

10. Cylinder head gasket leaking.

11. Heater core leaking.
12. cooling system hoses leaking.

1. Temporary condition, repair not
required. Notify customer of vehicle
operation instructions located in
Owners Manual.

2. Check gauge. (Refer to 8 -
ELECTRICAL/INSTRUMENT

CLUSTER - DIAGNOSIS AND
TESTING)

3. Drain cooling system (Refer to 7 -
COOLING - STANDARD
PROCEDURE) and refill (Refer to 7
- COOLING - STANDARD
PROCEDURE)

4. Replace radiator cap.

5. Clean all debre away from A/C
and radiator cooling fins.

6. Drain cooling system (Refer to 7 -
COOLING - STANDARD
PROCEDURE) refill with correct
mixture (Refer to 7 - COOLING -
STANDARD PROCEDURE).

7. Replace thermostat.

8. Remove bug screen or winter
front.

9. Check viscous fan (Refer to 7 -
COOLING/ENGINE/FAN DRIVE
VISCOUS CLUTCH - DIAGNOSIS
AND TESTING)

10. Check for leaking head gaskets
(Refer to 7 - COOLING -
DIAGNOSIS AND TESTING).

11. Replace heater core.

12. Tighten clamps or Replace
hoses.
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COOLING - 2.7L DIESEL (Continued)

CONDITION

POSSIBLE CAUSES

CORRECTION

13. Brakes dragging.

13. Check brakes. (Refer to 5 -
BRAKES/HYDRAULIC/
MECHANICAL - DIAGNOSIS AND
TESTING)

TEMPERATURE GAUGE READING
INCONSISTENT ( ERRATIC,
CYCLES OR FLUCTUATES)

1. Heavy duty cooling system,
extream cold ambient (outside)
temperature or heater blower motor
in high position.

2. Temperature gauge or gauge
sensor defective.

3. Temporary heavy usage or load.
4. Air traped in cooling system.

5. Water pump

6. Air leak on suction side of water
pump.

1. None. System operating normaly.

2. Check gauge. (Refer to 8 -
ELECTRICAL/INSTRUMENT

CLUSTER - DIAGNOSIS AND
TESTING)

3. None. Normal condition.

4. Fill cooling system (Refer to 7 -
COOLING - STANDARD
PROCEDURE).

5. Replace water pump.

6. Check for leak. (Refer to 7 -
COOLING - DIAGNOSIS AND
TESTING)

RADIATOR CAP LEAKING STEAM
AND /OR COOLANT INTO
RESERVOIR BOTTLE.
(TEMPERATURE GAUGE MAY
READ HIGH)

1. Radiator cap defective.

2. Radiator neck surface damaged.

1. Replace radiator cap.

2. Replace radiator.

HOSE OR HOSES COLLAPSE
WHEN ENGINE IS COOLING.

1. Vacuum created in cooling
system on engine cool-down is not
being relieved through coolant
reservior/overflow system.

1. Replace radiator cap, check vent
hose between radiator and reservoir
bottle for blockage also check
reservoir bottle vent for blockage.

NOISY FAN

1. Fan blade(s) loose, damaged.
2. Thermal viscous fan drive.

3. Fan blades striking surrounding
objects.

4. Thermal viscous fan drive
bearing.

5. Obstructed air flow through
radiator.

1. Replace fan blade assembly.
2. None. Normal condition.

3. Locate contact point and repair
as necessary.

4. Replace viscous fan drive
assembly.

5. Remove obstruction.

INADEQUATE AIR CONDITIONER
PERFORMANCE (COOLING
SYSTEM SUSPECTED)

1. Radiator and/or A/C condenser
air flow obstructed.

1. Remove obstruction and/or clean.
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COOLING - 2.7L DIESEL (Continued)

CONDITION

POSSIBLE CAUSES

CORRECTION

2. Thermal viscous fan drive not
working.

3. Air seals around radiator
damaged or missing.

2. Check fan drive. (Refer to 7 -
COOLING/ENGINE/FAN DRIVE
VISCOUS CLUTCH - DIAGNOSIS
AND TESTING)

3. Inspect air seals, repair or
replace as necessary.

INADEQUATE HEATER
PERFORMANCE. GUAGE MAY OR
MAY NOT READ LOW.

1. Heavy duty cooling system, and
cooler ambient temperatures.

2. Obstruction in heater hoses.

3. Water pump damaged.

1. None. Normal condition.

2. Remove hoses, remove
obstruction.

3. Replace water pump.

HEAT ODOR

1. Damaged or missing drive line
heat shields.

2. Thermal viscous fan drive
damaged.

1. Repair or replace damaged or
missing heat shields.

2. Check thermal viscous fan drive.
(Refer to 7 - COOLING/ENGINE/
FAN DRIVE VISCOUS CLUTCH -
DIAGNOSIS AND TESTING)

WG
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DRIVE BELTS

DIAGNOSIS AND TESTING - ACCESSORY
DRIVE BELT

VISUAL DIAGNOSIS

When diagnosing serpentine accessory drive belts,
small cracks that run across the ribbed surface of the
belt from rib to rib (Fig. 1), are considered normal.
These are not a reason to replace the belt. However,
cracks running along a rib (not across) are not nor-
mal. Any belt with cracks running along a rib must
be replaced (Fig. 1). Also replace the belt if it has
excessive wear, frayed cords or severe glazing.

Refer to ACCESSORY DRIVE BELT DIAGNOSIS
CHART for further belt diagnosis.

NOISE DIAGNOSIS

Noises generated by the accessory drive belt are
most noticeable at idle. Before replacing a belt to
resolve a noise condition, inspect all of the accessory
drive pulleys for contamination, alignment, glazing,
or excessive end play.

7-5
page
...... 8
...... 8
...... 8

Fig. 1 Belt Wear Patterns

1 - NORMAL CRACKS BELT OK
2 - NOT NORMAL CRACKS REPLACE BELT

J9007-44
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DRIVE BELTS (Continued)

ACCESSORY DRIVE BELT DIAGNOSIS CHART

CONDITION

POSSIBLE CAUSES

CORRECTION

RIB CHUNKING (One or more ribs
has separated from belt body)

1. Foreign objects imbedded in
pulley grooves.

2. Installation damage

1. Remove foreign objects from
pulley grooves. Replace belt.

2. Replace belt

RIB OR BELT WEAR

1. Pulley misaligned

2. Abrasive environment

3. Rusted pulley(s)

4. Sharp or jagged pulley groove
tips

5. Belt rubber deteriorated

1. Align pulley(s)

2. Clean pulley(s). Replace belt if
necessary
3. Clean rust from pulley(s)

4. Replace pulley. Inspect belt.

5. Replace belt

BELT SLIPS

1. Belt slipping because of
insufficient tension

2. Belt or pulley exposed to
substance that has reduced friction
(belt dressing, oil, ethylene glycol)

3. Driven component bearing failure
(seizure)

4. Belt glazed or hardened from
heat and excessive slippage

1. Inspect/Replace tensioner if
necessary

2. Replace belt and clean pulleys

3. Replace faulty component or
bearing

4. Replace belt.

LONGITUDAL BELT CRACKING

1. Belt has mistracked from pulley
groove

2. Pulley groove tip has worn away
rubber to tensile member

1. Replace belt

2. Replace belt

"GROOVE JUMPING”
(Belt does not maintain correct
position on pulley)

1. Incorrect belt tension

2. Pulley(s) not within design
tolerance

3. Foreign object(s) in grooves

4. Pulley misalignment
5. Belt cordline is broken

1. Inspect/Replace tensioner if
necessary

2. Replace pulley(s)

3. Remove foreign objects from
grooves

4. Align component
5. Replace belt

BELT BROKEN
(Note: Identify and correct problem
before new belt is installed)

1. Incorrect belt tension

2. Tensile member damaged during
belt installation

3. Severe misalignment
4. Bracket, pulley, or bearing failure

1. Replace Inspect/Replace
tensioner if necessary

2. Replace belt

3. Align pulley(s)

4. Replace defective component
and belt
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CONDITION

POSSIBLE CAUSES

CORRECTION

NOISE (Objectional squeal, squeek,
or rumble is heard or felt while drive
belt is in operation)

1. Incorrect belt tension

2. Bearing noise
3. Belt misalignment
4. Belt to pulley mismatch

5. Driven component induced
vibration

6. System resonent frequency
induced vibration

1. Inspect/Replace tensioner if
necessary

2. Locate and repair
3. Align belt/pulley(s)
4. Install correct belt

5. Locate defective driven
component and repair

6. Vary belt tension within
specifications

TENSION SHEETING FABRIC
FAILURE

(Woven fabric on outside,
circumference of belt has cracked or
separated from body of belt)

1. Tension sheeting contacting
stationary object

2. Excessive heat causing woven
fabric to age

3. Tension sheeting splice has
fractured

1. Correct rubbing condition

2. Replace belt

3. Replace belt

CORD EDGE FAILURE
(Tensile member exposed at edges
of belt or separated from belt body)

1. Incorrect belt tension

2. Belt contacting stationary object
3. Pulley(s) out of tolerance

4. Insufficient adhesion between
tensile member and rubber matrix

1. Inspect/Replace tensioner if
necessary

2. Replace belt
3. Replace pulley
4. Replace belt

REMOVAL

CAUTION: Do not attempt to check belt tension with
a belt tension gauge on vehicles equipped with an

automatic belt tensioner.

NOTE: The belt routing schematics are published

(1) A 3/8 inch square hole is provided in the auto-
matic belt tensioner. Attach a 3/8 inch drive-long

handle ratchet to this hole.
(2) Rotate ratchet and tensioner assembly counter-

clockwise (as viewed from front) until tension has
been relieved from belt.
(3) Remove belt from water pump pulley first.

from the latest information available at the time of
publication. If anything differs between these sche-
matics and the Belt Routing Label, use the sche-
matics on Belt Routing Label.This label is located in

the engine compartment.

(4) Remove belt from vehicle.



7 -8 ACCESSORY DRIVE

WG

DRIVE BELTS (Continued)
INSTALLATION

CAUTION: When installing the accessory drive belt,
the belt must be the correct length and routed cor-
rectly. If not, engine may overheat due to water
pump rotating in wrong direction.

(1) Position drive belt over all pulleys except
water pump pulley (Fig. 2).

OG-

.

: 7
v @ N |f/\:
@)k

80eda7b5

Fig. 2 ACCESSORY BELT ROUTING

- VISCOUS HEATER

- POWER STEERING PUMP

- AC COMPRESSOR

- AUTOMATIC BELT TENSIONER

- VIBRATION DAMPER/CRANKSHAFT PULLEY
- WATER PUMP PULLEY

- GENERATOR

- IDLER PULLEYS

o~NOoO U WNE

(2) Attach a 3/8 inch ratchet to tensioner.

(3) Rotate ratchet and belt tensioner counterclock-
wise. Place belt over water pump pulley. Let ten-
sioner rotate back into place. Remove ratchet. Be
sure belt is properly seated on all pulleys.

BELT TENSIONERS
DESCRIPTION

CAUTION: Do not attempt to check belt tension with
a belt tension gauge on vehicles equipped with an
automatic belt tensioner.

Drive belts on all engines are equipped with a
spring loaded automatic belt tensioner. This ten-
sioner maintains constant belt tension at all times
and requires no maintenance or adjustment.

OPERATION

WARNING: THE AUTOMATIC BELT TENSIONER
ASSEMBLY IS SPRING LOADED. DO NOT ATTEMPT
TO DISASSEMBLE THE TENSIONER ASSEMBLY.

The automatic belt tensioner maintains correct belt
tension using a coiled spring within the tensioner
housing. The spring applies pressure to the tensioner
arm pressing the arm into the belt, tensioning the
belt.

If a new belt is being installed, the arrow must be
within approximately 3 mm (1/8 in.) of indexing
mark. Belt is considered new if it has been used 15
minutes or less. If this specification cannot be met,
check for:

e The wrong belt being installed (incorrect length/
width)

e Worn bearings on an engine accessory (A/C com-
pressor, power steering pump, water pump, idler pul-
ley or generator)

e A pulley on an engine accessory being loose

e Misalignment of an engine accessory

e Belt incorrectly routed.
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COOLANT 100 Percent Ethylene-Glycol—Should Not Be Used in
Chrysler Vehicles
DESCRIPTION Use of 100 percent ethylene-glycol will cause for-

Coolant flows through the engine water jackets and
cylinder heads absorbing heat produced by the engine
during operation. The coolant carries heat to the radi-
ator and heater core. Here it is transferred to ambient
air passing through the radiator and heater core fins.

The required ethylene-glycol (antifreeze) and water
mixture depends upon the climate and vehicle oper-
ating conditions. The recommended mixture of 50/50
ethylene-glycol and water will provide protection
against freezing to -37 deg. C (-35 deg. F). The anti-
freeze concentration must always be a minimum of
44 percent, year-round in all climates. If percentage
is lower than 44 percent, engine parts may be
eroded by cavitation, and cooling system com-
ponents may be severely damaged by corrosion.
Maximum protection against freezing is provided
with a 68 percent antifreeze concentration, which
prevents freezing down to -67.7 deg. C (-90 deg. F). A
higher percentage will freeze at a warmer tempera-
ture. Also, a higher percentage of antifreeze can
cause the engine to overheat because the specific
heat of antifreeze is lower than that of water.

mation of additive deposits in the system, as the cor-
rosion inhibitive additives in ethylene-glycol require
the presence of water to dissolve. The deposits act as
insulation, causing temperatures to rise to as high as
149 deg. C (300 deg. F). This temperature is hot
enough to melt plastic and soften solder. The
increased temperature can result in engine detona-
tion. In addition, 100 percent ethylene-glycol freezes
at -22 deg. C (-8 deg. F).

Propylene-glycol Formulations—Should Not Be Used in
Chrysler Vehicles

Propylene-glycol formulations do not meet
Chrysler coolant specifications. It's overall effec-
tive temperature range is smaller than that of ethyl-
ene-glycol. The freeze point of 50/50 propylene-glycol
and water is -32 deg. C (-26 deg. F). 5 deg. C higher
than ethylene-glycol’s freeze point. The boiling point
(protection against summer boil-over) of propylene-gly-
col is 125 deg. C (257 deg. F ) at 96.5 kPa (14 psi),
compared to 128 deg. C (263 deg. F) for ethylene-gly-
col. Use of propylene-glycol can result in boil-over or
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COOLANT (Continued)

freeze-up in Chrysler vehicles, which are designed for
ethylene-glycol. Propylene glycol also has poorer heat
transfer characteristics than ethylene glycol. This can
increase cylinder head temperatures under certain
conditions.

Propylene-glycol/Ethylene-glycol Mixtures—Should Not Be
Used in Chrysler Vehicles

Propylene-glycol/ethylene-glycol Mixtures can cause
the destabilization of various corrosion inhibitors,
causing damage to the various cooling system compo-
nents. Also, once ethylene-glycol and propylene-glycol
based coolants are mixed in the vehicle, conventional
methods of determining freeze point will not be accu-
rate. Both the refractive index and specific gravity dif-
fer between ethylene glycol and propylene glycol.

CAUTION: Richer antifreeze mixtures cannot be mea-
sured with normal field equipment and can cause
problems associated with 100 percent ethylene-glycol.

DIAGNOSIS AND TESTING - COOLING SYSTEM
LEAKS

ULTRAVIOLET LIGHT METHOD

A leak detection additive is available through the
parts department that can be added to cooling sys-
tem. The additive is highly visible under ultraviolet
light (black light). Pour one ounce of additive into
cooling system. Place heater control unit in HEAT
position. Start and operate engine until radiator
upper hose is warm to touch. Aim the commercially
available black light tool at components to be
checked. If leaks are present, black light will cause
additive to glow a bright green color.

The black light can be used in conjunction with a
pressure tester to determine if any external leaks
exist (Fig. 1).

PRESSURE TESTER METHOD

The engine should be at normal operating temper-
ature. Recheck the system cold if cause of coolant
loss is not located during the warm engine examina-
tion.

WARNING: HOT, PRESSURIZED COOLANT CAN
CAUSE INJURY BY SCALDING.

Carefully remove coolant recovery pressure con-
tainer cap and check coolant level. Push down on cap
to disengage it from stop tabs. Wipe inside of con-
tainer and examine lower inside sealing seat for
nicks, cracks, paint, dirt and solder residue. Inspect
radiator-to- pressure container hose for internal
obstructions. Insert a wire through the hose to be
sure it is not obstructed.

Fig. 1 Leak Detection Using Black Light - Typical
1 - TYPICAL BLACK LIGHT TOOL

Inspect cams on outside of pressure container. If
cams are damaged, seating of pressure cap valve and
tester seal will be affected.

Attach pressure tester (7700 or an equivalent) to
coolant pressure container (Fig. 2).

80e48f06

Fig. 2 PRESSURE TESTING COOLING SYSTEM

1 - COOLANT PRESSURE TESTER
2 - COOLANT PRESSURE CONTAINER
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COOLANT (Continued)

Operate tester pump to apply 103.4 kPa (15 psi)
pressure to system. If hoses enlarge excessively or
bulges while testing, replace as necessary. Observe
gauge pointer and determine condition of cooling sys-
tem according to following criteria:

Holds Steady: If pointer remains steady for two
minutes, serious coolant leaks are not present in sys-
tem. However, there could be an internal leak that
does not appear with normal system test pressure. If
it is certain that coolant is being lost and leaks can-
not be detected, inspect for interior leakage or per-
form Internal Leakage Test.

Drops Slowly: Indicates a small leak or seepage
is occurring. Examine all connections for seepage or
slight leakage with a flashlight. Inspect radiator,
hoses, gasket edges and heater. Seal small leak holes
with a Sealer Lubricant (or equivalent). Repair leak
holes and inspect system again with pressure
applied.

Drops Quickly: Indicates that serious leakage is
occurring. Examine system for external leakage. If
leaks are not visible, inspect for internal leakage.
Large radiator leak holes should be repaired by a
reputable radiator repair shop.

INTERNAL LEAKAGE INSPECTION

Remove engine oil pan drain plug and drain a
small amount of engine oil. If coolant is present in
the pan, it will drain first because it is heavier than
oil. An alternative method is to operate engine for a
short period to churn the oil. After this is done,
remove engine dipstick and inspect for water glob-
ules. Also inspect transmission dipstick for water
globules and transmission fluid cooler for leakage.

WARNING: WITH RADIATOR PRESSURE TESTER
TOOL INSTALLED ON RADIATOR, DO NOT ALLOW
PRESSURE TO EXCEED 110 KPA (20 PSI). PRES-
SURE WILL BUILD UP QUICKLY IF A COMBUSTION
LEAK IS PRESENT. TO RELEASE PRESSURE,
ROCK TESTER FROM SIDE TO SIDE. WHEN
REMOVING TESTER, DO NOT TURN TESTER MORE
THAN 1/2 TURN IF SYSTEM IS UNDER PRESSURE.

Operate engine without pressure cap on coolant
container until thermostat opens. Attach a Pressure
Tester to container. If pressure builds up quickly it
indicates a combustion leak exists. This is usually
the result of a cylinder head gasket leak or crack in
engine. Repair as necessary.

If there is not an immediate pressure increase,
pump the Pressure Tester. Do this until indicated
pressure is within system range of 110 kPa (16 psi).
Fluctuation of gauge pointer indicates compression or
combustion leakage into cooling system.

Because the vehicle is equipped with a catalytic
converter, do not remove spark plug cables or short
out cylinders to isolate compression leak.

If the needle on dial of pressure tester does not
fluctuate, race engine a few times to check for an
abnormal amount of coolant or steam. This would be
emitting from exhaust pipe. Coolant or steam from
exhaust pipe may indicate a faulty cylinder head gas-
ket, cracked engine cylinder block or cylinder head.

A convenient check for exhaust gas leakage into
cooling system is provided by a commercially avail-
able Block Leak Check tool. Follow manufacturers
instructions when using this product.

COMBUSTION LEAKAGE TEST - WITHOUT

PRESSURE TESTER

DO NOT WASTE reusable coolant. If solution is
clean, drain coolant into a clean and suitably marked
container for reuse.

WARNING: DO NOT REMOVE CYLINDER BLOCK
DRAIN PLUGS OR LOOSEN RADIATOR DRAIN
WITH SYSTEM HOT AND UNDER PRESSURE. SERI-
OUS BURNS FROM COOLANT CAN OCCUR.

Drain sufficient coolant to allow thermostat
removal.

Remove accessory drive belt.

Add coolant to pressure container to bring level to

within 6.3 mm (1/4 in) of top of thermostat housing.

CAUTION: Avoid overheating. Do not operate
engine for an excessive period of time. Open drain-
cock immediately after test to eliminate boil over.

Start engine and accelerate rapidly three times, to
approximately 3000 rpm while observing coolant. If
internal engine combustion gases are leaking into
cooling system, bubbles will appear in coolant. If bub-
bles do not appear, internal combustion gas leakage
is not present.

STANDARD PROCEDURE

STANDARD PROCEDURE - ADDING
ADDITIONAL COOLANT

The use of aluminum cylinder blocks, cylinder
heads and water pumps requires special corrosion
protection. Only Mopar® Antifreeze/Coolant, 5
Year/100,000 Mile Formula (glycol base coolant with
corrosion inhibitors called HOAT, for Hybrid Organic
Additive Technology) is recommended. This coolant
offers the best engine cooling without corrosion when
mixed with 50% distilled water to obtain to obtain a
freeze point of -37°C (-35°F). If it loses color or
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COOLANT (Continued)

becomes contaminated, drain, flush, and replace with
fresh properly mixed coolant solution.

CAUTION: Do not use coolant additives that are
claimed to improve engine cooling.

STANDARD PROCEDURE - DRAINING COOLING
SYSTEM

WARNING: DO NOT REMOVE THE CYLINDER
BLOCK DRAIN PLUGS OR LOOSEN THE RADIATOR
DRAINCOCK WITH SYSTEM HOT AND UNDER
PRESSURE. SERIOUS BURNS FROM COOLANT
CAN OCCUR.

(1) DO NOT remove coolant recovery pressure con-
tainer cap first. With engine cold, raise vehicle on a
hoist and locate radiator draincock.

NOTE: Radiator draincock is located on the right/
lower side of radiator facing to rear of vehicle.

(2) Attach one end of a hose to the draincock. Put
the other end into a clean container. Open draincock
and drain coolant from radiator. This will empty the
coolant recovery pressure container first. The coolant
does not have to be removed from the container
unless the system is being refilled with a fresh mix-
ture. When container is empty, remove cap and con-
tinue draining cooling system.

To drain the engine of coolant, remove the cylinder
block drain plug located on the side of cylinder block.

STANDARD PROCEDURE - REFILLING

COOLING SYSTEM

(1) Tighten the radiator drain and the cylinder
block drain plug(s) (if removed).

(2) Fill system using a 50/50 mixture of ethylene-
glycol antifreeze and low mineral content water. Fill
radiator to top and add sufficient coolant to the cool-
ant recovery pressure container to raise level to
COLD MINIMUM mark.

(3) With heater control unit in the HEAT position,
operate engine with container cap in place.

(4) After engine has reached normal operating
temperature, shut engine off and allow it to cool.
When engine is cooling down, coolant will be drawn
into the radiator from the pressure container.

(5) Add coolant to pressure container as necessary.
Only add coolant to the container when the
engine is cold. Coolant level in a warm engine
will be higher due to thermal expansion. To
purge the cooling system of all air, this heat up/cool
down cycle (adding coolant to cold engine) must be
performed three times. Add necessary coolant to raise

container level to the COLD MINIMUM mark after
each cool down period.

COOLANT RECOVERY
PRESSURE CONTAINER

DESCRIPTION

A pressurized, plastic coolant container is used
with this cooling system (Fig. 3). The container is
located at the right-rear side of the engine compart-
ment and is mounted as the highest point of the cool-
ing system.

80bfe249

Fig. 3 COOLANT RECOVERY PRESSURE
CONTAINER
- LOW COOLANT LEVEL SENSOR
- COOLANT RECOVERY HOSE

- COOLANT RECOVERY PRESSURE CONTAINER
- OVERFLOW HOSE

OPERATION

The location of the container allows any air or
vapor exceeding the pressure/vent cap rating to
escape through the cap. Coolant flows through the
container at all times during engine operation
whether the engine is cold or at normal operating
temperature. The coolant container is equipped with
a pressure/vent cap. For more information (Refer to 7
- COOLING/ENGINE/RADIATOR PRESSURE CAP -
DESCRIPTION)

A WN P
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COOLANT RECOVERY PRESSURE CONTAINER (Continued)

REMOVAL

WARNING: DO NOT OPEN COOLING SYSTEM UNLESS
COOLANT TEMPERATURE IS BELOW 90C (194°F).
OPEN CONTAINER SLOWLY AND RELEASE PRES-
SURE. STORE COOLANT IN PROPER CONTAINERS
ONLY. WEAR PROTECTIVE GLOVES, CLOTHING AND
EYE WEAR. RISK OF INJURY TO SKIN AND EYES
WITH HOT COOLANT WHICH SPLASHES OUT. RISK
OF POISONING FROM SWALLOWING COOLANT.

NOTE: Turn container cap carefully as far as first
detent, release pressure, then unscrew cap.

(1) Release cooling system pressure.

(2) Disconnect sensor electrical connector (Fig. 3).
(3) Remove radiator over flow hose (Fig. 3).

(4) Remove cooling system recovery hose (Fig. 3).
(5) Remove container retaining bolts.

INSTALLATION

(1) Position coolant container and install retaining
bolts (Fig. 3).

(2) Properly route and install coolant recovery hose
(Fig. 3).

(3) Properly route and install radiator overflow
hose (Fig. 3).

(4) Connect sensor electrical connector (Fig. 3).

(5) Refill system with proper coolant mixture to
proper level (Refer to 7 - COOLING/ENGINE/COOL-
ANT - STANDARD PROCEDURE).

(6) Start engine and inspect for leaks.

ENGINE COOLANT TEMP
SENSOR

REMOVAL

WARNING: RISK OF INJURY TO SKIN AND EYES
FROM SCALDING WITH HOT COOLANT. RISK OF POI-
SONING FROM SWALLOWING COOLANT. DO NOT
OPEN COOLING SYSTEM UNLESS COOLANT TEM-
PERATURE IS BELOW 90°C. OPEN CAP SLOWLY TO
RELEASE PRESSURE. STORE COOLANT IN SUITABLE
AND APPROPRIATELY MARKED CONTAINER. WEAR
PROTECTIVE GLOVES, CLOTHES AND EYE WEAR.

(1) Disconnect negative battery cable.

(2) Remove engine cover (Refer to 9 - ENGINE -
REMOVAL).

(3) Partailly drain coolant system (Refer to 7 -
COOLING/ENGINE/COOLANT - STANDARD PRO-
CEDURE).

(4) Unplug coolant temperature sensor electrical
connector.

NOTE: Capture any residual coolant that may flow.

(5) Remove coolant temperature sensor (Fig. 4).

80e1b7b5

Fig. 4 ENGINE COOLANT TEMPERATURE SENSOR

1 - RETAINING CLAMP
2 - ENGINE COOLANT TEMPERATURE SENSOR

INSTALLATION

WARNING: RISK OF INJURY TO SKIN AND EYES
FROM SCALDING WITH HOT COOLANT. RISK OF POI-
SONING FROM SWALLOWING COOLANT. DO NOT
OPEN COOLING SYSTEM UNLESS COOLANT TEM-
PERATURE IS BELOW 90°C (194°F). OPEN CAP
SLOWLY TO RELEASE PRESSURE. STORE COOLANT
IN SUITABLE AND APPROPRIATELY MARKED CON-
TAINER. WEAR PROTECTIVE GLOVES, CLOTHES AND
EYE WEAR.

(1) Position and install coolant temperature sensor
(Fig. 4).

(2) Connect coolant temperature sensor electrical
connector (Fig. 4).

(3) Refill coolant system to proper level with
proper mixture of coolant (Refer to 7 - COOLING/
ENGINE/COOLANT - STANDARD PROCEDURE).

(4) Install engine cover (Refer to 9 - ENGINE -
INSTALLATION).

(5) Connect negative battery cable.

WARNING: USE EXTREME CAUTION WHEN ENGINE
IS OPERATING. DO NOT STAND IN A DIRECT LINE
WITH FAN. DO NOT PUT YOUR HANDS NEAR PUL-
LEYS, BELTS OR FAN. DO NOT WEAR LOOSE
CLOTHES.

(6) Start engine and inspect for leaks.
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ENGINE COOLANT
THERMOSTAT

REMOVAL

WARNING: RISK OF INJURY TO SKIN AND EYES
FROM SCALDING WITH HOT COOLANT. RISK OF
POISONING FROM SWALLOWING COOLANT. DO
NOT OPEN COOLING SYSTEM UNLESS COOLANT
TEMPERATURE IS BELOW 90°C (194°F). OPEN CAP
SLOWLY TO RELEASE PRESSURE. STORE COOL-
ANT IN SUITABLE AND APPROPRIATELY MARKED
CONTAINER.  WEAR  PROTECTIVE  GLOVES,
CLOTHES AND EYE WEAR.

NOTE: Inspect condition of all clamps and hoses,
replace as necessary.

(1) Disconnect negative battery cable.

(2) Remove engine cover (Refer to 9 - ENGINE -
REMOVAL).

(3) Drain engine coolant (Refer to 7 - COOLING/
ENGINE/COOLANT - STANDARD PROCEDURE).

(4) Remove bracket for fuel line.

(5) Remove coolant hoses and vent hose from ther-
mostat housing.

(6) Remove thermostat housing (Fig. 5).

(7) Clean all sealing surfaces.

INSTALLATION

(1) Clean all sealing surfaces.

(2) Position and install thermostat housing (Fig.
5). Tighten bolts to 9N-m (80 Ibs.in.).

NOTE: Inspect condition of all clamps and hoses,
replace as necessary.

(3) Connect coolant hoses and vent hose (Fig. 5).

(4) Install bracket for fuel line (Fig. 5).

(5) Close coolant drain.

(6) Install engine cover (Refer to 9 - ENGINE -
INSTALLATION).

WG
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Fig. 5 THERMOSTAT ASSEMBLY

- VENT HOSE

- THERMOSTAT HOUSING
- COOLANT HOSE

- FUEL LINE BRACKET

- UPPER RADIATOR HOSE

b wWNBE

(7) Connect negative battery cable.

(8) Fill coolant system to proper level with appro-
priate coolant mixture (Refer to 7 - COOLING/EN-
GINE/COOLANT - STANDARD PROCEDURE).

WARNING: USE EXTREME CAUTION WHEN ENGINE
IS OPERATING. DO NOT STAND IN DIRECT LINE
WITH FAN. DO NOT PUT YOUR HANDS NEAR PUL-
LEYS, BELTS OR FAN. DO NOT WEAR LOOSE
CLOTHES.

(9) Start engine and inspect for leaks.
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WATER PUMP
REMOVAL

WARNING: RISK OF INJURY TO SKIN AND EYES
FROM SCALDING WITH HOT COOLANT. RISK OF
POISONING FROM SWALLOWING COOLANT. DO
NOT OPEN COOLING SYSTEM UNLESS COOLANT
TEMPERATURE IS BELOW 90°C (194°F). OPEN CAP
SLOWLY TO RELEASE PRESSURE. STORE COOL-
ANT IN SUITABLE AND APPROPRIATELY MARKED
CONTAINER.  WEAR  PROTECTIVE GLOVES,
CLOTHES AND EYE WEAR.

(1) Disconnect negative battery cable.

(2) Remove engine cover (Refer to 9 - ENGINE -
REMOVAL).

(3) Drain engine coolant (Refer to 7 - COOLING/
ENGINE/COOLANT - STANDARD PROCEDURE).

(4) Remove accessory drive belt (Refer to 7 -
COOLING/ACCESSORY DRIVE/DRIVE BELTS -
REMOVAL).

(5) Disconnect coolant hoses at water pump.

(6) Remove idler pulley.

(7) Remove water pump and clean sealing surfaces

(Fig. 6).

INSTALLATION

(1) Clean all sealing surfaces.

(2) Position and install waterpump (Fig. 6).
Tighten M6 bolts to 14N-m (124 Ibs. in.) and M8
bolts to 20N-m (177 Ibs. in.).

(3) Install idler pulley. Tighten bolt to 35N-m (26
Ibs. ft.).

(4) Install coolant hoses.

(5) Install accessory drive belt (Refer to 7 - COOL-
ING/ACCESSORY DRIVE/DRIVE BELTS - INSTAL-
LATION).

(6) Close coolant drain.

(7) Install engine cover (Refer to 9 - ENGINE -
INSTALLATION).

(8) Connect negative battery cable.

(9) Fill coolant system to proper level with the
appropriate coolant mixture (Refer to 7 - COOLING/
ENGINE/COOLANT - STANDARD PROCEDURE).

WARNING: USE EXTREME CAUTION WHEN ENGINE
IS OPERATING. DO NOT PUT YOUR HANDS NEAR
PULLEYS, BELTS OR FAN. DO NOT WEAR LOOSE
CLOTHES.

(10) Start engine and inspect for leaks.

80e1b121

Fig. 6 WATER PUMP - TYPICAL

4 - IDLER PULLEY
5 - IDLER PULLEY CAP
6 - COOLANT HOSE

1 - COOLANT HOSE
2 - WATER PUMP
3 - WATER PUMP BOLTS
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RADIATOR FAN

DESCRIPTION

The hydraulic fan (Fig. 7) replaces both the electric
fan and the engine driven mechanical fan. The
hydraulic cooling fan is integral to the fan shroud
and is located between the radiator and the engine.

The power steering pump supplies the hydraulic
fluid and pressure to rotate the cooling fan blade,
while the electrical portain of the fan is controlled by
the electronic control module (ECM).

The hydraulic fan drive (motor) consists of the
three major following components:

e Steering flow control valve

e Fan control valve

e Two stage G-rotor hydraulic drive

The hydraulic fan and drive are not serviceable.
Any failure of the fan blade, hydraulic fan drive or
fan shroud requires replacement of the fan module.
The fan blade and hydraulic fan drive are matched
and balanced as a system and servicing either sepa-
rately would disrupt this balance.

For hydraulic fluid routing information refer to

(Fig. 8).

CAUTION: Do not attempt to service the hydraulic
cooling fan or fan drive separately replace the cool-
ing module as an assembly. Failure to do so may
cause severe damage to the hydraulic cooling fan
assembly.

OPERATION

The hydraulic radiator cooling fan replaces both
the electric fan and the engine driven mechanical
fan. The use of this hydraulic fan provides heavy
trailer tow capability while at the same time reduc-
ing unnecessary power drain on both the engine and
the vehicles electrical system.

HYDRAULIC FAN STRATEGY

The hydraulic radiator cooling fan is controlled by
the Electronic Control Module (ECM). A PWM (Pulse
Width Modulated) signal from the ECM controls the
fan from 0 to 100% of the available fan speed. There
are four inputs to the ECM that determine what
speed percentage of fan is required by the vehicle.
These inputs are:

e Engine Coolant Temperature

e Transmission Oil Temperature

e Battery Temperature

e A/C System Pressure

By monitoring these four parameters, the ECM can
determine if cooling airflow is required. If airflow is
required, the ECM will slowly ramp up (speed up)
the fan speed until the operating parameter(s) are
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Fig. 7 HYDRAULIC RADIATOR COOLING FAN AND
FAN DRIVE

1 - POWER STEERING FLUID COOLER

2 - RADIATOR

3 - HIGH PRESSURE LINE FROM STEERING GEAR PUMP TO
HYDRAULIC FAN MOTOR

4 - HYDRAULIC FAN MOTOR

5 - HIGH PRESSURE LINE FROM HYDRAULIC FAN MOTOR TO
STEERING GEAR

6 - FAN SHROUD

met for the driving condition. Once the temperature
or pressure is reduced to within operating parame-
ters, the fan will adjust or hold its speed to maintain
the temperature / pressure requirements.

NOTE: If the ECM is not requesting fan on opera-
tion, the fan blade will spin between 100 and 500
RPM when the vehicle is at idle. This is due to a
controlled minimum oil flow requirement through
the fan drive motor.

ACTIVATING THE HYDRAULIC FAN WITH THE
DRBIN®

Under the Engine Systems test heading, there is a
subheading. “Hydraulic fan solenoid test”, that has
the selections, on /off. Activating the fan with the
DRBII® will run the fan at 100% duty cycle, which
will help troubleshoot any system problems, and also
help with the deaeration procedure.

NOTE: Engine must be running to activate the fan
with the DRBIII @,
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RADIATOR FAN (Continued)
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Fig. 8 HYDRAULIC FAN FLUID FLOW CIRCUIT

- POWER STEERING RESERVOIR

- POWER STEERING PUMP

- HYDRAULIC FAN DRIVE ASSEMBLY
- FAN BLADE
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5 - HYDRAULIC FAN CONTROL SOLENOID
6 - POWER STEERING OIL COOLER
7 - STEERING GEAR

RADIATOR COOLING FAN HYDRAULIC FLUID PATH

Hydraulic fluid is pumped from the power steering
pump, though a high pressure delivery line, to the
fan drive motor. As fluid is diverted through the
G-rotors, rotational motion moves fluid from the
high-pressure (inlet) side of the motor to the low-
pressure (outlet) side. Fluid exiting the drive motor
is divided into two paths. Path one continues through
a high pressure delivery line to the steering gear,
and path two sends fluid back to the power steering
pump through a low pressure line. Fluid exits the
steering gear under low pressure and travels through
a low pressure line to the power steering fluid cooler
before being returned back the power steering fluid
reservoir (Fig. 7).

NOTE: There is a steering flow control valve located
in the fan drive motor. Because of the design of the
valve, steering assist can not be effected by the
radiator cooling fan even during fan drive failure.

REMOVAL

(1) Raise vehicle on hoist.

(2) Drain cooling system.(Refer to 7 - COOLING -
STANDARD PROCEDURE)

NOTE: The hydraulic fan drive is driven by the
power steering pump. When removing lines or
hoses from fan drive assembly use a drain pan to
catch any power steering fluid that may exit the fan
drive or the lines and hoses.

NOTE: When ever the high pressure line fittings are
removed from the hydraulic fan drive the O-rings
must be replaced.
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(3) Disconnect two high pressure lines at hydraulic
fan drive (Fig. 9). Remove and discard o-rings from
line fittings.

(4) Disconnect low pressure return hose at hydrau-
lic fan drive (Fig. 9).

Fig. 10 POWER STEERING GEAR OUTLET AND
RETURN HOSES

1 - POWER STEERING COOLER RETURN HOSE
2 - POWER STEERING COOLER SUPPLY HOSE

<

809809c5

Fig. 9 HYDRAULIC LINES/HOSES AND ELECTRICAL o
CONNECTOR
i)
1 - LOW PRESSURE RETURN HOSE T
2 - HIGH PRESSURE LINE (OUTLET) S rdlP'\° ~—\ IR/
3 - HIGH PRESSURE LINE (INLET) » 'V% “\ Il ‘ﬂ
4 - HYDRAULIC FAN DRIVE C /\” i

NOTE: The lower mounting bolts can only be
accessed from under vehicle.

(5) Remove two lower mounting bolts from the
shroud (Fig. 11).

(6) Lower vehicle. @v—d

(7) Disconnect the electrical connector for the fan 7/
control solenoid. N/ 7 7
(8) Disconnect the radiator upper hose at the radi- /)'\\\// R R
ator and position out of the way. i’\ \ X )
(9) Disconnect the power steering gear outlet hose ’ //\ \
and fluid return hose at the cooler (Fig. 10). N 7.
(10) Remove two upper mounting bolts from the
shroud (Fig. 11).
(11) Remove the shroud and fan drive from vehi- 809809c9
cle.

Fig. 11 FAN SHROUD MOUNTING BOLT LOCATIONS

1 - FAN SHROUD UPPER MOUNTING BOLT LOCATIONS
2 - FAN SHROUD LOWER MOUNTING BOLT LOCATIONS
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RADIATOR FAN (Continued)
INSTALLATION

CAUTION: There is an external ground wire con-
nected to the hydraulic fan drive located at the elec-
trical connector on the fan assembly. This ground
MUST remain connected at all times. Failure to
ensure ground before engine is operating can
cause severe damage to the ECM.

(1) Position fan drive and shroud in vehicle.

(2) Install fan shroud upper mounting bolts. Do
not tighten at this time.

(3) Install radiator upper hose onto radiator.

(4) Connect power steering cooler hoses.

(5) Raise vehicle on hoist.

(6) Install fan shroud lower
Tighten to 6 N-m (50 in. Ibs.).

mounting bolts.

NOTE: When ever the high pressure line fittings are
removed from the hydraulic fan drive the o-rings
located on the fittings must be replaced.

(7) Lubricate the o-rings on the fittings with power
steering fluid then connect inlet and outlet high pres-
sure lines to fan drive (Fig. 12). Tighten inlet line to
49 N-m (36 ft. Ibs.) tighten outlet line to 29 N-m (21.5
ft. Ibs.).

(8) Connect low pressure return hose to fan drive
(Fig. 12).

(9) Lower vehicle.

(10) Install radiator upper hose.

(11) Connect electrical connector for hydraulic fan
control solenoid and assure ECM ground to fan
assembly.

(12) Tighten fan shroud upper mounting bolts to 6
N-m (50 in. Ibs.).

(13) Refill cooling system (Refer to 7 - COOLING -
STANDARD PROCEDURE).
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Fig. 12 HYDRAULIC LINES/HOSES AND
ELECTRICAL CONNECTOR

- LOW PRESSURE RETURN HOSE
- HIGH PRESSURE LINE (OUTLET)
- HIGH PRESSURE LINE (INLET)

- HYDRAULIC FAN DRIVE
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CAUTION: Do not run engine with power steering
fluid below the full mark in the reservoir. Sever
damage to the hydraulic cooling fan or the engine
can occur.

(14) Refill power steering fluid reservoir and bleed
air from steering system (Refer to 19 - STEERING/
PUMP - STANDARD PROCEDURE).

(15) Run engine and check for leaks.



7-20 ENGINE

WG

RADIATOR PRESSURE CAP
DESCRIPTION

All vehicles are equipped with a pressure cap (Fig.
13). This cap releases pressure at some point within
a range of 124-to-145 kPa (18-to-21 psi). The pres-
sure relief point (in pounds) is engraved on top of the
cap

The cooling system will operate at pressures
slightly above atmospheric pressure. This results in a
higher coolant boiling point allowing increased radi-
ator cooling capacity. The cap contains a spring-
loaded pressure relief valve. This valve opens when
system pressure reaches the release range of 124-to-
145 kPa (18-to-21 psi).

A rubber gasket seals the radiator filler neck. This
is done to maintain vacuum during coolant cool-down
and to prevent leakage when system is under pres-
sure.

CROSS-SECTIONAL VIEW

TOP VIEW

80bcde65

Fig. 13 Radiator Pressure Cap - Typical

- FILLER NECK SEAL

- VACUUM VENT VALVE
- PRESSURE RATING

- PRESSURE VALVE

OPERATION

A vent valve in the center of the cap will remain
shut as long as the cooling system is pressurized. As

A WN PR

the coolant cools, it contracts and creates a vacuum
in cooling system. This causes the vacuum valve to
open and coolant in reserve/overflow tank to be
drawn through connecting hose into radiator. If the
vacuum valve is stuck shut, or overflow hose is
kinked, radiator hoses will collapse on cool-down.

DIAGNOSIS AND TESTING - RADIATOR
PRESSURE CAP

Remove cap from radiator. Be sure that sealing
surfaces are clean. Moisten rubber gasket with water
and install the cap on pressure tester (tool 7700 or
an equivalent) (Fig. 14).

19507-3

Fig. 14 Pressure Testing Radiator Pressure Cap -
Typical

1 - PRESSURE CAP
2 - TYPICAL COOLING SYSTEM PRESSURE TESTER

Operate the tester pump and observe the gauge
pointer at its highest point. The cap release pressure
should be 124 to 145 kPa (18 to 21 psi). The cap is
satisfactory when the pressure holds steady. It is also
good if it holds pressure within the 124 to 145 kPa
(18 to 21 psi) range for 30 seconds or more. If the
pointer drops quickly, replace the cap.

CAUTION: Radiator pressure testing tools are very
sensitive to small air leaks, which will not cause
cooling system problems. A pressure cap that does
not have a history of coolant loss should not be
replaced just because it leaks slowly when tested
with this tool. Add water to tool. Turn tool upside
down and recheck pressure cap to confirm that cap
needs replacement.
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RADIATOR PRESSURE CAP (Continued)
CLEANING

Clean the radiator pressure cap using a mild soap
and water only.

INSPECTION

Visually inspect the pressure valve gasket on the
cap. Replace cap if the gasket is swollen, torn or
worn. Inspect the area around radiator filler neck for
white deposits that indicate a leaking cap.

RADIATOR
DESCRIPTION

The radiator used with the 2.7L diesel is con-
structed of a horizontal down-flow aluminum core
with plastic side tanks.

CAUTION: Plastic tanks, while stronger than brass,
are subject to damage by impact, such as
wrenches.

COOLING MODULE

The cooling module assembly includes the radia-
torand hydraulic fan assembly. To replace either one
of these components, the entire assembly must be
removed from the vehicle and then disassembled.

(Refer to 7 - COOLING/ENGINE/RADIATOR -
REMOVAL)

DIAGNOSIS AND TESTING - RADIATOR FLOW
TEST

There is coolant flow through the coolant recovery
container before and after the thermostat opens. If
engine is cold, idle engine until normal operating
temperature is reached. Then feel the upper radiator
hose. If the hose is hot, the thermostat is open and
water is circulating through the cooling system.

CAUTION: Do not remove the vent valve to insert a
temperature gauge thought the opening , coolant
will spill out of the system and the engine will not

be filled with coolant up to the heads. Major dam-
age could happen if you run the engine in this con-

dition.

REMOVAL

WARNING: RISK OF INJURY TO SKIN AND EYES
FROM SCALDING COOLANT. DO NOT OPEN COOL-
ING SYSTEM UNLESS TEMPERATURE IS BELOW
90°C (194°F). OPEN CAP SLOWLY TO RELEASE
PRESSURE. STORE COOLANT IN APPROVED AND
APPROPRIATELY MARKED CONTAINER. WEAR
PROTECTIVE GLOVES, CLOTHING AND EYE WEAR.

NOTE: Constant tension hose clamps are used on
most vehicles. When removing or installing clamps
use tools designed for servicing these types of
clamps. A number or letter is stamped on the
clamp. If replacement is required use only original
equipment clamps with a matching letter or number.

NOTE: When removing the radiator, note the loca-
tion of the rubber radiator-to-body air seals. These
seals are used to prevent overheating and must
remain in there original positions.

Do Not waste usable coolant. If solution is clean,
drain into a clean container for reuse.

(1) Disconnect negative battery cable.

(2) Drain coolant from radiator (Refer to 7 -
COOLING/ENGINE/COOLANT - STANDARD PRO-
CEDURE).

NOTE: When ever the high pressure line fittings are
removed from the hydraulic fan drive the O-rings
must be replaced.

(3) Disconnect both pressure lines at hydraulic fan
drive (Refer to 7 - COOLING/ENGINE/RADIATOR
FAN - REMOVAL).

(4) Disconnect low pressure return hose at hydrau-
lic fan drive(Refer to 7 - COOLING/ENGINE/RADIA-
TOR FAN - REMOVAL).

(5) Disconnect fan electrical
aside.

(6) Remove lower, upper radiator,
pressure container hoses from radiator.

connector and set

and coolant

NOTE: The lower portion of the radiator is equipped
with two alignment dowel pins that are seated in
rubber grommets. These grommets are pressed into
the lower cross member and must remain present
to prevent radiator tank damage.
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(7) Remove radiator retaining bolts, and carefully
remove coolant module assembly from vehicle (Fig.
15).
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Fig. 15 COOLING MODULE

- RADIATOR

- UPPER RADIATOR HOSE

- CHARGE AIR COOLER INLET HOSE

- COOLING FAN ELECTRICAL CONNECTOR
- CHARGE AIR COOLER OUTLET HOSE

- LOWER RADIATOR HOSE

- RADIATOR SUPPORT
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(8) Separate coolant fan from radiator.

CLEANING

The radiator and air conditioning fins should be
cleaned when an accumulation of bugs, leaves etc.
has occurred. Clean radiator fins are necessary for
good heat transfer. With the engine cold, apply cold
water and compressed air to the back (engine side) of
the radiator to flush the radiator and/or A/C con-
denser of debris.

INSTALLATION

CAUTION: CONSTANT TENSION HOSE CLAMPS
ARE USED ON MOST COOLING SYSTEMS HOSES.
USE ONLY THE TOOLS THAT ARE DESIGNED FOR
THIS TYPE OF SERVICE. A NUMBER OR LETTER IS
STAMPED ON THE CLAMP. IF REPLACEMENT IS
REQUIRED, USE ONLY AN ORIGINAL EQUIPMENT
CLAMP WITH THE MATCHING NUMBER OR LET-
TER.

NOTE: Care must be taken when installing the radi-
ator not to damage the fins of the radiator or other
ancillary components. Note the location and proper
installation of the radiator to charge air cooler and
radiator to body rubber air seals. These must be
installed correctly to prevent engine over heating
and provide proper A/C efficiency.

(1) Position the coolant module assembly.

(2) Carefully lower the radiator tank alignment
dowels into the rubber grommets in the lower cross-
member and secure coolant module.

(3) Connect upper, lower radiator and coolant pres-
sure container hoses then secure.

(4) Connect coolant fan electrical connector and
assure good ECM ground to fan assembly.

NOTE: When ever the pressure line fittings are
installed at the hydraulic fan drive, the O-rings must
be replaced.

(5) Connect low pressure return hose at hydraulic
fan.

(6) Connect both high pressure hoses at hydraulic
fan.

NOTE: Do Not waste usable coolant. If the solution
is clean and the mixture is correct, reuse original
coolant.

(7) Refill cooling system with correct mixture with
the proper level (Refer to 7 - COOLING/ENGINE/
COOLANT - STANDARD PROCEDURE).

(8) Reconnect negative battery cable.

WARNING: USE EXTREME CAUTION WHEN ENGINE
IS OPERATING. DO NOT STAND IN DIRECT LINE
WITH THE FAN. DO NOT PUT YOUR HANDS NEAR
PULLEYS, BELTS OR FAN. DO NOT WEAR LOOSE
CLOTHES.

(9) Start engine and inspect for leaks.
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ENGINE CONTROL MODULE
DESCRIPTION

The ECM is located in the left side of engine com-
partment attached to the left inner fender behind the
battery (Fig. 1).

80cc7aab

Fig. 1 ENGINE CONTROL MODULE (ECM)
REMOVAL/INSTALL

- ECM ELECTRICAL CONNECTORS

- ENGINE CONTROL MODULE (ECM)

- ECM MOUNTING BRACKET

- ECM MOUNTING BRACKET MOUNTING STUDS
- MOUNTING BRACKET RETAINING NUTS
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OPERATION

The ECM has been programmed to monitor differ-
ent circuits of the diesel fuel injection system. This
monitoring is called on-board diagnostics. Certain cri-
teria must be met for a diagnostic trouble code to be
entered into the ECM memory. The criteria may be a
range of: engine rpm, engine temperature, time or
other input signals to the ECM. If all of the criteria
for monitoring a system or circuit are met, and a
problem is sensed, then a DTC will be stored in the
ECM memory. It is possible that a DTC for a moni-
tored circuit may not be entered into the ECM mem-
ory, even though a malfunction has occurred. This
may happen when the monitoring criteria have not
been met. The ECM compares input signal voltages
from each input device with specifications (the estab-
lished high and low limits of the input range) that
are programmed into it for that device. If the input
voltage is not within the specifications and other
trouble code criteria are met, a DTC will be stored in
the ECM memory.

ECM OPERATING MODES

As input signals to the ECM change, the ECM
adjusts its response to the output devices. For exam-
ple, the ECM must calculate a different fuel quantity
and fuel timing for engine idle condition than it
would for a wide open throttle condition. There are
several different modes of operation that determine
how the ECM responds to the various input signals.

Ignition Switch On (Engine Off)

When the ignition is turned on, the ECM activates
the glow plug relay for a time period that is deter-
mined by engine coolant temperature, atmospheric
temperature and battery voltage.
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Engine Start-Up Mode

The ECM uses the engine temperature sensor and
the crankshaft position sensor (engine speed) inputs
to determine fuel injection quantity.

Normal Driving Modes

Engine idle, warm-up, acceleration, deceleration
and wide open throttle modes are controlled based on
all of the sensor inputs to the ECM. The ECM uses
these sensor inputs to adjust fuel quantity and fuel
injector timing.

Limp-In Mode

If there is a fault detected with the accelerator
pedal position sensor, the ECM will set the engine
speed at 1100 RPM.

Overspeed Detection Mode

If the ECM detects engine RPM that exceeds 5200
RPM, the ECM will set a DTC in memory and illu-
minate the MIL until the DTC is cleared.

After-Run Mode

The ECM transfers RAM information to ROM and
performs an Input/Output state check.

MONITORED CIRCUITS

The ECM is able to monitor and identify most
driveability related trouble conditions. Some circuits
are directly monitored through ECM feedback cir-
cuitry. In addition, the ECM monitors the voltage
state of some circuits and compares those states with
expected values. Other systems are monitored indi-
rectly when the ECM conducts a rationality test to
identify problems. Although most subsytems of the
engine control module are either directly or indirectly
monitored, there may be occasions when diagnostic
trouble codes are not immediately identified. For a
trouble code to set, a specific set of conditions must
occur and unless these conditions occur, a DTC will
not set.

DIAGNOSTIC TROUBLE CODES

Each diagnostic trouble code (DTC) is diagnosed by
following a specific procedure. The diagnostic test
procedure contains step-by-step instruction for deter-
mining the cause of the DTC as well as no trouble
code problems. Refer to the appropriate Diesel Pow-
ertrain Diagnostic Manual for more information.

HARD CODE

A DTC that comes back within one cycle of the
ignition key is a hard code. This means that the
problem is current every time the ECM/SKIM checks
that circuit or function. Procedures in this manual
verify if the DTC is a hard code at the beginning of

each test. When the fault is not a hard code, an
intermittent test must be performed. NOTE: If the
DRBIII® displays faults for multiple components (i.e.
ECT, VSS, IAT sensors) identify and check the
shared circuits for possible problems before continu-
ing (i.e. sensor grounds or 5-volt supply circuits).
Refer to the appropriate schematic to identify shared
circuits. Refer to the appropriate Diesel Powertrain
Diagnostic Manual for more information.

INTERMITTENT CODE

A DTC that is not current every time the ECM/
SKIM checks the circuit or function is an intermit-
tent code. Most intermittent DTCs are caused by
wiring or connector problems. Problems that come
and go like this are the most difficult to diagnose;
they must be looked for under specific conditions that
cause them. NOTE: Electromagnetic (radio)
interference can cause an intermittent system
malfunction. This interference can interrupt com-
munication between the ignition key transponder and
the SKIM. The following checks may assist you in
identifying a possible intermittent problem:

o Visually inspect the related wire harness connec-
tors. Look for broken, bent, pushed out or corroded
terminals.

e Visually inspect the related wire harness. Look
for chafed, pierced or partially broken wire.

e Refer to hotlines or technical service bulletins
that may apply.

Refer to the appropriate Diesel Powertrain Diag-
nostic Manual for more information.

ECM DIAGNOSTIC TROUBLE CODES

IMPORTANT NOTE: Before replacing the ECM for
a failed driver, control circuit or ground circuit, be
sure to check the related component/circuit integrity
for failures not detected due to a double fault in the
circuit. Most ECM driver/control circuit failures are
caused by internal failures to components (i.e. relays
and solenoids) and shorted circuits (i.e. sensor pull-
ups, drivers and ground circuits). These faults are
difficult to detect when a double fault has occurred
and only one DTC has set. If the DRBIII® displays
faults for multiple components (i.e.VSS, ECT, Batt
Temp, etc.) identify and check the shared circuits for
possible problems before continuing (i.e. sensor
grounds or 5-volt supply circuits). Refer to the appro-
priate wiring diagrams to identify shared circuits.
Refer to the appropriate Diesel Powertrain Diagnos-
tic Manual for more information.
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STANDARD PROCEDURE - ECM/SKIM
PROGRAMMING - DIESEL

NOTE: Before replacing the ECM for a failed driver,
control circuit or ground circuit, be sure to check

the related component/circuit integrity for failures

not detected due to a double fault in the circuit.
Most ECM driver/control circuit failures are caused
by internal component failures (i.e. relay and sole-
noids) and shorted circuits (i.e. pull-ups, drivers
and switched circuits). These failures are difficult to

detect when a double fault has occurred and only
one DTC has set.

ECM/SKIM PROGRAMMING

When a ECM and the SKIM are replaced at the
same time perform the following steps in order:

(1) Program the new ECM

(2) Program the new SKIM

(3) Replace all ignition keys and program them to
the new SKIM.

ECM/SKIM PROGRAMMING

When an ECM (Bosch) and the SKIM are replaced
at the same time perform the following steps in
order:

(1) Program the new SKIM

(2) Program the new ECM (Bosch)

PROGRAMMING THE ECM (Bosch)

(1) To program the VIN, connect the DRB I11® and
turn the ignition on.

(2) Select Engine from the main menu. The DRB
11® will require the VIN to be entered before con-
tinuing.

(3) Select ENTER to update the VIN. The DRB
111® will display the updated VIN.

(4) If the engine is equipped with air conditioning,
the ECM A/C function must be enabled. Enable the
ECM A/C function as follows:

e Using the DRB I111® select ENGINE, MISCEL-
LANEOUS, then ENABLE/DISABLE A/C

e Push 1 to enable A/C. DRB IlI® screen should
display A/C Activated.

PROGRAMMING THE SKIM

(1) Turn the ignition switch on (transmission in
park/neutral).

(2) Use the DRB 111® and select THEFT ALARM,
SKIM then MISCELLANEOQUS.

(3) Select ECM REPLACED (DIESEL ENGINE).

(4) Program the vehicle four-digit PIN into SKIM.

(5) Select COUNTRY CODE and enter the correct
country.

NOTE: Be sure to enter the correct country code. If
the incorrect country code is programmed into
SKIM, the SKIM must be replaced.

(6) Select YES to update VIN (the SKIM will learn
the VIN from the PCM).

(7) Press ENTER to transfer the secret key (the
PCM will send the secret key to the SKIM).

(8) Program ignition keys to SKIM.

NOTE: If the ECM and the SKIM are replaced at the
same time, all vehicle keys will need to be replaced
and programmed to the new SKIM.

PROGRAMMING IGNITION KEYS TO THE SKIM

(1) Turn the ignition switch on (transmission in
park/neutral).

(2) Use the DRB 111® and select THEFT ALARM,
SKIM then MISCELLANEOUS.

(3) Select PROGRAM IGNITION KEY'S.

(4) Enter secured access mode by entering the
vehicle four-digit PIN.

NOTE: A maximum of eight keys can be learned to
each SKIM. Once a key is learned to a SKIM it (the
key) cannot be transferred to another vehicle.

If ignition key programming is unsuccessful, the
DRB I111® will display one of the following messages:

Programming Not Attempted - The DRB I1I®
attempts to read the programmed key status and
there are no keys programmed into SKIM memory.

Programming Key Failed (Possible Used Key From
Wrong Vehicle) - SKIM is unable to program key due
to one of the following:

e faulty ignition key transponder

e ignition key is programmed to another vehicle.

8 Keys Already Learned, Programming Not Done -
SKIM transponder ID memory is full.

(5) Obtain ignition keys to be programmed from
customer (8 keys maximum).

(6) Using the DRB 111®, erase all ignition keys by
selecting MISCELLANEOUS and ERASE ALL CUR-
RENT IGN. KEYS.

(7) Program all ignition keys.

Learned Key In Ignition - Ignition key transponder
ID is currently programmed in SKIM memory.

REMOVAL

(1) Disconnect negative battery cable.

(2) Disconnect ECM electrical connectors (Fig. 2).

(3) Remove ECM bracket to inner fender retaining
nuts (Fig. 2).

(4) Remove ECM and bracket assembly from vehi-
cle (Fig. 2).

(5) Separate ECM from bracket.
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Fig. 2 ENGINE CONTROL MODULE (ECM)
REMOVAL/INSTALL

- ECM ELECTRICAL CONNECTORS

- ENGINE CONTROL MODULE (ECM)

- ECM MOUNTING BRACKET

- ECM MOUNTING BRACKET MOUNTING STUDS
- MOUNTING BRACKET RETAINING NUTS

INSTALLATION

(1) Install ECM on bracket (Fig. 2).

(2) Position ECM and bracket assembly in vehicle
(Fig. 2).

(3) Install ECM bracket to inner fender retaining
nuts (Fig. 2).

(4) Connect ECM electrical connectors (Fig. 2).

(5) Connect negative battery cable.
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TRANSMISSION CONTROL
MODULE

DESCRIPTION

The electronic control system consists of various
components providing inputs to the TCM. The TCM
monitors transmission sensors, shifter assembly
switches, and bus messages to determine transmis-
sion shift strategy. After shift strategies are deter-
mined, the TCM controls the actuation of
transmission solenoids, which controls the routing of
hydraulic fluid within the transmission, by moving a
sequence of four valves to make a shift occur.

The W5J400 electronic transmission has a fully
adaptive control system. The system performs its func-
tions based on continuous real-time sensor feedback
information. In addition the TCM receives information
from the PCM/ECM (engine management) and ABS
(chassis systems) controllers over the CAN C bus. The
CAN C bus is a high-speed communication bus that
allows real time control capability between various
controllers. Most messages are sent every 20 millisec-
onds. This means critical information can be shared
between the transmission, engine, and ABS controllers.
The CAN C bus is a two wire bus with a CAN C Bus
(+) circuit and a CAN C Bus (-) circuit. These circuits
are twisted pairs in the harness to reduce the potential
of radio and noise interference.

The transmission control system automatically
adapts to changes in engine performance, vehicle
speed, and transmission temperature variations to
provide consistent shift quality. The control system
ensures that clutch operation during up-shifting and
downshifting is more responsive without increased
harshness. The TCM activates the solenoid valves
and moves valves in the valve body to achieve the
necessary gear changes. The required pressure level
is calculated from the load condition, engine speed.
Vehicle speed (from ABS module) and transmission
oil temperature, matched to the torque to be trans-
mitted. Power for the transmission system is sup-
plied through the shifter mechanism (no
transmission control relay). The TCM (Fig. 3) is
located in the center console, on the right side of the
transmission tunnel.

OPERATION

The transmission control module (TCM) deter-
mines the current operating conditions of the vehicle
and controls the shifting process for shift comfort and
driving situations. It receives this operating data
from sensors and broadcast messages from other
modules.

The TCM uses inputs from several sensors that are
directly hardwired to the controller and it uses sev-
eral indirect inputs that are used to control shifts.
This information is used to actuate the proper sole-
noids in the valve body to achieve the desired gear.
The TCM continuously checks for electrical, mechan-
ical, and some hydraulic problems. When the TCM
detects a problem, it stores a Diagnostic Trouble
Code (DTC).

The shift lever sensor assembly (SLSA) has sensors
that are monitored by the TCM to calculate shift
lever position. The reverse light switch, an integral
part of the SLSA, controls the reverse light relay con-
trol circuit. The Brake/Transmission Shift Interlock
(BTSI) solenoid and the park lockout solenoid (also
part of the SLSA) are controlled by the TCM.
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Fig. 3 Shifter Assembly and Transmission Control
Module

1 - SHIFTER ASSEMBLY
2 - TRANSMISSION CONTROL MODULE

The PCM and ABS broadcast messages over the
controller area network (CAN C) bus for use by the
TCM. The TCM uses this information, with other
inputs, to determine the transmission operating con-
ditions.

The TCM:

e determines the momentary operating conditions
of the vehicle.

e controls all shift processes.

e considers shift comfort and the driving situation.

The TCM controls the solenoid valves for modulat-
ing shift pressures and gear changes. Relative to the
torque being transmitted, the required pressures are
calculated from load conditions, engine rpm, vehicle
speed, and ATF temperature.

The following functions are contained in the TCM:
Shift Program
e Downshift Safety
e Engine Management Intervention
[ ]

[ ]

Torque Converter Lock-Up Clutch.
Adaptation.

This transmission does not have a TCM relay.
Power is supplied to the Shift module and the TCM
directly from the ignition.

The TCM continuously checks for electrical prob-
lems, mechanical problems, and some hydraulic prob-
lems. When a problem is sensed, the TCM stores a
diagnostic trouble code (DTC). Some of these codes
cause the transmission to go into "Limp-In" or

"default” mode. Some faults cause permanent
Limp-In and others cause temporary Limp-In. The
W5J400 defaults in the current gear position if a
DTC is detected, then after a key cycle the transmis-
sion will go into Limp-in, which is mechanical 2nd
gear. Some DTCs may allow the transmission to
resume normal operation (recover) if the detected
problem goes away. A permanent Limp-In DTC will
recover when the key is cycled, but if the same DTC
is detected for three key cycles the system will not
recover and the DTC must be cleared from the TCM
with the DRBIII® scan tool.

TCM SIGNALS

The TCM registers one part of the input signals by
direct inputs, the other part by CAN C bus. In addi-
tion to the direct control of the actuators, the TCM
sends various output signals by CAN C bus to other
control modules.

Selector Lever Position

A series of 12 Hall-effect switches in the SLSA
inform the TCM of the position of the selector lever.

The TCM monitors the SLSA for all shift lever
positions through five position circuits. The SLSA
provides a low-current 12-volt signal to the TCM.
The TCM compares the on/off signals to programmed
combinations to determine the exact position of the
shift lever.

ATF Temperature Sensor

The ATF temperature sensor is a PTC thermistor.
It measures the temperature of the transmission
fluid and is an input signal for the TCM. The tem-
perature of the ATF has an influence on the shift
time and resulting shift quality. As the temperature
rises, resistance rises. Therefore the probing voltage
is decreasing. Because of its registration, the shifting
process can be optimized in all temperature ranges.

The ATF temperature sensor is connected in series
with the park/neutral contact. The temperature sig-
nal is transmitted to the TCM only when the reed
contact of the park/neutral contact is closed because
the TCM only reads ATF temperature while in a for-
ward gear.

Starter Interlock

The TCM monitors a contact switch wired in series
with the transmission temperature sensor to deter-
mine PARK and NEUTRAL positions. The contact
switch is open in PARK and NEUTRAL. The TCM
senses transmission temperature as high (switch sup-
ply voltage), confirming switch status as open. The
TCM then broadcasts a message over CAN bus to con-
firm switch status. The PCM receives this information
and allows operation of the starter circuit.
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N2 and N3 Speed Sensors

The N2 and N3 Input Speed Sensors are two Hall-
effect speed sensors that are used by the TCM to cal-
culate the transmissions input speed. Since the input
speed cannot be measured directly, two of the drive
elements are measured. Two input speed sensors
were required because both drive elements are not
active in all gears.

CAN C Bus Indirect Input Signals

A 2.5-volt bias (operating voltage) is present on the
CAN C bus any time the ignition switch is in the
RUN position. Both the TCM and the ABS apply this
bias. On this vehicle, the CAN C bus is used for mod-
ule data exchange only. The indirect inputs used on
the W5J400 electronic control system are:

Wheel Speed Sensors.
Transfer Case Switch Status.
Brake Switch.

Engine RPM.

Engine Temperature.

Cruise Control Status.

Gear Limit Request.

e Throttle Position - 0% at idle, 100% at WOT. If
open, TCM assumes idle (0% throttle opening).

e Odometer Mileage

e Maximum Effective Torque.

e Engine in Limp-In Mode/Mileage Where DTC
Was Set.

e Engine Torque Reduction Request.

BRAKE TRANSMISSION SHIFT INTERLOCK (BTSI)

The BTSI solenoid prevents shifting out of the
PARK position until the ignition key is in the RUN
position and the brake pedal is pressed. The TCM
controls the ground while the ignition switch supplies
power to the BTSI solenoid. The PCM monitors the
brake switch and broadcasts brake switch status
messages over the CAN C bus. If the park brake is
depressed and there is power (Run/Start) to SLSA,
the BTSI solenoid deactivates. The TCM monitors
this for the SLSA because the SLSA does not commu-
nicate on the CAN C bus.

SHIFT SCHEDULES

The basic shift schedule includes up and down-
shifts for all five gears. The TCM adapts the shift
program according to driving style, accelerator pedal
position and deviation of vehicle speed. Influencing
factors are:
Road Conditions.
Incline, Decline and Altitude.
Trailer Operation, Loading.
Engine Coolant Temperature.
Cruise Control Operation.
Sporty Driving Style.

WG
e Low and High ATF Temperature.
Upshift To: 1-2 2-3 3-4 4-5
Activated 1-2/4-5 2-3 3-4 1-2/4-5
By
Solenoid:
Shift Point 17.8 32.1 67.5 73.8
(at 35.2% km/h km/h km/h km/h
of throttle) (11.6 (19.95 (41.94 (45.86
mph) mph) mph) mph)

Downshift 5-4 4-3 3-2 2-1

From:
Activated 1-2/4-5 3-4 2-3 1-2/4-5
By

Solenoid:

Shift Point 55.7 40.5 24.4 15.1
km/h km/h km/h km/h
(34.61 (25.17 (15.16 (9.38
mph) mph) mph) mph)

DOWNSHIFT SAFETY
Selector lever downshifts are not performed if inad-
missible high engine rpm is sensed.

ENGINE MANAGEMENT INTERVENTION

By briefly retarding the ignition timing during the
shifting process, engine torque is reduced and there-
fore, shift quality is optimized.

ADAPTATION

To equalize tolerances and wear, an automatic
adaptation takes place for:

e Shift Time.

e Clutch Filling Time.

e Clutch Filling Pressure.

e Torque Converter Lock-Up Control.

Adaptation data may be stored permanently and to
some extent, can be diagnosed.

Driving Style Adaptation

The shift point is modified in steps based on the
information from the inputs. The control module
looks at inputs such as:

¢ vehicle acceleration and deceleration (calculated
by the TCM).

e rate of change as well as the position of the
throttle pedal (fuel injection information from the
PCM).

o lateral acceleration (calculated by the TCM).

e gear change frequency (how often the shift
occurs).

Based on how aggressive the driver is, the TCM
moves up the shift so that the present gear is held a
little longer before the next upshift. If the driving
style is still aggressive, the shift point is modified up
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to ten steps. If the driving returns to normal, then
the shift point modification also returns to the base
position.

This adaptation has no memory. The adaptation to
driving style is nothing more than a shift point mod-
ification meant to assist an aggressive driver. The
shift points are adjusted for the moment and return
to base position as soon as the inputs are controlled
in a more rational manner.

Shift Time Adaptation (Shift Overlap Adaptation, Working
Pressure)

Shift time adaptation is the ability of the TCM to
electronically alter the time it takes to go from one
gear to another. Shift time is defined as the time it
takes to disengage one shift member while another is
being applied. Shift time adaptation is divided into
four categories:

36. Accelerating upshift, which is an upshift under
a load. For shift time adaptation for the 1-2 upshift
to take place, the transmission must shift from 1st to
2nd in six different engine load ranges vs. transmis-
sion output speed ranges.

37. Decelerating upshift, which is an upshift under
no load. This shift is a rolling upshift and is accom-
plished by letting the vehicle roll into the next gear.

38. Accelerating downshift, which is a downshift
under load. This shift can be initiated by the throttle,
with or without kKickdown. The shift selector can also
be used.

39. Decelerating downshift, which is accomplished
by coasting down. As the speed of the vehicle
decreases, the transmission downshifts.

Fill Pressure Adaptation (Apply Pressure Adaptation,
Modulating Pressure)

Fill pressure adaptation is the ability of the TCM
to modify the pressure used to engage a shift mem-
ber. The value of this pressure determines how firm
the shift will be.

e If too much pressure is used, the shift will be
hard.

e If too little pressure is used, the transmission
may slip.

The pressure adjustment is needed to compensate
for the tolerances of the shift pressure solenoid valve.
The amount the solenoid valve opens as well as how
quickly the valve can move, has an effect on the pres-
sure. The return spring for the shift member pro-
vides a resistance that must be overcome by the
pressure in order for shift member to apply. These
return springs have slightly different values. This
also affects the application pressure and is compen-
sated for by fill pressure adaptation.

Fill Time Adaptation (Engagement Time Adaptation)

Fill time is the time it takes to fill the piston cav-
ity and take up any clearances for a friction element
(clutch or brake). Fill time adaptation is the ability of
the TCM to modify the time it takes to fill the shift
member by applying a preload pressure.

CONTROLLER MODES OF OPERATION

Permanent Limp-In Mode

When the TCM determines there is a non-recover-
able condition present that does not allow proper
transmission operation, it places the transmission in
permanent Limp-In Mode. When the condition occurs
the TCM turns off all solenoids as well as the sole-
noid supply output circuit. If this occurs while the
vehicle is moving, the transmission remains in the
current gear position until the ignition is turned off
or the shifter is placed in the "P” position. When the
shifter has been placed in "P,” the transmission only
allows 2nd gear operation. If this occurs while the
vehicle is not moving, the transmission only allows
operation in 2nd gear.

Temporary Limp-In Mode

This mode is the same as the permanent Limp-In
Mode except if the condition is no longer present, the
system resumes normal operation.

Under Voltage Limp-In Mode

When the TCM detects that system voltage has
dropped below 8.5 volts, it disables voltage-depen-
dant diagnostics and places the transmission in the
temporary Limp-In Mode. When the TCM senses
that the voltage has risen above 9.0 volts, normal
transmission operation is resumed.

Hardware Error Mode

When the TCM detects a major internal error, the
transmission is placed in the permanent Limp-In
Mode and ceases all communication over the CAN
bus. When the TCM has entered this mode normal
transmission operation does not resume until all
DTCs are cleared from the TCM.

Loss of Drive

If the TCM detects a situation that has resulted or
may result in a catastrophic engine or transmission
problem, the transmission is placed in the neutral
position. Improper Ratio, Input Sensor Overspeed or
Engine Overspeed DTCs cause the loss of drive.
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Controlled Limp-in Mode

When a failure does not require the TCM to shut
down the solenoid supply, but the failure is severe
enough that the TCM places the transmission into a
predefined gear, there are several shift performance
concerns. For instance, if the transmission is slip-
ping, the controller tries to place the transmission
into 3rd gear and maintain 3rd gear for all forward
drive conditions.

STANDARD PROCEDURE - TCM QUICK LEARN

The quick learn procedure requires the use of the
DRBIII® scan tool.

This program allows the electronic transmission
system to recalibrate itself. This will provide the
proper baseline transmission operation. The quick
learn procedure should be performed if any of the fol-
lowing procedures are performed:

e Transmission Assembly Replacement

e Transmission Control Module Replacement

e Solenoid Pack Replacement

e Clutch Plate and/or Seal Replacement

e Valve Body Replacement or Recondition

To perform the Quick Learn Procedure, the follow-
ing conditions must be met:

e The brakes must be applied

e The engine speed must be above 500 rpm

e The throttle angle (TPS) must be less than 3
degrees

e The shift lever position must stay in PARK until
prompted to shift to overdrive

e The shift lever position must stay in overdrive
after the Shift to Overdrive prompt until the DRB®
indicates the procedure is complete

e The calculated oil temperature must be above
60° and below 200°
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GLOW PLUG
DESCRIPTION

Glow plugs are used to help start a cold or cool
engine (Fig. 1). The glow plugs will heat up and glow
to heat the combustion chamber of each cylinder. An
individual glow plug is used for each cylinder. Each
glow plug is threaded into the left side of the cylinder
head below the cylinder head cover/intake manifold.

80c46ef8

Fig. 1 GLOW PLUG
OPERATION

The glow plugs are used to preheat the combustion
chambers in order to achieve the ignition tempera-
ture required for the fuel-air mixture.

The glow plug consists of a housing with a female
thread and an interference-fit rod. The heating ele-
ment is integrated in the glow rod. It consists of a
heating winding and a control winding connected in
series.

When the glow plug system is switched “ON”, a
current of about 30 ampere flows to each glow plug.
The heating winding heats the glow plug. The control
winding increases its resistance as the temperature
rises and limits the current to approximately 15-25

IGNITION CONTROL 81 -1
page
GLOW PLUG RELAY
DESCRIPTION ... ... i 2
OPERATION . ... . 2
DIAGNOSIS AND TESTING - GLOW PLUG
RELAYS ... . . . 2

ampere. The glow plug is protected this way from
overloads.

REMOVAL

CAUTION: Engine temperature must be at least
90°C (194°F) before removing glow plugs. If cylinder
head is already removed, warm cylinder head to
90°C (194°F) before removing glow plugs.

(1) Disconnect negative battery cable.
(2) Remove engine cover (Refer to 9 - ENGINE -
REMOVAL).

WARNING: NO SPARKS, OPEN FLAMES OR SMOK-
ING. RISK OF POISONING FROM INHALING OR
SWALLOWING FUEL. RISK OF INJURY TO SKIN
AND EYES EXPOSED TO FUEL. POUR FUELS ONLY
INTO SUITABLE AND APPROPRIATELY MARKED
CONTAINERS. WEAR PROTECTIVE CLOTHING.

NOTE: Press in on fuel line locking tab to release
fuel line. Pull back on locking tab to return to lock
position.

(3) Remove fuel return flow line to high pressure
pump.

(4) Disconnect glow plug electrical connector (Fig.
2).

WARNING: RISK OF INJURY TO SKIN AND EYES
FROM HANDLING HOT OR GLOWING OBJECTS.
WEAR PROTECTIVE GLOVES, CLOTHING AND EYE
WEAR.

(5) Remove glow plugs and clean glow plug bay
(Fig. 2).

INSTALLATION

(1) Clean glow plug bay and install glow plug.
Tighten glow plugs to 12N-m (106 Ibs. in.).

(2) Connect glow plug electrical connector. (Fig. 2).
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80e1b0as

Fig. 2 GLOW PLUG LOCATION - TYPICAL

1 - GLOW PLUG ELECTRICAL CONNECTOR
2 - GLOW PLUG

WARNING: NO SPARKS, OPEN FLAMES OR SMOK-
ING. RISK OF POISONING FROM INHALING OR
SWALLOWING FUEL. RISK OF INJURY TO SKIN
AND EYES EXPOSED TO FUEL. POUR FUELS ONLY
INTO SUITABLE AND APPROPRIATELY MARKED
CONTAINERS. WEAR PROTECTIVE CLOTHING.

NOTE: Press in on fuel line locking tab to release
fuel line. Pull back on locking tab to return to lock
position.

(3) Install fuel return flow line to high pressure
pump.

(4) Install engine cover (Refer to 9 - ENGINE -
INSTALLATION).

(5) Connect negative battery cable.

WARNING: USE EXTREME CAUTION WHEN ENGINE
IS OPERATING. DO NOT STAND IN DIRECT LINE
WITH FAN. DO NOT PUT YOUR HANDS NEAR PUL-
LEYS, BELTS OR FAN. DO NOT WEAR LOOSE
CLOTHES.

(6) Start engine and inspect for leaks.

GLOW PLUG RELAY
DESCRIPTION

There are two glow plug relays. These relays are
located in the Power Distribution Center (PDC) in
the engine compartment.

OPERATION

When the ignition (key) switch is place in the ON
position, a signal is sent to the ECM relating current
engine coolant temperature. This signal is sent from
the engine coolant temperature sensor.

After receiving this signal, the ECM will determine
if, when and for how long of a period the glow plug
relays should be activated. This is done before, dur-
ing and after the engine is started. Whenever the
glow plug relays are activated, it will control the 12
volt 100 amp circuit for the operation of the four
glow plugs. Each relay control two glow plugs.

The Glow Plug lamp is tied to this circuit. Lamp
operation is also controlled by the ECM.

With a cold engine, the glow plug relays and glow
plugs may be activated for a maximum time of 200
seconds. Refer to the following Glow Plug Control
chart for a temperature/time comparison of the glow
plug relay operation.

In this chart, Pre-Heat and Post-Heat times are
mentioned. Pre-Heat is the amount of time the glow
plug relay control circuit is activated when the igni-
tion (key) is switched ON, without the engine run-
ning. Post-Heat is the amount of time the glow plug
relay control circuit is activated after the engine is
operated. The Glow Plug lamp will not be activated
during the post-heat cycle.

Engine Wait-To Pre-Heat Post-Heat
Coolant Start Lamp Cycle Cycle
Temperature "ON" (Glow (Seconds)
"Key ON” (Seconds) Plugs On
Seconds)
-30C 20 SEC. 35 SEC. 200 SEC.
-10C 8 SEC. 23 SEC. 180 SEC.
+10C 6 SEC. 21 SEC. 160 SEC.
+30C 5 SEC. 20 SEC. 140 SEC.
+40C 4 SEC. 19 SEC. 70 SEC.
+70C 1 SEC. 16 SEC. 20 SEC.

DIAGNOSIS AND TESTING - GLOW PLUG

RELAYS

Refer to the appropriate Diesel Powertrain Diagno-
sis Manual for information on diagnosing the glow
plug relays.
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ENGINE - 2.7L DIESEL

DESCRIPTION
DESCRIPTION

This 2.7 Liter five-cylinder Common Rail Diesel
Injection (CDI) engine is an in-line overhead valve
diesel engine. This engine utilizes a cast iron cylin-
der block and an aluminum cylinder head. The
engine is turbocharged and intercooled. This engine
also has for valve per cylinder and dual overhead
camshafts (Fig. 1).

DESCRIPTION
Engine

SPECIFICATION
2.7L CDI

5 Cylinder In-Line Engine
With 4-Valve Technology

Common Rail Diesel Injection
(CDI)

Fuel Diesel
Rated Output 125/4200 kW at RPM
Torque 400/1600-2400 Nm at RPM

Engine Description

Fuel Injection System

Maximum Speed 4800 RPM
Compression Ratio 19:1
Bore/Stroke 88.0/88.4 mm
Eff. Displacement 2688 cm3

i
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Fig. 1 2.7L DIESEL ENGINE
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ENGINE - 2.7L DIESEL (Continued)
DESCRIPTION - ENGINE COVER

The engine cover is a black plastic cover used to
cover the top of the engine (Fig. 2).
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Fig. 2 ENGINE COMPARTMENT

1 - COOLANT PRESSURE CONTAINER
2 - ENGINE COVER
3 - RADIATOR

STANDARD PROCEDURE

STANDARD PROCEDURE - COMPRESSION
TESTING ENGINE

(1) Warm up engine to operating temperature
(approx. 80 °C, 176°F).

(2) Shut off engine.

(3) Remove engine cover (Refer to 9 - ENGINE -
REMOVAL).

(4) Remove glow plugs (Refer to 8 - ELECTRICAL/
IGNITION CONTROL/GLOW PLUG - REMOVAL).

(5) Crank engine several times with the starter to
eliminate combustion residues in the cylinders.

(6) Insert compression tester adapter with check
valve installed into glow plug hole of cylinder to be
tested.

(7) Test compression pressure by cranking engine
with starter for at least 8 revolutions.

(8) Carry out test procedure at the remaining cyl-
inders in the same way.

(9) Compare pressure readings obtained with the
specified pressures. If the pressure reading is below
the minimum compression pressure or if the permis-

sible difference between the individual cylinders is
exceeded. Refer to cylinder leak down test.

(10) Remove compression tester and adapter from
cylinder head.

(11) Install glow plugs (Refer to 8 - ELECTRICAL/
IGNITION CONTROL/GLOW PLUG - INSTALLA-
TION).

(12) Install engine cover (Refer to 9 - ENGINE -
INSTALLATION).

STANDARD PROCEDURE - CYLINDER LEAK
DOWN TEST

(1) Warm engine to operating temperature.

WARNING: DO NOT OPEN COOLING SYSTEM UNLESS
COOLANT TEMPERATURE IS BELOW 90C (194°F).
RISK OF INJURY TO SKIN AND EYES AS A RESULT
OF SCALDING WITH HOT COOLANT WHICH
SPLASHES OUT. RISK OF POISONING FROM SWAL-
LOWING COOLANT. OPEN CAP SLOWLY AND
RELEASE PRESSURE. STORE COOLANT IN PROPER
CONTAINERS ONLY. WEAR PROTECTIVE GLOVES,
CLOTHING AND EYE PROTECTION.

NOTE: Turn cap carefully as far as first detent,
release pressure, then unscrew cap.

(2) Open cooling system cap at coolant recover
pressure container.

(3) Remove engine cover.(Refer to 9 - ENGINE -
REMOVAL).

(4) Unscrew oil filler cap.

(5) Remove glow plugs (Refer to 8 - ELECTRICAL/
IGNITION CONTROL/GLOW PLUG - REMOVAL).

NOTE: Crank engine at crankshaft in direction of
rotation of the engine (clockwise).

(6) Position cylinder to be tested to ignition Top
Dead Center (DTC).

NOTE: Calibrate cylinder leak down tester and
remove check valve in screw-in fitting.

(7) Connect cylinder leak down tester and follow
INSPECTING Instruction.

INSPECTING

NOTE: If crankshaft rotates, install retaining lock for
crankshaft/ring gear.

(1) Pressurize cylinder with compressed air and
read off pressure loss at cylinder leak tester. If exces-
sive pressure loss exists, determine cause. Refer to
(DETERMINING PRESSURE LOSS OF CYLIN-
DERS).
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NOTE: If the retaining lock is installed, remove it,
rotate engine and install lock once again.

(2) Carry out test of other cylinders in the firing
order of engine.

STANDARD PROCEDURE - CHECKING OIL

PRESSURE

(1) Remove engine cover (Refer to 9 - ENGINE -
REMOVAL).

(2) Remove oil galley plug together with seal at
timing case cover.

(3) Screw oil pressure gauge adaptor
together with seal onto timing case cover.

(4) Connect oil pressure gauge to adaptor fitting.

(5) Check oil level, adjust with correct engine oil if
necessary.

(6) Insert temperature of remote thermometer into
oil level indicator tube.

fitting

WARNING: USE EXTREME CAUTION WHEN ENGINE
IS OPERATING. DO NOT STAND IN A DIRECT LINE
WITH FAN. DO NOT PUT YOUR HANDS NEAR PUL-
LEYS, BELTS OR FAN. DO NOT WEAR LOOSE
CLOTHES.

CAUTION: Ensure that fan and accessory drive belt
DO NOT damage oil pressure gauge hose.

(7) Start engine and bring to operating tempera-
ture 90°C (194°F).

(8) Record engine oil pressure at idle.

(9) Raise engine speed to 3000 rpm and record oil
pressure.

(10) At normal operating temperature the oil pres-
sure must not drop below 3 bar (44 psi.). When
engine speed is raised, oil pressure must rise with
out delay and be no less than 3 bar (44 psi.) at 3000
rpm.

(1) If oil pressure is out of range, determine
cause.

REMOVAL
REMOVAL - 2.7L DIESEL ENGINE

WARNING: RISK OF INJURY TO SKIN AND EYES
FROM SCALDING WITH HOT COOLANT. RISK OF
POISONING FROM SWALLOWING COOLANT. DO
NOT OPEN COOLING SYSTEM UNLESS COOLANT
TEMPERATURE IS BELOW 90°C (194°F). OPEN CAP
SLOWLY TO RELEASE PRESSURE. STORE COOL-
ANT IN SUITABLE AND APPROPRIATELY MARKED
CONTAINER.  WEAR  PROTECTIVE  GLOVES,
CLOTHES, AND EYE WEAR.

CAUTION: STORE OR DISCARD ALL FULIDS IN
SUITABLE AND APPROPRIATELY MARKED CON-
TAINERS.

(1) Disconnect negative battery cable.

(2) Remove engine cover (Refer to 9 - ENGINE -
REMOVAL).

(3) Drain cooling system (Refer to 7 - COOLING/
ENGINE/COOLANT - STANDARD PROCEDURE).

(4) Evacuate and recover air conditioning system
(Refer to 24 - HEATING & AIR CONDITIONING/
PLUMBING - STANDARD PROCEDURE).

(5) Remove front grill and fascia assembly (Refer
to 23 - BODY/EXTERIOR/GRILLE - REMOVAL).

(6) Remove headlamp assemblies (Refer to 23 -
BODY/EXTERIOR/GRILLE FRAME - REMOVAL).

(7) Remove headlamp support.

(8) Remove upper radiator support.

(9) Remove upper radiator hose.

(10) Raise and suitably support vehicle.

(11) Disconnect supply and return lines at viscus
fan (Refer to 7 - COOLING/ENGINE/RADIATOR
FAN - REMOVAL).

(12) Disconnect lower radiator hose at radiator.

(13) Disconnect transmission cooler hoses at cooler.

(14) Disconnect fan electrical connector.

(15) Lower vehicle.

(16) Disconnect both power steering cooler hoses at
cooler.

(17) Remove power steering
bolts.

(18) Lift coolant module from vehicle (Refer to 7 -
COOLING/ENGINE/RADIATOR - REMOVAL).

(19) Remove air cleaner housing assembly.

(20) Remove air tube at turbocharger.

(21) Remove air conditioning lines from compres-
Ssor.

(22) Remove junction block bracket from compres-
sor.

(23) Remove turbocharger outlet to charge air
cooler.

(24) Disconnect coolant resivior lines from engine.

(25) Disconnect signal line at turbocharger.

(26) Disconnect generator B+ at generator.

(27) Disconnect fuel supply and return lines at fuel
filter (Refer to 14 - FUEL SYSTEM/FUEL DELIV-
ERY/FUEL FILTER / WATER SEPARATOR -
REMOVAL) .

(28) Remove battery (Refer to 8 - ELECTRICAL/
BATTERY SYSTEM/BATTERY - REMOVAL).

(29) Remove battery tray (Refer to 8 - ELECTRI-
CAL/BATTERY SYSTEM/TRAY - REMOVAL).

(30) Disconnect B+ wiring at power distribution
center (PDC).

(31) Disconnect pedal
connectors.

resivior retaining

position sensor electrical
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(32) Disconnect 3 engine wiring harness connec-
tors.

(33) Remove connector bracket from left sill plate.

(34) Remove exhaust flange retainer at turbo-
charger.

(35) Disconnect heater hoses.

(36) Raise and suitably support vehicle.

(37) Remove torque converter bolts.

(38) Remove starter (Refer to 8 - ELECTRICAL/
STARTING/STARTER MOTOR - REMOVAL).

(39) Remove transmission bell housing bolts from
engine.

(40) Disconnect transmission electrical connectors.

(41) Lower vehicle.

(42) Suitably support transmission.

(43) Connect a suitable engine hoist.

(44) Raise engine approximately 76mm (3 in.).

(45) Remove left engine mount sill plate.

CAUTION: When removing engine care must be
taken not to damage crankshaft sensor or other
ancellary components.

(46) Remove engine from vehicle.

REMOVAL - ENGINE COVER
(1) Firmly grasp front of cover and lift straight up
to release cover from mounting ball studs (Fig. 3).

80e32b5b

Fig. 3 ENGINE COVER FRONT MOUNTS

1 - ENGINE COVER
2 - MOUNTING BALL STUDS

(2) Pull cover out of rear mounts and remove from
vehicle (Fig. 4).

80e32b57

Fig. 4 ENGINE COVER REAR MOUNTS

1 - ENGINE COVER
2 - CYLINDER HEAD COVER
3 - REAR MOUNT

INSTALLATION

INSTALLATION - 2.7L DIESEL ENGINE

CAUTION: When installing engine, care must be
taken not to damage crankshaft sensor or other
ancillary components.

(1) Suitably support transmission.

(2) Position engine in bay area approximately
76MM (3 in.) above.

(3) Install left engine mount through bolt into sill
plate, Do Not tighten.

(4) Lower engine until sill plate meets frame rail.

(5) Slide engine back toward transmission until
engine meets bell housing.

(6) Raise and suitably support vehicle.

(7) Install and tighten transmission bell housing
bolts

(8) Install and tighten transfer case bolts.
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(9) Install starter (Refer to 8 - ELECTRICAL/
STARTING/STARTER MOTOR - INSTALLATION).

(10) Connect transmission and transfer case elec-
trical connectors.

(11) Install and tighten torque converter bolts.

(12) Lower vehicle.

(13) Connect heater hoses.

(14) Connect exhaust flange retainer at turbo-
charger.

(15) Install connector bracket to left sill plate.

(16) Connect engine wiring harnesses.

(17) Connect pedal position sensor electrical har-
ness connectors.

(18) Connect B+ wiring at power distribution cen-
ter (PDC).

(19) Install battery tray.

(20) Install battery.

(21) Connect fuel supply and return lines.

(22) Connect generator B+ at generator.

(23) Connect signal line at turbocharger.

(24) Connect coolant pressure container lines.

(25) Install turbocharger outlet to charge air
cooler.

(26) Install junction block bracket to compressor.

(27) Install air conditioning lines to compressor.

(28) Install air tube at turbocharger.

(29) Install air cleaner housing.

(30) Install coolant module (Refer to 7 - COOL-
ING/ENGINE/RADIATOR - INSTALLATION).

(31) Position and install power steering reservoir.

(32) Connect both power steering cooler lines to
cooler.

(33) Connect transmission cooler lines at cooler.

(34) Connect lower radiator hose to radiator.

(35) Connect supply and return lines at viscous
fan (Refer to 7 - COOLING/ENGINE/RADIATOR
FAN - INSTALLATION).

(36) Install upper radiator hose.

(37) Install upper radiator support (Refer to 7 -
COOLING/ENGINE/RADIATOR - INSTALLATION)..

(38) Install headlamp support.

(39) Install headlamp assemblies.

(40) Install front grill and fascia assembly.

(41) Fill coolant system with proper mixture to
proper level (Refer to 7 - COOLING/ENGINE/COOL-
ANT - STANDARD PROCEDURE).

(42) Fill engine oil to proper level. Refer to owners
manual for specifications.

(43) Connect negative battery cable.

(44) Evacuate and recharge air conditioning (Refer
to 24 - HEATING & AIR CONDITIONING/PLUMB-
ING - STANDARD PROCEDURE), (Refer to 24 -
HEATING & AIR CONDITIONING/PLUMBING -
STANDARD PROCEDURE).

(45) Bleed air from fuel system (Refer to 14 -
FUEL SYSTEM/FUEL DELIVERY - STANDARD
PROCEDURE).

WARNING: HIGH PRESSURE FUEL LINES DELIVER
FUEL UNDER EXTREME PRESSURE FROM THE
INJECTOR PUMP TO THE FUEL INJECTORS. THIS
MAY BE AS HIGH AS 1600 BAR (23,200PSI). USE
EXTREME CAUTION WHEN INSPECTING FOR HIGH-
PRESSURE FUEL LEAKS. FUEL UNDER THIS
AMOUNT OF PRESSURE CAN PENETRATE SKIN
CAUSING PERSONAL INJURY OR DEATH. INSPECT
FOR HIGH-PRESSURE FUEL LEAKS WITH A SHEET
OF CARDBOARD. WEAR SAFETY GOGGLES AND
ADEQUATE PROTECTIVE CLOTHING WHEN SER-
VICING FUEL SYSTEM.

(46) Start engine and inspect for leaks.

(47) Install engine cover (Refer to 9 - ENGINE -
INSTALLATION).

(48) Check transmission and transfer case oil lev-
els. Refer to owners manual for specifications.

INSTALLATION - ENGINE COVER

(1) Align cover and push into rear mounts (Fig. 4).

(2) Push down front of cover slowly to align
mounting ball studs (Fig. 3).

(3) Push down firmly on front of cover to lock
cover in place.
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SPECIFICATIONS - TORQUE SPECIFICATIONS

2.7L DIESEL

DESCRIPTION

N-m | Ft. Lbs.

In. Lbs.

Crankcase Ventilation

Screw-Air Charge
Distribution Pipe to Air
Charge Distribution Panel

11 -

97

Cylinder Head

8m-Bolt- Cylinder Head to
Timing Case Cover

20 15

Bolt-Front Cover to
Cylinder Head

14 -

124

12m-Bolt-Cylinder Head to
Crankcase (3 stages,
torque, torque angle,
torque angle)

60, 90°, 90° 44

Crankcase, Timing Case
Cover, End Cover

Bolt-Crankshaft Bearing
Cap to Crankcase (2
stages, torque, torque

angle)

55, 90° 40

Bolt-End Cover to
Crankcase

80

Bolt-Timing Case Cover to
Crankcase

20 15

Plug-Coolant Drain to
Crankcase

30 22

QOil Pan

6m-Bolt-Oil Pan to
Crankcase

80

8m-Bolt-Oil Pan to
Crankcase

20 15

Bolt-Oil Pan to End Cover

80

Bolt-Oil Pan to Timing
Case Cover

80

Bolt-Oil Pan to
Transmission Bell Housing

40 30

Plug-Pil Pan to Oil Drain

47 35

Connecting Rod

Bolt-Connecting Rod Cap
to Connecting Rod (3
stage, 1&2 torque, 3

torque angle)

5,25,90° -

44,221
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ENGINE - 2.7L DIESEL (Continued)

DESCRIPTION

N-m

Ft. Lbs.

In. Lbs.

Crankshatft

Bolt-Crankshaft Bearing
Cap (2 stage, 1 torque, 2
torque angle

55,90°

40.5

Flywheel, Driven Plate, Vibration Damper, Starter Ring Gear

8.8m-Bolt-Central Bolt of
Vibration Damper (2
stage, 1 torque, 2 torque
angle)

200,90°

147.5

10.9m-Bolt-Central Bolt of
Vibration Damper (2
stage, 1 torque, 2 torque
angle)

325,90°

240

Bolt-Stretch Shank for
Flywheel or 2 Mass
Flywheel to Crankshaft (2
stage, 1 torque, 2 torque
angle)

45,90°

33

Turbo Charger

Bolt-Oil Feed Line to
Cylinder Head

9/22

80-194

Bolt-Oil Feed Line to
Turbo Charger

30

22

Bolt-Turbo Charger
Support

30

22

Bolt-Turbo Charger
Support to Crankcase

20

177

Bolt-Oil Outlet Line to
Turbo Charger

80

Connection-Flange of
Exhaust Manifold to Turbo
Charger

30

22

Connection-Turbo Charger
to Front Catalytic
Converter

30

22

Charge Air Pipe/Charge Air Cooling

Bolt-Charge Air
Distribution Pipe

16

141

Bolt-Inlet Port Shut Off
Positioning Motor to Air
Charge Distribution Pipe

80

Bolt-Support to Charge Air
Distribution Pipe

20

177

Bolt-Support to Engine
Bracket

40

30

Clamp-Charge Air
Pipes/Hoses

27
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ENGINE - 2.7L DIESEL (Continued)

9-9

DESCRIPTION | N-m Ft. Lbs. In. Lbs.
Belt Tensioning Device
Bolt-Guide Pully to
Coolant Pump 35 26 i
Bolt-Guide Pully to Timimg 35 26 )
Case Cover
Bolt-V-Belt Tensioning
Device to Tensioning Pully 36 26.5 i
Bolt-V-Belt Tensioning
Device to Timing Case 30 22 -
Cover
Exhaust Manifold
Nut-Exhaust Manifold at
Cylinder Head 30 22 )
Position Sensor
Nut/Bolt-Camshaft
Position Sensor to 11 - 97
Cylinder Head Cover
Nut/Bolt-Crankshaft
Position Sensor to Engine 8 - 70
Block
Pre-Glow System
Cylinder Head to Glow 12 i 106
Plug
Starter
Bolt-Starter to Crankcase 42 31 -
Nut-Connection of Circuit 14 i 124
30
Nut-Connection of Circuit 6 i 53
50
Alternator
Bolt-Generator to Timing 20 15 )
Case Cover
Bolt-Generator to Cooler 6 i 53
Housing
Bolt-Cooler Housing of
Generator to Crankcase 20 i L
Nut-B+ Circuit to 13-18 i 115-159
Generator
Nut-D+ Circuit to 5 i 44
Generator
Nut-Collar to V-Belt Pully 80 59 -
Oil Pump
Bolt-Oil Pump to 18 i 133
Crankcase
Bolt-Oil Pipe to Crankshaft 8 i 70
Bearing Cap
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WG

Vehicle Frame

DESCRIPTION | N-m Ft. Lbs. In. Lbs.
Oil Filter
Screw Cap to Oil Filter | 25 18.5 -
Oil Cooling System
Bolt-Oil-Water Heat
Exchanger to Timing 15 - 133
Cover Case
Oil Level Pressure
Bolt-Dip Stick Guide Tube
to Cylinder Head 14 i 123
Bolt-Oil Le_vel Sensor to 14 i 123
Oil Pan
Coolant Pre- Heater
Coolant Pre-Heater in
Engine Block 35 26 i
Engine Cooling General
Bolt-Belt Pully to Coolant 8-35 6- 26 )
Pump
Bolt-Coolant Pump to
Timing Case Cover 6m/8m 14120 10-15 i
Bolt-Thremostat Housing 9 i 80
to Cylinder Head
Coolant Drain Plug to 30 29 )
Crankcase
Engine Suspension, Engine Mount, Engine Bracket
Bolt-Engine Bracket to
Crankcase (2 stage, 20/90° 15 -
torque, torque angle)
Bolt-Engine Mount to
Engine Bracket 55 405 )
Bolt-Front Engine Mount
to Front Axle Carrier 35 26 i
Bolt-Rear Engine Cross
Member to Body 40 30 i
Bolt-Rear Engine Mount to
Rear Engine Cross 35 26 -
Member
Bolt/Nut- Rear Engme 40 26 )
Mount to Transmission
Bolt-Shrowd to Engine 10 i 88.5
Bracket
Nut-Front Engine Mount to
Engine Bracket 65 48 )
Nut-Engine Mount to 35 26 )
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ENGINE - 2.7L DIESEL (Continued)
DESCRIPTION | N-m Ft. Lbs. In. Lbs.
Fuel Filter
Bolt-Clip to Fuel Filter 8 - 70
Bolt- Fuel Filter to Charge
Air Distribution Pipe 14 i 124
Exhaust System
Bolt- Catalytic Converter
Bracket to Crankcase 20 i 77
Bolt - Turbocharger Oil
Supply Line at 25 18 -
Turbocharger
Bolt - Turbocharger QOil
Return Line at 10 - 89
Turbocharger
Clamp-Connection
Between Front Exhaust 55 a1 )
Pipe and Rear Exhaust
System
Clip-Front Catalytic
Converter to Engine 20 - 177
Mount
Exhaust Manifold to
Cylinder Head 29 21 i
Nut-Bracket to Tail Pipe 55 40.5 -
Nut-Exhaust Bracket to
Threaded Plate of Center 20 - 177
Exhaust Pipe
Support—Exhau;t Bracket 20 i 177
on Transmission
Refrigerant Compressor
Bolt-Refrigerant
Compressor to Timing 20 - 177
Case Cover
Bolt-Refrigerant
Compressor to Bracket 20 i 177
Bolt-_Refrlgerant Lines to 20 i 177
Refrigerant Compressor
Timing Chain, Chain Tensioner
Bolt-Camshaft Sprocket to
Exhaust Camshaft 18 i 159
Bolt-Intermediate Gear of
High Pressure Pump to 40 29.5 -
Cylinder Head
Tlmmg _Cham Tensioner to 80 59 )
Timing Case Cover
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Electronic Heater Booster

DESCRIPTION | N-m Ft. Lbs. In. Lbs.
Camshaft
Bolt-Camshaft Bearing 9 i 80
Cap to Cylinder Head
Bolt-Driver to Inlet
Camshaft 50 37 i
Common Rail Diesel Injection
Bolt-Bango Bolt of Leak
Ol Line to Rail 20 ] Lot
Bolt-Bracket to High
9 - 80
Pressure Pump
Bolt-High Pressure Pump
to Cylinder Head 14 i 124
Bolt-Pre-delivery Pump to
Top Cover of Cylinder 9 - 80
Head
Bolt-Pressure Control
Valve to Rail (2 stage, 3/5 - 26/44
torque)
Bolt-Rail to Cylinder Head 14 - 124
Bolt-Shutoff Valve to 8 i 70
Cylinder Head
Nut-Pressure Line to
Rail/Injector (New,Reused) 22125 16/18.5 )
Nut-Pressure Line to High 22 16 )
Pressure Pump/Ralil
Screw-Tensioning Claw to
Injector (2 stage, 1 torque, 7/90° - 62
2 torque angle)
Rail- Pressurg Sensor to 29 16 _
Rail
Pressure Pipe Connection 42 31 )
to Injector
Threaded Rail to Rail 22 16 -
Fuel Cooling System
Bolt-Fuel Cooler to
Charge Air Distribution 14 - 124
Pipe
Heater Booster, Heater Unit
Bolt- Temperature
Controlled Cut Out to
Heater Booster control 12 i 106
Module
Nut-Threaded Stud to 18 i 159
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ENGINE - 2.7L DIESEL (Continued)

SPECIAL TOOLS

— = |

80849269 #8929 CAMSHAFT LOCKING PIN
#8927 COMPRESSION TESTER ADAPTER

80e492c7

80e492c2

80e492db #8931 TIMING CHAIN RETAINER

#8928 FUEL PRESSURE TESTER
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ENGINE - 2.7L DIESEL (Continued)

QL

QT

80e4929a 80e492f2

#8932 CRANKSHAFT LOCK #8937 SLIDE HAMMER

80e49185 80e492ee

#8936 FRONT CRANKSHAFT SEAL INSTALLER #8938 EXTRACTION CLAW
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ENGINE - 2.7L DIESEL (Continued)

80e492e4 80e49274

#8940 VIBRATION DAMPER REMOVER #8944 REAR MAIN SEAL INSTALLER

80e492e0 80e4918e

#8942 OIL JET INSTALLER #8945 ADAPTER CABLE
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ENGINE - 2.7L DIESEL (Continued)

==

des-Ben
MC{SEMV

ntile
] gv:u” ’

o)
\N/

80e4922a 80e49289

#8946 VALVE SERVICE TOOLS #8948 CHAIN SEPARATOR TOOL

80e4922e 80e492bd

#8947 RIVET OPENER #8949 THRUST PIECE
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ENGINE - 2.7L DIESEL (Continued)

80e492b0

#8950 PRESSING SCREW

80e492a7

#8951 ASSEMBLY LINKS

#8952 ASSEMBLY INSERTS

9-17

80e4929%¢
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CYLINDER HEAD

STANDARD PROCEDURE

STANDARD PROCEDURE - CYLINDER HEAD
BOLT INSPECTION

(1) Measure cylinder head bolts between points
shown (Fig. 5).

Cylinder Head Thread 12 M
Bolts Diameter
Length When 102 mm
New
Maximum 104 mm
Length

80e214d0

Fig. 5 MEASURING CYLINDER HEAD BOLTS

(2) If the cylinder head bolt length is greater than
the maximum allowable measurement, replace the
cylinder head bolts.

STANDARD PROCEDURE - MEASURE
CYLINDER HEAD SURFACE

NOTE: Only resurface cylinder head contact surface
if porous or damaged. IT IS NOT necessary to
rework minor variations in flatness in the longitudi-
nal direction.

(1) Disconnect negative battery cable.

(2) Remove cylinder head (Refer to 9 - ENGINE/
CYLINDER HEAD - REMOVAL).

(3) Remove valves.

(4) Inspect cylinder head contact surface for flat-
ness, porous and damage.

(5) Using a straight edge, measure cylinder head
and cylinder block flatness.

(6) Measure cylinder head height at point (1) indi-
cated and retain reading (Fig. 6).

NOTE: The camshaft housing Must Not be
machined. Basic bore of the camshaft bearings will
be altered.

(7) Machine cylinder head contact surface, if nec-
essary.

(8) Measure cylinder head height (1) at point indi-
cated, record stock removal (Fig. 6) CYLINDER
HEAD SPECIFICATIONS.

(9) Measure valve setback at points (2) indicated
(Fig. 6) CYLINDER HEAD SPECIFICATIONS.

80e462fd

Fig. 6 CYLINDER HEAD MEASURMENTS

1 - CYLINDER HEAD HEIGHT
2 - VALVE SETBACK

NOTE: If measurement is less than dimension “2”
no further correct valve clearance compensation is
possible; replace valve seat ring or cylinder head if
measurement is greater than specification.

CYLINDER HEAD SPECIFICATIONS

Description Specification

Height of Cylinder Head 126.85mm to 127.15mm
(1), With Out Camshaft

Housing

Exhaust Valve: 1.0mm -
1.4mm

Valve Set Back (2) With
New Valves and New
Valve Seat Rings

Intake Valve: 1.1mm -
1.5mm
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CYLINDER HEAD (Continued)
REMOVAL

REMOVAL - CYLINDER HEAD

(1) Disconnect negative battery cable.
(2) Raise and support vehicle.

WARNING: RISK OF INJURY TO SKIN AND EYES
FROM SCALDING COOLANT. DO NOT OPEN COOL-
ING SYSTEM UNLESS TEMPERATURE IS BELOW
90°C (194°F). OPEN CAP SLOWLY TO RELEASE
PRESSURE. STORE COOLANT IN APPROVED CON-
TAINER ONLY. WEAR PROTECTIVE GLOVES,
CLOTHING AND EYE WEAR.

(3) Drain cooling system (Refer to 7 - COOLING/
ENGINE/COOLANT - STANDARD PROCEDURE).

(4) Lower vehicle.

(5) Remove engine cover. (Refer to 9 - ENGINE
COVER- REMOVAL).

(6) Remove air cleaner housing.

(7) Remove air intake tube at turbocharger.

(8) Disconnect vacuum hose at turbocharger waste
gate solenoid.

(9) Disconnect heater hoses and remove coolant

pipe.

WARNING: NO FIRE, OPEN FLAMES OR SMOKING.
RISK OF POISONING FROM INHALING AND SWAL-
LOWING FUEL. RISK OF INJURY FROM SKIN AND
EYE CONTACT WITH FUEL. POUR FUELS ONLY
INTO SUITABLE AND APPROPRIATELY MARKED
CONTAINERS. WEAR PROTECTIVE CLOTHING
WHEN HANDLING FUEL.

(10) Remove fuel high pressure pipes and injectors
(Refer to 14 - FUEL SYSTEM/FUEL INJECTION/
FUEL INJECTOR - REMOVAL).

NOTE: Refer to the appropriate injector servicing
procedures for cleaning of the injectors and
recesses.

(11) Clean injectors(Refer to 14 - FUEL SYSTEM/
FUEL INJECTION/FUEL INJECTOR - STANDARD
PROCEDURE).

(12) Unbolt fuel air bleed at intake manifold and
set aside.

(13) Disconnect fuel injector and glow plug wiring
harness and set aside.

(14) Remove cylinder head cover (Refer to 9 -
ENGINE/CYLINDER HEAD/CYLINDER HEAD
COVER(S) - REMOVAL).

(15) Position piston of cylinder #1 to ignition TDC.

(16) Install retaining lock for crankshaft/starter
ring gear.

(17) Remove timing chain tensioner(Refer to 9 -
ENGINE/VALVE TIMING/TIMING BELT/CHAIN
AND SPROCKETS - REMOVAL).

(18) Remove cylinder head front cover(Refer to 9 -
ENGINE/CYLINDER HEAD - REMOVAL).

(19) Remove top guide rail (Refer to 9 - ENGINE/
VALVE TIMING/TIMING BELT/CHAIN  AND
SPROCKETS - REMOVAL).

(20) Remove camshafts(Refer to 9 - ENGINE/CYL-
INDER HEAD/CAMSHAFT(S) - REMOVAL).

(21) Remove idler gear (Refer to 9 - ENGINE/
VALVE TIMING/TIMING BELT/CHAIN AND
SPROCKETS - REMOVAL).

(22) Remove pressure line at high pressure pump.

(23) Remove fuel return flow line between rail and
high pressure pump.

(24) Remove high pressure pump (Refer to 14 -
FUEL SYSTEM/FUEL DELIVERY/FUEL INJEC-
TION PUMP - REMOVAL).

(25) Remove fuel return hose at fuel filter.

(26) Remove charge air distribution pipe (Refer to
11 - EXHAUST SYSTEM/TURBOCHARGER SYS-
TEM - REMOVAL).

(27) Unbolt oil dip stick tube.

(28) Disconnect viscous heater and set aside.

(29) Disconnect precatalytic converter at turbo-
charger.

(30) Detach charge air pipe at turbocharger.

(31) Remove oil return flow line at turbocharger.

(832) Remove turbocharger support bracket.

(33) Remove upper timing case to cylinder head
bolts.

NOTE: Loosen cylinder head bolts in the reverse
order of the tightening sequence.

(34) Remove cylinder head bolts and inspect (Refer
to 9 - ENGINE/CYLINDER HEAD - STANDARD
PROCEDURE).

(35) Remove cylinder head.

NOTE: Carefully clean all mating surfaces and bolt
thread holes. Assure that no oil or grease is present
during reassembly.

(86) Clean all mating surfaces and blow out bolt
thread holes.

REMOVAL - CYLINDER HEAD FRONT COVER

(1) Disconnect negative battery cable.

(2) Remove engine cover (Refer to 9 - ENGINE -
REMOVAL).

(3) Partially drain cooling system (Refer to 7 -
COOLING/ENGINE/COOLANT - STANDARD PRO-
CEDURE).

(4) Disconnect viscous heater pipe and set aside.
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(5) Disconnect cooling fan power steering hose at
power steering pump and set aside.

(6) Remove cylinder head cover (Refer to 9 -
ENGINE/CYLINDER HEAD/CYLINDER HEAD
COVER(S) - REMOVAL).

(7) Remove timing chain tensioner (Refer to 9 -
ENGINE/NVALVE  TIMING/TMNG BELT/CHAIN
TENSIONER&PULLEY - REMOVAL).

WARNING: NO FIRE, OPEN FLAMES OR SMOKING.
SERVICE VEHICLE IN WELL VENTILATED AREAS
AND AVOID IGNITION SOURCES. RISK OF POISON-
ING FROM INHALING AND SWALLOWING FUEL.
RISK OF INJURY FROM SKIN AND EYE CONTACT
WITH FUEL. POUR FUELS ONLY INTO SUITABLE
AND APPROPRIATELY MARKED CONTAINERS.
WEAR PROTECTIVE CLOTHING WHEN HANDLING
FUEL.

(8) Remove low pressure pump (Refer to 14 -
FUEL SYSTEM/FUEL DELIVERY/FUEL INJEC-
TION PUMP - REMOVAL).

(9) Remove vacuum pump (Refer to 9 - ENGINE/
ENGINE BLOCK/INTERNAL VACUUM PUMP -
REMOVAL).

(10) Remove bolts attaching front cover.

NOTE: Lower portion of front cover is sealed with
RTV sealant. Carefully tug at front cover until it
loosens from cylinder head.

(11) Raise locking pawl of top guide rail and
remove cylinder head front cover (Fig. 7).

NOTE: Dowel pins are use as a guide during
assembly and must remain in the proper position to
assure a good sealing surface.

REMOVAL - CYLINDER HEAD GUIDE RAIL

(1) Disconnect negative battery cable.

CAUTION: Rotate engine at crankshaft only. DO
NOT rotate the engine with the bolt of the camshaft
sprocket. DO NOT rotate the engine back.

NOTE: Markings on the camshaft and camshaft
bearing cap must be aligned.

80ddOee9

Fig. 7 CYLINDER HEAD FRONT COVER

- SEAL

- TIMING CHAIN TENSIONER
- LOW PRESSURE PUMP

- VACUUM PUMP

- TOP GUIDE RAIL

- CYLINDER HEAD COVER

- LOCKING PAWL

- DOWEL PIN

- CYLINDER HEAD FRONT COVER

abhwN

© oo~NO;
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CYLINDER HEAD (Continued)

(2) Position piston of number 1 cylinder to ignition
TDC.

(3) Remove engine cover. (Refer to 9 - ENGINE/
CYLINDER HEAD/CYLINDER HEAD COVER(S) -
REMOVAL).

(4) Remove timing chain tensioner (Refer to 9 -
ENGINE/VALVE TIMING/TIMING BELT/CHAIN
AND SPROCKETS - REMOVAL).

(5) Carefully raise locking pawl of top slide rail
and remove front cover at cylinder head (Fig. 7).

(6) Insert a locking pin through 1st camshaft bear-
ing cap into the hole in the inlet camshaft sprocket.

(7) Counter hold the camshaft with an open end
wrench to avoid damage and unbolt driver of inlet
camshaft sprocket.

(8) Remove top guide rail.

INSTALLATION
INSTALLATION - CYLINDER HEAD

WARNING: NO FIRE, OPEN FLAMES OR SMOKING.
SERVICE VEHICLES IN WELL VENTILATED AREAS.
RISK OF POISONING FROM INHALING OR SWAL-
LOWING FUEL. RISK OF INJURY FROM SKIN AND
EYE CONTACT WITH FUEL. WEAR PROTECTIVE
CLOTHING.

NOTE: Thoroughly clean all mating surfaces with
appropriate solvents and blow out bolt holes, to
assure that no grease or oil is present during reas-
sembly.

NOTE: If piston or connecting rods have been
replaced, measure piston projection.

NOTE: Check facing cylinder head contact surface.

(1) Position the cylinder head and gasket properly
on engine using the dowel pins as guide.

NOTE: Inspect all cylinder head bolts for defects
and stretching before installation (Refer to 9 -
ENGINE/CYLINDER HEAD - STANDARD PROCE-
DURE).

CYLINDER HEAD BOLT TORQUE SEQUENCE

The M12 cylinder head bolts must be torqued
in 3 stages.

(1) Install M12 cylinder head bolts finger tight.

(2) Torque bolts in numeric order starting with
number 1 to 60 N-m (44 Ibs.in.) (Fig. 8).

(3) Install M8 timing chain cover to cylinder head
bolts (1A) (Fig. 8). Tighten to 20N-m (177 Ibs.in.).

(4) Tighten M12 cylinder head bolts in numeric
order starting with number 1 an additional 90° (Fig.
8).

(5) Tighten M12 cylinder head bolts in numeric
order starting with number 1 an additional 90° (Fig.
8).

80e2193a

Fig. 8 CYLINDER HEAD BOLT TORQUE SEQUENCE

(2) Install turbocharger support bracket. Tighten
bolts to 30N-m (22 Ibs.ft.).

(3) Install oil return flow line at turbocharger.

(4) Attach charge air pipe at turbocharger.

(5) Reconnect the precatlytic converter to turbo-
charger. Tighten to 30N-m (22 Ibs.ft.).

(6) Install viscous heater.

(7) Reconnect oil dip stick tube. Tighten to 14 N-m
(124 1bs. in.).

(8) Install charge air distribution pipe (Refer to 11
- EXHAUST SYSTEM/TURBOCHARGER SYSTEM -
INSTALLATION).

(9) Install fuel return hose at fuel filter.

(10) Install high pressure pump (Refer to 14 -
FUEL SYSTEM/FUEL DELIVERY/FUEL INJEC-
TION PUMP - INSTALLATION).

(11) Install fuel return flow line between rail and
high pressure pump.

(12) Install pressure line at high pressure pump.

(13) Install idler gear (Refer to 9 - ENGINE/
VALVE TIMING/TIMING BELT/CHAIN AND
SPROCKETS - INSTALLATION).

(14) Install camshafts (Refer to 9 - ENGINE/CYL-
INDER HEAD/CAMSHAFT(S) - INSTALLATION).

(15) Install top guide rail (Refer to 9 - ENGINE/
VALVE TIMING/TIMING BELT/CHAIN  AND
SPROCKETS - INSTALLATION).

(16) Install front cover at cylinder head (Refer to 9
- ENGINE/CYLINDER HEAD - INSTALLATION).

(17) Install timing chain tensioner with new gas-
ket. (Refer to 9 - ENGINE/VALVE TIMING/TIMING
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BELT/CHAIN AND SPROCKETS - INSTALLATION)
Tighten to 80N-m (59 Ibs.ft.).

(18) Remove retaining lock for crankshaft/starter
ring gear.

(19) Install cylinder head cover (Refer to 9 -
ENGINE/CYLINDER HEAD/CYLINDER HEAD
COVER(S) - INSTALLATION).

(20) Install and properly route fuel injector and
glow plug wiring harness, making appropriate con-
nections.

(21) Install fuel high pressure pipes and injectors
(Refer to 14 - FUEL SYSTEM/FUEL INJECTION/
FUEL INJECTOR - INSTALLATION).

(22) Secure fuel air bleed at intake manifold.

(23) Connect vacuum hose at turbocharger waste
gate solenoid.

(24) Install air intake tube at turbocharger (Refer
to 11 - EXHAUST SYSTEM/TURBOCHARGER SYS-
TEM - INSTALLATION).

(25) Install air cleaner housing.

(26) Install engine cover (Refer to 9 - ENGINE -
INSTALLATION).

NOTE: DO NOT pressure test cooling system until
engine has reached operating temperature.

(27) Refill cooling system with proper coolant mix-
ture to proper level (Refer to 7 - COOLING/ENGINE/
COOLANT - STANDARD PROCEDURE).

(28) Connect negative battery cable.

WARNING: USE EXTREME CAUTION WHEN THE
ENGINE IS OPERATING. DO NOT STAND IN A
DIRECT LINE WITH THE FAN. DO NOT PUT YOUR
HANDS NEAR THE PULLEYS, BELTS OR FAN. DO
NOT WEAR LOOSE CLOTHES.

(29) Start engine and inspect for leaks.

INSTALLATION - CYLINDER HEAD FRONT
COVER

NOTE: Thoroughly clean all mating surfaces with
appropriate solvents to assure that no grease or oil
is present during reassembly.

NOTE: Dowel pins are used as a guide during
assembly and must remain in the proper position to
assure a good sealing surface.

(1) Apply sealant to the marked surfaces with a
bead thickness of 1.5 £ 0.5 mm (Fig. 9).

NOTE: Install front cover of cylinder head within 10
minutes after applying sealant. Do not spread seal-
ing bead.

80e76acs

Fig. 9 CYLINDER HEAD COVER SEALING SURFACE

1 - CYLINDER HEAD FRONT COVER
2 - SEALANT BEAD

(2) Raise locking pawl of top guide rail and guide
front cover onto guide pins.

(3) Install bolts attaching front cover (Fig. 7)
Tighten bolts to 14N-m (124 lbs. in.).

WARNING: NO FIRE, OPEN FLAMES OR SMOKING.
REMOVE SOURCES OF IGNITION FROM THE AREA.
WEAR PROTECTIVE CLOTHING WHEN HANDLING
FUEL. RISK OF POISONING FROM INHALING AND
SWALLOWING FUEL. RISK OF INJURY FROM SKIN
AND EYE CONTACT WITH FUEL. POUR FUELS
ONLY INTO SUITABLE AND APPROPRIATELY
MARKED CONTAINERS.

(4) Instal low pressure pump (Refer to 14 - FUEL
SYSTEM/FUEL  DELIVERY/FUEL INJECTION
PUMP - INSTALLATION).

(5) Install vacuum pump (Refer to 9 - ENGINE/
ENGINE BLOCK/INTERNAL VACUUM PUMP -
INSTALLATION).

NOTE: Timing chain tensioner must be installed
with a new gasket.

(6) Install timing chain tensioner (Refer to 9 -
ENGINE/VALVE TIMING/TIMING BELT/CHAIN
AND SPROCKETS - INSTALLATION).

(7) Connect power steering hose.

(8) Connect viscous heater pipe.

(9) Refill cooling system with proper mixture to
proper level (Refer to 7 - COOLING/ENGINE/COOL-
ANT - STANDARD PROCEDURE).

(10) Connect negative battery cable.
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CYLINDER HEAD (Continued)

WARNING: USE EXTREME CAUTION WHEN THE
ENGINE IS OPERATING. DO NOT STAND IN A
DIRECT LINE WITH THE FAN. DO NOT PUT YOUR
HANDS NEAR THE PULLEYS, BELTS OR FAN. DO
NOT WEAR LOOSE CLOTHES.

(11) Start the engine and inspect for leaks.

INSTALLATION - CYLINDER HEAD GUIDE RAIL

(1) Carefully position the top guide rail onto the
guide pins.

(2) Counter hold the camshaft with an open end
wrench and install driver of inlet camshaft sprocket.
Tight bolt to 50N-m (37 Ibs. ft.).

(3) Remove camshaft sprocket locking pin.

(4) Carefully raise locking pawl of top guide rail
and install front cover at cylinder head (Fig. 7).

(5) Install timing chain tensioner with new gasket
(Refer to 9 - ENGINE/NVALVE TIMING/TIMING
BELT/CHAIN AND SPROCKETS - INSTALLA-
TION).

(6) Install engine cover (Refer to 9 - ENGINE/
CYLINDER HEAD/CYLINDER HEAD COVER(S) -
INSTALLATION).

(7) Reconnect negative battery cable.

WARNING: US EXTREME CAUTION WHEN THE
ENGINE IS OPERATING. DO NOT STAND IN A
DIRECT LINE WITH THE FAN. DO NOT PUT YOUR
HANDS NEAR THE PULLEYS, BELTS OR FAN. DO
NOT WEAR LOOSE CLOTHES.

(8) Start engine and inspect for leaks.

CYLINDER HEAD COVER(S)
REMOVAL

(1) Disconnect negative battery cable.

(2) Detach hose from oil separator.

(3) Disconnect fuel injector and glow plug harness
and set aside.

(4) Remove fuel high pressure pipes and injectors
(Refer to 14 - FUEL SYSTEM/FUEL INJECTION/
FUEL INJECTOR - REMOVAL).

(5) Remove cylinder head cover retaining bolts and
remove cover.

INSTALLATION

(1) Position cylinder head cover with new gasket
and install bolts. Tighten bolts to 20 N-m (177 lbs.
in.).

(2) Install and properly route fuel injector and
glow plug wiring harness, making appropriate con-
nections.

(3) Install injectors and high pressure pipes (Refer
to 14 - FUEL SYSTEM/FUEL INJECTION/FUEL
INJECTOR - INSTALLATION).

(4) Attach oil seperator hose.

(5) Connect negative battery cable.

WARNING: USE EXTREME CAUTION WHEN ENGINE
IS OPERATING. DO NOT STAND IN A DIRECT LINE
WITH FAN. DO NOT PUT YOUR HANDS NEAR PUL-
LEYS, BELTS OR FAN. DO NOT WEAR LOOSE
CLOTHES.

(6) Start engine and inspect for leaks.

VALVE SPRINGS

REMOVAL
REMOVAL - VALVE SPRINGS

(1) Disconnect negative battery cable.

(2) Remove glow plugs (Refer to 8 - ELECTRICAL/
IGNITION CONTROL/GLOW PLUG - REMOVAL).

(3) Remove injectors (Refer to 14 - FUEL SYS-
TEM/FUEL  INJECTION/FUEL INJECTOR -
REMOVAL).

(4) Remove cylinder head cover (Refer to 9 -
ENGINE/CYLINDER HEAD/CYLINDER HEAD
COVER(S) - REMOVAL).

(5) Remove timing chain tensioner (Refer to 9 -
ENGINE/VALVE TIMING/TIMING BELT/CHAIN
AND SPROCKETS - REMOVAL).

(6) Remove front cover at cylinder head (Refer to 9
- ENGINE/CYLINDER HEAD - REMOVAL).

(7) Remove top guide rail (Refer to 9 - ENGINE/
CYLINDER HEAD - REMOVAL).

(8) Remove camshafts (Refer to 9 - ENGINE/CYL-
INDER HEAD/CAMSHAFT(S) - REMOVAL).

NOTE: The timing chain must be held in up position
S0 as not to jam during procedure.

(9) Position piston of cylinder to be processed to
DTC by rotating the crankshaft clockwise. DO NOT
crank engine. DO NOT rotate engine backward.

(20) Install crankshaft lock, special tool #8932.

(11) Seal injector hole with connection piece and
retain with orginal tensioning claw.

(12) Connect cylinder leak tester with adaptors
and pressurize the cylinder to 5 bar (73 psi.).

WARNING: Valve springs and retainers must be
kept in order of the cylinder they were removed.
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VALVE SPRINGS (Continued)
NOTE: Using tool, screw retaining fork into

threaded edge of cylinder head and position thrust
piece vertically at top of valve spring retainer.

(13) Compress valve spring.

(14) Remove valve keepers.

(15) Remove top valve spring retainer and valve
spring.

(16) Remove valve stem seals.

(17) Remove bottom valve spring retainer.

NOTE: Inspect all cylinder head components for
wear or damage.

(18) Repeat procedure for each cylinder as neces-
sary.

REMOVAL - VALVES

(1) Disconnect negative battery cable.

(2) Remove engine cover (Refer to 9 - ENGINE
COVER - REMOVAL).

(3) Remove cylinder head (Refer to 9 - ENGINE/
CYLINDER HEAD - REMOVAL).

WARNING: Suitably mark the valve and the position
in the cylinder head before removal. Failure to do
so will result in improperly seated valves and pos-
sible engine damage after reassembly.

NOTE: Using tool, screw retaining fork into
threaded edge of cylinder head and position thrust
piece vertically at top of valve spring retainer.

(4) Using a suitable valve spring compressor, com-
press valve spring.

(5) Remove valve keepers.

(6) Remove top valve spring retainer and valve
spring.

(7) Remove valve stem seals.

(8) Repeat steps 5 through 9 for each valve as nec-
essary.

(9) Remove cylinder head from assembly board.

WARNING: Valves, springs and retainers must be
kept in order of the cylinder they were removed.

(10) Remove valves.

INSTALLATION
INSTALLATION - VALVE SPRINGS

NOTE: Inspect all valve springs and retainers for
wear or damage. Replace as necessary.

(1) Position piston of cylinder to be processed to
TDC by rotating the crankshaft clockwise. DO NOT
crank engine or rotate engine counter clock-
wise.

(2) Connect cylinder leak tester with adaptors and
pressurize the cylinder to 5 bar (73 psi).

(3) Install lower valve spring retainer.

(4) Install valve stem seal.

(5) Install valve spring.

(6) Install valve spring retainer.

NOTE: Using tool, screw retaining fork into
threaded edge of cylinder head and position thrust
piece vertically at the top of each valve spring
retainer.

NOTE: Ensure that the valve keepers are seated
properly.

(7) Compress valve and install valve keepers.

(8) Repeat procedure for each cylinder as neces-
sary.

(9) Remove special tooling from cylinder head.

(10) Position piston of #1 cylinder to ignition TDC.

(11) Install camshafts and check basic position
(Refer to 9 - ENGINE/CYLINDER HEAD/CAM-
SHAFT(S) - INSTALLATION).

(12) Install top guide rail (Refer to 9 - ENGINE/
CYLINDER HEAD - INSTALLATION).

(13) Install front cover at cylinder head (Refer to 9
- ENGINE/CYLINDER HEAD - INSTALLATION).

(14) Install timing chain tensioner with new gas-
ket (Refer to 9 - ENGINE/VALVE TIMING/TIMING
BELT/CHAIN AND SPROCKETS - INSTALLATION)

(15) Install cylinder head cover (Refer to 9 -
ENGINE/CYLINDER HEAD/CYLINDER HEAD
COVER(S) - INSTALLATION).

(16) Install glow plugs (Refer to 8 - ELECTRICAL/
IGNITION CONTROL/GLOW PLUG - INSTALLA-
TION).

WARNING: SERVICE VEHICLES IN A WELL VENTI-
LATED AREA AND AVOID IGNITION SORCES. RISK
OF INJURY TO SKIN AND EYES FROM FUEL JET
FLOWING OUT.

(17) Install injectors (Refer to 14 - FUEL SYS-
TEM/FUEL  INJECTION/FUEL INJECTOR -
INSTALLATION).

(18) Reconnect negative battery cable.

WARNING: USE EXTREME CAUTION WHEN THE
ENGINE IS OPERATING. DO NOT STAND IN A
DIRECT LINE WITH THE FAN. DO NOT PUT YOUR
HANDS NEAR THE PULLEYS, BELTS OR FAN. DO
NOT WEAR LOOSE CLOTHING.
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VALVE SPRINGS (Continued)

(19) Start the engine and inspect for leaks.
(20) Install engine cover (Refer to 9 - ENGINE
COVER - INSTALLATION).

INSTALLATION - VALVES

WARNING: Valves must be kept in their original
positions in cylinder head. Failure to do so will
result in engine damage.

NOTE: Inspect all valves, springs and retainers for
wear or damage. Replace as necessary.

(1) Install valves in their original position in the
cylinder head.

(2) Install lower valve spring retainer.

(3) Install valve stem seal.

(4) Install valve spring.

(5) Install valve spring retainer.

NOTE: Using tool, screw retaining fork into
threaded edge of cylinder head and position thrust
piece vertically at the top of each valve spring
retainer.

NOTE: Ensure that the valve keepers are seated
properly.

(6) Using a suitable valve spring compressor, com-
press valve spring and install valve keepers.

(7) Repeat steps 3 through 7 for each valve as nec-
essary.

(8) Remove valve assembly from cylinder head.

(9) Install cylinder head on engine block (Refer to
9 - ENGINE/CYLINDER HEAD - INSTALLATION).

(20) Install glow plugs (Refer to 8 - ELECTRICAL/
IGNITION CONTROL/GLOW PLUG - INSTALLA-
TION).

(11) Connect negative battery cable.

WARNING: US EXTREME CAUTION WHEN THE
ENGINE IS IN OPERATION. DO NOT STAND IN A
DIRECT LINE WITH THE FAN. DO NOT PUT YOUR
HANDS NEAR THE PULLEYS, BELTS OR FAN. DO
NOT WEAR LOOSE CLOTHING.

(12) Start engine and check for leaks.
(13) Install engine cover (Refer to 9 - ENGINE
COVER - INSTALLATION).

CAMSHAFT(S)

STANDARD PROCEDURE - CHECKING
CAMSHAFT POSITION

(1) Disconnect negative battery cable.

(2) Remove engine cover (Refer to 9 - ENGINE
COVER - REMOVAL).

WARNING: NO FIRE, SPARKS, OR SMOKING. RISK
OF POISONING FROM INHALING AND SWALLOW-
ING FUEL AS WELL AS RISK OF INJURY TO EYES
AND SKIN FROM CONTACT WITH FUEL. POUR
FUEL ONLY INTO SUITABLE AND MARKED CON-
TAINERS. WEAR PROTECTIVE CLOTHING WHEN
HANDLING FUEL.

(3) Remove injectors (Refer to 14 - FUEL SYS-

TEM/FUEL  INJECTION/FUEL INJECTOR -
REMOVAL).
(4) Clean injectors and recesses(Refer to 14 -

FUEL SYSTEM/FUEL INJECTION/FUEL
TOR - STANDARD PROCEDURE).

(5) Remove cylinder head cover (Refer to 9 -
ENGINE/CYLINDER HEAD/CYLINDER HEAD
COVER(S) - REMOVAL).

INJEC-

NOTE: Rotate engine at crankshaft only. DO NOT
crank engine at the camshaft and DO NOT rotate
the engine backward.

(6) Position piston of cylinder #1 to ignition TDC.

(7) Insert the locking pin (special tool #8929)
through first camshaft bearing cap into the hole in
the left inlet camshaft sprocket (Fig. 10).

NOTE: The two markings in the inlet camshaft
sprockets must be positioned opposite and mark-
ings of camshaft and camshaft bearing cap must be
aligned. If not, perform basic position of camshafts.

(8) Remove locking pin from camshaft bearing cap
hole.

(9) Install cylinder head cover (Refer to 9 -
ENGINE/CYLINDER HEAD/CYLINDER HEAD
COVER(S) - INSTALLATION).

(10) Install injectors (Refer to 14 - FUEL SYS-
TEM/FUEL  INJECTION/FUEL INJECTOR -
INSTALLATION).

WARNING: USE EXTREME CAUTION WHEN THE
ENGINE IS OPERATING. DO NOT STAND IN A
DIRECT LINE WITH THE FAN. DO NOT PUT YOUR
HANDS NEAR THE PULLEYS, BELTS OR FAN. DO
NO WEAR LOOSE CLOTHING.

(11) Start the engine and inspect for leaks.

REMOVAL

(1) Disconnect negative battery cable.

(2) Remove engine cover.(Refer to 9 - ENGINE -
REMOVAL).
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CAMSHAFT(S) (Continued)

80e1dcOc

Fig. 10 CHECKING CAMSHAFT POSITION -
TYPICAL

- CAMSHAFT SPROCKET ALIGNMENT DOTS

- CAMSHAFT LOCK POSITION

- INTAKE CAMSHAFT SPROCKET

- CAMSHAFT AND BEARING CAP ALIGNMENT MARKS
- CAMSHAFT LOCKING PIN (SPECIAL TOOL #8929)

- INTAKE CAMSHAFT SPROCKET

OO wWNBE

WARNING: NO FIRE, OPEN FLAMES OR SMOKING.
RISK OF POISONING FROM INHALING OR SWAL-
LOWING FUEL. RISK OF INJURY FROM SKIN AND
EYE CONTACT WITH FUEL. WEAR PROTECTIVE
CLOTHING. STORE FUEL ONLY IN SUITABLE AND
APPROPRIATELY MARKED CONTAINERS.

(3) Remove high pressure lines and injectors
(Refer to 14 - FUEL SYSTEM/FUEL INJECTION/
FUEL INJECTOR - REMOVAL).

(4) Remove cylinder head cover (Refer to 9 -
ENGINE/CYLINDER HEAD/CYLINDER HEAD

COVER(S) - REMOVAL).
(5) Position piston of cylinder #1 to ignition TDC.
(6) Lock inlet camshaft (Fig. 11).

\¢
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Fig. 11 CAMSHAFT ALIGNMENT - TYPICAL

- EXHAUST CAMSHAFT SPROCKET AND CHAIN MARKING
- EXHAUST CAMSHAFT SPROCKET BOLTS

- EXHAUST CAMSHAFT SPROCKET

- CAMSHAFT ALIGNMENT DOTS

- INTAKE CAMSHAFT LOCK POSITION

- INTAKE CAMSHAFT SPROCKET

- INTAKE CAMSHAFT LOCK (SPECIAL TOOL #8929)

- INTAKE CAMSHAFT SPROCKET

oO~NO U WNBE

(7) Remove timing chain tensioner (Refer to 9 -
ENGINE/VALVE TIMING/TIMING BELT/CHAIN
AND SPROCKETS - REMOVAL).
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CAMSHAFT(S) (Continued)

NOTE: The lower portain of the cylinder head front
cover is sealed with RTV sealant. Carefully tug front
cover after bolt removal to loosen from cylinder
head.

(8) Remove cylinder head front cover (Refer to 9 -
ENGINE/CYLINDER HEAD - REMOVAL).

(9) Remove top side rail (Refer to 9 - ENGINE/
CYLINDER HEAD - REMOVAL).

CAUTION: For all work in which the crankshaft
should not rotate, secure camshaft gear to timing
chain.

(10) Mark camshaft sprocket relative to timing
chain.

(11) Unbolt camshaft sprocket from exhaust cam-
shaft.

NOTE: Note the position of dowel pin for camshaft
sprocket alignment during reassembly.

(12) Remove camshaft sprocket.

CAUTION: Camshaft bearing caps must remain in
proper order and position.

(13) Mark and remove camshaft bearing caps.
(14) Remove the inlet and exhaust camshafts (Fig.
12).

INSTALLATION

CAUTION: The camshafts are sensitive to fractur-
ing. Ensure they are installed free of stress.

CAUTION: Pay attention to assignment of cam-
shafts. Camshaft code numbers are visible on the
thrust collar of the axial bearing.

CAUTION: QOil bucket tappets and camshaft bearing
points. Inspect ease of operation of bucket tappets.

(1) Install inlet and exhaust camshafts.

CAUTION: Install camshafts so that the two holes in
camshaft sprockets are positioned opposite and the
markings of the camshaft and camshaft bearing cap
are aligned.

(2) Align inlet and exhaust camshafts at axial
bearing (Refer to 9 - ENGINE/CYLINDER HEAD/
CAMSHAFT(S) - STANDARD PROCEDURE).

(3) Position piston of cylinder #1 to 30° TDC.

NOTE: Pay attention to markings on camshaft bear-
ing caps.

—h
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Fig. 12 CAMSHAFTS AND HOUSING ASSEMBLY -
TYPICAL

- CYLINDER HEAD BOLTS
- EXHAUST CAMSHAFT

- INTAKE CAMSHAFT

- CAMSHAFT HOUSING

- CYLINDER HEAD

O wWNEF

(4) Install camshaft bearing caps in the proper
order. Tighten bolts to 9N-m (80 Ibs. in.).

CAUTION: Do not rotate engine counter clockwise.

(5) Position the piston of cylinder #1 to ignition
TDC.

NOTE: Pay attention to markings on camshaft bear-
ing caps.

(6) Install the bearing caps in reverse order at the
same point. Tighten bearing cap bolts evenly in steps
each of 1 turn.

NOTE: The piston of cylinder #1 must be positioned
at ignition TDC when the inlet camshatft is locked.

(7) Insert locking pin through the first camshaft
bearing cap into the whole in the camshaft sprocket.

NOTE: Do Not use old camshaft sprocket bolts.
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(8) Fit camshaft sprocket with timing chain fitted
on, onto exhaust camshaft paying attention to posi-
tion of dowel pin. Tighten bolt to 18N-m (159 Ibs.in.).

(9) Install timing chain tensioner (Refer to 9 -
ENGINE/VALVE TIMING/TIMING BELT/CHAIN
AND SPROCKETS - INSTALLATION).

(10) Inspect/Set basic position of camshafts (Refer
to 9 - ENGINE/CYLINDER HEAD/CAMSHAFT(S) -
STANDARD PROCEDURE).

(11) Install cylinder head cover (Refer to 9 -
ENGINE/CYLINDER HEAD/CYLINDER HEAD
COVER(S) - INSTALLATION).

NOTE: Refer to the appropriate injector servicing
procedures for cleaning of injectors and recesses.

(12) Clean and install injectors (Refer to 14 -
FUEL SYSTEM/FUEL INJECTION/FUEL INJEC-
TOR - STANDARD PROCEDURE), (Refer to 14 -
FUEL SYSTEM/FUEL INJECTION/FUEL INJEC-
TOR - INSTALLATION).

(13) Reconnect negative battery cable.

WARNING: USE EXTREME CAUTION WHEN THE
ENGINE IS OPERATING. DO NOT STAND IN A
DIRECT LINE WITH THE FAN. DO NOT PUT YOUR
HANDS NEAR THE PULLEYS, BELTS OR FAN. DO
NOT WEAR LOOSE CLOTHING.

(14) Start engine and inspect for leaks.
(15) Install engine cover (Refer to 9 - ENGINE
COVER - INSTALLATION).

ENGINE BLOCK

STANDARD PROCEDURE

STANDARD PROCEDURE - REPLACING ENGINE
CORE AND OIL GALLERY PLUGS

Using a blunt tool such as a drift and a hammer,
strike the bottom edge of the cup plug. With the cup

plug rotated, grasp firmly with pliers or other suit-
able tool and remove plug (Fig. 13).

9209-41

Fig. 13 Core Hole Plug Removal

- CYLINDER BLOCK

- REMOVE PLUG WITH PLIERS
- STRIKE HERE WITH HAMMER
- DRIFT PUNCH

- CUP PLUG
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CAUTION: Do not drive cup plug into the casting as
restricted cooling can result and cause serious
engine problems.

Thoroughly clean inside of cup plug hole in cylin-
der block or head. Be sure to remove old sealer.
Lightly coat inside of cup plug hole with Mopar®
Stud and Bearing Mount. Make certain the new plug
is cleaned of all oil or grease. Using proper drive
plug, drive plug into hole so that the sharp edge of
the plug is at least 0.5 mm (0.020 in.) inside the
lead-in chamfer.

It is not necessary to wait for curing of the sealant.
The cooling system can be refilled and the vehicle
placed in service immediately.
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ENGINE BLOCK (Continued)

STANDARD PROCEDURE - MEASURING
CYLINDER BORES

NOTE: This must be done with engine completely
disassembled.

(1) Thoroughly clean all cylinder bores with appro-
priate cleaning solvent.

(2) Measure each cylinder at the three measuring
points shown (Fig. 14).

(3) Using the three measurment point, measure
cylinder in the longitudinal and in the transverse
direction (Fig. 14).

(4) Use the measurment and table below to group
cylinder bores:

88.0 mm
88.000-88.006 mm
88.006-88.012 mm
88.012-88.018 mm

0.020 mm

Standard size
Group code letter A
Group code letter X
Group code letter B

Wear limit in longitudinal
in transverse direction

Permissible variation of 0.000-0.014 mm
cylinder shape (when

new)

e ——— -
e \4—_@
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CRANKSHAFT

STANDARD PROCEDURE - MEASURE
CRANKSHAFT AND BLOCK JOURNALS

NOTE: After any bearing damage occurred, remove
all debris which is present in the main oil gallery,
connecting rod bores, and in the crankshaft and oil
galleries. Include removal of the inserting steel ball
of the main oil gallery before cleaning.

(1) Remove crankshaft (Refer to 9 - ENGINE/EN-
GINE BLOCK/CRANKSHAFT - REMOVAL).
(2) Clean all engine parts thoroughly.

CAUTION: After bearing has damage has occurred,
replace connecting rods which have suffered over-
heating because of bearing damage. The connecting
rod must not have any cross scores and notches.

(3) Inspect connecting rod. If damage is present,
inspect crankshaft, replace as necessary.

(4) Inspect crankcase.

(5) Inspect standard size of crankshaft bearing
shells.

(6) Inspect crankshaft bearing cap.

(7) Mount crankshaft radially.

(8) Inspect crankshaft bearing play.

. —— e

! !
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Fig. 14 MEASURING CYLINDER BORES

1 - MEASURING POINT OF CYLINDER BORE
2 - MEASURING POINT OF CYLINDER BORE
3 - MEASURING POINT OF CYLINDER BORE
la - UPPER REVERSAL POINT OF #1 PISTON RING

1b - BOTTOM DEAD CENTER OF PISTON

1c - BOTTOM REVERSAL POINT OF OIL SCRAPER RING
1A - LONGITUDINAL DIRECTION

1B - TRANSVERSE PDIRECTION
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NOTE: Radial mounting of the main bearings of
standard size crankshaft is possible by assigning
the color-coded bearing shells.

ASSIGN CRANKSHAFT BEARING SHELLS

The oil pan rail of the cylinder block is marked
with chisel punches indicating what bearing shell are
used.

(9) Assign crankshaft bearing shells.

(10) Mount crankshaft axially.

(11) Inspect crankshaft bearing play.

REMOVAL

(1) Remove engine (Refer to 9 -
REMOVAL).

(2) Remove timing case cover (Refer to 9 -
ENGINE/VALVE TIMING/TIMING BELT / CHAIN
COVER(S) - REMOVAL)

(3) Remove end cover.(Refer to 9 - ENGINE/EN-
GINE BLOCK/CRANKSHAFT OIL SEAL - REAR -
REMOVAL).

(4) Remove pistons (Refer to 9 - ENGINE/ENGINE
BLOCK/PISTON & CONNECTING ROD - REMOV-
AL).

ENGINE -

CAUTION: The crankshaft bearing caps are num-
bered consecutively, beginning with the first crank-
shaft bearing cap at the front of the engine.
Attention must be paid to the way crankshaft bear-
ing caps fit.

(5) Unbolt crankshaft bearing caps (Fig. 15).

(6) Inspect crankshaft bearing caps and bolts for
wear and stretching.

(7) Remove crankshaft.

INSTALLATION

CAUTION: Oil the bearing shells before inserting
crankshatft.

CAUTION: Oil grooves in the thrust washers must
point toward the thrust collars of the crankshaft.

CAUTION: Thrust washers in the bearing cap each
have two retaining lugs as a anti-twist lock.

CAUTION: Qil thread and head contact surfaces of
bolts that retain the crankshaft bearing caps;
tighten bolts from inside to outside, beginning at
the fit bearing. Rotate crankshaft to check clear-
ance.

(1) Install crankshaft.

80dcc207

Fig. 15 CRANKSHAFT ASSEMBLY

- BEARING HALVES IN ENGINE BLOCK

- THRUST WASHERS IN ENGINE BLOCK

- CRANKSHAFT

- BEARING HALVES IN MAIN BEARING CAPS
- MAIN BEARING CAPS

- THRUST WASHERS IN MAIN BEARING CAPS
- MAIN BEARING BOLTS

~NOoO O~ WNE

CAUTION: The crankshaft bearing caps are num-
bered consecutively, beginning with the first crank-

shaft bearing cap at the front of the engine.
Attention must be paid to the way the crankshaft
bearing caps fit.

(2) Install the crankshaft bearing caps.Tighten
bolts in two stages. 55N-m (40.5 Ibs ft), then 90°.

(3) Install the pistons (Refer to 9 - ENGINE/EN-
GINE BLOCK/PISTON & CONNECTING ROD -
INSTALLATION).

(4) Install the end cover (Refer to 9 - ENGINE/EN-
GINE BLOCK/CRANKSHAFT OIL SEAL - REAR -
INSTALLATION).

(5) Install the timing case cover (Refer to 9 -
ENGINE/VALVE TIMING/TIMING BELT / CHAIN
COVER(S) - INSTALLATION).
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CRANKSHAFT (Continued)

(6) Install the engine (Refer to 9 - ENGINE -
INSTALLATION).

(7) Fill the crankcase with the correct engine oil,
to the proper level. Refer to the owners manual for
specifications.

(8) Fill the cooling system with the proper coolant,
to the proper level (Refer to 7 - COOLING/ENGINE/
COOLANT - STANDARD PROCEDURE).

(9) Connect the negative battery cable.

WARNING: USE EXTREME CAUTION WHEN THE
ENGINE IS OPERATING. DO NOT STAND IN A
DIRECT LINE WITH THE FAN. DO NOT PUT YOUR
HANDS NEAR THE PULLEYS, BELTS, OR FAN. DO
NOT WEAR LOOSE CLOTHES.

(10) Start engine and inspect for leaks.

CRANKSHAFT OIL SEAL -
REAR

REMOVAL
This must be done with the transmission removed
from the vehicle.

(1) Disconnect the negative battery cable.
(2) Raise and support the vehicle.
(38) Drain the engine oil.

NOTE: Loosen all of the oil pan bolts to assure that
the oil pan gasket is not damaged when removing
the rear main oil seal and end cover assembly.

NOTE: Inspect the oil pan gasket for damage. If the
oil pan gasket is damaged, remove the oil pan and
replace the oil pan gasket.

(4) Loosen the oil pan bolts.
(5) Remove the flywheel.

CAUTION: Care must be taken when removing the
rear main seal and adaptor assembly. Failure to do
so will result in damage to the oil pan gasket.

(6) Remove the rear main seal/adaptor retaining
bolts and carefully pry the adaptor from the crank-
case at the adaptor shoulders (Fig. 16).

80dc2b74

Fig. 16 REAR MAIN SEAL/ADAPTER

- FLYWHEEL

- FLYWHEEL BOLTS

- SPECIAL TOOL 8944

- REAR CRANKSHAFT OIL SEAL

- REAR CRANKSHAFT SEAL ADAPTER
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6 - CRANKSHAFT

7 - ALIGNMENT DOWELS

8 - REAR CRANKSHAFT SEAL ADAPTER RETAINING BOLT
9 - OIL PAN TO REAR CRANKSHAFT SEAL ADAPTER
RETAINING BOLT
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CRANKSHAFT OIL SEAL - REAR (Continued)

INSTALLATION

NOTE: Thoroughly clean all mating surfaces with
the appropriate solvents to assure that no grease or
oil is present during reassembly.

NOTE: Carefully position the rear main seal/adaptor
evenly onto the assembly sleeve. The rear main oil
seal lip MUST NOT roll over the edge of the tool.

(1) Position the rear main oil seal/adaptor with
assembly sleeve onto the crankshaft so that the
dowel sleeves fit into the guide holes (Fig. 16). Care
must be taken so that the oil pan gasket is not dam-
aged.

(2) Install the rear main seal/adaptor to crankcase
bolts and tighten to 9-Nm (80 Ibs.in) (Fig. 16).

(3) Tighten the M6 oil pan bolts to 9N-m (80 Ibs
in) and the M8 bolts to 20 N-m (15 Ibs ft).

(4) Install the fly wheel and tighten bolts in two
stages (Fig. 16). 45N-m (33 Ibs. ft.) then 90°.

(5) Install the oil pan drain plug and tighten to
25N'm (18 lbs ft).

(6) Lower the vehicle.

(7) Fill the crankcase with the correct engine oil,
to the proper level. Refer to owners manual for spec-
ifications.

(8) Connect the negative battery cable.

WARNING: USE EXTREME CAUTION WHEN THE
ENGINE IS OPERATING. DO NOT PUT YOUR
HANDS NEAR THE PULLEYS, BELTS OR FAN. DO
NOT WEAR LOOSE CLOTHES.

(9) Start the engine and inspect for leaks.

CRANKSHAFT OIL SEAL -
FRONT

REMOVAL

(1) Disconnect the negative battery cable.
(2) Remove the accessory drive belt.

(3) Install the retaining lock for the crankshaft/

ring gear.

NOTE: If the hub of the belt pulley/vibration damper
is tight, use a puller to remove it. Do Not tilt the
puller. The groves of the puller MUST mesh fully
into the slots of the belt pulley.

NOTE: Inspect the running surface of the belt pulley
for wear.

(4) Remove the belt pully/vibration damper.

WG

CAUTION: Care must be taken to prevent severe
damage to the crankshaft and mounting whole for
the front crankshaft seal.

(5) Using a suitable prying tool, remove the front
crankshaft seal from the timing cover (Fig. 17).

80e20aea

Fig. 17 FRONT SEAL REMOVAL/INSTALLATION

1 - FRONT CRANKSHAFT OIL SEAL

2 - SEAL INSTALLER SPECIAL TOOL #8936
3 - WASHER

4 - RETAINING BOLT

INSTALLATION

NOTE: Thoroughly clean all mating surfaces with
the appropriate solvents to assure that no grease or
oil is present during reassembly.

NOTE: Carefully position the front crankshaft seal
evenly onto the timing cover.

(1) Install the front crankshaft seal.

(2) Install the belt pulley/vibration damper (Refer
to 9 - ENGINE/ENGINE BLOCK/VIBRATION
DAMPER - INSTALLATION).

(3) Remove the retaining lock for the crankshaft/
ring gear.

(4) Install the accessory drive belt (Refer to 7 -
COOLING/ACCESSORY DRIVE/DRIVE BELTS -
INSTALLATION).

(5) Reconnect the negative battery cable.
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CRANKSHAFT OIL SEAL - FRONT (Continued)

(6) Fill the crankcase with the correct engine oil to
the proper level.

WARNING: USE EXTREME CAUTION WHEN THE
ENGINE IS OPERATING. DO NOT STAND IN A
DIRECT LINE WITH THE FAN. DO NOT PUT YOUR
HANDS NEAR THE PULLEYS, BELTS OR FAN. DO
NOT WEAR LOOSE CLOTHES.

(7) Start the engine and inspect for leaks.

FLYWHEEL

REMOVAL

(1) Remove transmission (Refer to 21 - TRANS-
MISSION/TRANSAXLE/AUTOMATIC - W5J400 -
REMOVAL).

NOTE: M6x90 bolts must be used with retaining
lock to prevent damage to rear end cover.

(2) Install lock for crankshaft/starter

ring gear.

retaining

NOTE: Flywheel does not need balancing or should
it be interchanged.

(3) Remove flywheel with both inner and outer
washers (Fig. 18).

INSTALLATION

NOTE: A flex rod torque wrench must not be used
in order to avoid angle errors when tightening to
degrees.

() Align flywheel and inner and outer washers
with straight pin. Tighten bolts in two stages. 45N-m
(33 Ibs. ft.) then 90°.

(2) Remove the retaining lock from the crankshaft/
starter ring gear.

(3) Install clutch.

(4) Install transmission (Refer to 21 - TRANSMIS-
SION/TRANSAXLE/AUTOMATIC - W5J400 -
INSTALLATION).

(5) Connect negative battery cable.

WARNING: USE EXTREME CAUTION WHEN THE
ENGINE IS IN OPERATION. DO NOT STAND IN A
DIRECT LINE WITH THE FAN. DO NOT PUT YOUR
HANDS NEAR THE PULLEYS, BELTS OR FAN. DO
NOT WEAR LOOSE CLOTHES.

(6) Start the vehicle.

80e1d585

Fig. 18 FLYWHEEL ASSEMBLY

- SPECIAL TOOL #8932 CRANKSHAFT LOCK
- RETAINING BOLTS

- ALIGNMENT PIN

- WASHER

- FLYWHEEL

- FLYWHEEL

- FLYWHEEL BOLT

PISTON & CONNECTING ROD
DESCRIPTION

The pistons are of a free floating design. Qil jets in
the engine block lubricate and cool the piston and pin
assembly. The connecting rods have a pressed in
place wrist pin bushing which is lubricated by the oil
jets (Fig. 19).

~NoOoobhwNE

STANDARD PROCEDURE

STANDARD PROCEDURE - CHECKING AND
REPAIRING CONNECTING RODS

NOTE: Connecting rods with blue discoloration,
cross scores or notches must be replaced. Com-
pensate for different weights by milling off the bal-
ancing weight.

(1) Inspect connecting rod for discoloring, cross
scores and notches.
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PISTON & CONNECTING ROD (Continued)

(4) Measure connecting rod bushing inner diame-
ter (Fig. 20).

(5) Inspect wristpin bushing.

(6) Measure piston pin end play in connecting rod
bushing.

(7) Measure peak to valley height of connecting
rod bushing on inside.

80c6c8fe

Fig. 19 PISTON AND CONNECTING ROD ASSEMBLY /

1 - PISTON PIN

2 - PISTON

3 - SNAP RING N\ 80046280

4 - CONNECTING ROD ALIGNMENT NUMBERS

5 - CONNECTING ROD BOLT .

6 - CONNEGTING ROD BEARING Fig. 20 MEASURING CONNECTING RODS

7 - CONNECTING ROD

8 - SNAP RING CONNECTING ROD SPECIFICATIONS

NOTE: Connecting rod and bearing cap are marked Distance between middle

in sets and attached with two sleeves. connecting rod bore to 148.970 mm to 149.030
connecting rod bushing mm

(2) Bolt connecting rod bearing cap to connecting
rod. Tighten connecting rod bearing caps to initial : :
specification (Refer to 9 - ENGINE/ENGINE BLOCK/ | Width of connecting rod

bore

PISTON & CONNECTING ROD - INSTALLATION).  |bearing boreat 21.940 mm to 22 mm
connecting rod bushing

NOTE: If the maximum permissible diameter is bore

exceeded, grind off contact surface of connecting Connecting rod bearing 51.600 mm to 51.614

rod bearing cap by a Maximum of 0.02mm. shell basic bore mm

Allowable out-of-
roundness and taper of .020 mm
basic bore

(3) Using a dial indicator, measure connecting rod
bearing basic bore, repair as necessary (Fig. 20).

NOTE: If excessive wear is present, press in new
connecting rod bushings.
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PISTON & CONNECTING ROD (Continued)

Distance between middle
connecting rod bore to 148.970 mm to 149.030
connecting rod bushing mm

bore

Allowable twist of
connecting rod bearing
bore to connecting rod
bushing bore over a
length of 100 mm

.100 mm

Allowable variation of
axial parallelism of
connecting rod bearing
bore to connecting rod
bushing bore over a
length of 100 mm

Allowable difference in
weight of complete
connecting rod of an
engine

.045 mm

29

Connecting rod inner

. 30.018 to 30.024 mm
bushing

Connecting rod outer 32.575 mm to 32.600
bushing mm

Connecting rod basic 32.500 mm to 32.525
bore mm

Piston pin play in
connecting rod
Peak-to-Valley height

(Rz) of connecting rod 5
bushing on inside

Connecting rod bolt
thread

.018 mm to .024 mm

M8 x 1

STANDARD PROCEDURE - MEASURING
PISTON PROTRUSION

After replacing the pistons/connecting rods or
machining the engine block contact surface, it is then
necessary to measure the piston protrusion.

Measure protrusion between piston crown and cyl-
inder head contact surface without the head gasket
installed. The measurment must be carried out in
the direction of the piston pin in order to eliminate
piston rock.

(1) Measure piston protrusion at the two measur-
ing points (arrows) (Fig. 21).

Piston protrusion with new crankcase should be
0.38 - 0.62 mm.

REMOVAL

(1) Disconnect the negative battery cable.

(2) Remove the engine (Refer to 9 - ENGINE -
REMOVAL).
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Fig. 21 MEASURING PISTON PROTRUSION
1 - PISTON PROTRUSION MEASUREMENT

(3) Remove the cylinder head (Refer to 9 -
ENGINE/CYLINDER HEAD - REMOVAL).

(4) Remove the oil pan (Refer to 9 - ENGINE/LU-
BRICATION/OIL PAN - REMOVAL).

(5) Push back on the chain tensioner and remove
the oil pump chain from the oil pump.

(6) Remove the oil pump.

NOTE: Mark the connecting rod and connecting rod
bearing cap to each other at the inlet side.

(7) Remove the connecting rod bearing cap.

NOTE: Do Not mix up the top and bottom connect-
ing rod bearing shells.

(8) Mark the connecting rod bearing shell and the
connecting rod bearing cap to each other.
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PISTON & CONNECTING ROD (Continued)

NOTE: If the pistons are used, the direction of NOTE: DO NOT mix up the top and bottom connect-
travel arrows and the marking of the pistons may ing rod bearing shells.

no longer be visible because of carbon deposits.

The carbon deposits on the pistons must be (10) Mark the connecting rod bearing shell and
removed. connecting rod to each other.

CAUTION: Care must be taken not to damage the

NOTE: If the arrows indicating the driving direction piston.
on the piston are no longer visible, they must be
marked again. (11) Remove the piston pin circle clip. (Fig. 22).

(12) Press the piston pin out of the piston and con-
(9) Remove the connecting rod together with the necting rod bushing. (Fig. 22).
piston through the top of the engine. (13) Inspect the connecting rod for wear and dam-
age.

80dcd8db

Fig. 22 PISTON AND CONNECTING ROD ASSEMBLY

- PISTON PIN CIRCLIP 5 - CONNECTING ROD CAP

- PISTON PIN 6 - CONNECTING ROD BOLTS
- PISTON ASSEMBLY 7 - ENGINE BLOCK

- CONNECTING ROD AND CAP ALIGNMENT MARKS

A WOWN R
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PISTON & CONNECTING ROD (Continued)

INSTALLATION

(1) Assign piston to the cylinder bore.
(2) Using the appropriate clean engine oil, oil pis-
ton pin and connecting rod bushing.

CAUTION: Assemble the piston and connecting rod
so that the arrow is pointing in the direction of
travel (in the opposite direction of power flow). The
marking on the connecting rod is pointing toward
the inlet side.

(3) Assemble piston and connecting rod (Fig. 23).
(4) Insert piston pin by hand (Fig. 23).

CAUTION: Care must be taken not to damage the
piston.

(5) Insert circle clip of piston pin into groove on
piston (Fig. 23).

80e17e21

Fig. 23 PISTON AND CONNECTING ROD ASSEMBLY

1 - CIRCLE CLIP

- PISTON PIN

- PISTON ASSEMBLY

- CONNECTING ROD ALIGNMENT MARKINGS
- CONNECTING ROD BOLTS

- CONNECTING ROD CAP

- CONNECTING ROD

~NooabhwnN

(6) Using the appropriate clean engine oil, clean
the cylinder bores, connecting rod bearing journals,
connecting rod bearing shells and pistons.

CAUTION: Offset the piston ring gaps by 120°.

(7) Position a ring compressor over piston and
rings. Tighten ring compressor (Fig. 24). Ensure

ENGINE 9 -37

that ring position does not change during this
operation.

CAUTION: Rotate the crankshaft sufficiently so that
the connecting rod does not touch the connecting
rod journal when the piston is pushed onto the cyl-
inder bore.

(8) Install piston with arrow pointing in the direc-
tion of travel (in the opposite direction to power flow)
(the marking on the connecting rod should be point-
ing toward the inlet side). (Fig. 24).

(9) Clean and inspect the connecting rod bolts.

CAUTION: Assure that the correct top and bottom
connecting rod bearings shells are used in accor-
dance with the markings.

CAUTION: The anti-twist locks of the connecting
rod bearing shells must be located in the slots of
the connecting rod bearing caps.

(10) Insert connecting rod bearing shell into con-
necting rod bearing cap.

CAUTION: The markings on the connecting rod and
connecting rod cap must be lined up.

(11) Install connecting rod bearing cap. Tighten
bolts in 3 stages, 5N-m (44 Ibs in), 25N-m (221 Ibs
in), 90°.

(12) Rotate crankshaft fully and check the clear-
ance.

(13) Install oil pump (Refer to 9 - ENGINE/LU-
BRICATION/OIL PUMP - INSTALLATION).

(14) Install engine oil pan and oil pan drain plug
(Refer to 9 - ENGINE/LUBRICATION/OIL PAN -
INSTALLATION).

CAUTION: Install a cylinder head gasket of standard
thickness or a cylinder head gasket of repair thick-
ness depending on piston projection.

(15) Measure piston projection (Refer to 9 -
ENGINE/ENGINE BLOCK - STANDARD PROCE-
DURE).

(16) Install cylinder head (Refer to 9 - ENGINE/
CYLINDER HEAD - INSTALLATION).

(17) Install engine (Refer to 9 -
INSTALLATION).

(18) Fill the crankcase with correct engine oil, to
proper level. Refer to owners manual for specifica-
tions.

(19) Fill the cooing system with proper coolant, to
the proper level (Refer to 7 - COOLING/ENGINE/
COOLANT - STANDARD PROCEDURE).

(20) Connect negative battery cable.

ENGINE -
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PISTON & CONNECTING ROD (Continued)

80e17e25

Fig. 24 PISTON AND CONNECTING ROD INSTALLATION

1 - PISTON RING COMPRESSOR 6 - CONNECTING ROD
2 - WOOD HAMMER HANDLE 7 - CIRCLE CLIP

3 - CONNECTING ROD ALIGNMENT MARKINGS 8 - PISTON PIN

4 - CONNECTING ROD BOLTS 9 - PISTON ASSEMBLY
5 - CONNECTING ROD CAP

WARNING: USE EXTREME CAUTION WHEN THE
ENGINE IS OPERATING. DO NOT STAND IN A
DIRECT LINE WITH THE FAN. DO NOT PUT YOUR
HANDS NEAR THE PULLEYS, BELTS, OR FAN. DO
NOT WEAR LOOSE CLOTHES.

(21) Start the engine and inspect for leaks.

PISTON RINGS

STANDARD PROCEDURE - PISTON RING
FITTING

(1) Carefully clean the carbon from all ring
grooves. Oil drain openings in the oil ring groove and
pin boss must be clear. DO NOT remove metal from
the grooves or lands. This will change ring-to-groove
clearances and will damage the ring-to-land seating.

(2) Be sure the piston ring grooves are free of
nicks and burrs.

(3) Measure the ring side clearance with a feeler 805887
gauge fitted snugly between the ring land and ring
(Fig. 25). Rotate the ring in the groove. It must move Fig. 25 Ring Side Clearance Measurement
freely around circumference of the groove. 1 - FEELER GAUGE
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PISTON RINGS (Continued)
RING SIDE CLEARANCE CHART
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RING GAP MEASUREMENT CHART

ITEM SPECIFICATION

ITEM SPECIFICATION

Top Compression Ring 0.012 - 0.016 mm

(0.0047 - 0.0063 in.)

Top Compression Ring 0.229 - 0.610 mm

(0.0090 - 0.0240 in.)

Second Compression 0.05 - 0.09 mm

Ring
(0.0019 - 0.0035 in.)

Second Compression
Ring

0.483 - 0.965 mm

(0.0190 - 0.080 in.)

Oil Control Ring 0.03 - 0.07 mm

(0.0011 - 0.0027 in.)

Qil Control Ring 0.254 - 1.500 mm

(0.010 - 0.060 in.)

(4) Place ring in the cylinder bore and push down
with inverted piston to position near lower end of the
ring travel. Measure ring gap with a feeler gauge fit-
ting snugly between ring ends (Fig. 26).

805dd892

Fig. 26 Gap Measurement
1 - FEELER GAUGE

(5) The oil control rings are symmetrical, and can
be installed with either side up. It is not necessary to
use a tool to install the upper and lower rails. Insert
oil rail spacer first, then side rails.

(6) Using a ring expander, install compression
rings with manufactures designation pointing toward
piston crown (Fig. 27).

D

(RLARIA
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® b

19009-47

Fig. 27 Compression Ring Installation

1 - COMPRESSION RING
2 - RING EXPANDER RECOMMENDED
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PISTON RINGS (Continued)

Ring Gap Orientation

e Position the gaps on the piston as shown (Fig.
28).

e Oil spacer - Gap on center line of piston skirt.

e Oil rails - gap 180° apart on centerline of piston
pin bore.

e No. 2 Compression ring - Gap 120° from top oil
rail gap.

e No. 1 Compression ring - Gap 120° from No. 2
compression ring gap.

/®

RING GAP POSITION MAY
VARY +20° FROM POSI-
TION ILLUSTRATED

80a7233¢

Fig. 28 Ring Gap Orientation

- TOP COMPRESSION RING

- BOTTOM COMPRESSION RING

- TOP OIL CONTROL RAIL

- OIL RAIL SPACER

- BOTTOM OIL CONTROL RAIL

- IMAGINARY LINE PARALLEL TO PISTON PIN

- IMAGINARY LINE THROUGH CENTER OF PISTON SKIRT

VIBRATION DAMPER
REMOVAL

(1) Disconnect negative battery cable.

(2) Remove accessory drive belt (Refer to 7
COOLING/ACCESSORY DRIVE/DRIVE BELTS
REMOVAL).

(3) Install retaining lock for crankshaft/ring gear
(Fig. 29).

(4) Remove crankshaft center bolt and washer
(Fig. 29).

~NOoO O~ WNE

NOTE: If hub of belt pulley/vibration damper is
tight, use puller to remove. DO NOT tilt puller when
in use. Grooves of the puller must mesh fully into
the slots of the belt pulley.

(5) Remove the belt pulley/vibration damper (Fig.
29).

80e48c84

Fig. 29 VIBRATION DAMPER/CRANKSHAFT PULLEY

1 - SPECIAL TOOL #8932

- RETAINING BOLTS

- VIBRATION DAMPER/CRANKSHAFT PULLEY
- WASHER

- CRANKSHAFT BOLT

abwnN

NOTE: If grooves can be felt in the belt pulley/vibra-
tion damper during inspection, the pulley/damper
must be replaced.

(6) Inspect hub at belt pulley/vibration damper for
wear grooves.
(7) Replace front crankshaft seal.
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VIBRATION DAMPER (Continued)
INSTALLATION

NOTE: Align parallel key, fix in place with grease.
Turn to ensure the slot is aligned with parallel key
in crankshatt.

NOTE: Front crankshaft seal must be replaced
before installing the belt pulley/vibration damper.

(1) Position the belt pulley/vibration damper.

(2) Install crankshaft center bolt and washer.
Tighten bolt in two stages. M8.8 bolt to 200N-m (148
Ibs. ft.) then 90°, M10.9 bolt to 325N-m (240 Ibs. ft.)
then 90°.

NOTE: Inspect accessory drive belt for
Replace as necessary.

wear.

(3) Install accessory drive belt (Refer to 7 - COOL-
ING/ACCESSORY DRIVE/DRIVE BELTS - INSTAL-
LATION).

(4) Reconnect negative battery cable.

WARNING: USE EXTREME CAUTION WHEN THE
ENGINE IS IN OPERATION. DO NOT STAND IN A
DIRECT LINE WITH THE FAN. DO NOT PUT YOUR
HANDS NEAR THE PULLEYS, BELTS OR FAN. DO
NOT WEAR LOOSE CLOTHING.

(5) Start vehicle and inspect for leaks.

VACUUM PUMP
DESCRIPTION

The vacuum pump is operated by a slotted exten-
sion attached to the vacuum pump shaft. The vac-
uum pump shaft slotted extension fits into, and is
driven by, the exhaust camshaft gear.

The vacuum pump is a constant displacement,
vane-type pump. Vacuum is generated by vanes
mounted in the pump rotor. The rotor is located in
the pump housing and is pressed onto the pump
shaft.

The vacuum pump rotating components are inter-
nally lubricated.

The vacuum pump is not serviceable and must be
replaced as a unit. Do not disassemble or attempt to
repair the pump.

OPERATION

Vacuum pump output is transmitted to the Heater,
Electronic, Vacuum, Air Conditioner (HEVAC) and
speed control, systems through a supply hose. The
hose is connected to an outlet port on the pump hous-

ing and uses an in-line check valve to retain system
vacuum when vehicle is not running.

Pump output ranges from a minimum of 8.5 to 25
inches vacuum.

The pump rotor and vanes are rotated by the pump
drive gear. The drive gear is operated by the exhaust
camshaft gear.

REMOVAL

(1) Disconnect negative battery cable.

(2) Remove engine cover (Refer to 9 - ENGINE -
REMOVAL).

(38) Partailly drain coolant system (Refer to 7 -
COOLING/ENGINE/COOLANT - STANDARD PRO-
CEDURE).

(4) Disconnect viscous heater line and set aside.

(5) Disconnect cooling fan, power steering line and
set aside.

(6) Remove vacuum line at vacuum pump.

NOTE: Observe position of driver on rear of pump.

(7) Remove vacuum pump and seals (Fig. 30).
(8) Clean all sealing surfaces.

80e1d2fa

Fig. 30 VACUUM PUMP AND LOW PRESSURE FUEL
PUMP ASSEMBLIES

- VACUUM LINE

- FUEL OUTLET LINE

- FUEL FEED LINE

- LOW PRESSURE FUEL PUMP
- VACUUM PUMP

O WOWNBE
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VACUUM PUMP (Continued)
INSTALLATION

(1) Clean all sealing surfaces.

(2) Position driver on rear of pump and install vac-
uum pump with new seals. Tighten bolts to 14N-m
(124 1Ibs. in.).

(3) Install vacuum line to vacuum pump.

(4) Reconnect cooling fan , power steering hose.

(5) Reconnect viscous heater pipe.

(6) Install engine cover (Refer to 9 - ENGINE -
INSTALLATION).Tighten screws to 10 N-m (89 Ibs.
in.).

(7) Connect negative battery cable.

(8) Refill coolant system with correct mixture to
proper level (Refer to 7 - COOLING/ENGINE/COOL-
ANT - STANDARD PROCEDURE).

WARNING: USE EXTREME CAUTION WHEN THE
ENGINE IS OPERATING. DO NOT STAND IN A
DIRECT LINE WITH THE FAN. DO NOT PUT YOUR
HANDS NEAR THE PULLEYS, BELTS OR FAN. DO
NOT WEAR LOOSE CLOTHES.

(9) Start the engine and inspect for leaks.

OIL
REMOVAL - OIL SEPARATOR

(1) Disconnect breather hose.
(2) Remove the separator retaining bolts
(3) Twist to remove oil separator from cover.

INSTALLATION - OIL SEPARATOR

(1) Lubricate the oil separator o - ring with clean
engine oil.

(2) Position separator above cover and apply down-
ward pressure to seat.

(3) Install retaining bolts and tighten to 8N-m (70
Ibs. in.).

(4) Connect breather hose.

OIL JET
DESCRIPTION

There are five oil jets installed in the engine block
(Fig. 31). These oil jets are used to cool and lubricate
the piston assemblies.

REMOVAL

The engine must be removed from the vehicle and
completely dissassembled to replace the oil jets.

(1) Remove engine from vehicle.

(2) Completely dissassemble engine.

(3) Using an extraction claw and a slide hammer,
remove the oil jets from engine block.

80eda7da
Fig. 31 OIL JET LOCATION

1 - ENGINE BLOCK
2 - OIL JET

INSTALLATION
(1) Install oil jet into special tool #8924.
(2) Align oil jet in location in engine block.
(3) Drive oil jets into block using special tool #8924
until oil jet is fully seated into engine block (Fig. 32).
(4) Reassemble engine.
(5) Install engine into vehicle.

80eda7de

Fig. 32 OIL JET INSTALLATION

1 - OIL JET INSTALLER #8942
2 - ENGINE BLOCK
3-OIL JET
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OIL PAN
REMOVAL

(1) Disconnect negative battery cable.

(2) Raise and support vehicle.

(3) Drain engine oil.

(4) Remove engine cover (Refer to 9 - ENGINE -
REMOVAL).

NOTE: Oil pan bolts are different diameters and
lengths and must be installed in their proper position.

(5) Remove oil pan bolts, oil pan and gasket.

INSTALLATION

NOTE: Thoroughly clean all mating surfaces with
the appropriate solvents to assure that no grease or
oil is present during reassembly.

NOTE: Oil pan bolts are different diameters and
lengths. They must be installed in the proper position.

(1) Install the oil pan. Tighten M6 bolts to 9N-m
(80 Ibs. in.) and M8 bolts to 20N-m (15 Ibs. ft.).

(2) Refill crankcase with the proper engine oil to
the proper level. Refer to owners manual for specifi-
cation.

(3) Reconnect negative battery cable.

WARNING: USE EXTREME CAUTION WHEN THE
ENGINE IS OPERATING. DO NOT PUT YOUR
HANDS NEAR THE PULLEYS, BELTS OR FAN. DO
NOT WEAR LOOSE CLOTHES.

(4) Start the engine and inspect for leaks.

OIL PUMP

REMOVAL
REMOVAL

(1) Disconnect negative battery cable.

(2) Remove oil pan (Refer to 9 - ENGINE/LUBRI-
CATION/OIL PAN - REMOVAL).

(3) Unbolt oil pump from crankcase.

(4) Press chain tensioner off oil pump chain and
remove oil pump (Fig. 33).

REMOVAL- OIL PUMP CHAIN

(1) Disconnect negative battery cable.

(2) Remove oil pan (Refer to 9 - ENGINE/LUBRI-
CATION/OIL PAN - REMOVAL).

80e1b783
Fig. 33 OIL PUMP ASSEMBLY

1 - OIL PUMP CHAIN

2 - OIL PUMP CHAIN TENSIONER
3 - O-RING

4 - OIL PUMP

(3) Remove oil pump (Refer to 9 - ENGINE/LU-
BRICATION/OIL PUMP - REMOVAL).

(4) Using special tool #8948, position and fit chain
seperating tool and thrust spindle onto a link of the
oil pump chain (Fig. 34).

80e46d63

Fig. 34 OIL PUMP CHAIN LINK REMOVAL

1 - VIBRATION DAMPER/PULLEY
2 - OIL PUMP CHAIN
3 - SPECIAL TOOL #8948
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OIL PUMP (Continued)

(5) Screw the thrust pin in and seperate the oil
pump chain link.

(6) Remove pressed - out oil pump chain pin from
chain seperation tool.

CAUTION: IT IS ESSENTIAL that the installation pro-
cedure for the oil pump chain is followed exactly.

Failure to do so will result in severe engine dam-
age.

INSTALLATION
INSTALLATION

NOTE: Clean strainer of oil pump. If oil pump is dry,
fill with appropriate engine oil.

(1) Position oil pump and install oil pump chain.

(2) Install oil pump and seal.Tighten bolts to
18N-m (159 Ibs. in.).

(3) Install oil pan (Refer to 9 - ENGINE/LUBRI-
CATION/OIL PAN - INSTALLATION).

(4) Fill crankcase to proper level with correct
engine oil. Refer to owners manual for specification.

(5) Reconnect negative battery cable.

WARNING: USE EXTREME CAUTION WHEN ENGINE
IS OPERATING. DO NOT PUT YOUR HANDS NEAR
PULLEYS, BELTS OR FAN. DO NOT WEAR LOOSE
CLOTHES.

(6) Start engine and inspect for leaks.

INSTALLATION - OIL PUMP CHAIN

CAUTION: IT IS ESSENTIAL that the installation pro-
cedure is followed exactly. Failure to do so will
result in severe engine damage.

(1) Connect old oil pump chain and new chain with
temporary link, outer plate and locking element (Fig.
35).

(2) Slowly rotate crankshaft in a clockwise direc-
tion until it is possible to connect the ends of the new
and old oil pump chains.

(3) Remove assembly locking element, outer plate
and assembly link (Fig. 36).

80e46dc5

Fig. 35 INSTALLING OIL PUMP CHAIN TEMPORARY
LINK

- VIBRATION DAMPER/CRANKSHAFT PULLEY
- OLD OIL PUMP CHAIN

- NEW OIL PUMP CHAIN

- TEMPORARY LINK
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Fig. 36 REMOVING OIL PUMP CHAIN TEMPORARY
LINK
1 - NEW OIL PUMP CHAIN

2 - OLD OIL PUMP CHAIN
3 - TEMPORARY LINK
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OIL PUMP (Continued)

CAUTION: Insert new riveted link from the rear.

(4) Connect ends of new oil pump chain with new
riveted link (Fig. 37).

80e46f42

Fig. 37 INSTALLING NEW RIVETED LINK

1 - NEW RIVETED LINK
2 - OIL PUMP CHAIN

NOTE: When assembling riveting tool, one piece is
secured by a screw and the other can move loosely
on the thrust spindle.

(5) Assemble riveting tool by attaching inserts.
(Fig. 38).

NOTE: The outer plate will be held in place by a
magnet.

(6) Place new outer plate into tool insert.

NOTE: Ensure that the riveted link and riveting tool
are aligned.

(7) Position riveting tool over new link and press
in new rivet as far as the tool stop.

(8) Remove riveting tool to change inserts.

(9) Install insert on riveting tool and secure with
screw.

(10) Install insert on riveting tool (Fig. 39).

NOTE: The outer plate is held in place magnetically
by riveting tool.

(12) Insert new outer plate into the moving assem-
bly insert.

80e18a18

Fig. 38 INSTALLING ASSEMBLY INSERTS INTO
RIVETING TOOL

1 - SPECIAL TOOL #8947
2 - SPECIAL TOOL #8952

80e18a1d

Fig. 39 INSTALLING RIVETING INSERTS INTO
RIVETING TOOL

1 - SPECIAL TOOL #8947
2 - SPECIAL TOOL #8949

(12) Position riveting tool so that spacer webs of
the guide are side by side.

(13) Ensure that riveted link and outer plate are
aligned.

NOTE: When turning spindle of riveting tool, be
sure that pins of riveted link are inserted into holes
of outer plate.
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(14) Screw in spindle of riveting tool until firm
resistance is felt.

(15) Remove riveting tool.

(16) Turn over tool moving assembly insert to the
riveting profile.

NOTE: Rivet pins of the riveted link individually.

(17) Position riveting tool exactly over middle of
pin (Fig. 40).
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Fig. 40 RIVETING NEW LINK

1 - RIVETING TOOL
2 - OIL PUMP CHAIN

(18) Tighten riveting tool spindle until it stops.

(19) Remove riveting tool, inspect riveting, rerivet
if necessary (Fig. 41).

(20) Repeat procedure for both rivets.

(21) Install oil pump (Refer to 9 - ENGINE/LU-
BRICATION/OIL PUMP - INSTALLATION).

(22) Install oil pan (Refer to 9 - ENGINE/LUBRI-
CATION/OIL PAN - INSTALLATION).

(23) Refill engine with proper oil to the correct
level.

(24) Connect negative battery cable.

WARNING: USE EXTREME CAUTION WHEN THE
ENGINE IS OPERATING. DO NOT STAND IN DIRECT
LINE WITH FAN. DO NOT PUT YOUR HANDS NEAR
THE PULLEYS, BELT OR FAN. DO NOT WEAR
LOOSE CLOTHES.

(25) Start engine and inspect for leaks.

WG

80e1834d

Fig. 41 RIVET INSPECTION
OIL COOLER & LINES

REMOVAL - OIL COOLER

(1) Disconnect negative battery cable.

(2) Remove engine cover (Refer to 9 - ENGINE -
REMOVAL).

(3) Unscrew oil filter housing cap.

(4) Raise and suitably support vehicle.

WARNING: DO NOT OPEN COOLING SYSTEM
UNLESS TEMPERATURE IS BELOW 90°C (194°F).
OPEN CAP SLOWLY TO RELEASE PRESSURE.
STORE COOLANT IN A MARKED AND SUITABLE
CONTAINER. WEAR PROTECTIVE GLOVES, CLOTH-
ING AND EYE WEAR.

NOTE: Collect any residual fluids that may flow.

(5) Drain engine coolant.

(6) Remove fuel full-flow filter (Refer to 14 - FUEL
SYSTEM/FUEL DELIVERY/FUEL FILTER / WATER
SEPARATOR - REMOVAL).

(7) Remove coolant hose from
exchanger.

(8) Remove holts attaching exhaust heat exchanger
to cylinder head.

(9) Remove air charge distribution pipe (Refer to
11 - EXHAUST SYSTEM/TURBOCHARGER SYS-
TEM - REMOVAL).

(10) Remove coolant
exchanger.

exhaust heat

hose at oil-water heat

NOTE: Collect any residual fluids that may flow.



WG

ENGINE 9 -47

OIL COOLER & LINES (Continued)

(11) Remove automatic transmission fluid line at
oil-water heat exchanger.

(12) Remove oil-water heat exchanger at timing
case cover.

INSTALLATION - OIL COOLER

(1) Install oil cooler to timing case cover. Tighten
bolts to 15 N-m (132 Ibs. in.).

(2) Install transmission fluid lines to oil cooler.

(3) Install coolant hose to oil cooler.

(4) Install air charge distribution pipe (Refer to 11
- EXHAUST SYSTEM/TURBOCHARGER SYSTEM -
INSTALLATION).

(5) Install bolts attaching exhaust heat exchanger
to cylinder head.

G

(6) Install
exchanger.

(7) Install fuel full-flow filter (Refer to 14 - FUEL
SYSTEM/FUEL DELIVERY/FUEL FILTER / WATER
SEPARATOR - INSTALLATION).

(8) Close engine coolant drains.

(9) Install oil filter housing cap. Tighten to 25N-m
(181 Ibs. ft.).

(10) Install engine cover (Refer to 9 - ENGINE -
INSTALLATION). Tighten screws to 10N-m (89 Ibs.
in.).

(11) Refill coolant system to proper level with
properly mixed coolant (Refer to 7 - COOLING/EN-
GINE/COOLANT - STANDARD PROCEDURE).

(12) Check engine oil level, refill with proper
engine oil as necessary. Refer to owners manual for
specifications.

coolant hose from exhaust heat

WARNING: USE EXTREME CAUTION WHEN ENGINE
IS OPERATING. DO NOT PUT YOUR HANDS NEAR
PULLEYS, BELTS OR FAN. DO NOT WEAR LOOSE
CLOTHES.

(13) Start engine and inspect for leaks.
(14) Inspect engine oil level 2 minutes after turn-
ing engine off. Refill as necessary.

INTAKE MANIFOLD
DESCRIPTION - INLET PORT SHUT OFF

A swirl and a charge air inlet port each are pro-
vided in the intake manifold for each cylinder (Fig.
42). The charge air ports can be closed by means of
flaps. The flaps are connected to each other by link-
age, which is operated by the inlet port shut off
motor. The valves are held in position by means of
spring force.

80e4a219

Fig. 42 SENSOR LOCATION

1 - CRANKSHAFT POSITION SENSOR
2 - SWIRL ACTUATOR

OPERATION - INLET PORT SHUT OFF

With lower engine speed and load range, all charge
air ports are sealed off by way of flaps. The entire air
flow flows in only through the swirl inlet ports. This
results in a high air swirling which produces more
effective mixing of fuel with air, enhancing combus-
tion.

As engine speed and load rise, the charge inlet
ports are continuously opened to obtain the best pos-
sible ratio between air swirling and air mass for each
operating point. This optimizes engine power,
exhaust characteristics, and reduces soot.

The position of the flaps in the charge air ports is
determined by input received by the ECM (Engine
Control Module). The inlet port shut off motor
receives a PWM signal from the ECM for this pur-
pose. A direct current motor pushes the adjusting
lever into the correct position. If a fault or an open
circuit occurs, the flaps are opened.

REMOVAL

(1) Disconnect the negative battery cable.

(2) Remove the battery and tray (Refer to 8 -
ELECTRICAL/BATTERY SYSTEM/TRAY - REMOV-
AL).

(3) Raise and support vehicle.

(4) Remove lower radiator shield.

(5) Drain cooling system (Refer to 7 - COOLING/
ENGINE/COOLANT - STANDARD PROCEDURE).

(6) Lower vehicle.
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(7) Remove upper radiator hose.

(8) Remove charge air cooler hose.

(9) Disconnect engine wiring harness from bracket,
and remove engine cover bracket.

(10) Remove fuel filter and bracket assembly
(Refer to 14 - FUEL SYSTEM/FUEL DELIVERY/
FUEL FILTER / WATER SEPARATOR - REMOVAL).

(11) Disconnect viscous heater hose at intake man-
ifold.

(12) Disconnect air temperature and boost pres-
sure sensor wiring harness connectors.

(13) Disconnect throttle assembly connector.

(14) Remove rear engine cover bracket.

(15) Disconnect fuel rail electrical connectors.

(16) Remove brake booster to vacuum pump hose.

(17) Disconnect fuel pressure bleed line bolt.

(18) Remove EGR valve assembly (Refer to 25 -
EMISSIONS CONTROL/EXHAUST GAS RECIRCU-
LATION/VALVE - REMOVAL).

WARNING: HIGH PRESSURE FUEL LINES DELIVER
DIESEL FUEL UNDER EXTREME PRESSURE FROM
THE INJECTION PUMP TO THE FUEL INJECTORS.
THIS MAY BE AS HIGH AS 1600 BAR (23,200 PSI.
USE EXTREME CAUTION WHEN INSPECTING FOR
HIGH-PRESSURE FUEL LEAKS. FUEL UNDER THIS
AMOUNT OF PRESSURE CAN PENETRATE SKIN
CAUSING PERSONAL INJURY OR DEATH. WEAR
SAFTEY GOGGLES AND ADEQUATE PROTECTIVE
CLOTHING WHEN SERVICING FUEL SYSTEM.

(19) Disconnect high pressure fuel line at rear of
fuel rail.

(20) Disconnect fuel return line at rear of fuel rail.

(21) Remove high pressure fuel lines to fuel injec-
tors.

(22) Remove fuel rail (Refer to 14 - FUEL SYS-
TEM/FUEL INJECTION/FUEL INJECTOR -
REMOVAL).

(23) Disconnect cam position sensor and set fuel
injector wiring harness aside.

(24) Remove power steering reservoir.

(25) Snip the wire-tie retaining the engine wiring
harness to the lower portion of the intake manifold.

(26) Remove intake manifold support bracket.

(27) Disconnect engine controller wiring harness
connectors, including ground wire on left front wheel
opening, and set aside.

(28) Raise and support vehicle.

(29) Remove oil dip stick tube.

(30) Disconnect coolant temperature sensor.

(31) Lower vehicle and remove intake manifold
retaining bolts.

(32) Remove intake manifold and discard gasket.

INSTALLATION

(1) Clean both mating surfaces and install new
intake manifold gasket with intake manifold. Tighten
intake manifold bolts to 30N-m (22 Ibs. ft.) in a cross
directional pattern, beginning in the middle and
working towards the ends.

(2) Raise and support the vehicle.

(3) Reconnect coolant temperature sensor harness
connector.

(4) Install engine oil dip stick tube.

(5) Close coolant drain and install shield.

(6) Lower vehicle.

(7) Connect engine controller wiring harness includ-
ing the ground wire to the left front wheel opening.

(8) Install intake manifold support bracket.

(9) Secure the engine wiring harness to the under-
side of the intake manifold with a wire-tie.

(10) Install power steering reservoir.

(11) Connect cam position sensor harness connector.

(12) Install fuel rail (Refer to 14 - FUEL SYSTEM/
FUEL INJECTION/FUEL INJECTOR - INSTALLA-
TION).

(13) Install high pressure fuel lines to rail and
injectors (Refer to 14 - FUEL SYSTEM - WARNING).

(14) Connect high pressure fuel supply and return
lines to fuel rail (Refer to 14 - FUEL SYSTEM -
WARNING).

(15) Install EGR assembly (Refer to 25 - EMIS-
SIONS CONTROL/EXHAUST GAS RECIRCULA-
TION/VALVE - INSTALLATION).

(16) Secure fuel pressure bleed line.

(17) Install brake booster to vacuum pump hose.

(18) Connect fuel rail electrical connectors.

(19) Install engine cover rear bracket.

(20) Connect throttle assembly.

(21) Connect air temperature and boost pressure
sensor harness connectors.

(22) Connect viscous heater hose to intake mani-
fold.

(23) Install fuel filter and bracket assembly (Refer
to 14 - FUEL SYSTEM/FUEL DELIVERY/FUEL
FILTER / WATER SEPARATOR - INSTALLATION).

(24) Install front engine cover bracket and secure
wiring harness.

(25) Install charge air cooler hose.

(26) Install upper radiator hose.

(27) Install battery and tray assembly (Refer to 8 -
ELECTRICAL/BATTERY SYSTEM/TRAY - INSTAL-
LATION).

(28) Refill cooling system (Refer to 7 - COOLING/
ENGINE/COOLANT - STANDARD PROCEDURE).

(29) Install engine cover. (Refer to 9 - ENGINE -
INSTALLATION).

(30) Start engine and inspect for leaks (Refer to 14
- FUEL SYSTEM - WARNING).
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EXHAUST MANIFOLD
REMOVAL

WARNING: THE NORMAL OPERATING TEMPERA-
TURE OF THE EXHAUST SYSTEM IS VERY HIGH.
NEVER WORK AROUND OR ATTEMPT TO SERVICE
ANY PART OF THE EXHAUST SYSTEM UNTIL IT IS
COOL. CARE SHOULD BE TAKEN WHEN WORKING
NEAR THE TURBOCHARGER. THE TEMPERATURE
OF THE TURBOCHARGER RISES TO A HIGH LEVEL
AFTER A SHORT PERIOD OF ENGINE OPERATION
TIME.

(1) Remove the turbocharger (Refer to 11 -
EXHAUST SYSTEM/TURBOCHARGER SYSTEM -
REMOVAL).

(2) Remove the exhaust manifold front heat shield.

(3) Remove the exhaust manifold retaining nuts.

(4) Position the front exhaust pipe aside, remove
the exhaust manifold and discard gasket.

INSTALLATION

NOTE: Care must be taken not to allow any debris
to fall into the exhaust ports of the cylinder head
during cleaning.

(1) Clean the cylinder head and exhaust manifold
mating surfaces.

(2) Carefully position the exhaust manifold gasket
onto the cylinder head exhaust manifold mounting
studs.

(3) Position the exhaust manifold onto the cylinder
head and hand tighten the fasteners.

(4) Tighten the exhaust manifold retaining nuts, in
a cross pattern, to 29N-m (21 Ibs. ft.)) and then
retighten in the same sequence again.

(5) Install the exhaust manifold front exhaust heat
shield.

(6) Install the turbocharger (Refer to 11 -
EXHAUST SYSTEM/TURBOCHARGER SYSTEM -
INSTALLATION).

TIMING CHAIN COVER
REMOVAL

WARNING: DO NOT OPEN COOLING SYSTEM
UNLESS TEMPERATURE IS BELOW 90°c (194°F).
OPEN CAP SLOWLY TO RELEASE PRESSURE.
STORE COOLANT IN APPROVED CONTAINER
ONLY. RISK OF INJURY TO SKIN AND EYES FROM
SCALDING COOLANT. WEAR PROTECTIVE
GLOVES, CLOTHING AND EYE WEAR.

(1) Disconnect negative battery cable.

(2) Drain coolant (Refer to 7 - COOLING/ENGINE/
COOLANT - STANDARD PROCEDURE).

(3) Drain engine oil.

(4) Remove engine cover (Refer to 9 - ENGINE -
REMOVAL).

NOTE: Inspect condition of hoses and clamps,
replace as necessary.

(5) Detach coolant hoses on thermostat housing.

(6) Remove air intake hose.

(7) Remove air charge pipe together with air
charge hose.

(8) Remove hydraulic cooling fan (Refer to 7 -
COOLING/ENGINE/RADIATOR FAN - REMOVAL).

(9) Remove viscous heater hose and set aside.

WARNING: NO FIRE, OPEN FLAMES OR SMOKING.
SERVICE VEHICLE IN WELL VENTILATED AREAS
AND AVOID IGNITION SOURCES. RISK OF POISON-
ING FROM INHALING AND SWALLOWING FUEL.
RISK OF INJURY FROM SKIN AND EYE CONTACT
WITH FUEL. POUR FUELS ONLY INTO SUITABLE
AND APPROPRIATELY MARKED CONTAINERS.
WEAR PROTECTIVE CLOTHING WHEN HANDLING
FUEL.

(10) Remove fuel high pressure lines and injectors
(Refer to 14 - FUEL SYSTEM/FUEL INJECTION/
FUEL INJECTOR - REMOVAL).

(11) Remove cylinder head cover (Refer to 9 -
ENGINE/CYLINDER HEAD/CYLINDER HEAD
COVER(S) - REMOVAL).

NOTE: Rotate engine on crankshaft. DO NOT crank
the engine at the bolt of the camshaft sprocket.

NOTE: DO NOT crank engine back.

(12) Position piston of cylinder 1 to ignition TDC.
Markings on the camshaft bearing cap must be
aligned.

(13) Install retaining lock for crankshaft/starter
ring gear.

(14) Remove timing chain tensioner (Refer to 9 -
ENGINE/VALVE TIMING/TIMING BELT/CHAIN
AND SPROCKETS - REMOVAL)

(15) Release rail on bracket.

(16) Remove coolant thermostat (Refer to 7 -
COOLING/ENGINE/ENGINE COOLANT THERMO-
STAT - REMOVAL).

(17) Remove cylinder head front cover (Refer to 9 -
ENGINE/CYLINDER HEAD - REMOVAL).

(18) Remove belt pulley of power steering pump.

NOTE: NO NOT open the air conditioning system.
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(19) Unplug AC compressor electrical connector
and unbolt AC compressor. Relocate in lower engine
compartment with out opening the system.

(20) Detach the coolant hose to oil-water heat
exchanger at crankcase.

(21) Detach and plug the transmission oil lines to
oil-water heat exchanger.

(22) Detach coolant hoses on coolant pump.

(23) Remove water pump (Refer to 7 - COOLING/
ENGINE/WATER PUMP - REMOVAL).

(24) Remove air charge pipe.

(25) Remove generator (Refer to 8 - ELECTRICAL/
CHARGING/GENERATOR - REMOVAL).

(26) Remove belt/pulley vibration damper.(Refer to
9 - ENGINE/ENGINE BLOCK/VIBRATION
DAMPER - REMOVAL).

NOTE: Remove the bolts in area of timing case
cover. Loosen all other oil pan bolts.

(27) Remove oil pan bolts.

(28) Remove M8 bolts of cylinder head on timing
case cover.

(29) Remove timing case cover (Fig. 43).

80e1fd15

Fig. 43 TIMING CHAIN COVER

- INTERMEDIATE GEAR
- TIMING CHAIN COVER
- TENSIONING RAIL

- BEARING PIN

- OIL PAN

O WOWN R

(30) Remove remaining ancillary
attached to the timing case cover.

INSTALLATION

components

NOTE: Thoroughly clean all mating surfaces with
the appropriate solvents to assure that no grease or
oil is present during assembly.

(1) Inspect cylinder head gasket and oil pan gas-
ket. If damaged, replace.

(2) Replace the front crankshaft seal (Refer to 9 -
ENGINE/ENGINE BLOCK/CRANKSHAFT OIL
SEAL - FRONT - INSTALLATION).

(3) Install ancillary components to timing case
CoVer.

(4) Apply sealnt to the marked surfaces with a
bead thickness of 1.5 + 0.5 mm (Fig. 44).

NOTE: Install timing cover within 10 minutes after

applying sealant. Do not spread sealant bead.

NOTE: Do not seal pressurized oil galleries to the
crankcase. Sealant applied at these points is

entrained by the oil flow and blocks the oil supply
passages.

80e78510

Fig. 44 TIMING CHAIN COVER SEALING SURFACE

1 - TIMING CHAIN COVER
2 - SEALANT BEAD

(5) Position and install timing case cover. Tighten
bolts to 20 N-m (177 Ibs in).

(6) Install the M8 bolts of cylinder head on timing
case cover. Tighten bolts to 20 N-m (177 lIbs in).
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TIMING CHAIN COVER (Continued)

(7) Position and install the oil pan. Tighten M6
bolts to 9 N-m (80 Ibs in) and M8 bolts to 20 N-m
(177 lbs in).

(8) Install belt /pulley vibration damper. Tighten
M8.8 bolt in two stages, 200N-m (147 lbs ft.) then
90°, M10.9 bolt 325N-m (240 Ibs ft) then 90°.

(9) Install generator (Refer to 8 - ELECTRICAL/
CHARGING/GENERATOR - INSTALLATION).

(10) Install air charge pipe (Refer to 11 -
EXHAUST SYSTEM/TURBOCHARGER SYSTEM -
INSTALLATION).

(11) Install water pump (Refer to 7 - COOLING/
ENGINE/WATER PUMP - INSTALLATION).

(12) Connect coolant hoses to water pump.

(13) Connect the transmission oil lines to oil-water
heat exchanger.

(14) Connect
exchanger.

(15) Install the AC compressor and reconnect elec-
trical connector.

(16) Install belt pulley onto power steering pump.

(17) Apply sealant to lower portain of, and install,
front cover to cylinder block. Tighten bolts to 20N-m
(277 Ibs in) (Refer to 9 - ENGINE/CYLINDER HEAD
- INSTALLATION).

(18) Install coolant thermostat (Refer to 7 - COOL-
ING/ENGINE/ENGINE COOLANT THERMOSTAT -
INSTALLATION).

(19) Install rail on bracket.

(20) Install timing chain tensioner with new seal
(Refer to 9 - ENGINE/VALVE TIMING/TIMING
BELT/CHAIN AND SPROCKETS - INSTALLA-
TION).

(21) Install fuel high pressure lines and injectors
(Refer to 14 - FUEL SYSTEM/FUEL INJECTION/
FUEL INJECTOR - INSTALLATION).

(22) Remove retaining lock for crankshaft/starter
ring gear.

(23) Install cylinder head cover (Refer to 9 -
ENGINE/CYLINDER HEAD/CYLINDER HEAD
COVER(S) - INSTALLATION).

(24) Install hydraulic cooling fan (Refer to 7 -
COOLING/ENGINE/RADIATOR FAN - INSTALLA-
TION).

(25) Install viscous heater.

(26) Install air charge pipe with air charge hose
(Refer to 11 - EXHAUST SYSTEM/TURBO-
CHARGER SYSTEM - INSTALLATION).

(27) Install air intake hose.

(28) Fill coolant to the proper level, with the
proper coolant (Refer to 7 - COOLING/ENGINE/
COOLANT - STANDARD PROCEDURE).

(29) Tighten the oil drain plug to 30N-m (265 Ibs
in).

coolant hose to oil-water heat

(30) Fill the crankcase with the correct oil, to the
proper level. Refer to owners manual for specifica-
tions.

(31) Connect the negative battery cable.

WARNING: USE EXTREME CAUTION WHEN THE
ENGINE IS OPERATING. DO NOT STAND IN A
DIRECT LINE WITH THE FAN. DO NOT PUT YOUR
HANDS NEAR THE PULLEYS, BELTS OR FAN. DO
NOT WEAR LOOSE CLOTHES.

CAUTION: DO NOT pressure test cooling system
until the engine reaches operating temperature.

(32) Start engine and inspect for leaks.

TIMING BELT/CHAIN AND
SPROCKETS

REMOVAL
REMOVAL - BOTTOM GUIDE RAIL

(1) Disconnect negative battery cable.
(2) Remove cylinder head (Refer to 9 - ENGINE/
CYLINDER HEAD - REMOVAL).

NOTE: Oil pan DOES NOT need to be removed.
Remove bolts in the area of timing case cover then
loosen the remaining bolts.

NOTE: Remove timing case cover carefully. Care
must be taken not to damage oil pan gasket.

(3) Remove timing chain cover (Refer to 9 -
ENGINE/VALVE TIMING/TIMING BELT / CHAIN
COVER(S) - REMOVAL).

(4) Remove guide rail from bearing pin (Fig. 45).

REMOVAL - INTERMEDIATE GEAR

(1) Disconnect negative battery cable.

(2) Remove engine cover (Refer to 9 - ENGINE -
REMOVAL).

WARNING: NO FIRE, FLAMES OR SMOKING. RISK
OF POISONING FROM INHALING OR SWALLOWING
FUEL. RISK OF INJURY TO EYES AND SKIN FROM
CONTACT WITH FUEL. POUR FUELS ONLY INTO
SUITABLE AND APPROPRIATELY MARKED CON-
TAINERS. WEAR PROTECTIVE CLOTHING.

(3) Remove fuel high pressure lines injectors
(Refer to 14 - FUEL SYSTEM/FUEL INJECTION/
FUEL INJECTOR - REMOVAL).
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Fig. 45 BOTTOM GUIDE RAIL

- TIMING CHAIN COVER
- BOTTOM SLIDE RAIL

- BEARING PIN

- OIL PAN
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(4) Clean injectors and recesses (Refer to 14 -
FUEL SYSTEM/FUEL INJECTION/FUEL INJEC-
TOR - STANDARD PROCEDURE).

(5) Remove cylinder head cover (Refer to 9 -
ENGINE/CYLINDER HEAD/CYLINDER HEAD
COVER(S) - REMOVAL).

(6) Insert locking pin through first camshaft bear-
ing cap into hole in inlet camshaft sprocket to lock
inlet camshaft.

(7) Remove timing chain tensioner (Refer to 9 -
ENGINE/VALVE TIMING/TIMING BELT/CHAIN
AND SPROCKETS - REMOVAL).

(8) Remove cylinder head front cover (Refer to 9 -
ENGINE/CYLINDER HEAD - REMOVAL).

(9) Remove top slide rail (Refer to 9 - ENGINE/
CYLINDER HEAD - REMOVAL).

(10) Remove high pressure pump (Refer to 14 -
FUEL SYSTEM/FUEL DELIVERY/FUEL INJEC-
TION PUMP - REMOVAL).

(11) Mark camshaft sprocket relative to timing
chain.

(12) Unbolt camshaft sprocket from exhaust cam-
shaft.

NOTE: Note position of dowel pin for camshaft
sprocket alignment during reassembly.

(13) Secure camshaft sprocket to timing chain with
tie strap.

(14) Remove camshaft sprocket.
(15) Remove intermediate gear and bushing (Fig.

46).

80e4971e

Fig. 46 HIGH RESSURE PUMP INTERMEDIATE

GEAR

- CAMSHAFT SPROCKET BOLTS

- INTAKE CAMSHAFT

- DOWEL PIN

- INTERMEDIATE GEAR BUSHING

- INTERMEDIATE GEAR

- CAMSHAFT LOCKING PIN

- INTAKE CAMSHAFT SPROCKET

REMOVAL - TIMING CHAIN TENSIONING RAIL
(1) Disconnect negative battery cable.
(2) Remove cylinder head (Refer to 9 - ENGINE/
CYLINDER HEAD - REMOVAL).

~NOoO O WNE

NOTE: Oil pan DOES NOT need to be removed.
Remove bolts in the area of timing case cover then
loosen the remaining bolts.

NOTE: Remove timing case cover carefully. Care
must be taken not to damage oil pan gasket.
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(3) Remove timing chain cover (Refer to 9 - CAUTION: Cover timing case recess to prevent for-
ENGINE/VALVE TIMING/TIMING BELT / CHAIN eign material from entering engine.
COVER(S) - REMOVAL).

(4) Remove tensioning rail from bearing pin (Fig. (6) Secure timing chain to camshaft sprocket with
47). tie straps (Fig. 48).

80e17fc0

Fig. 48 SECURING TIMING CHAIN TO SPROCKET

- CAMSHAFT SPROCKET
- TIMING CHAIN

- TIE STRAPS

- RETAINING BOLTS
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(7) Remove camshaft sprocket with timing chain
attached, from camshaft.

80e49842

NOTE: When fitting the thrust spindle, ensure that

Fig. 47 TIMING CHAIN TENSIONING RAIL the thrust pin is positioned at the left timing chain
- TIMING CHAIN COVER pin of a chain link (Fig. 49).

- TENSIONING RAIL
- BEARING PIN
- OIL PAN

REMOVAL - TIMING CHAIN

(1) Remove cylinder head cover (Refer to 9 -
ENGINE/CYLINDER HEAD/CYLINDER HEAD
COVER(S) - REMOVAL).

(2) Remove vacuum pump (Refer to 9 - ENGINE/
ENGINE BLOCK/INTERNAL VACUUM PUMP -
REMOVAL).

(3) Remove low pressure fuel pump and drive
(Refer to 14 - FUEL SYSTEM/FUEL DELIVERY/
FUEL INJECTION PUMP - REMOVAL).

(4) Remove guide rail in cylinder head (Refer to 9 -
ENGINE/VALVE TIMING/TIMING BELT/CHAIN
AND SPROCKETS - REMOVAL).

(5) Remove timing chain tensioner (Refer to 9 -
ENGINE/NVALVE TIMING/TIMING BELT/CHAIN 8001792
AND SPROCKETS - REMOVAL).

A WN P

Fig. 49 THRUST PIN POSITION
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(8) Using special tool #8948, position timing chain
separating tool at the timing chain of the camshaft
sprocket (Fig. 50).
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Fig. 50 SEPARATING TIMING CHAIN WITH SPECIAL
TOOL #8948
1 - TIMING CHAIN

2 - SPECIAL TOOL #8948
3 - THRUST SPINDLE

(9) Screw the thrust pin in and separate the tim-
ing chain.

(10) Unscrew the thrust spindle and remove the
tool.

NOTE: DO NOT detach timing chain from camshaft
sprocket.

(11) Install camshaft sprocket with timing chain,
to camshaft.

(12) Remove pressed - out timing chain pin from
chain separation tool.

(13) Attach special tool 8931, timing chain
retainer, to cylinder head with bolts supplied (Fig.
51).

(14) Remove timing chain to camshaft sprocket tie
straps.

(15) Connect new timing chain and old timing
chain with assembly link, assembly plate and locking
element, and secure (Fig. 52) (Fig. 53).

CAUTION: IT IS ESSENTIAL that the installation pro-
cedure for the timing chain is followed exactly. Fail-
ure to do so will result in severe engine damage.

80e1803b

Fig. 51 SPECIAL TOOL # 8931
1 - SPECIAL TOOL #8931

80e1806d

Fig. 52 INSTALLING TEMPORARY LINK

- NEW TIMING CHAIN

- CAMSHAFT SPROCKET
- OLD TIMING CHAIN

- TEMPORARY LINK

A WN P

INSTALLATION
INSTALLATION - BOTTOM GUIDE RAIL

NOTE: Carefully clean all mating surfaces with
appropriate solvents to assure that no grease or oil
is present during reassembly.

(1) Install slide rail on bearing pin.
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Fig. 53 TIMING CHAIN TEMPORARY LINK

- CYLINDER HEAD COVER

- TIMING CHAIN TEMPORARY LINK
- ALIGNMENT PINS

- TOP GUIDE RAIL

- CYLINDER HEAD FRONT COVER
- TIMING CHAIN TENSIONER SEAL
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7 - TIMING CHAIN TENSIONER

8 - VACUUM PUMP

9 - LOW PRESSURE FUEL PUMP

10 - LOW PRESSURE PUMP MOUNTING BOLTS
11 - VACUUM PUMP MOUNTING BOLTS

(2) Install timing cover (Refer to 9 - ENGINE/
VALVE TIMING/TIMING BELT / CHAIN COVER(S)
- INSTALLATION).

(3) Install oil pan bolts. Tighten M6 bolts to 9N-m
(80 Ibs.in.) and M8 bolts to 20N-m (15 Ibs. ft.).

(4) Install cylinder head (Refer to 9 - ENGINE/
CYLINDER HEAD - INSTALLATION).

(5) Reconnect negative battery cable.

WARNING: USE EXTREME CAUTION WHEN THE
ENGINE IS OPERATING. DO NOT STAND IN A
DIRECT LINE WITH THE FAN. DO NOT PUT YOUR
HANDS NEAR THE PULLEYS, BELTS OR FAN. DO
NOT WEAR LOOSE CLOTHES.

(6) Start the engine and inspect for leaks.
INSTALLATION - INTERMEDIATE GEAR

NOTE: Refer to appropriate injector servicing proce-
dures for cleaning of injectors and recesses.

(1) Install intermediate gear and bushing. Tighten
bolt to 40N-m (30 Ibs.ft.)

(2) Install camshaft sprocket, noting dowel pin
alignment. Tighten bolt to 18 N-m (159 Ibs. in.).

(3) Remove tie strap retaining timing chain to
sprocket.

WARNING: NO FIRE, FLAMES OR SMOKING.
SERVIVE VEHICLE IN WELL VENTILATED AREA.
RISK OF INJURY FROM INHALING OR SWALLOW-
ING FUEL. RISK OF INJURY TO EYES AND SKIN
FROM CONTACT WITH FUEL. WEAR PROTECTIVE
CLOTHING.

(4) Install high pressure pump (Refer to 14 -
FUEL SYSTEM/FUEL DELIVERY/FUEL INJEC-
TION PUMP - INSTALLATION).

(5) Install top slide rail (Refer to 9 - ENGINE/
VALVE TIMING/TIMING BELT/CHAIN AND
SPROCKETS - INSTALLATION).

(6) Install cylinder head front cover (Refer to 9 -
ENGINE/CYLINDER HEAD - INSTALLATION).

(7) Install timing chain tensioner with new gasket
(Refer to 9 - ENGINE/NVALVE TIMING/TIMING
BELT/CHAIN AND SPROCKETS - INSTALLA-
TION).
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NOTE: Inspect basic position of camshaft and reset
if necessary.

(8) Remove camshaft locking pin.

(9) Install cylinder head cover (Refer to 9 -
ENGINE/CYLINDER HEAD/CYLINDER HEAD
COVER(S) - INSTALLATION).

WARNING: NO FIRE, FLAMES OR SMOKING.
SERVIVE VEHICLE IN WELL VENTILATED AREA.
RISK OF INJURY FROM INHALING OR SWALLOW-
ING FUEL. RISK OF INJURY TO EYES AND SKIN
FROM CONTACT WITH FUEL. WEAR PROTECTIVE
CLOTHING.

(10) Install fuel high pressure lines and injectors
(Refer to 14 - FUEL SYSTEM/FUEL INJECTION/
FUEL INJECTOR - INSTALLATION).

(11) Install engine cover (Refer to 9 - ENGINE -
INSTALLATION).

(12) Connect negative battery cable.

WARNING: USE EXTREME CAUTION WHEN THE
ENGINE IS OPERATING. DO NOT STAND IN A
DIRECT LINE WITH FAN. DO NOT PUT YOUR
HANDS NEAR THE PULLEYS, BELTS OR FAN. DO
NOT WEAR LOOSE CLOTHING.

(13) Start engine and inspect for leaks.

INSTALLATION - TIMING CHAIN TENSIONING
RAIL

NOTE: Carefully clean all mating surfaces with
appropriate solvents to assure that no grease or oil
is present during reassembly.

(1) Install tensioning rail on bearing pin

(2) Install timing cover (Refer to 9 - ENGINE/
VALVE TIMING/TIMING BELT / CHAIN COVER(S)
- INSTALLATION).

(3) Install oil pan bolts. Tighten M6 bolts to 9N-m
(80 Ibs.in.) and M8 bolts to 20N-m (15 Ibs. ft.).

(4) Install cylinder head (Refer to 9 - ENGINE/
CYLINDER HEAD - INSTALLATION).

(5) Reconnect negative battery cable.

WARNING: USE EXTREME CAUTION WHEN THE
ENGINE IS OPERATING. DO NOT PUT YOUR
HANDS NEAR THE PULLEYS, BELTS OR FAN. DO
NOT WEAR LOOSE CLOTHES.

(6) Start the engine and inspect for leaks.

ADJUSTMENTS
INSTALLATION - TIMING CHAIN

CAUTION: IT IS ESSENTIAL that the installation pro-
cedure is followed exactly. Failure to do so will
result in severe engine damage.

CAUTION: Cover timing case recesses to prevent
foreign material from entering engine.

(1) Connect new timing chain and old timing chain
with the assembly link, the assembly plate and the
assembly locking element, and secure (Fig. 54).

NOTE: Always keep new timing chain meshed with
camshaft sprocket.

NOTE: Rotate engine at crankshaft only. DO NOT
crank engine and DO NOT rotate engine backward
(Fig. 54).

NOTE: Draw out the end of old timing chain evenly
as it becomes free, to the same extent that new tim-
ing chain is drawn in (Fig. 54).

(2) Draw in new timing chain by rotating the
crankshaft slowly in direction of rotation of engine
until the ends of the new timing chain meet and can
be connected (Fig. 54).

NOTE: Assembly link is only an assembly aid and
NOT designed for engine running.

(3) Remove assembly locking element, assembly
outer plate and assembly link (Fig. 55).

(4) Attach new timing chain to camshaft sprocket
and retain.

(5) Insert new riveted link and new middle plate
into ends of timing chain (Fig. 56).

(6) Take off retaining devise at cylinder head.

(7) Remove camshaft sprocket from camshaft with
timing chain secured.
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Fig. 54 TIMING CHAIN TEMPORARY LINK

- CYLINDER HEAD COVER

- TIMING CHAIN TEMPORARY LINK
- ALIGNMENT PINS

- TOP GUIDE RAIL

- CYLINDER HEAD FRONT COVER
- TIMING CHAIN TENSIONER SEAL
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7 - TIMING CHAIN TENSIONER

8 - VACUUM PUMP

9 - LOW PRESSURE FUEL PUMP

10 - LOW PRESSURE PUMP MOUNTING BOLTS
11 - VACUUM PUMP MOUNTING BOLTS

80e1823

Fig. 55 REMOVING TEMPORARY LINK

1 - TEMPORARY LINK
2 - NEW TIMING CHAIN
3 - OLD TIMING CHAIN

80e1895¢e

Fig. 56 INSERT NEW RIVETED LINK

- SPECIAL TOOL #8931

- NEW TIMING CHAIN ENDS
- NEW MIDDLE PLATE

- NEW RIVETED LINK
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NOTE: When assembling riveting tool, piece F5 is (10) Remove riveting tool to change inserts.
secured by a screw and D9 can move loosely on (11) Install insert F1 on riveting tool and secure
thrust spindle with screw (Fig. 59).

(12) Install insert D8 on riveting tool (Fig. 59).
(8) Assemble riveting tool by inserting pieces F5

and D9 (Fig. 57).

80e18a18 80e18a1d
Fig. 57 INSTALLING ASSEMBLY INSERTS INTO Fig. 59 INSTALLING RIVETING INSERTS INTO
RIVETING TOOL RIVETING TOOL
1 - SPECIAL TOOL #8947 1 - SPECIAL TOOL #8947
2 - SPECIAL TOOL #8952 2 - SPECIAL TOOL #8949

NOTE: Ensure that the riveted link and riveting tool
are aligned.

(9) Press in new riveted link as far as the stop
(Fig. 58).

80e188bc

Fig. 58 PRESSING IN NEW RIVETED LINK

1 - SPECIAL TOOL #8947
2 - NEW RIVETED LINK
3 - SPECIAL TOOL #8952
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NOTE: The outer plate is held magnetically by rivet-
ing tool.

(13) Insert new outer plate into the moving assem-
bly insert.

(14) Position riveting tool so that spacer webs of
the guide are side by side.

(15) Ensure that riveted link and outer plate are
aligned (Fig. 60).

NOTE: When turning spindle of riveting tool, be
sure that pins of riveted link are inserted into holes
of outer plate (Fig. 60).

(16) Screw in spindle of riveting tool until firm
resistance is felt (Fig. 60).
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Fig. 60 INSTALLING LINK OUTER PLATE

1 - SPECIAL TOOL #8947
2 - SPECIAL TOOL #8949

(17) Remove riveting tool.

(18) Turn over moving assembly insert (D8) to the
riveting profile.

(19) Position riveting tool exactly over middle of
pin.

(20) Tighten riveting tool spindle to end of travel.

(21) Repeat procedure for both riveting pins (Fig.
61).

(22) Inspect riveting, rerivet if required (Fig. 62).

(23) Install camshaft sprocket with timing chain
retained onto camshaft. Tighten camshaft bolts to
18N-m (159 Ibs.in.).

(24) Remove camshaft sprocket to timing chain tie
straps.

(25) Install guide rail and tighten low pressure
fuel pump drive to 50N-m (37 lbs. ft.).

80e1836¢

Fig. 61 RIVETING LINKS OF THE RIVETED LINK

1 - SPECIAL TOOL #8947
2 - SPECIAL TOOL #8949

80e1834d

Fig. 62 RIVET INSPECTION

(26) Install low pressure fuel pump (Refer to 14 -
FUEL SYSTEM/FUEL DELIVERY/FUEL INJEC-
TION PUMP - INSTALLATION).

(27) Install timing chain tensioner (Refer to 9 -
ENGINE/VALVE TIMING/TIMING BELT/CHAIN
AND SPROCKETS - INSTALLATION).

(28) Install vacuum pump (Refer to 9 - ENGINE/
ENGINE BLOCK/INTERNAL VACUUM PUMP -
INSTALLATION).

(29) Install cylinder head cover (Refer to 9 -
ENGINE/CYLINDER HEAD/CYLINDER HEAD
COVER(S) - INSTALLATION).

(30) Install engine cover (Refer to 9 - ENGINE -
INSTALLATION).

(81) Connect negative battery cable.
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WARNING: USE EXTREME CAUTION WHEN THE
ENGINE IS OPERATING. DO NOT PUT YOUR
HANDS NEAR THE PULLEYS BELTS OR FAN. DO
NOT WEAR LOOSE CLOTHES.

(32) Start engine and inspect for leaks.

TIMING CHAIN TENSIONER
REMOVAL

(1) Disconnect negative battery cable.

CAUTION: Rotate engine at crankshaft only. DO
NOT rotate the engine with the bolt of the camshaft
sprocket. DO NOT rotate the engine counter clock-
wise.

NOTE: Markings on the camshaft and camshaft
bearing cap must be aligned.

(2) Position piston of number 1 cylinder to ignition
TDC.

(3) Partially drain cooling system (Refer to 7 -
COOLING/ENGINE/COOLANT - STANDARD PRO-
CEDURE).

(4) Remove viscous heater.

(5) Remove intake air scoop.

(6) Remove accessory drive belt and idler pulley
above generator (Refer to 7 - COOLING/ACCES-
SORY DRIVE/DRIVE BELTS - REMOVAL).

(7) Remove timing chain tensioner (Fig. 63).

INSTALLATION

NOTE: Carefully clean all mating surfaces with
appropriate solvents to assure that no grease or oil
is present during reassembly.

(1) Install timing chain tensioner with new gasket.
Tighten to 80N-m (59 Ibs.ft.).

(2) Install viscous heater.

(3) Install idler pulley and accessory drive belt
(Refer to 7 - COOLING/ACCESSORY DRIVE/DRIVE
BELTS - INSTALLATION).

80e1dc4f

Fig. 63 TIMING CHAIN TENSIONER

1 - TIMING CHAIN TENSIONER
2 - TIMING CHAIN TENSIONER SEAL

(4) Install intake air scoop.

(5) Reconnect negative battery cable.

(6) Refill coolant system with correct mixture to
proper level (Refer to 7 - COOLING/ENGINE/COOL-
ANT - STANDARD PROCEDURE).

WARNING: USE EXTREME CAUTION WHEN THE
ENGINE IS OPERATING. DO NOT PUT YOUR
HANDS NEAR THE PULLEYS, BELTS OR FAN. DO
NOT WEAR LOOSE CLOTHES.

(7) Start the engine and inspect for leaks.
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DESCRIPTION - 2.7L DIESEL

CAUTION: Avoid application of rust prevention com-
pounds or undercoating materials to exhaust sys-
tem floor pan exhaust heat shields. Light overspray
near the edges is permitted. Application of coating
will result in excessive floor pan temperatures and
objectionable fumes.
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The diesel engine exhaust system consists of an
engine exhaust manifold, turbocharger, exhaust pipe,
resonator, extension pipe (if needed), muffler and
exhaust tailpipe (Fig. 1).

The exhaust system must be properly aligned and
secured to prevent stress, leakage and body contact.
The exhaust components should be kept a minimum
of 25.4 mm (1.0 in.) away from the body and frame.
If the system contacts any body panel, it may amplify
objectionable noises from the engine or body.
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- CATALYTIC CONVERTER
- HEAT SHIELD

- FRAME

- TAILPIPE HANGER

81036e91

Fig. 1 DIESEL EXHAUST SYSTEM
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- TAILPIPE

- MUFFLER

- INTERMEDIATE PIPE

- INTERMEDIATE PIPE HANGER(S)
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EXHAUST SYSTEM AND TURBOCHARGER - 2.7L DIESEL (Continued)
DIAGNOSIS AND TESTING - DIESEL ENGINE

EXHAUST SYSTEM DIAGNOSIS CHART

CONDITION

POSSIBLE CAUSE

CORRECTION

EXCESSIVE EXHAUST NOISE OR
LEAKING EXHAUST GASES

1. Leaks at pipe joints.
2. Rusted or expanded muffler.

3. Broken or rusted exhaust pipe.

4. Exhaust pipe leaking at manifold
flange.

5. Exhaust manifold cracked or
broken.

6. Leak between exhaust manifold
and cylinder head.

7. Turbocharger mounting flange
cracked.

8. Restriction in exhaust system.

1. Tighten/replace clamps/bolts at
leaking joints.

2. Replace muffler. Inspect exhaust
system.

3. Replace exhaust pipe.

4. Tighten/replace flange attaching
nuts/bolts.

5. Replace exhaust manifold.

6. Tighten/replace exhaust manifold
to cylinder head bolts.

7. Remove turbocharger and
inspect.

8. Remove restriction, if possible.
Replace restricted part if necessary.

TURBOCHARGER SYSTEM

DESCRIPTION

CAUTION: The turbocharger is a performance part
and must not be tampered with. The wastegate
bracket is an integral part of the turbocharger. Tam-
pering with the wastegate components can reduce
durability by increasing cylinder pressure and ther-

mal loading due to incorrect inlet and exhaust man-
ifold pressure. Poor fuel economy and failure to
meet regulatory emissions laws may result. Increas-
ing the turbocharger boost WILL NOT increase

engine power.

The turbocharger used on this vehicle is of the
variable turbine type (Fig. 2). These turbochargers
use the entire exhaust energy to boost efficiency of

the turbocharger and the engine.

The advantages of a turbocharger with variable

turbine geometry are:

e Higher charge pressure already in the lower and

in upper engine speed ranges.

e Higher torque as a result of improved cylinder

charge.

e Reduction in exhaust emissions as a result of an
improvement in the air supply of the engine.

e Increased power output as a result of the higher
charge pressure combined with a reduced exhaust
backpressure and thus improved charge cycle.

- TURBOCHARGER
- CYLINDER HEAD
- OIL SEPARATOR
- AIR INLET TUBE

A WN PR
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Fig. 2 TURBOCHARGER LOCATION

COVER
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OPERATION

The exhaust gases of the engine are directed
through the exhaust manifold into the turbine hous-
ing onto the turbine wheel (Fig. 3). The flow energy
of the exhaust gases cause the turbine wheel to
rotate. Consequently, the compressor wheel, which is
connected through the turbine shaft with the turbine
wheel, is driven at the same speed. The fresh air
inducted by the compressor wheel is compressed and
passed to the engine (Fig. 3).

The charge pressure is controlled by varying the
position of the guide vanes (Fig. 3). The guide stud of
the control linkage of the boost pressure actuator
turns the adjusting ring in the turbine housing (Fig.
3). As a result, all the guide vanes whose guide studs
likewise mesh into the adjusting ring, are also
turned (Fig. 3).

At low speeds, the flow cross-section is reduced by
closing the guide vanes (Fig. 3). Consequently the
speed at which the exhaust gas impacts on the tur-
bine wheel is increased, as a result of which the
speed of the turbocharger and thus the charge pres-
sure rises.

At high engine speeds the guide vanes are increas-
ingly opened and the flow cross-section is thus
enlarged, as a result of which the speed of the turbo-
charger reduces and the charge pressure drops.

REMOVAL - TURBOCHARGER

WARNING: THE NORMAL OPERATING TEMPERA-
TURE OF THE EXHAUST SYSTEM IS VERY HIGH.
NEVER WORK AROUND OR ATTEMPT TO SERVICE
ANY PART OF THE EXHAUST SYSTEM UNTIL IT IS
COOL. CARE SHOULD BE TAKEN WHEN WORKING
NEAR THE TURBOCHARGER. THE TEMPERATURE
OF THE TURBOCHARGER RISES TO A HIGH LEVEL
AFTER A SHORT PERIOD OF ENGINE OPERATION
TIME.

NOTE: THERE IS NO PROCEDURE FOR REPAIRING
THE TURBOCHARGER. IF DAMAGE IS FOUND
DURING INSPECTION, THE TURBOCHARGER MUST
BE REPLACED.

(1) Disconnect negative battery cable.

(2) Drain cooling system (Refer to 7 - COOLING/
ENGINE/COOLANT - STANDARD PROCEDURE).

(3) Disconnect Intake Air Temperature sensor elec-
trical connector.

(4) Disconnect oil
charger air inlet hose.

(5) Remove air cleaner cover and MAF inlet tube
from turbocharger.

(6) Reposition wastegate solenoid.

(7) Remove lower air cleaner housing.

separator hose from turbo-

EXHAUST SYSTEM AND TURBOCHARGER - 2.7L DIESEL
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Fig. 3 TURBOCHARGER COMPONENTS

- COMPRESSOR HOUSING

- GUIDE VANE

- GUIDE STUD OF GUIDE VANE

- GUIDE STUD OF CONTROL LINKAGE
- CONTROL LINKAGE

- ADJUSTING RING

- TURBINE HOUSING

- CHARGE PRESSURE CONTROL UNIT
1A - EXHAUST GASES TO TURBINE WHEEL
2A - TURBO INLET (FRESH AIR)

3A - TURBO OUTLET (COMPRESSED AIR)
4A - EXHAUST OUTLET
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(8) Disconnect coolant recovery pressure container
inlet hose and set aside.

(9) Disconnect charge air
charger.

(10) Disconnect charge air inlet tube to turbo-
charger housing support bracket.

(11) Disconnect wastegate motor vacuum hose.

(12) Disconnect  turbocharger lower  support
bracket.

(13) Remove turbocharger upper oil line.

(14) Disconnect turbocharger lower oil lines and
capture lost fluid.

(15) Remove the exhaust down pipe to turbo-
charger spring clamp and separate.

inlet tube at turbo-
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(16) Disconnect heater hose from viscous heater.

(17) Disconnect heater hose from lower hose junc-
tion.

(18) Remove heater hose heat shield from exhaust
manifold.

(19) Remove turbocharger to exhaust manifold
bolts.

INSTALLATION

(1) Position and install the turbocharger on the
exhaust manifold, tighten the retainers to 30N.m (22
Ibs.ft.).

(2) Install heater hose heat shield. Tighten retain-
ers to 10N-m (89 Ibs. in.).

(3) Connect both heater hoses.

(4) Position exhaust down pipe to turbocharger
and secure with clamp.

(5) Reconnect turbocharger oil lines with new
seals, tighten oil return line to 10N-m (89 Ibs. in.)
and oil supply line to 25N-m (18 Ibs. ft.)..

(6) Install turbocharger lower support bracket.

(7) Connect waste gate solenoid vacuum hose.

(8) Connect charge air inlet tube to turbocharger
housing.

(9) Connect charger air inlet tube.

(10) Connect coolant recovery pressure container
inlet hose.

(11) Install lower air cleaner housing.

(12) Install wastegate solenoid.

(13) Install air cleaner and upper cover, connect
MAF intake tube to turbocharger.

(14) Connect oil separator tube to MAF intake
tube.

(15) Connect Idle Air Control electrical connector.

(16) Refill cooling system (Refer to 7 - COOLING/
ENGINE/COOLANT - STANDARD PROCEDURE).

(17) Connect negative battery cable.

WASTEGATE
REMOVAL - WASTE GATE SOLENOID

(1) Disconnect negative battery cable.

(2) Disconnect waste gate solenoid electrical con-
nector.

(3) Disconnect engine vacuum harness from waste
gate solenoid (Fig. 4).

(4) Remove waste gate solenoid from bracket (Fig.
4).

INSTALLATION

(1) Position and install waste gate solenoid onto
bracket.

(2) Connect engine vacuum harness to waste gate
solenoid

EXHAUST SYSTEM AND TURBOCHARGER - 2.7L DIESEL
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Fig. 4 WASTEGATE SOLENOID LOCATION

1 - COOLANT PRESSURE CONTAINER
2 - WASTEGATE SOLENOID

(3) Connect waste gate solenoid electrical connec-
tor.
(4) Connect negative battery cable.

CHARGE AIR COOLER AND
PLUMBING

DESCRIPTION

The charge air system consists of the charge air
cooler and charge air cooler piping.

The charge air cooler is a heat exchanger that uses
air flow from vehicle motion to dissipate heat from
the intake air. As the turbocharger increases air
pressure, the air temperature increases. Lowering
the intake air temperature increases engine effi-
ciency and power.

OPERATION

Intake air is drawn through the air cleaner and
into the turbocharger compressor housing. Pressur-
ized air from the turbocharger then flows forward
through the charge air cooler located in front of the
radiator. From the charge air cooler the air flows
back into the intake manifold.
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DIAGNOSIS AND TESTING - CHARGE AIR
COOLER SYSTEM - LEAKS

Low turbocharger boost pressure and low engine
preformance can be caused by leaks in the charge air
cooler or it's plumbing. The following procedure out-
lines how to check for leaks in the charge air cooler
system.

(1) Loosen clamp and remove turbocharger to air
inlet duct rubber sleeve from turbocharger.

(2) Insert Special Tool 8442 Adapter into the rub-
ber sleeve. Tighten existing clamp to 8 N-m (72
in.lbs.).

CAUTION: Do not apply more than 138 kpa (20 psi)
air pressure to the charge air cooler system, sever
damage to the charge air cooler system may occur.

(3) Connect regulated air supply to air fitting on
Special Tool 8442 Adapter. Set air pressure to a Max-
imum of 138 kpa (20 psi).

(4) Using soapy water check the air inlet ducts,
rubber sleeves, charge air cooler and intake manifold
for leaks.

REMOVAL - CHARGE AIR COOLER

WARNING: IF THE ENGINE WAS JUST TURNED
OFF, THE AIR INTAKE SYSTEM TUBES MAY BE
HOT.

NOTE: Note the location of the rubber air charge
cooler to A/C condenser and air charger cooler to
radiator air seals. The seals are use to prevent
overheating and improve charge air and A/C effi-
ciency.

(1) Disconnect the battery negative cables.

(2) Remove cooling module (Refer to 7 - COOLING/
ENGINE/RADIATOR - REMOVAL).

(3) Remove the front grill.

(4) Mark the position of the radiator upper cross
member and remove cross member.

(5) Unbolt the transmission auxiliary cooler and
power steering cooler from the charge air cooler and
set aside.

(6) Remove the boost tubes from the charge air
cooler.

(7) Remove power steering reservoir retaining bolt,
and set reservoir aside.

(8) Remove the charge air cooler bolts.

NOTE: Care must be taken not to damage the
charge air cooler fins and the fins of other ancillary
cooler components.

(9) Pivot the charge air cooler rearward and up to
remove.

CLEANING

CAUTION: Do not use caustic cleaners to clean the
charge air cooler. Damage to the charge air cooler
will result.

NOTE: If internal debris cannot be removed from
the cooler, the charge air cooler MUST be replaced.

(1) If the engine experiences a turbocharger failure
or any other situation where oil or debris get into the
charge air cooler, the charge air cooler must be
cleaned internally.

(2) Position the charge air cooler so the inlet and
outlet tubes are vertical.

(8) Flush the cooler internally with solvent in the
direction opposite of normal air flow.

(4) Shake the cooler and lightly tap on the end
tanks with a rubber mallet to dislodge trapped
debris.

(5) Continue flushing until all debris or oil are
removed.

(6) Rinse the cooler with hot soapy water to
remove any remaining solvent.

(7) Rinse thoroughly with clean water and blow
dry with compressed air.

INSPECTION

Visually inspect the charge air cooler for cracks,
holes, or damage. Inspect the tubes, fins, and welds
for tears, breaks, or other damage. Replace the
charge air cooler if damage is found.

Pressure test the charge air cooler, using Charge
Air Cooler Tester Kit.

INSTALLATION - CHARGE AIR COOLER

(1) Position the power steering reservoir along
with charge air cooler. Install the bolts and tighten to
2 N-m (17 in. Ibs.).

(2) Install cooling module (Refer to 7 - COOLING/
ENGINE/RADIATOR - INSTALLATION) (Refer to 7 -
COOLING/ENGINE/RADIATOR FAN - INSTALLA-
TION).

(3) Install the transmission auxiliary cooler (if
equipped) (Refer to 7 - COOLING/TRANSMISSION/
TRANS COOLER - INSTALLATION).

(4) Install the power steering cooler.

(5) Install the boost tubes to the charge air cooler.
With the clamps in position, tighten the clamps to 11
N-m (95 in. Ibs.)

(6) Align and install upper cross member.

(7) Install the front grill (Refer to 23 - BODY/EX-
TERIOR/GRILLE - INSTALLATION).
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CHARGE AIR COOLER AND PLUMBING (Continued)

(8) Connect the battery negative cable.
(9) Start engine and check for leaks.

CATALYTIC CONVERTER
REMOVAL

WARNING: THE NORMAL OPERATING TEMPERA-
TURE OF THE EXHAUST SYSTEM IS VERY HIGH.
NEVER WORK AROUND OR ATTEMPT TO SERVICE
ANY PART OF THE EXHAUST SYSTEM UNTIL IT IS
COOL. CARE SHOULD BE TAKEN WHEN WORKING
NEAR THE TURBOCHARGER. THE TEMPERATURE
OF THE TURBOCHARGER RISES TO A HIGH LEVEL
AFTER A SHORT PERIOD OF ENGINE OPERATION
TIME.

(1) Disconnect negative battery cable.
(2) Using a suitable pry tool, remove the exhaust
clip from the turbocharger/catalytic converter union.
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Fig. 5 CATALYTIC CONVERTER

1 - SPRING CLIP
2 - TURBOCHARGER
3 - CATALITIC CONVERTER

(3) Raise and support vehicle.
(4) Separate the exhaust system from the catalytic
converter (Fig. 5).

(5) Remove catalytic converter and discard exhaust
seal.

INSTALLATION

(1) Install the exhaust gasket onto the turbo-
charger.

(2) Install the catalytic converter into the front
exhaust hanger then position the pipe forward to
seat onto the exhaust gasket (Fig. 5).

(3) Lower the vehicle.

NOTE: Care must be taken to assure proper spring
clip positioning prior to installation.

(4) Position the new exhaust clip onto the turbo-
charger and catalytic converter union (Fig. 6).

81036¢79

Fig. 6 CATALYTIC CONVERTER TO
TURBOCHARGER CLIP

- EXHAUST GASKET

- TURBOCHARGER

- SPRING CLIP

- CATALITIC CONVERTER PIPE

A WNPRE

(5) Apply direct pressure to the spring clamp to

seat.

(6) Raise and support vehicle.
(7) Rejoin exhaust system to catalytic converter

and secure with new exhaust clamp.






WG FUEL SYSTEM 14 -1
TABLE OF CONTENTS
page page
FUEL SYSTEM - 2.7L DIESEL STANDARD PROCEDURES - CLEANING
WARNING - HIGH FUEL SYSTEM PRESSURE . .1 FUEL SYSTEM COMPONENTS .. .......... 2
DIAGNOSIS AND TESTING - AIR IN FUEL STANDARD PROCEDURES - DRAINING
SYSTEM .. .. .. 1 WATER FROM FUEL FILTER . . ... ......... 2
STANDARD PROCEDURE FUEL INJECTION . ... ... . . 3
STANDARD PROCEDURE - BLEEDING AIR FUEL DELIVERY ... ... ... . . . . . ... 16
FROM FUELSYSTEM .. ................. 1

FUEL SYSTEM - 2.7L DIESEL
WARNING - HIGH FUEL SYSTEM PRESSURE

WARNING:: HIGH-PRESSURE FUEL LINES DELIVER
FUEL UNDER EXTREME PRESSURE FROM THE
INJECTION PUMP TO THE INJECTORS. THIS
MAYBE AS HIGH AS 1600BAR (23,200PSI). USE
EXTREME CAUTION WHEN INSPECTING FOR HIGH-
PRESSURE FUEL LEAKS. FUEL UNDER THIS
AMOUNT OF PRESSURE CAN PENETRATE SKIN
CAUSING PERSONAL INJURY OR DEATH. INSPECT
HIGH-PRESSURE FUEL LEAKS WITH A SHEET OF
CARDBOARD. WEAR SAFETY GOGGLES AND ADE-
QUATE PROTECTIVE CLOTHING WHEN SERVICING
FUEL SYSTEM.

DIAGNOSIS AND TESTING - AIR IN FUEL
SYSTEM

Air will enter the fuel system whenever fuel supply
lines, separator filters, injection pump, high-pressure
lines or injectors are removed or disconnected. Air
trapped in the fuel system can result in hard start-
ing, a rough running engine, engine misfire, low
power, excessive smoke and fuel knock.

Inspect the fuel system from the fuel tank to the
injectors for loose connections (Refer to 14 - FUEL
SYSTEM - WARNING). Leaking fuel is an indicator
of loose connections or defective seals. Air can also
enter the fuel system between the fuel tank and the
fuel pump. Inspect the fuel tank and fuel lines for
damage that might allow air into the system.

With the DRBIII® connected to the vehicle, select
Engine and the select Sensor Display. Page down to
view Fuel Pressure Set Point and Actual Fuel Pres-
sure. Start the engine and observe the Fuel Pressure
Set Point and the Actual Fuel Pressure. If the Actual
Fuel Pressure Oscillates above and below the Fuel
Pressure Set Point in a regular cycle, perform the

Fuel System Air Purge procedure (Refer to 14 -
FUEL SYSTEM - STANDARD PROCEDURE).

If the Actual Fuel Pressure gradually drops below
the Fuel Pressure Set Point then spikes well above
the Fuel Pressure Set Point, replace the fuel pres-
sure solenoid (Refer to 14 - FUEL SYSTEM/FUEL
INJECTION/FUEL PRESSURE SOLENOID -
REMOVAL), then perform the Fuel System Air Purge
procedure (Refer to 14 - FUEL SYSTEM - STAN-
DARD PROCEDURE).

STANDARD PROCEDURE

STANDARD PROCEDURE - BLEEDING AIR
FROM FUEL SYSTEM

WARNING: NO SPARKS, OPEN FLAMES OR SMOK-
ING. RISK OF POISONING FROM INHALING AND
SWALLOWING FUEL. RISK OF INJURY TO EYES
AND SKIN FROM CONTACT WITH FUEL. POUR
FUELS ONLY INTO SUITABLE AND APPROPRI-
ATELY MARKED CONTAINERS. WEAR PROTECTIVE
CLOTHING.

(1) Remove engine cover (Refer to 9 - ENGINE -
REMOVAL).

(2) Press locking ring at bleeder valve in direction
of arrow and pull off seal.

(3) Press inlet connection into bleeder valve until
it locks.

(4) Connect line between inlet connection and res-
ervoir.

(5) Connect hand pump to vacuum side at reser-
VOir.

(6) Operate hand pump until fuel flows through
line free of bubbles.

(7) Press locking ring at bleeder valve in direction
of arrow and detach inlet connection.

(8) Press seal into bleeder valve until it locks.
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FUEL SYSTEM - 2.7L DIESEL (Continued)

(9) Install engine cover (Refer to 9 - ENGINE -
INSTALLATION).

STANDARD PROCEDURES - CLEANING FUEL
SYSTEM COMPONENTS

CAUTION: Cleanliness cannot be overemphasized
when handling or replacing diesel fuel system com-
ponents. This especially includes the fuel injectors,
high-pressure fuel lines, fuel rail, and fuel injection
pump. Very tight tolerances are used with these
parts. Dirt contamination could cause rapid part
wear and possible plugging of fuel injector nozzle
tip holes. This in turn could lead to possible engine
misfire. Always wash/clean any fuel system compo-

nent thoroughly before disassembly and then air
dry. DO NOT wire brush injector nozzles when
cleaning. Cap or cover any open part after disas-
sembly. Before assembly, examine each part for
dirt, grease or other contaminants and clean if nec-
essary. When installing new parts, lubricate them
with clean engine oil or clean diesel fuel only.

STANDARD PROCEDURES - DRAINING WATER
FROM FUEL FILTER

Refer to Fuel Filter/Water Separator removal/in-
stallation for procedures (Refer to 14 - FUEL SYS-
TEM/FUEL DELIVERY/FUEL FILTER / WATER
SEPARATOR - REMOVAL).
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CAMSHAFT POSITION
SENSOR

DESCRIPTION

The camshaft position sensor is mounted on the
cylinder head cover (Fig. 1). The sensor detects the
camshaft position contactlessly (hall effect) by means
of a segment at the camshaft. The electronic control
module (ECM) detects TDC position of cylinder 1 by
means of the signal supplied by the camshaft sensor.
Injection timing is synchronized by means of the
camshaft signal and the crankshaft signal.

OPERATION

The signal circuit of the camshaft sensor has a
voltage of approximately 5V. If the segment
machined into the exhaust camshaft sprocket is posi-
tioned opposite the camshaft sensor, the camshaft
signal is approximately OV. This OV to 5V signal is
used by the engine control module (ECM) for detect-
ing ignition TDC of cylinder 1 as the engine rotates.
If no signal is supplied by the camshaft position sen-
sor, the vehicle will not start.

FUEL RAIL
DESCRIPTION
OPERATION
REMOVAL
INSTALLATION

MANIFOLD AIR FLOW (MAF) SENSOR
DESCRIPTION
OPERATION
REMOVAL
INSTALLATION

FUEL PRESSURE SOLENOID
DESCRIPTION
OPERATION
REMOVAL
INSTALLATION

BOOST PRESSURE SENSOR
DESCRIPTION
OPERATION
DIAGNOSIS AND TESTING - BOOST

PRESSURE SENSOR

INTAKE AIR TEMPERATURE SENSOR
DESCRIPTION
OPERATION

14 - 3

80eda2da

Fig. 1 CAMSHAFT POSITION SENSOR LOCATION

1 - CAMSHAFT POSITION (CMP) SENSOR
2 - CYLINDER HEAD COVER




14 -4 FUEL INJECTION

WG

CAMSHAFT POSITION SENSOR (Continued)

REMOVAL

(1) Disconnect negative battery cable.

(2) Remove engine cover (Refer to 9 - ENGINE -
REMOVAL).

(3) Disconnect camshaft position sensor electrical
connector.

(4) Remove retaining bolt and remove sensor.

INSTALLATION

(1) Install camshaft position sensor and tighten
bolt.

(2) Reconnect electrical connector.

(3) Install engine cover (Refer to 9 - ENGINE -
INSTALLATION).

(4) Reconnect negative battery cable.

CRANKSHAFT POSITION
SENSOR

DESCRIPTION

The crankshaft position sensor is located at the left
rear of the engine just above the starter motor (Fig.
2). This sensor is used to detect engine speed.

80e4a219

Fig. 2 SENSOR LOCATION

1 - CRANKSHAFT POSITION SENSOR
2 - SWIRL ACTUATOR

OPERATION

The crankshaft position and engine speed are
detected contactless signal (hall effect). The distance
between the crankshaft position sensor and the teeth

of the driven plate is fixed by the installation posi-
tion.

When the crankshaft rotates, an alternating volt-
age is generated in the crankshaft position sensor by
the teeth of the driven plate.

In this case, the front edge of a tooth generates a
positive voltage pulse and the rear edge a negative
voltage pulse. The distance from the positive to the
negative voltage peak equals the length of a tooth.

The gap created by 2 missing teeth (arrow) has the
effect that no voltage is generated in the crankshaft
position sensor. This is analyzed in order to detect
the TDC position of cylinder 1

FUEL PRESSURE SENSOR
DESCRIPTION

The rail sensor monitors and passes on the current
rail pressure to the control module (Fig. 3). The non-
constant system pressure influences the position of
the sensor diaphragm which alters the sensors elec-
trical resistance.

OPERATION

The rail pressure sensor measures the current rail
pressure and supplies an appropriate voltage signal
to the Engine Control Module (ECM). The pressure
control valve is then actuated by the ECM through a
control loop until the desired rail pressure is reached.

REMOVAL

WARNING: HIGH-PRESSURE FUEL LINES DELIVER
DIESEL FUEL UNDER EXTREME PRESSURE FROM
THE INJECTION PUMP TO THE FUEL INJECTORS.
THIS MAY BE AS HIGH AS 1600BAR (23,200 PSI).
USE EXTREME CAUTION WHEN INSPECTING FOR
HIGH-PRESSURE FUEL LEAKS. FUEL UNDER THIS
AMOUNT OF PRESSURE CAN PENETRATE SKIN
CAUSING PERSONAL INJURY OR DEATH. INSPECT
FOR HIGH-PRESSURE LEAKS WITH A SHEET OF
CARD BOARD. WEAR SAFETY GOGGLES AND
ADEQUATE PROTECTIVE CLOTHING WHEN SER-
VICING FUEL SYSTEM.

WARNING: NO SPARKS, OPEN FLAMES OR SMOK-
ING. RISK OF POISONING FROM INHALING AND
SWALLOWING FUEL. RISK OF INJURY TO EYES
AND SKIN FROM CONTACT WITH FUEL. POUR
FUELS ONLY INTO SUITABLE AND APPROPRI-
ATELY MARKED CONTAINERS. WEAR PROTECTIVE
CLOTHING.
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FUEL PRESSURE SENSOR (Continued)

80dcdaf5

Fig. 3 FUEL PRESSURE SENSOR

1 - FUEL PRESSURE ELECTRICAL CONNECTOR
2 - FUEL PRESSURE SENSOR

3 - FUEL RAIL

NOTE: To avoid leakage problems, the rail pressure
sensor should not be removed unless it is to be
replaced.

(1) Disconnect negative battery cable.

(2) Remove engine cover (Refer to 9 - ENGINE -
REMOVAL).

(3) Unplug electrical connector at rail pressure
sensor (Fig. 3).

(4) Counterhold at the threaded connection of rail
and remove rail pressure sensor.

INSTALLATION

WARNING: HIGH-PRESSURE FUEL LINES DELIVER
DIESEL FUEL UNDER EXTREME PRESSURE FROM
THE INJECTION PUMP TO THE FUEL INJECTORS.
THIS MAY BE AS HIGH AS 1600BAR (23,200 PSI).
USE EXTREME CAUTION WHEN INSPECTING FOR
HIGH-PRESSURE FUEL LEAKS. FUEL UNDER THIS
AMOUNT OF PRESSURE CAN PENETRATE SKIN
CAUSING PERSONAL INJURY OR DEATH. INSPECT
FOR HIGH-PRESSURE LEAKS WITH A SHEET OF
CARD BOARD. WEAR SAFETY GOGGLES AND
ADEQUATE PROTECTIVE CLOTHING WHEN SER-
VICING FUEL SYSTEM.

WARNING: NO SPARKS, OPEN FLAMES OR SMOK-
ING. RISK OF POISONING FROM INHALING AND
SWALLOWING FUEL. RISK OF INJURY TO EYES
AND SKIN FROM CONTACT WITH FUEL. POUR
FUELS ONLY INTO SUITABLE AND APPROPRI-
ATELY MARKED CONTAINERS. WEAR PROTECTIVE
CLOTHING.

(1) Coat sealing surface of fuel rail with lubricat-
ing varnish and replace seal.

(2) Counterhold at the threaded connection of the
fuel rail and install the rail pressure sensor (Fig. 3).
Tighten to 22N-m (194 Ibs. in.).

(8) Connect rail sensor electrical connector (Fig. 3).

(4) Install engine cover (Refer to 9 - ENGINE -
INSTALLATION).

(5) Connect negative battery cable.

WARNING: USE EXTREME CAUTION WHEN ENGINE
IS OPERATING. DO NOT STAND IN A DIRECT LINE
WITH FAN. DO NOT PUT YOU HANDS NEAR PUL-
LEYS, BELTS OR FAN. DO NOT WEAR LOOSE
CLOTHES.

(6) Start engine and inspect for leaks.
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FUEL INJECTOR

DESCRIPTION
FUEL INJECTOR

There are individual fuel injectors for all five cyl-
inders. These fuel injectors are used to spray fuel
into the combustion chamber (Fig. 4).

80b4da8e

Fig. 4 FUEL INJECTOR

- FUEL INJECTOR

- NOZZLE

- FUEL INLET FITTING

- ELECTRICAL CONNECTION

OPERATION
The injector operation can be subdivided into four
operating states with the engine running and the
high-pressure pump generating pressure:
Injector closed (with high pressure applied)
e Injector opens (start of injection)
¢ Injector opened fully
e Injector closes (end of injection)

A WN P

Injector closed (with high pressure applied)

With the injector closed (at-rest state), the solenoid
valve is not energized and is therefore closed. With
the bleed orifice closed, the valve spring forces the
armature’s ball onto the bleed-orifice seat. The rail’'s
high pressure build up in the valve control chamber,
and the same pressure is also present in the nozzle's
chamber volume. The rail pressure applied at the
control plunger’s end face, together with the force of
the nozzle spring, maintain the nozzle in the closed

3!
523
55!
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80b52382

Fig. 5 INJECTOR COMPONENTS

- INJECTOR CLOSED (AT-REST STATUS)

- ELECTRICAL CONNECTION

- TRIGGERING ELEMENT (SOLENOID VALVE)
- FUEL INLET (HIGH PRESSURE) FROM THE RAIL
- VALVE BALL

- BLEED ORIFICE

- FEED ORIFICE

- VALVE CONTROL CHAMBER

- VALVE CONTROL PLUNGER

10 - FEED PASSAGE TO THE NOZZLE

11 - NOZZLE NEEDLE

OCO~NOUODAWNE

position against the opening forces applied to its
pressure stage (Fig. 5).

Injector opens (start of injection)

The solenoid valve is energized with the pickup
current which serves to ensure that it open quickly.
The force exerted by the triggered solenoid now
exceeds that of the valve spring and the armature
opens the bleed orifice. AlImost immediately, the high-
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FUEL INJECTOR (Continued)

level pick-up current is reduced to the lower holding
current required for the electromagnet. This is possi-
ble due to the magnetic circuit’'s air gap now being
smaller. When the bleed orifice opens, fuel can flow
from the valve control chamber into the cavity situ-
ated above it, and from there via the fuel return to
the tank. The bleed orifice prevents complete pres-
sure balance, and the pressure in the valve control
chamber sinks as a result. This leads to the pressure
in the valve-control chamber being lower than that in
the nozzle’s chamber volume which is still at the
same pressure level as the rail. The reduced pressure
in the valve-control chamber causes a reduction in
the force exerted on the control plunger, the nozzle
needle open as a result, and injection starts (Fig. 5).

Injector opens fully

The control plunger reaches its upper stop where it
remains supported by a cushion of fuel which is gen-
erated by the flow of fuel between the bleed and feed
orifices. The injector nozzle has now opened fully,
and the fuel is injected into the combustion chamber
at a pressure almost equal to that in the fuel rail

(Fig. 5).

Injector closes (end of injection)

As soon as the solenoid valve is no longer trig-
gered, the valve spring forces the armature down-
wards and the ball closes the bleed orifice. The
armature is a 2-piece design. Here, although the
armature plate is guided by a driver shoulder in its
downward movement, it can “overspring” with the
return spring so that it exerts no downwards-acting
forces on the armature and the ball. The closing of
the bleed orifice lead to pressure build up in the con-
trol chamber via the input from the feed orifice. This
pressure is the same as that in the rail and exerts an
increased force on the control plunger through its
end face. This force, together with that of the spring,
now exceeds the force exerted by the chamber volume
and the nozzle needle closes. Injection ceases as soon
as the nozzle needle comes up against its bottom stop
again (Fig. 5).

STANDARD PROCEDURE

STANDARD PROCEDURE - CLEANING FUEL
INJECTORS

NOTE: Before cleaning the injector recesses, seal
the injector holes in the injector recesses with the
appropriate pin to prevent debris from falling into
the recesses and entering the motor.

(1) Seal the injector holes inside the cylinder head
recesses.

(2) Wipe out injector recesses with a non-woven
cloth, then clean with a cylinder brush.

(8) Clean the bottom of the cylinder recess with a
round brush.

(4) Blow out the recess and clean again with a
non-woven cloth and cover over.

(5) Perform these steps for each injector recess.

NOTE: DO NOT clean the tip of the injector with a
wire brush. Use a non - woven cloth.

(6) Clean injector body with a wire brush.
(7) Clean injector tips with a non-woven cloth.
(8) Grease injector body with anti seize lubricant.

NOTE: Always replace the seals that seal off the
injectors at the cylinder head to the combustion
chamber and replace the retaining screws.

STANDARD PROCEDURE - INJECTOR
CLASSIFICATION

The classification of injectors into 3 classes
describes the quantity characteristic of the injector.
This will make it possible in the future to match the
engine software to the tolerances of the injector
within a more narrowly graduated range. Classifica-
tion can be clearly recognized, and assigned only by
means of a DRBIII®.

Classified injectors can be recognized by the part
number and identification on the magnetic head (cir-
cle with a number between 1 and 3 inside) (Fig. 6).
The number corresponds to the classification stage.

These general conditions equally apply if, as a
result of replacing an engine, carrying out repairs to
the cylinder head etc., the cylinder selective assign-
ment of the injectors or the engine control module
assignment may have changed. If proper attention is
not paid to the classification on these vehicles drive-
ability and smoking concerns could result.

If an injector is replaced, it is then necessary to
assign the classification number to the corresponding
cylinder with the DRBIII® in the control module.

INJECTOR CLASSIFICATION PROCEDURE

(1) Turn ignition switch “ON”.

(2) Using a DRB 111® and select ENGINE then
MISCELLANEOUS.

(3) Select LEARN INJECTORS.

(4) Using the up and down arrows, scroll to the
appropriate injector.

(5) Using the right and left arrows, set injector to
proper classification.

(6) Once injectors are classified, cycle ignition to
complete.
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Fig. 6 INJECTOR CLASSIFICATION MARKINGS
REMOVAL

WARNING: HIGH-PRESSURE FUEL LINES DELIVER
DIESEL FUEL UNDER EXTREME PRESSURE FROM
THE INJECTION PUMP TO THE FUEL INJECTORS.
THIS MAY BE AS HIGH AS 1600BAR (23,200 PSI).
USE EXTREME CAUTION WHEN INSPECTING FOR
HIGH-PRESSURE FUEL LEAKS. FUEL UNDER THIS
AMOUNT OF PRESSURE CAN PENETRATE SKIN
CAUSING PERSONAL INJURY OR DEATH. INSPECT
FOR HIGH-PRESSURE LEAKS WITH A SHEET OF
CARD BOARD. WEAR SAFETY GOGGLES AND
ADEQUATE PROTECTIVE CLOTHING WHEN SER-
VICING FUEL SYSTEM.

WARNING: NO SPARKS, OPEN FLAMES OR SMOK-
ING. RISK OF POISONING FROM INHALING AND
SWALLOWING FUEL. RISK OF INJURY TO EYES
AND SKIN FROM CONTACT WITH FUEL. POUR
FUELS ONLY INTO SUITABLE AND APPROPRI-
ATELY MARKED CONTAINERS. WEAR PROTECTIVE
CLOTHING.

NOTE: The engine must be lowered in the vehicle to
remove the fourth and fifth cylinders fuel injectors.

(1) Disconnect negative battery cable.

(2) Remove engine cover (Refer to 9 - ENGINE -
REMOVAL).

(3) Raise and suitably support the vehicle.

(4) Remove lower radiator deflector plate.

(5) Drain cooling system (Refer to 7 - COOLING/
ENGINE/COOLANT - STANDARD PROCEDURE).

(6) Remove turbocharger down pipe assembly.

(7) Remove oil dipstick tube retaining bolt and pull
tube from oil pan.

(8) Lower vehicle.

(9) Remove upper radiator hose.

(10) Remove air cleaner box assembly and hoses.

(11) Remove charge air cooler inlet hose.

WG

(12) Remove charge air cooler to turbocharger inlet
adaptor.

(13) Remove turbocharger to right engine mount
bracket.

(14) Disconnect steering coupler at gear box (RHD
Only).

(15) Remove battery (Refer to 8 - ELECTRICAL/
BATTERY SYSTEM/BATTERY - REMOVAL).

(16) Unclip PDC from battery tray and set aside.

(17) Remove battery tray (Refer to 8 - ELECTRI-
CAL/BATTERY SYSTEM/TRAY - REMOVAL).

(18) Remove power steering reservoir (Refer to 19 -
STEERING/PUMP/RESERVOIR - REMOVAL).

(19) Remove charger air cooler outlet hose.

(20) Remove intake manifold to left engine mount
bracket.

(21) Evacuate air conditioning system (Refer to 24
- HEATING & AIR CONDITIONING/PLUMBING -
STANDARD PROCEDURE).

(22) Disconnect air conditioning suction / discharge
lines at A/C compressor.

(23) Disconnect pedal
connector.

(24) Unplug injector electrical connectors.

(25) Remove fuel / water separator to intake man-
ifold retaining bolts.

(26) Support engine with hoist.

(27) Remove engine mount through bolts.

(28) Remove right engine mount sill plate.

position sensor electrical

NOTE: Counterhold injection lines with wrench
socket at threaded connections of injectors.

(29) Disconnect fuel injector high pressure line.

(30) Remove fuel injector retaining bolt and ten-
sion claw.

(31) Suitably lower engine to gain fuel injector
access and remove injector.

NOTE: If injectors are tight, remove with extraction
claw in place of tensioning claw. If extraction claw
contacts cylinder head cover, remove cylinder head
cover. If necessary, remove injectors with threaded
adaptor and discard injector.

(832) Remove injectors (Fig. 7).

(33) Clean injectors and recesses (Refer to 14 -
FUEL SYSTEM/FUEL INJECTION/FUEL INJEC-
TOR - STANDARD PROCEDURE).
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FUEL INJECTOR (Continued)

8104aa62

Fig. 7 FUEL INJECTOR REMOVAL / INSTALLATION

1 - FUEL INJECTOR RETURN LINE 5 - FUEL INJECTOR

2 - RETAINING CLIP 6 - TENSIONING CLAW

3 - INJECTOR HIGH PRESSURE LINE 7 - SPECIAL TOOLS #8938 AND # 8937

4 - INJECTOR SEAL

INSTALLATION ATELY MARKED CONTAINERS. WEAR PROTECTIVE

WARNING: HIGH-PRESSURE FUEL LINES DELIVER
DIESEL FUEL UNDER EXTREME PRESSURE FROM
THE INJECTION PUMP TO THE FUEL INJECTORS.
THIS MAY BE AS HIGH AS 1600BAR (23,200 PSI).
USE EXTREME CAUTION WHEN INSPECTING FOR
HIGH-PRESSURE FUEL LEAKS. FUEL UNDER THIS
AMOUNT OF PRESSURE CAN PENETRATE SKIN
CAUSING PERSONAL INJURY OR DEATH. INSPECT
FOR HIGH-PRESSURE LEAKS WITH A SHEET OF
CARD BOARD. WEAR SAFETY GOGGLES AND
ADEQUATE PROTECTIVE CLOTHING WHEN SER-
VICING FUEL SYSTEM.

WARNING: NO SPARKS, OPEN FLAMES OR SMOK-
ING. RISK OF POISONING FROM INHALING AND
SWALLOWING FUEL. RISK OF INJURY TO EYES
AND SKIN FROM CONTACT WITH FUEL. POUR
FUELS ONLY INTO SUITABLE AND APPROPRI-

CLOTHING.

(1) Clean injectors and recesses (Refer to 14 -
FUEL SYSTEM/FUEL INJECTION/FUEL INJEC-
TOR - STANDARD PROCEDURE).

(2) Coat injector body with anti seize lubricant
then install injectors with new seals.

(3) Install tensioning claws with new screws at
injectors. Tighten screws in two stages, 7 N-m (62
Ibs. in.) then 90°.

NOTE: If locking clamp has been pulled off at injec-
tor, the locking clamp must be replaced.

(4) Position fuel return line at injectors and secure
locking clamps.

NOTE: Counterhold injection lines with wrench
socket at threaded connections of injectors.

(5) Install high pressure injection lines (Refer to
14 - FUEL SYSTEM/FUEL DELIVERY/FUEL LINES
- INSTALLATION).
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FUEL INJECTOR (Continued)

(6) Reconnect injector electrical connectors.

(7) Raise engine and install right sill plate.

(8) Install engine mount through bolts and tighten
to 40N-m (30 Ibs. ft.).

(9) Install fuel / water separator to intake mani-
fold retaining bolts.

(10) Connect pedal position sensor electrical con-
nector.

(11) Connect air conditioning lines to A/C compres-
sor.

(12) Install intake manifold to left engine mount
bracket.

(13) Install charge air cooler outlet hose.

(14) Install power steering reservoir(Refer to 19 -
STEERING/PUMP/RESERVOIR - INSTALLATION).

(15) Install battery tray(Refer to 8 - ELECTRI-
CAL/BATTERY SYSTEM/TRAY - INSTALLATION).

(16) Connect PDC to battery tray.

(17) Install battery (Refer to 8 - ELECTRICAL/
BATTERY SYSTEM/BATTERY - INSTALLATION).

(18) Connect steering coupler at gear box (RHD
Only).

(19) Install turbocharger to right engine mount
bracket (Refer to 11 - EXHAUST SYSTEM/TURBO-
CHARGER SYSTEM - INSTALLATION).

(20) Install charge air cooler to turbocharger inlet
adaptor (Refer to 11 - EXHAUST SYSTEM/CHARGE
AIR COOLER AND PLUMBING - INSTALLATION) .

(21) Install charger air cooler inlet hose (Refer to
11 - EXHAUST SYSTEM/CHARGE AIR COOLER
AND PLUMBING - INSTALLATION).

(22) Install air cleaner box assembly and hoses.

(23) Install upper radiator hose.

(24) Raise vehicle.

(25) Install dipstick tube into oil pan and tighten
retaining bolt.

(26) Install turbocharger down pipe assembly.

(27) Close cooling system drain.

(28) Install lower radiator deflector plate.

(29) Lower vehicle.

(30) Connect negative battery cable.

(31) Install engine cover (Refer to 9 - ENGINE -
INSTALLATION)..

(32) Fill cooling system with the correct mixture to
the proper level (Refer to 7 - COOLING/ENGINE/
COOLANT - STANDARD PROCEDURE).

WARNING: USE EXTREME CAUTION WHEN THE
ENGINE IS OPERATING. DO NOT PUT YOUR
HANDS NEAR PULLEYS, BELTS OR FAN. DO NOT
WEAR LOOSE CLOTHING.

(33) Start engine and inspect for leaks.
(34) Recharge air conditioning system.

FUEL RAIL
DESCRIPTION

The fuel rail acts like a high pressure store. It is
available to all injectors for drawing fuel which has
been compressed by the injection pump. The rail
pressure sensor, rail pressure solenoid, high pressure
line, and the return flow line are attached to the fuel
rail (Fig. 8).

OPERATION

The stored fuel volume inside the rail acts as a
damper for pressure fluctuations which result
because of pulsating supply and brief large extrac-
tions of fuel during injector firing. The rail primarily
influences the atomization of fuel at the injector noz-
zle, and the accuracy of injected quantity during
injection.

REMOVAL

WARNING: HIGH-PRESSURE FUEL LINES DELIVER
DIESEL FUEL UNDER EXTREME PRESSURE FROM
THE INJECTION PUMP TO THE FUEL INJECTORS.
THIS MAY BE AS HIGH AS 1600BAR (23,200 PSI).
USE EXTREME CAUTION WHEN INSPECTING FOR
HIGH-PRESSURE FUEL LEAKS. FUEL UNDER THIS
AMOUNT OF PRESSURE CAN PENETRATE SKIN
CAUSING PERSONAL INJURY OR DEATH. INSPECT
FOR HIGH-PRESSURE LEAKS WITH A SHEET OF
CARD BOARD. WEAR SAFETY GOGGLES AND
ADEQUATE PROTECTIVE CLOTHING WHEN SER-
VICING FUEL SYSTEM.

WARNING: NO SPARKS, OPEN FLAMES OR SMOK-
ING. RISK OF POISONING FROM INHALING AND
SWALLOWING FUEL. RISK OF INJURY TO EYES
AND SKIN FROM CONTACT WITH FUEL. POUR
FUELS ONLY INTO SUITABLE AND APPROPRI-
ATELY MARKED CONTAINERS. WEAR PROTECTIVE
CLOTHING.

(1) Disconnect negative battery cable.

(2) Remove engine cover (Refer to 9 - ENGINE -
REMOVAL).

(3) Disconnect fuel rail pressure sensor and pres-
sure control valve electrical connectors (Fig. 8).

“4)

CAUTION: When slackening and tightening fuel
injection line union nuts, counter hold with wrench
at threaded connection. ON NO ACCOUNT exceed
the tightening torque at any time. Do NOT crimp or
bend lines.
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FUEL RAIL (Continued)

NOTE: After removing lines, seal connections and
ensure cleanliness.

(5) Remove injector high pressure lines (Refer to
14 - FUEL SYSTEM/FUEL DELIVERY/FUEL LINES
- REMOVAL) (Fig. 8).

(6) Remove pressure line of high pressure pump
(Fig. 8).

NOTE: Note attention to the use of locking arm.

(7) Detach fuel return flow line to high pressure
pump at rail (Fig. 8).

(8) Detach fuel return flow line to fuel filter at fuel
filter (Fig. 8).

(9) Remove fuel rail (Fig. 8).
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Fig. 8 FUEL PRESSURE SOLENOID
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FUEL INJECTION 14 - 11

INSTALLATION

WARNING: HIGH-PRESSURE FUEL LINES DELIVER
DIESEL FUEL UNDER EXTREME PRESSURE FROM
THE INJECTION PUMP TO THE FUEL INJECTORS.
THIS MAY BE AS HIGH AS 1600BAR (23,200 PSI).
USE EXTREME CAUTION WHEN INSPECTING FOR
HIGH-PRESSURE FUEL LEAKS. FUEL UNDER THIS
AMOUNT OF PRESSURE CAN PENETRATE SKIN
CAUSING PERSONAL INJURY OR DEATH. INSPECT
FOR HIGH-PRESSURE LEAKS WITH A SHEET OF
CARD BOARD. WEAR SAFETY GOGGLES AND
ADEQUATE PROTECTIVE CLOTHING WHEN SER-
VICING FUEL SYSTEM.

WARNING: NO FIRE, FLAMES OR SMOKING. RISK
OF POISONING FROM INHALING OR SWALLOWING
FUEL. RISK OF INJURY TO EYES AND SKIN FROM
CONTACT WITH FUEL. POUR FUELS ONLY INTO
SUITABLE AND APPROPRIATELY MARKED CON-
TAINERS. WEAR PROTECTIVE CLOTHING.

(1) Position and loosely install fuel return line
from fuel filter, with new seals to rail (Fig. 8).

(2) Position fuel rail to cylinder head, feed in high
pressure line with new seals (Fig. 8).

(3) Tighten fuel rail bolts to 14 N-m (124 Ibs.in.)
(Fig. 8).

(4) Tighten nut of pressure line to high pressure
pump/rail to 22N-m (194 Ibs.in.).

(5) Tighten banjo bolt of fuel return line to fuel
rail to 20N-m (177 lbs.in.).

CAUTION: Inspect sealing cones at the lines.
Replace as necessary. Ensure that all fuel pressure
lines are exactly located in original position.

(6) Install injector lines (Fig. 8). Tighten nut of
pressure line to rail/injector to 22N-m (194 Ibs.in.).

(7) Reconnect fuel rail pressure sensor and pres-
sure control valve electrical connectors (Fig. 8).

(8) Install engine cover (Refer to 9 - ENGINE -
INSTALLATION).

(9) Connect negative battery cable.

WARNING: USE EXTREME CAUTION WHEN THE
ENGINE IS OPERATING. DO NOT STAND IN A
DIRECT LINE WITH FAN. DO NOT PUT YOUR
HANDS NEAR PULLEYS, BELTS OR FAN. DO NOT
WEAR LOOSE CLOTHING.

(10) Start engine and inspect for leaks.
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MANIFOLD AIR FLOW (MAF)
SENSOR

DESCRIPTION

The Mass Air Flow (MAF) Sensor is mounted
inline in the air intake between the air filter and the
turbocharger (Fig. 9).

80b5a442

Fig. 9 MASS AIR FLOW (MAF) SENSOR
OPERATION

The ECM uses the mass air flow (MAF) sensor to
measure air density. A signal voltage is provided to
the MAF sensor that contains a ceramic element. As
engine speed increases, air flow across the ceramic
element increases. Changes in air flow and air den-
sity cause the temperature of the ceramic element to
fluxuate. The ceramic element changes resistance
respectively to changes in temperature. The change
in resistance varies the signal voltage output to the
ECM. The signal voltage is used by the ECM as a
measure for the air mass supplied. The Diesel Power
Relay supplies battery power the to MAF sensor,
ground is provided by the ECM. The MAF sensor sig-
nal is provided by the ECM.

REMOVAL

(1) Disconnect negative battery cable.

(2) Disconnect mass air flow (MAF) sensor electri-
cal connector (Fig. 10).

(3) Disconnect air inlet tube.

(4) Remove MAF to air cleaner housing retaining
bolts and remove sensor (Fig. 10).

INSTALLATION

(1) Position mass air flow (MAF) sensor to air
cleaner housing and tighten bolts (Fig. 10).

(2) Connect air inlet tube.

(3) Connect MAF sensor electrical connector (Fig.
10).
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Fig. 10 MAF SENSOR LOCATION

1 - TURBOCHARGER

2 - MAF SENSOR

3 - AIR CLEANER HOUSING

4 - MAF SENSOR ELECTRICAL CONNECTOR

(4) Connect negative battery cable.

FUEL PRESSURE SOLENOID
DESCRIPTION

The fuel pressure solenoid is attached to the rear
of the fuel rail. The solenoid controls and maintains
the rail pressure constant along with a control cur-
rent transmitted by the engine control module (ECM)
(Fig. 11).

OPERATION

High pressure which is present in the fuel rail
flows to the ball seat of the solenoid (Fig. 12). The
specified pressure required by the system is built up
in the rail by the fuel pressure solenoid building up a
magnetic force which corresponds to this specific
pressure by means of a control current from the elec-
tronic control module (ECM) (Fig. 12). This magnetic
force equals a certain outlet cross section at the ball
seat of the solenoid. The rail pressure is altered as a
result of the quantity of fuel which flows off (Fig. 12).
The current fuel pressure is signaled by the fuel
pressure sensor to the engine control module (ECM).
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80e1a407

Fig. 11 FUEL PRESSURE SOLENOID - TYPICAL

1 - INJECTION LINES

2 - FUEL RAIL

3 - FUEL RETURN LINE

4 - FUEL PRESSURE SOLENOID

5 - OIL LINE

6 - SEALS

7 - FUEL RETURN LINE AT COOLER

8 - HIGH PRESSURE FUEL LINE TO FUEL RAIL
9 - FUEL LINE BRACKET

10 - FUEL PRESSURE SENSOR

The controlled fuel flows back along the return fuel
line, into the tank.

In a de-energized state, the fuel pressure solenoid
is closed as the spring force presses the ball into the
ball seat (Fig. 12). When driving, the fuel pressure
solenoid is constantly open (Fig. 12). When engine is
started, the fuel pressure solenoid is held closed by
magnetic force (Fig. 12). When driving, the pressure
of the fluid counteracts the magnetic force of the coil
and the slight spring force (Fig. 12).

REMOVAL

WARNING: HIGH-PRESSURE FUEL LINES DELIVER
DIESEL FUEL UNDER EXTREME PRESSURE FROM
THE INJECTION PUMP TO THE FUEL INJECTORS.
THIS MAY BE AS HIGH AS 1600BAR (23,200 PSI).
USE EXTREME CAUTION WHEN INSPECTING FOR
HIGH-PRESSURE FUEL LEAKS. FUEL UNDER THIS
AMOUNT OF PRESSURE CAN PENETRATE SKIN
CAUSING PERSONAL INJURY OR DEATH. INSPECT
FOR HIGH-PRESSURE LEAKS WITH A SHEET OF
CARD BOARD. WEAR SAFETY GOGGLES AND
ADEQUATE PROTECTIVE CLOTHING WHEN SER-
VICING FUEL SYSTEM.

FUEL INJECTION 14 - 13
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Fig. 12 FUEL PRESSURE SOLENOID OPERATION
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- HIGH PRESSURE FEED
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WARNING: NO SPARKS, OPEN FLAMES OR SMOK-
ING. RISK OF POISONING FROM INHALING AND
SWALLOWING FUEL. RISK OF INJURY TO EYES
AND SKIN FROM CONTACT WITH FUEL. POUR
FUELS ONLY INTO SUITABLE AND APPROPRI-
ATELY MARKED CONTAINERS. WEAR PROTECTIVE
CLOTHING.

(1) Disconnect negative battery cable.

(2) Remove engine cover (Refer to 9 - ENGINE -
REMOVAL).

(3) Remove fuel rail (Refer to 14 - FUEL SYSTEM/
FUEL INJECTION/FUEL INJECTOR - REMOVAL).

(4) Clamp fuel rail securely in vise with protective
jaws.

NOTE: Once removed, the pressure solenoid must
always be replaced.

(5) Remove fuel pressure solenoid retaining screws
and remove solenoid (Fig. 13).
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Fig. 13 FUEL PRESSURE SOLENOID ASSEMBLY

- RETAINING BOLT

- FUEL PRESSURE SOLENOID
- RETAINING BOLT

- O-RING LOCATION

- FUEL RAIL

- VISE
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INSTALLATION

WARNING: HIGH-PRESSURE FUEL LINES DELIVER
DIESEL FUEL UNDER EXTREME PRESSURE FROM
THE INJECTION PUMP TO THE FUEL INJECTORS.
THIS MAY BE AS HIGH AS 1600BAR (23,200 PSI).
USE EXTREME CAUTION WHEN INSPECTING FOR
HIGH-PRESSURE FUEL LEAKS. FUEL UNDER THIS
AMOUNT OF PRESSURE CAN PENETRATE SKIN
CAUSING PERSONAL INJURY OR DEATH. INSPECT
FOR HIGH-PRESSURE LEAKS WITH A SHEET OF
CARD BOARD. WEAR SAFETY GOGGLES AND
ADEQUATE PROTECTIVE CLOTHING WHEN SER-
VICING FUEL SYSTEM.

WARNING: NO SPARKS, OPEN FLAMES OR SMOK-
ING. RISK OF POISONING FROM INHALING AND
SWALLOWING FUEL. RISK OF INJURY TO EYES
AND SKIN FROM CONTACT WITH FUEL. POUR
FUELS ONLY INTO SUITABLE AND APPROPRI-
ATELY MARKED CONTAINERS. WEAR PROTECTIVE
CLOTHING.

NOTE: Apply a thin film of special grease to the
seals before installing. If the seals are damaged
when being installed, an internal leak may occur
which can not be recognized externally.

(1) Position fuel pressure solenoid to fuel rail and
retain with screws (Fig. 13). Tighten in two stages,
3N:m (26 Ibs. in.) then 5N-m (44 Ibs. ft.).

(2) Install fuel rail (Refer to 14 - FUEL SYSTEM/
FUEL INJECTION/FUEL INJECTOR - INSTALLA-
TION).

(3) Install engine cover (Refer to 9 - ENGINE -
INSTALLATION).

(4) Connect negative battery cable.

WARNING: USE EXTREME CAUTION WHEN ENGINE
IS OPERATING. DO NOT PUT YOUR HANDS NEAR
PULLEYS, BELTS, OR FAN. DO NOT WEAR LOOSE
CLOTHES.

(5) Start engine and inspect for leaks.

BOOST PRESSURE SENSOR
DESCRIPTION

The boost pressure sensor is mounted to the top of
the intake manifold just above the intake air inlet
(Fig. 14). The sensor allows the ECM to monitor air
pressure within the intake manifold.

80eda439

Fig. 14 BOOST PRESSURE SENSOR LOCATION

1 - OIL FILTER CAP
2 - BOOST PRESSURE SENSOR
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BOOST PRESSURE SENSOR (Continued)
OPERATION

When the intake manifold pressure is low (high
vacuum) sensor voltage output is 0.25-1.8 volts at the
ECM. When the intake manifold pressure is high due
to turbo boost, sensor voltage output is 2.0-4.7 volts.
The sensor receives a 5-volts reference from the
ECM. Sensor ground is also provides by the ECM.
The ECM uses boost pressure combined with intake
air temerature to determine the volume of air enter-
ing the engine.

DIAGNOSIS AND TESTING - BOOST PRESSURE
SENSOR

If the boost pressure sensor fails, the ECM records
a DTC into memory and continues to operate the
engine in one of the three limp-in modes. When the
ECM is operating in this mode, a loss of power will
be present, as if the turbocharger was not operating.
The best method for diagnosing faults with the boost
pressure sensor is with the DRB 111® scan tool. Refer
to the Diesel Powertrain Diagnostic Manual for more
information.

Refer to On-Board Diagnostics in Emissions Con-
trol System for a list of Diagnostic Trouble Codes
(DTC's) for certain fuel system components.

INTAKE AIR TEMPERATURE
SENSOR

DESCRIPTION

This sensor is also used to monitor the intake air
temperature (Fig. 15).

OPERATION

The intake air temperature sensor is a negative
temperature coefficient (NTC) thermistor (resistance
varies inversly with temperature). This means at
cold air temperature its resistance is high, sothe volt-
age signal will be high. As intake air temperature
increases, sensor resistance decreases and the signal
voltage will be low. This allows the sensor to provide
an analog voltage signal (0.2-4.8 volts) to the ECM.

Fig. 15 SENSOR LOCATIONS

1 - FUEL PRESSURE SENSOR
2 - BOOST PRESSURE SENSOR
3 - INTAKE AIR TEMPERATURE SENSOR

14 - 15
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FUEL DRAIN TUBES

DIAGNOSIS AND TESTING - FUEL SUPPLY
RESTRICTIONS

LOW-PRESSURE LINES

Fuel supply line restrictions or a defective fuel
pump can cause starting problems and prevent
engine from accelerating. The starting problems
include; low power and/or white fog like exhaust.

Test all fuel supply lines for restrictions or block-
age. Flush or replace as necessary. Purge fuel system
of air once a fuel supply line has been replaced (Refer
to 14 - FUEL SYSTEM - STANDARD PROCEDURE).

HIGH-PRESSURE LINES

CAUTION: High pressure lines cannot contact each
other or other components. Do not attempt to weld
high-pressure fuel lines or to repair lines that are
damaged. High pressure lines must be replaced at
each disassembly. Use only recommended lines
when replacement of high-pressure fuel line is nec-
essary.

Restricted (kinked or bent) high-pressure lines can
cause starting problems, poor engine performance,
engine mis-fire and white smoke from exhaust (Refer
to 14 - FUEL SYSTEM - WARNING).

FUEL FILTER / WATER
SEPARATOR

DESCRIPTION

In order to assure trouble free operation with win-
ter grade diesel fuel, a preheater valve is located
with in the fuel filter. Depending on the temperature
of the heated return flow fuel, fuel flows back
through the preheating valve into the fuel filter to
heat up or flows directly back into the fuel tank.

OPERATION

PRE - HEATING Up to 45°C (113°F), the thermo
bimetal plate of the preheater, shuts off the return
fuel flow port to the fuel tank. The fuel from the rail
flows into the fuel filter to be warmed. If there is air
in the system, a ball seals off a port and the air is
directed to the fuel tank.

NON PRE - HEATING From above 45°C (113°F)
the thermo bimetal plate of the preheater, shuts off
the port to the fuel filter and fuel from the rail flows
directly into the return flow line to the fuel tank.

REMOVAL

WARNING: NO SPARKS, OPEN FLAMES OR SMOK-
ING. RISK OF POISONING FROM INHALING AND
SWALLOWING FUEL. RISK OF INJURY TO EYES
AND SKIN FROM CONTACT WITH FUEL. POUR
FUELS ONLY INTO SUITABLE AND APPROPRI-
ATELY MARKED CONTAINERS. WEAR PROTECTIVE
CLOTHING.

(1) Disconnect negative battery cable.
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FUEL FILTER / WATER SEPARATOR (Continued)

(2) Insert a suitable hose into the fuel drain port
in rear of filter, turn drain port counterclockwise and
drain fuel into a suitable and appropriately marked
container.

(3) Disconnect fuel feed and return lines at fuel fil-
ter and set aside.

(4) Disconnect fuel heater electrical connector at
fuel filter.

(5) Remove fuel filter retaining bracket bolt and
remove fuel filter.

INSTALLATION

WARNING: NO SPARKS, OPEN FLAMES OR SMOK-
ING. RISK OF POISONING FROM INHALING AND
SWALLOWING FUEL. RISK OF INJURY TO EYES
AND SKIN FROM CONTACT WITH FUEL. POUR
FUELS ONLY INTO SUITABLE AND APPROPRI-
ATELY MARKED CONTAINERS. WEAR PROTECTIVE
CLOTHING.

NOTE: Assure fuel filter drain port is closed.

(1) Connect fuel heater electrical connector.

(2) Position fuel filter in bracket and tighten
retaining bolt.

(3) Connect fuel feed and return lines.

(4) Connect negative battery cable.

(5) Start engine and inspect for leaks.

FUEL PUMP

DESCRIPTION
DESCRIPTION - HIGH PRESSURE PUMP

WARNING: HIGH PRESSURE FUEL LINES DELIVER
DIESEL FUEL UNDER EXTREME PRESSURE FROM
THE INJECTION PUMP TO THE FUEL INJECTORS.
THIS MAY BE AS HIGH AS 1600 BAR (23,200 PSI).
USE EXTREME CAUTION WHEN INSPECTING FOR
HIGH — PRESSURE FUEL LEAKS. FUEL UNDER
THIS AMOUNT OF PRESSURE CAN PENETRATE
SKIN CAUSING PERSONAL INJURY OR DEATH.
INSPECT FOR HIGH-PRESSURE FUEL LEAKS WITH
A SHEET OF CARDBOARD. WEAR SAFETY GOG-
GLES AND ADEQUATE PROTECTIVE CLOTHING
WHEN SERVICING FUEL SYSTEM.

The high pressure pump is a radial piston pump
with three pistons arranged at an angle of 120°. The
high pressure pump is driven at about 1.3 times the
speed of the camshaft. The high pressure pump is
mounted to the front of the cylinder head (Fig. 1).

80e1c3fd

Fig. 1 HIGH PRESSURE PUMP
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DESCRIPTION - LOW PRESSURE PUMP

The low pressure pump (Fig. 2)supplies an ade-
guate quantity of filtered fuel in all operating condi-
tions from the fuel tank, at an adequate pressure, to
the high pressure pump.

OPERATION
OPERATION

LOW PRESSURE SIDE

The fuel supplied by the fuel delivery pump flows
through the fuel feed to the throttle valve. Any air
entrained by the fuel is directed through the restric-
tor to the return flow. The throttle valve opens
against the force of the spring at a pressure of
approx. 0.4 bar and the fuel is able to flow along a
ring line to the individual pistons. The eccentric
shaft with its eccentric plate moves the pistons up
and down against the piston spring of the three
pump elements. The leak fuel from the pistons flows
along the return flow to the fuel tank. The fuel flow-
ing out of the throttle valve, also flows off along the
return flow.
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Fig. 2 VACUUM PUMP AND LOW PRESSURE FUEL
PUMP ASSEMBLIES

- VACUUM LINE

- FUEL OUTLET LINE

- FUEL FEED LINE

- LOW PRESSURE FUEL PUMP
- VACUUM PUMP
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HIGH PRESSURE SIDE

A. Filling the piston: The piston is moved down
as a result of the piston spring. The fuel supplied by
the fuel delivery pump flows along the ring passage,
the valve disk and the valve spring into the cylinder.
The ball valve prevents the fuel from being able to
flow back from the high pressure passage.

B. Producing high pressure:The piston is moved
up by the rising eccentric shaft and the fuel is thus
compressed. The valve disk shuts off the delivery vol-
ume to the fuel feed. Once the fuel pressure in the
cylinder rises beyond the pressure which exists in
the high pressure circuit, the ball valve opens and
the fuel is pumped into the high pressure circuit.

OPERATION - LOW PRESSURE PUMP

The low pressure pump draws fuel from tank
through fuel filter and supplies the high pressure
pump. Fuel pressure at starter speed is 0.4 to 1.5 bar
(6 to 22 psi.). A fuel pressure of 2.0 to 2.5 bar (29 to
36 psi.) is reached at idle speed. Fuel pressure is lim-
ited to 3.5 bar £ .5 bar (51 psi. £ 7 psi) by the valve
in the fuel delivery pump. This valve opens by over
coming a spring force and allows excessive fuel to

flow to the intake side of the low pressure pump.
This diverted fuel flows into the return flow pipe
through the fuel cooler back to the tank. As a result
of this circulation, the fuel always remains relatively
cool.

REMOVAL
REMOVAL - HIGH PRESSURE PUMP

WARNING: HIGH PRESSURE FUEL LINES DELIVER
DIESEL FUEL UNDER EXTREME PRESSURE FROM
THE INJECTION PUMP TO THE FUEL INJECTORS.
THIS MAY BE AS HIGH AS 1600 BAR (23,200 PSI).
USE EXTREME CAUTION WHEN INSPECTING FOR
HIGH — PRESSURE FUEL LEAKS. FUEL UNDER
THIS AMOUNT OF PRESSURE CAN PENETRATE
SKIN CAUSING PERSONAL INJURY OR DEATH.
INSPECT FOR HIGH-PRESSURE FUEL LEAKS WITH
A SHEET OF CARDBOARD. WEAR SAFETY GOG-
GLES AND ADEQUATE PROTECTIVE CLOTHING
WHEN SERVICING FUEL SYSTEM.

(1) Disconnect negative battery cable.

(2) Remove engine cover (Refer to 9 - ENGINE -
REMOVAL).

(3) Remove accessory drive belt (Refer to 7 -
COOLING/ACCESSORY DRIVE/DRIVE BELTS -
REMOVAL).

(4) Partially drain coolant system (Refer to 7 -
COOLING/ENGINE/COOLANT - STANDARD PRO-
CEDURE).

(5) Disconnect viscous heater hose at heater and
bracket above idler pulley and set aside.

(6) Disconnect hydraulic fan power steering hose
at steering pump and set aside.

(7) Remove bolt for fuel line retainer at lifting eye.

CAUTION: DO NOT slacken the threaded connec-
tion. Use a wrench to counterhold at the threaded
connection when loosening and tightening the
union nut. DO NOT EXCEED tightening torque.

CAUTION: DO NOT crimp or bend fuel line. Capture
all fluids that flow out of connections.

NOTE: Using a marking pen, make a mark on the
outside fuel line to easily identify proper position
during assembly.

(8) Unbolt pressure line at pressure pump.
(9) Detach fuel return flow line at high pressure

pump.
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FUEL PUMP (Continued)

NOTE: Care must be taken not to drop the high
pressure pump driver and intermediate piece if
pump is being replaced.

(10) Remove bolts attaching high pressure pump
and remove pump (Fig. 3).
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Fig. 3 HIGH PRESSURE PUMP

- FUEL RETURN LINE

- FUEL LINE BRACKET

- HIGH PRESSURE PUMP

- O-RING

- PUMP DRIVE

- FUEL LINE BRACKET

- HIGH PRESSURE FUEL LINE FROM PUMP TO FUEL RAIL

REMOVAL - LOW PRESSURE PUMP

WARNING: NO SPARKS, OPEN FLAMES OR SMOK-
ING. RISK OF POISONING FROM INHALING AND
SWALLOWING FUEL. RISK OF INJURY TO EYES
AND SKIN FROM CONTACT WITH FUEL. POUR
FUELS ONLY INTO SUITABLE AND APPROPRI-
ATELY MARKED CONTAINERS. WEAR PROTECTIVE
CLOTHING.

~NOoO O~ WNE

(1) Disconnect negative battery cable.

(2) Remove engine cover (Refer to 9 - ENGINE -
REMOVAL).

(3) Remove vacuum pump (Refer to 9 - ENGINE/
ENGINE BLOCK/INTERNAL VACUUM PUMP -
REMOVAL).

(4) Detach fuel lines at low pressure pump (Fig. 4).

(5) Remove low pressure pump (Fig. 4).

80e1d2fa

Fig. 4 VACUUM PUMP AND LOW PRESSURE FUEL
PUMP ASSEMBLIES

- VACUUM LINE

- FUEL OUTLET LINE

- FUEL FEED LINE

- LOW PRESSURE FUEL PUMP
- VACUUM PUMP

INSTALLATION
INSTALLATION - HIGH PRESSURE PUMP

OB WNEF

WARNING: HIGH PRESSURE FUEL LINES DELIVER
DIESEL FUEL UNDER EXTREME PRESSURE FROM
THE INJECTION PUMP TO THE FUEL INJECTORS.
THIS MAY BE AS HIGH AS 1600 BAR (23,200 PSI).
USE EXTREME CAUTION WHEN INSPECTING FOR
HIGH — PRESSURE FUEL LEAKS. FUEL UNDER
THIS AMOUNT OF PRESSURE CAN PENETRATE
SKIN CAUSING PERSONAL INJURY OR DEATH.
INSPECT FOR HIGH-PRESSURE FUEL LEAKS WITH
A SHEET OF CARDBOARD. WEAR SAFETY GOG-
GLES AND ADEQUATE PROTECTIVE CLOTHING
WHEN SERVICING FUEL SYSTEM.

CAUTION: Clean sealing surfaces with appropriate
solvents and replace all seals.
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FUEL PUMP (Continued)

NOTE: Inspect then attach high pressure pump
driver and intermediate piece if pump is being
replaced. If wear is present at driver, replace the
intermediate gear.

(1) Position and secure the high pressure pump to
cylinder head (Fig. 3). Tighten bolts to 14 N-m (124
Ibs. in.).

CAUTION: NEVER slacken the thread connection.
Use a wrench to counterhold at threaded connec-
tion when slackening and tightening torque in order

to avoid also slackening the threaded connection

the next time.

CAUTION: DO NOT crimp or bend fuel line. Inspect
sealing cone at line; replace line if compression
exists.

NOTE: Care must be taken not to cross the fuel
return and supply lines during installation.

(2) Attach fuel flow return line (Fig. 3).
(3) Install bracket to high pressure pump (Fig. 3).
Tighten nut to 9N-m (80 Ibs. in.).

CAUTION: NEVER slacken the thread connection.
Use a wrench to counterhold at threaded connec-
tion when slackening and tightening torque in order

to avoid also slackening the threaded connection

the next time.

CAUTION: DO NOT crimp or bend fuel line. Inspect
sealing cone at line; replace line if compression
exists.

NOTE: Care must be taken not to cross the fuel
return and supply lines during installation.

(4) Attach high pressure fuel line to pump (Fig. 3).
Tighten to 22N-m (194 Ibs.in.).

(5) Connect hydraulic fan power steering hose and
viscous heater hose, then secure in bracket above
idler pulley.

(6) Install bolt for fuel line retainer at lifting eye.

(7) Install accessory drive belt (Refer to 7 - COOL-
ING/ACCESSORY DRIVE/DRIVE BELTS - INSTAL-
LATION).

(8) Install engine cover (Refer to 9 - ENGINE -
INSTALLATION).

(9) Connect negative battery cable.

(10) Refill coolant system with proper mixture to
correct level.

WARNING: USE EXTREME CAUTION WHEN THE
ENGINE IS OPERATING. DO NOT STAND IN A
DIRECT LINE WITH THE FAN. DO NOT PUT YOU
HANDS NEAR PULLEYS, BELTS OR FAN. DO NOT
WEAR LOOSE CLOTHES.

(11) Sstart engine and inspect for leaks.

INSTALLATION - LOW PRESSURE PUMP

WARNING: NO SPARKS, OPEN FLAMES OR SMOK-
ING. RISK OF POISONING FROM INHALING AND
SWALLOWING FUEL. RISK OF INJURY TO EYES
AND SKIN FROM CONTACT WITH FUEL. POUR
FUELS ONLY INTO SUITABLE AND APPROPRI-
ATELY MARKED CONTAINERS. WEAR PROTECTIVE
CLOTHING.

NOTE: Clean sealing surfaces, replace seal if nec-
essary.

(1) Prime the low pressure pump with the appro-
priate fuel.

(2) Attach low pressure fuel pump to cylinder head
front cover. Tighten bolt to 9N-m (80 Ibs. in.).

(38) Attach fuel lines to low pressure pump.

(4) Install vacuum pump (Refer to 9 - ENGINE/
ENGINE BLOCK/INTERNAL VACUUM PUMP -
INSTALLATION).

(5) Install engine cover (Refer to 9 - ENGINE -
INSTALLATION).

(6) Reconnect negative battery cable.

WARNING: USE EXTREME CAUTION WHEN THE
ENGINE IS OPERATING. DO NOT STAND IN A
DIRECT LINE WITH FAN. DO NOT PUT YOUR
HANDS NEAR PULLEYS, BELTS OR FAN. DO NOT
WEAR LOOSE CLOTHING.

(7) Start engine and inspect for leaks.
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FUEL LINES
REMOVAL - HIGH PRESSURE LINES

WARNING: HIGH-PRESSURE FUEL LINES DELIVER
DIESEL FUEL UNDER EXTREME PRESSURE FROM
THE INJECTION PUMP TO THE FUEL INJECTORS.
THIS MAY BE AS HIGH AS 1600BAR (23,200 PSI).
USE EXTREME CAUTION WHEN INSPECTING FOR
HIGH-PRESSURE FUEL LEAKS. FUEL UNDER THIS
AMOUNT OF PRESSURE CAN PENETRATE SKIN
CAUSING PERSONAL INJURY OR DEATH. INSPECT
FOR HIGH-PRESSURE LEAKS WITH A SHEET OF
CARD BOARD. WEAR SAFETY GOGGLES AND
ADEQUATE PROTECTIVE CLOTHING WHEN SER-
VICING FUEL SYSTEM.

WARNING: NO SPARKS, OPEN FLAMES OR SMOK-
ING. RISK OF POISONING FROM INHALING AND
SWALLOWING FUEL. RISK OF INJURY TO EYES
AND SKIN FROM CONTACT WITH FUEL. POUR
FUELS ONLY INTO SUITABLE AND APPROPRI-
ATELY MARKED CONTAINERS. WEAR PROTECTIVE
CLOTHING.

(1) Disconnect negative battery cable.
(2) Remove engine cover (Refer to 9 - ENGINE -
REMOVAL).

CAUTION: Counterhold with wrench at threaded
connections of injectors. DO NOT EXCEED the
tightening torque in order to avoid also slackings

the threaded connection.

CAUTION: DO NOT crimp or bend lines.

NOTE: After removing injection lines, seal connec-
tions and ensure cleanliness.

(3) Unscrew union nuts of injection lines.
(4) Remove injection lines (Fig. 5).

INSTALLATION - HIGH PRESSURE LINES

WARNING: HIGH-PRESSURE FUEL LINES DELIVER
DIESEL FUEL UNDER EXTREME PRESSURE FROM
THE INJECTION PUMP TO THE FUEL INJECTORS.
THIS MAY BE AS HIGH AS 1600BAR (23,200 PSI).
USE EXTREME CAUTION WHEN INSPECTING FOR
HIGH-PRESSURE FUEL LEAKS. FUEL UNDER THIS
AMOUNT OF PRESSURE CAN PENETRATE SKIN
CAUSING PERSONAL INJURY OR DEATH. INSPECT
FOR HIGH-PRESSURE LEAKS WITH A SHEET OF
CARD BOARD. WEAR SAFETY GOGGLES AND

80e1c168

Fig. 5 HIGH PRESSURE LINES AT INJECTORS

1 - HIGH PRESSURE LINE
2 - CYLINDER HEAD COVER
3 - FUEL RAIL

ADEQUATE PROTECTIVE CLOTHING WHEN SER-
VICING FUEL SYSTEM.

WARNING: NO SPARKS, OPEN FLAMES OR SMOK-
ING. RISK OF POISONING FROM INHALING AND
SWALLOWING FUEL. RISK OF INJURY TO EYES
AND SKIN FROM CONTACT WITH FUEL. POUR
FUELS ONLY INTO SUITABLE AND APPROPRI-
ATELY MARKED CONTAINERS. WEAR PROTECTIVE
CLOTHING.

(1) Loosen the fuel rail mounting bolts to install
lines free of stress.

CAUTION: Inspect sealing cone at lines. Replace if
compression points exist. Ensure lines are exactly
located.

(2) Position and install fuel lines (Fig. 5). Tighten
to 22N-m (195 Ibs. in.) using a wrench to counterhold
at threaded connection.

(38) Tighten fuel rail to 14N-m (124 Ibs. in.).

(4) Install engine cover (Refer to 9 - ENGINE -
INSTALLATION).

(5) Connect negative battery cable.

WARNING: USE EXTREME CAUTION WHEN ENGINE
IS OPERATING. DO NOT STAND IN DIRECT LINE
WITH FAN. DO NOT PUT YOUR HANDS NEAR PUL-
LEYS, BELTS OR FAN. DO NOT WEAR LOOSE
CLOTHES.

(6) Start engine and inspect for leaks.
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AUTOMATIC TRANSMISSION -
W53400

DESCRIPTION

The W5J400 automatic transmission (Fig. 1) is an
electronically controlled 5-speed transmission with a
lock-up clutch in the torque converter. The ratios for
the gear stages are obtained by 3 planetary gear sets.
Fifth gear is designed as an overdrive with a high-
speed ratio.

The gears are actuated electronically/hydraulically.
The gears are shifted by means of an appropriate
combination of three multi-disc holding clutches,
three multi-disc driving clutches, and two freewheel-
ing clutches.

Electronic transmission control enables precise
adaptation of pressures to the respective operating
conditions and to the engine output during the shift
phase which results in a significant improvement in
shift quality.

Furthermore, it offers the advantage of a flexible
adaptation to various vehicle and engines.

Basically, the automatic transmission with elec-
tronic control offers the following advantages:
Reduces fuel consumption.

Improved shift comfort.

More favourable step-up through the five gears.
Increased service life and reliability.

Lower maintenance costs.
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Fig. 1 W5J400 Automatic Transmission
1 - TORQUE CONVERTER 11 - PARKING LOCK GEAR
2 - OlL PUMP 12 - INTERMEDIATE SHAFT
3 - DRIVESHAFT 13 - FREEWHEEL F2
4 - MULTI-DISC HOLDING CLUTCH B1 14 - REAR PLANETARY GEAR SET
5 - DRIVING CLUTCH K1 15 - CENTER PLANETARY GEAR SET
6 - DRIVING CLUTCH K2 16 - ELECTROHYDRAULIC CONTROL UNIT
7 - MULTI-DISC HOLDING CLUTCH B3 17 - FRONT PLANETARY GEAR SET
8 - DRIVING CLUTCH K3 18 - FREEWHEEL F1
9 - MULTI-DISC HOLDING CLUTCH B2 19 - STATOR SHAFT

10 - OUTPUT SHAFT 20 - TORQUE CONVERTER LOCK-UP CLUTCH




21 -4  AUTOMATIC TRANSMISSION - W5J400

WG
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TRANSMISSION IDENTIFICATION

The transmission name, W5J400, can be decoded
to describe the transmission as follows:

e W = A transmission using a hydraulic torque
converter.

e 5 =5 forward gears.

e J = A transmission first used in a Jeep® vehicle.

e 400 = A 4X4 transmission.

The transmission can be generically identified
visually by the presence of a round 13-way connector
located near the front corner of the transmission oil
pan, on the right side. Specific transmission informa-
tion can be found stamped into a pad on the left side
of the transmission, above the oil pan rail.

TRANSMISSION GEAR RATIOS
The gear ratios for the W5J400 automatic trans-
mission are as follows:

IstGear .. ...... ... . 3.59:1
2nd Gear ... ... 2.19:1
ArdGear ...... ... 1.41:1
Ath Gear .......... . .. 1.00:1
SthGear .......... ... .. . .. . .. .. ... 0.83:1
Reverse .. ...... . .. .. ... 3.16:1
Reverse (In 4WD Low range) .. ........... 1.93:1

TRANSMISSION HOUSING

The converter housing and transmission are made
from a light alloy. These are bolted together and cen-
tered via the outer multi-disc carrier of multi-disc
holding clutch, B1. A coated intermediate plate pro-
vides the sealing. The oil pump and the outer multi-
disc carrier of the multi-disc holding clutch, B1, are
bolted to the converter housing. The stator shaft is
pressed into it and prevented from rotating by
splines. The electrohydraulic unit is bolted to the
transmission housing from underneath. A sheet
metal steel oil pan forms the closure.

MECHANICAL SECTION

The mechanical section consists of a drive shaft,
output shaft, a sun gear shaft, and three planetary
gear sets which are coupled to each other. The plan-
etary gear sets each have four planetary pinion
gears. The oil pressure for the torque converter
lock-up clutch and clutch K2 is supplied through
bores in the drive shaft. The oil pressure to clutch K3
is transmitted through the output shaft. The lubri-
cating oil is distributed through additional bores in
both shafts. All the bearing points of the gear sets, as
well as the freewheeling clutches and actuators, are
supplied with lubricating oil. The parking lock gear
is connected to the output shaft via splines.

Freewheeling clutches F1 and F2 are used to opti-
mize the shifts. The front freewheel, F1, is supported

on the extension of the stator shaft on the transmis-
sion side and, in the locking direction, connects the
sun gear of the front planetary gear set to the trans-
mission housing. In the locking direction, the rear
freewheeling clutch, F2, connects the sun gear of the
center planetary gear set to the sun gear of the rear
planetary gear set.

ELECTROHYDRAULIC CONTROL UNIT

The electrohydraulic control unit comprises the
shift plate made from light alloy for the hydraulic
control and an electrical control unit. The electrical
control unit comprises of a supporting body made of
plastic, into which the electrical components are
assembled. The supporting body is mounted on the
shift plate and screwed to it.

Strip conductors inserted into the supporting body
make the connection between the electrical compo-
nents and a plug connector. The connection to the
wiring harness on the vehicle and the transmission
control module (TCM) is produced via this 13-pin
plug connector with a bayonet lock.

SHIFT GROUPS

The hydraulic control components (including actua-
tors) which are responsible for the pressure distribu-
tion before, during, and after a gear change are
described as a shift group. Each shift group contains
a command valve, a holding pressure shift valve, a
shift pressure shift valve, overlap regulating valve,
and a solenoid.

The hydraulic system contains three shift groups:
1-2/4-5, 2-3, and 3-4. Each shift group can also be
described as being in one of two possible states. The
active shift group is described as being in the shift
phase when it is actively engaging/disengaging a
clutch combination. The 1-2/4-5 shift group control
the B1 and K1 clutches. The 2-3 shift group controls
the K2 and K3 clutches. The 3-4 shift group controls
the K3 and B2 clutches.

OPERATION

The transmission control is divided into the elec-
tronic and hydraulic transmission control functions.
While the electronic transmission control is responsi-
ble for gear selection and for matching the pressures
to the torque to be transmitted, the transmission’s
power supply control occurs via hydraulic elements
in the electrohydraulic control module. The oil supply
to the hydraulic elements, such as the hydrodynamic
torque converter, the shift elements and the hydrau-
lic transmission control, is provided by way of an oil
pump connected with the torque converter.

The Transmission Control Module (TCM) allows for
the precise adaptation of pressures to the corresponding
operating conditions and to the engine output during
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the gearshift phase, resulting in a noticeable improve-
ment in shift quality. The engine speed limit can be
reached in the individual gears at full throttle and kick-
down. The shift range can be changed in the forward
gears while driving, but the TCM employs a downshift
safeguard to prevent over-revving the engine. The sys-
tem offers the additional advantage of flexible adapta-
tion to different vehicle and engine variants.

EMERGENCY RUNNING FUNCTION

In order to ensure a safe driving state and to pre-
vent damage to the automatic transmission, the TCM
control module switches to limp-home mode in the
event of critical faults. A DTC assigned to the fault is
stored in memory. All solenoid and regulating valves
are thus de-energized.

The net effect is:

e The last engaged gear remains engaged.

e The modulating pressure and shift pressures
rise to the maximum levels.

e The torque converter lockup clutch is deacti-
vated.

In order to preserve the operability of the vehicle
to some extent, the hydraulic control can be used to
engage 2nd gear or reverse using the following pro-
cedure:

e Stop the vehicle.

Switch off engine.

Move selector lever to "P".

Wait at least 10 seconds.

Start engine.

Move selector lever to D: 2nd gear.

e Move selector lever to R: Reverse gear.

The limp-home function remains active until the
DTC is rectified or the stored DTC is erased with the
DRB® tool. Sporadic faults can be reset via ignition
OFF/ON.

CLUTCH APPLICATION
Refer to CLUTCH APPLICATION for which shift
elements are applied in each gear position.

CLUTCH APPLICATION

GEAR RATIO Bl B2 B3 K1 K2 K3 F1 F2
1 3.59 X* X X* X X
2 2.19 X X X* X
3 1.41 X X X
4 1.00 X X X
5 0.83 X X X X*
N X X
R 3.16 X* X X X

R (4WD 1.93 X X X

Low)
* = The shift components required during coast.
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FIRST GEAR POWERFLOW

Torque from the torque converter is increased via
the drive shaft (25) and all three planetary gearsets
and transferred to the output shaft (26) (Fig. 2) and
(Fig. 3).

Front Planetary Gear Set

The annulus gear (8) is driven by the drive shaft
(25). The sun gear (21) is held against the housing by
the locked freewheel F1 (20) during acceleration and
via the engaged multiple-disc holding clutch B1 (4)
during deceleration. The planetary pinion gears (17)
turn on the fixed sun gear (21) and increase the
torque from the annulus gear (8) to the planetary
carrier (13). The planetary carrier (13) moves at a
reduced speed in the running direction of the engine.

Rear Planetary Gear Set

The annulus gear (11) turns at a reduced speed
due to the mechanical connection to the front plane-
tary carrier (15). The sun gear (23) is held against
the housing by the engaged multiple-disc holding

clutch B2 (6), by the locked freewheel F2 (24) during
acceleration and by the engaged multiple-disc clutch
K3 (12) during deceleration. The planetary gears (19)
turn on the fixed sun gear (23) and increase the
torque from the annulus gear (11) to the planetary
carrier (15). The planetary carrier (15) moves at a
reduced speed in the running direction of the engine.

Center Planetary Gear Set

The annulus gear (10) is driven at the same speed
as the rear planetary carrier (15) as a result of a
mechanical connection. The sun gear (22) is held
against the housing by the multiple-disc holding
clutch B2 (6). The planetary pinion gears (18) turn
on the fixed sun gear (22) and increase the torque
from the annulus gear (10) to the planetary carrier
(14). The output shaft (26) connected to the planetary
carrier (14) turns at a reduced speed in the running
direction of the engine.
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Fig. 2 First Gear Powerflow

- TORQUE CONVERTER LOCK-UP CLUTCH
- TORQUE CONVERTER TURBINE

- TORQUE CONVERTER IMPELLER

- HOLDING CLUTCH B1

- HOLDING CLUTCH B3

- HOLDING CLUTCH B2

- DRIVING CLUTCH K1

- FRONT PLANETARY ANNULUS GEAR

- DRIVING CLUTCH K2

10 - CENTER PLANETARY ANNULUS GEAR
11 - REAR PLANETARY ANNULUS GEAR
12 - DRIVING CLUTCH K3

13 - FRONT PLANETARY CARRIER

A - ENGINE SPEED

B - TRANSMISSION INPUT SPEED

C - FIRST GEAR RATIO
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14 - CENTER PLANETARY CARRIER

15 - REAR PLANETARY CARRIER

16 - TORQUE CONVERTER STATOR

17 - FRONT PLANETARY PINION GEARS
18 - CENTER PLANETARY PINION GEARS
19 - REAR PLANETARY PINION GEARS
20 - FREEWHEELING CLUTCH F1

21 - FRONT PLANETARY SUN GEAR

22 - CENTER PLANETARY SUN GEAR
23 - REAR PLANETARY SUN GEAR

24 - FREEWHEELING CLUTCH F2

25 - DRIVE SHAFT

26 - OUTPUT SHAFT

D - SECOND GEAR RATIO

E - THIRD GEAR RATIO

F - FIXED PARTS
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1 - TORQUE CONVERTER LOCK-UP CLUTCH
2 - TORQUE CONVERTER TURBINE

3 - TORQUE CONVERTER IMPELLER

4 - HOLDING CLUTCH B1

5 - HOLDING CLUTCH B3

6 - HOLDING CLUTCH B2

7 - DRIVING CLUTCH K1

8 - FRONT PLANETARY ANNULUS GEAR

9 - DRIVING CLUTCH K2

10 - CENTER PLANETARY ANNULUS GEAR
11 - REAR PLANETARY ANNULUS GEAR
12 - DRIVING CLUTCH K3

13 - FRONT PLANETARY CARRIER

A - ENGINE SPEED

B - TRANSMISSION INPUT SPEED

C - FIRST GEAR RATIO
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Fig. 3 First Gear Powerflow

14 - CENTER PLANETARY CARRIER

15 - REAR PLANETARY CARRIER

16 - TORQUE CONVERTER STATOR

17 - FRONT PLANETARY PINION GEARS
18 - CENTER PLANETARY PINION GEARS
19 - REAR PLANETARY PINION GEARS
20 - FREEWHEELING CLUTCH F1

21 - FRONT PLANETARY SUN GEAR

22 - CENTER PLANETARY SUN GEAR
23 - REAR PLANETARY SUN GEAR

24 - FREEWHEELING CLUTCH F2

25 - DRIVE SHAFT

26 - OUTPUT SHAFT

D - SECOND GEAR RATIO

E - THIRD GEAR RATIO

F - FIXED PARTS
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SECOND GEAR POWERFLOW

Torque from the torque converter is increased via
the drive shaft (25) and the center and rear plane-
tary gearset and transferred to the output shaft (26)
(Fig. 4) and (Fig. 5).

Front Planetary Gear Set

The planetary carrier (13) and sun gear (21) are
connected via the engaged multiple-disc clutch K1
(7). The planetary gearset is therefore blocked and
turns as a closed unit at the input speed due to the
mechanical connection of the annulus gear (8) and
drive shaft.

Rear Planetary Gear Set

The annulus gear (11) turns at the input speed as
a result of the mechanical connection to the front
planetary carrier (13). The sun gear (23) is held
against the housing by the engaged multiple-disc
holding clutch B2 (6), by the locked freewheel F2 (24)
during acceleration and by the engaged multiple-disc
clutch K3 (12) during deceleration. The planetary

pinion gears (19) turn on the fixed sun gear (23) and
increase the torque from the annulus gear (11) to the
planetary carrier (15). The planetary carrier (15)
moves at a reduced speed in the running direction of
the engine.

Center Planetary Gear Set

The annulus gear (10) is driven at the same speed
as the rear planetary carrier (15) as a result of a
mechanical connection. The sun gear (22) is held
against the housing by the multiple-disc holding
clutch B2 (6). The planetary pinion gears (18) turn
on the fixed sun gear (22) and increase the torque
from the annulus gear (10) to the planetary carrier
(14). The output shaft (5) connected to the planetary
carrier (14) turns at a reduced speed in the running
direction of the engine.
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Fig. 4 Second Gear Powerflow

- TORQUE CONVERTER LOCK-UP CLUTCH
- TORQUE CONVERTER TURBINE

- TORQUE CONVERTER IMPELLER

- HOLDING CLUTCH B1

- HOLDING CLUTCH B3

- HOLDING CLUTCH B2

- DRIVING CLUTCH K1

- FRONT PLANETARY ANNULUS GEAR

- DRIVING CLUTCH K2

10 - CENTER PLANETARY ANNULUS GEAR
11 - REAR PLANETARY ANNULUS GEAR
12 - DRIVING CLUTCH K3

13 - FRONT PLANETARY CARRIER

A - ENGINE SPEED

B - TRANSMISSION INPUT SPEED

C - FIRST GEAR RATIO
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14 - CENTER PLANETARY CARRIER

15 - REAR PLANETARY CARRIER

16 - TORQUE CONVERTER STATOR

17 - FRONT PLANETARY PINION GEARS
18 - CENTER PLANETARY PINION GEARS
19 - REAR PLANETARY PINION GEARS
20 - FREEWHEELING CLUTCH F1

21 - FRONT PLANETARY SUN GEAR

22 - CENTER PLANETARY SUN GEAR
23 - REAR PLANETARY SUN GEAR

24 - FREEWHEELING CLUTCH F2

25 - DRIVE SHAFT

26 - OUTPUT SHAFT

D - SECOND GEAR RATIO

E - FIXED PARTS




WG

AUTOMATIC TRANSMISSION - W5J400

AUTOMATIC TRANSMISSION - W53J400 (Continued)

1 - TORQUE CONVERTER LOCK-UP CLUTCH
2 - TORQUE CONVERTER TURBINE

3 - TORQUE CONVERTER IMPELLER

4 - HOLDING CLUTCH B1

5 - HOLDING CLUTCH B3

6 - HOLDING CLUTCH B2

7 - DRIVING CLUTCH K1

8 - FRONT PLANETARY ANNULUS GEAR

9 - DRIVING CLUTCH K2

10 - CENTER PLANETARY ANNULUS GEAR
11 - REAR PLANETARY ANNULUS GEAR
12 - DRIVING CLUTCH K3

13 - FRONT PLANETARY CARRIER

A - ENGINE SPEED

B - TRANSMISSION INPUT SPEED

C - FIRST GEAR RATIO
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Fig. 5 Second Gear Powerflow

14 - CENTER PLANETARY CARRIER

15 - REAR PLANETARY CARRIER

16 - TORQUE CONVERTER STATOR

17 - FRONT PLANETARY PINION GEARS
18 - CENTER PLANETARY PINION GEARS
19 - REAR PLANETARY PINION GEARS
20 - FREEWHEELING CLUTCH F1

21 - FRONT PLANETARY SUN GEAR

22 - CENTER PLANETARY SUN GEAR
23 - REAR PLANETARY SUN GEAR

24 - FREEWHEELING CLUTCH F2

25 - DRIVE SHAFT

26 - OUTPUT SHAFT

D - SECOND GEAR RATIO

E - FIXED PARTS
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AUTOMATIC TRANSMISSION - W53J400 (Continued)

THIRD GEAR POWERFLOW

Torque from the torque converter is increased via
the drive shaft (25) and the center planetary gearset
and transferred to the output shaft (26) (Fig. 6) and

(Fig. 7).

Front Planetary Gear Set

The planetary carrier (13) and sun gear (21) are
connected via the engaged multiple-disc clutch K1
(7). The planetary gearset is therefore locked and
turns as a closed unit at the input speed due to the
mechanical connection of the annulus gear (8) and
drive shaft (25).

Rear Planetary Gear Set

The multiple-disc clutch K2 (9) is engaged and
transfers the input speed of the drive shaft (25) to
the planetary carrier (15) via the annulus gear (10).
The annulus gear (11) turns in the same way as the
planetary carrier (15) due to the mechanical connec-
tion with the locked front planetary gearset. This
planetary gearset is therefore locked and turns as a
closed unit.

Center Planetary Gear Set

The annulus gear (10) turns at the input speed as
a result of the engaged multiple-disc clutch K2 (9).
The sun gear (22) is held against the housing by the
multiple-disc holding clutch B2 (6). The planetary
pinion gears (18) turn on the fixed sun gear (22) and
increase the torque from the annulus gear (10) to the
planetary carrier (14). The output shaft (26) con-
nected to the planetary carrier (14) turns at a
reduced speed in the running direction of the engine.
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Fig. 6 Third Gear Powerflow
1 - TORQUE CONVERTER LOCK-UP CLUTCH 14 - CENTER PLANETARY CARRIER
2 - TORQUE CONVERTER TURBINE 15 - REAR PLANETARY CARRIER
3 - TORQUE CONVERTER IMPELLER 16 - TORQUE CONVERTER STATOR
4 - HOLDING CLUTCH B1 17 - FRONT PLANETARY PINION GEARS
5 - HOLDING CLUTCH B3 18 - CENTER PLANETARY PINION GEARS
6 - HOLDING CLUTCH B2 19 - REAR PLANETARY PINION GEARS
7 - DRIVING CLUTCH K1 20 - FREEWHEELING CLUTCH F1
8 - FRONT PLANETARY ANNULUS GEAR 21 - FRONT PLANETARY SUN GEAR
9 - DRIVING CLUTCH K2 22 - CENTER PLANETARY SUN GEAR
10 - CENTER PLANETARY ANNULUS GEAR 23 - REAR PLANETARY SUN GEAR
11 - REAR PLANETARY ANNULUS GEAR 24 - FREEWHEELING CLUTCH F2
12 - DRIVING CLUTCH K3 25 - DRIVE SHAFT
13 - FRONT PLANETARY CARRIER 26 - OUTPUT SHAFT

A - ENGINE SPEED
B - TRANSMISSION INPUT SPEED

C - FIRST GEAR RATIO
D - FIXED PARTS
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AUTOMATIC TRANSMISSION - W5J400

AUTOMATIC TRANSMISSION - W53J400 (Continued)

1 - TORQUE CONVERTER LOCK-UP CLUTCH
2 - TORQUE CONVERTER TURBINE

3 - TORQUE CONVERTER IMPELLER

4 - HOLDING CLUTCH B1

5 - HOLDING CLUTCH B3

6 - HOLDING CLUTCH B2

7 - DRIVING CLUTCH K1

8 - FRONT PLANETARY ANNULUS GEAR

9 - DRIVING CLUTCH K2

10 - CENTER PLANETARY ANNULUS GEAR
11 - REAR PLANETARY ANNULUS GEAR
12 - DRIVING CLUTCH K3

13 - FRONT PLANETARY CARRIER

A - ENGINE SPEED

B - TRANSMISSION INPUT SPEED

EEEA [B B C

Fig. 7 Third Gear Powerflow

14 - CENTER PLANETARY CARRIER

15 - REAR PLANETARY CARRIER

16 - TORQUE CONVERTER STATOR

17 - FRONT PLANETARY PINION GEARS
18 - CENTER PLANETARY PINION GEARS
19 - REAR PLANETARY PINION GEARS
20 - FREEWHEELING CLUTCH F1

21 - FRONT PLANETARY SUN GEAR

22 - CENTER PLANETARY SUN GEAR
23 - REAR PLANETARY SUN GEAR

24 - FREEWHEELING CLUTCH F2

25 - DRIVE SHAFT

26 - OUTPUT SHAFT

C - FIRST GEAR RATIO

D - FIXED PARTS
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AUTOMATIC TRANSMISSION - W53J400 (Continued)

FOURTH GEAR POWERFLOW

Speed and torque are not converted by the direct
gear ratio of the 4th gear. Power is transferred from
the drive shaft (25) to the output shaft (26) via three
locked planetary gearsets (Fig. 8) and (Fig. 9).

Front Planetary Gear Set

The planetary carrier (13) and sun gear (21) are
connected via the engaged multiple-disc clutch K1
(7). The planetary gearset is therefore locked and
turns as a closed unit at the input speed due to the
mechanical connection of the annulus gear (8) and
the drive shaft (25).

Rear Planetary Gear Set

The multiple-disc clutch K2 (9) is engaged and
transfers the input speed of the drive shaft (25) to
the planetary carrier (15) via the annulus gear (10).
The annulus gear (11) turns in the same way as the
planetary carrier (15) due to the mechanical connec-
tion with the locked front planetary gearset. The
planetary gearset is therefore locked and turns as a
closed unit.

Center Planetary Gear Set

The annulus gear (10) turns at the input speed as
a result of the engaged multiple-disc clutch K2 (9).
The multiple-disc clutch K3 (12) connects the sun
gears (22) and (23) of the rear and center planetary
gearset. The planetary gearset is locked by the same
speeds of the annulus gear (10) and the sun gear (22)
and it turns as a closed unit.
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Fig. 8 Fourth Gear Powerflow

- TORQUE CONVERTER LOCK-UP CLUTCH
- TORQUE CONVERTER TURBINE

- TORQUE CONVERTER IMPELLER

- HOLDING CLUTCH B1

- HOLDING CLUTCH B3

- HOLDING CLUTCH B2

- DRIVING CLUTCH K1

- FRONT PLANETARY ANNULUS GEAR

- DRIVING CLUTCH K2

- CENTER PLANETARY ANNULUS GEAR
11 - REAR PLANETARY ANNULUS GEAR

- DRIVING CLUTCH K3

- FRONT PLANETARY CARRIER

A - ENGINE SPEED
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- CENTER PLANETARY CARRIER

- REAR PLANETARY CARRIER

- TORQUE CONVERTER STATOR

- FRONT PLANETARY PINION GEARS
- CENTER PLANETARY PINION GEARS
- REAR PLANETARY PINION GEARS
- FREEWHEELING CLUTCH F1

- FRONT PLANETARY SUN GEAR

- CENTER PLANETARY SUN GEAR

- REAR PLANETARY SUN GEAR

- FREEWHEELING CLUTCH F2

- DRIVE SHAFT

- OUTPUT SHAFT

B - TRANSMISSION INPUT SPEED
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AUTOMATIC TRANSMISSION - W53J400 (Continued)

21 -13

1 - TORQUE CONVERTER LOCK-UP CLUTCH
2 - TORQUE CONVERTER TURBINE

3 - TORQUE CONVERTER IMPELLER

4 - HOLDING CLUTCH B1

5 - HOLDING CLUTCH B3

6 - HOLDING CLUTCH B2

7 - DRIVING CLUTCH K1

8 - FRONT PLANETARY ANNULUS GEAR

9 - DRIVING CLUTCH K2

10 - CENTER PLANETARY ANNULUS GEAR
11 - REAR PLANETARY ANNULUS GEAR
12 - DRIVING CLUTCH K3

13 - FRONT PLANETARY CARRIER

A - ENGINE SPEED

[ A

Fig. 9 Fourth Gear Powerflow

14 - CENTER PLANETARY CARRIER

15 - REAR PLANETARY CARRIER

16 - TORQUE CONVERTER STATOR

17 - FRONT PLANETARY PINION GEARS
18 - CENTER PLANETARY PINION GEARS
19 - REAR PLANETARY PINION GEARS
20 - FREEWHEELING CLUTCH F1

21 - FRONT PLANETARY SUN GEAR

22 - CENTER PLANETARY SUN GEAR
23 - REAR PLANETARY SUN GEAR

24 - FREEWHEELING CLUTCH F2

25 - DRIVE SHAFT

26 - OUTPUT SHAFT

B - TRANSMISSION INPUT SPEED
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AUTOMATIC TRANSMISSION - W53J400 (Continued)

FIFTH GEAR POWERFLOW

Torque from the torque converter is increased via
the drive shaft (25) and all three planetary gearsets
and transferred to the output shaft (26) (Fig. 10) and
(Fig. 11).

Front Planetary Gear Set

The annulus gear (8) is driven by the drive shaft
(25). The sun gear (21) is held against the housing by
the locked freewheel F1 (20) during acceleration and
via the engaged multiple-disc holding clutch B1 (4)
during deceleration. The planetary pinion gears (17)
turn on the fixed sun gear (21) and increase the
torque from the annulus gear (8) to the planetary
carrier (13). The planetary carrier (13) moves at a
reduced speed in the running direction of the engine.

Rear Planetary Gear Set

The multiple-disc clutch K2 (9) is engaged and
transfers the input speed of the drive shaft (25) to
the planetary carrier (15) via the annulus gear (10).
The annulus gear (11) turns at a reduced speed due

to the mechanical connection with the front plane-
tary carrier (13). The planetary pinion gears (19)
turn between the annulus gear (11) and the sun gear
(23). The sun gear (23) moves at an increased speed
in the running direction of the engine.

Center Planetary Gear Set

The annulus gear (10) turns at the input speed as
a result of the engaged multiple-disc clutch K2 (9).
The multiple-disc clutch K3 (12) transfers an
increased speed to the sun gear (22) due to the con-
nection with the sun gear (23). The planetary pinion
gears (18) turn between the annulus gear (10) and
the sun gear (22). The speed of the planetary carrier
(14) and the output shaft connected to the planetary
carrier (5) lies between that of the annulus gear (10)
and the sun gear (22). This provides a step-up ratio.
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Fig. 10 Fifth Gear Powerflow

- TORQUE CONVERTER LOCK-UP CLUTCH
- TORQUE CONVERTER TURBINE

- TORQUE CONVERTER IMPELLER

- HOLDING CLUTCH B1

- HOLDING CLUTCH B3

- HOLDING CLUTCH B2

- DRIVING CLUTCH K1

- FRONT PLANETARY ANNULUS GEAR

- DRIVING CLUTCH K2

10 - CENTER PLANETARY ANNULUS GEAR
11 - REAR PLANETARY ANNULUS GEAR
12 - DRIVING CLUTCH K3

13 - FRONT PLANETARY CARRIER

A - ENGINE SPEED

B - TRANSMISSION INPUT SPEED

C - FIRST GEAR RATIO
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14 - CENTER PLANETARY CARRIER

15 - REAR PLANETARY CARRIER

16 - TORQUE CONVERTER STATOR

17 - FRONT PLANETARY PINION GEARS
18 - CENTER PLANETARY PINION GEARS
19 - REAR PLANETARY PINION GEARS
20 - FREEWHEELING CLUTCH F1

21 - FRONT PLANETARY SUN GEAR

22 - CENTER PLANETARY SUN GEAR
23 - REAR PLANETARY SUN GEAR

24 - FREEWHEELING CLUTCH F2

25 - DRIVE SHAFT

26 - OUTPUT SHAFT

D - SECOND GEAR RATIO

E - THIRD GEAR RATIO

F - FIXED PARTS
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AUTOMATIC TRANSMISSION - W53J400 (Continued)

1 - TORQUE CONVERTER LOCK-UP CLUTCH
2 - TORQUE CONVERTER TURBINE

3 - TORQUE CONVERTER IMPELLER

4 - HOLDING CLUTCH B1

5 - HOLDING CLUTCH B3

6 - HOLDING CLUTCH B2

7 - DRIVING CLUTCH K1

8 - FRONT PLANETARY ANNULUS GEAR

9 - DRIVING CLUTCH K2

10 - CENTER PLANETARY ANNULUS GEAR
11 - REAR PLANETARY ANNULUS GEAR
12 - DRIVING CLUTCH K3

13 - FRONT PLANETARY CARRIER

A - ENGINE SPEED

B - TRANSMISSION INPUT SPEED

C - FIRST GEAR RATIO
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Fig. 11 Fifth Gear Powerflow

14 - CENTER PLANETARY CARRIER

15 - REAR PLANETARY CARRIER

16 - TORQUE CONVERTER STATOR

17 - FRONT PLANETARY PINION GEARS
18 - CENTER PLANETARY PINION GEARS
19 - REAR PLANETARY PINION GEARS
20 - FREEWHEELING CLUTCH F1

21 - FRONT PLANETARY SUN GEAR

22 - CENTER PLANETARY SUN GEAR
23 - REAR PLANETARY SUN GEAR

24 - FREEWHEELING CLUTCH F2

25 - DRIVE SHAFT

26 - OUTPUT SHAFT

D - SECOND GEAR RATIO

E - THIRD GEAR RATIO

F - FIXED PARTS
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AUTOMATIC TRANSMISSION - W53J400 (Continued)

REVERSE GEAR POWERFLOW

Torque from the torque converter is increased via
the drive shaft (25) and all three planetary gearsets
and transferred with reversed direction of rotation to
the output shaft (26) (Fig. 12) and (Fig. 13).

Front Planetary Gear Set

The annulus gear (8) is driven by the drive shaft
(25). The sun gear (21) is held against the housing by
the locked freewheel F1 (20) during acceleration and
via the engaged multiple-disc holding clutch B1 (4)
during deceleration. The planetary pinion gears (17)
turn on the fixed sun gear (21) and increase the
torque from the annulus gear (8) to the planetary
carrier (13). The planetary carrier (13) moves at a
reduced speed in the running direction of the engine.

Rear Planetary Gear Set

The planetary carrier (15) is held against the hous-
ing by the engaged multiple-disc holding clutch B3
(5). The annulus gear (11) turns at a reduced speed
due to the mechanical connection to the front plane-

tary carrier (13). The planetary gears (19) turn
between the annulus gear (11) and the sun gear (23).
The direction is reversed by the held planetary car-
rier (15) so that the sun gear (23) turns in the oppo-
site direction to the running direction of the engine.

Center Planetary Gear Set

The annulus gear (10) is held against the housing
by the multiple-disc holding clutch B3 (5) via the
mechanical connection to the planetary carrier (15).
The sun gear (22) turns backwards due to the
engaged multiple-disc clutch K3 (12). The planetary
gears (18) turn on the fixed annulus gear (10) and
increase the torque from the sun gear (22) to the
planetary carrier (14). The output shaft (26) con-
nected to the planetary carrier (14) turns at a
reduced speed in the opposite direction to the run-
ning direction of the engine.
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Fig. 12 Reverse Gear Powerflow

- TORQUE CONVERTER LOCK-UP CLUTCH
- TORQUE CONVERTER TURBINE

- TORQUE CONVERTER IMPELLER

- HOLDING CLUTCH B1

- HOLDING CLUTCH B3

- HOLDING CLUTCH B2

- DRIVING CLUTCH K1

- FRONT PLANETARY ANNULUS GEAR

- DRIVING CLUTCH K2

10 - CENTER PLANETARY ANNULUS GEAR
11 - REAR PLANETARY ANNULUS GEAR
12 - DRIVING CLUTCH K3

13 - FRONT PLANETARY CARRIER

A - ENGINE SPEED

B - TRANSMISSION INPUT SPEED

C - FIRST GEAR RATIO
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14 - CENTER PLANETARY CARRIER

15 - REAR PLANETARY CARRIER

16 - TORQUE CONVERTER STATOR

17 - FRONT PLANETARY PINION GEARS
18 - CENTER PLANETARY PINION GEARS
19 - REAR PLANETARY PINION GEARS
20 - FREEWHEELING CLUTCH F1

21 - FRONT PLANETARY SUN GEAR

22 - CENTER PLANETARY SUN GEAR
23 - REAR PLANETARY SUN GEAR

24 - FREEWHEELING CLUTCH F2

25 - DRIVE SHAFT

26 - OUTPUT SHAFT

D - SECOND GEAR RATIO

E - THIRD GEAR RATIO

F - FIXED PARTS
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AUTOMATIC TRANSMISSION -

W5J400 (Continued)

1 - TORQUE CONVERTER LOCK-UP CLUTCH
2 - TORQUE CONVERTER TURBINE

3 - TORQUE CONVERTER IMPELLER

4 - HOLDING CLUTCH B1

5 - HOLDING CLUTCH B3

6 - HOLDING CLUTCH B2

7 - DRIVING CLUTCH K1

8 - FRONT PLANETARY ANNULUS GEAR

9 - DRIVING CLUTCH K2

10 - CENTER PLANETARY ANNULUS GEAR
11 - REAR PLANETARY ANNULUS GEAR
12 - DRIVING CLUTCH K3

13 - FRONT PLANETARY CARRIER

A - ENGINE SPEED

B - TRANSMISSION INPUT SPEED

C - FIRST GEAR RATIO
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Fig. 13 Reverse Gear Powerflow

14 - CENTER PLANETARY CARRIER

15 - REAR PLANETARY CARRIER

16 - TORQUE CONVERTER STATOR

17 - FRONT PLANETARY PINION GEARS
18 - CENTER PLANETARY PINION GEARS
19 - REAR PLANETARY PINION GEARS
20 - FREEWHEELING CLUTCH F1

21 - FRONT PLANETARY SUN GEAR

22 - CENTER PLANETARY SUN GEAR
23 - REAR PLANETARY SUN GEAR

24 - FREEWHEELING CLUTCH F2

25 - DRIVE SHAFT

26 - OUTPUT SHAFT

D - SECOND GEAR RATIO

E - THIRD GEAR RATIO

F - FIXED PARTS
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AUTOMATIC TRANSMISSION - W53J400 (Continued)

REVERSE GEAR POWERFLOW (4WD Low)

Torque from the torque converter is increased via
the drive shaft (25) and all three planetary gearsets
and transferred with reversed direction of rotation to
the output shaft (26) (Fig. 14) and (Fig. 15).

Front Planetary Gear Set

The clutch K1 (7) is shifted. The planetary carrier
(13) and sun gear (21) are connected to each other as
a result. The annulus gear (8) is driven via the drive
shaft (25). The planetary gear set is locked and turns
as a unit.

Rear Planetary Gear Set

The planetary carrier (15) is held against the hous-
ing by the engaged multiple-disc holding clutch B3
(5). The annulus gear (11) turns at a reduced speed
due to the mechanical connection to the front plane-
tary carrier (13). The planetary pinion gears (19)
turn between the annulus gear (11) and the sun gear
(23). The direction is reversed by the held planetary
carrier (15) so that the sun gear (23) turns in the

opposite direction to the running direction of the
engine.

Center Planetary Gear Set

The annulus gear (10) is held against the housing
by the multiple-disc holding clutch B3 (5) via the
mechanical connection to the planetary carrier (15).
The sun gear (22) turns backwards due to the
engaged multiple-disc clutch K3 (12). The planetary
gears (18) turn on the fixed annulus gear (10) and
increase the torque from the sun gear (22) to the
planetary carrier (14). The output shaft (26) con-
nected to the planetary carrier (14) turns at a
reduced speed in the opposite direction to the run-
ning direction of the engine.

| L
8 9 0§ 11
113 14 15
17 18 19
21 e, BEE 03
- 26

EERA 1B B C B=ED YUY E

80e2b9d4

Fig. 14 Reverse Gear Powerflow - 4WD Low

- TORQUE CONVERTER LOCK-UP CLUTCH
- TORQUE CONVERTER TURBINE

- TORQUE CONVERTER IMPELLER

- HOLDING CLUTCH B1

- HOLDING CLUTCH B3

- HOLDING CLUTCH B2

- DRIVING CLUTCH K1

- FRONT PLANETARY ANNULUS GEAR

- DRIVING CLUTCH K2

10 - CENTER PLANETARY ANNULUS GEAR
11 - REAR PLANETARY ANNULUS GEAR
12 - DRIVING CLUTCH K3

13 - FRONT PLANETARY CARRIER

A - ENGINE SPEED

B - TRANSMISSION INPUT SPEED

C - FIRST GEAR RATIO
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14 - CENTER PLANETARY CARRIER

15 - REAR PLANETARY CARRIER

16 - TORQUE CONVERTER STATOR

17 - FRONT PLANETARY PINION GEARS
18 - CENTER PLANETARY PINION GEARS
19 - REAR PLANETARY PINION GEARS
20 - FREEWHEELING CLUTCH F1

21 - FRONT PLANETARY SUN GEAR

22 - CENTER PLANETARY SUN GEAR
23 - REAR PLANETARY SUN GEAR

24 - FREEWHEELING CLUTCH F2

25 - DRIVE SHAFT

26 - OUTPUT SHAFT

D - SECOND GEAR RATIO

E - FIXED PARTS
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AUTOMATIC TRANSMISSION - W53J400 (Continued)
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Fig. 15 Reverse Gear Powerflow - 4WD Low

1 - TORQUE CONVERTER LOCK-UP CLUTCH
2 - TORQUE CONVERTER TURBINE

3 - TORQUE CONVERTER IMPELLER

4 - HOLDING CLUTCH B1

5 - HOLDING CLUTCH B3

6 - HOLDING CLUTCH B2

7 - DRIVING CLUTCH K1

8 - FRONT PLANETARY ANNULUS GEAR

9 - DRIVING CLUTCH K2

10 - CENTER PLANETARY ANNULUS GEAR
11 - REAR PLANETARY ANNULUS GEAR
12 - DRIVING CLUTCH K3

13 - FRONT PLANETARY CARRIER

A - ENGINE SPEED

B - TRANSMISSION INPUT SPEED

C - FIRST GEAR RATIO

14 - CENTER PLANETARY CARRIER

15 - REAR PLANETARY CARRIER

16 - TORQUE CONVERTER STATOR

17 - FRONT PLANETARY PINION GEARS
18 - CENTER PLANETARY PINION GEARS
19 - REAR PLANETARY PINION GEARS
20 - FREEWHEELING CLUTCH F1

21 - FRONT PLANETARY SUN GEAR

22 - CENTER PLANETARY SUN GEAR
23 - REAR PLANETARY SUN GEAR

24 - FREEWHEELING CLUTCH F2

25 - DRIVE SHAFT

26 - OUTPUT SHAFT

D - SECOND GEAR RATIO

E - FIXED PARTS
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AUTOMATIC TRANSMISSION - W53J400 (Continued)

SHIFT GROUPS/ SHIFT SEQUENCE

1-2 Shift - First Gear Engaged

The end face of the command valve (5) (Fig. 16) is
kept unpressurized via the solenoid valve for 1-2 and
4-5 shift (1). Via the holding pressure shift valve (4),
the working pressure (p-A) is present at the multiple-
disc holding clutch B1 (7). Clutch K1 (6) is unpres-
surized.
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Fig. 16 First Gear Engaged

1 - 1-2/4-5 SHIFT SOLENOID 5 - 1-2/4-5 COMMAND VALVE
2 - 1-2/4-5 OVERLAP VALVE 6 - DRIVING CLUTCH K1

3 - 1-2/4-5 SHIFT PRESSURE SHIFT VALVE 7 - HOLDING CLUTCH B1

4 - 1-2/4-5 HOLDING PRESSURE SHIFT VALVE
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AUTOMATIC TRANSMISSION - W53J400 (Continued)

Shift Phase

Via the 1-2 and 4-5 shift solenoid valve (1) (Fig.
17), the shift valve pressure (p-SV) is directed onto
the end face of the command valve (5). The command
valve is moved and the shift pressure (p-S) coming
from the shift pressure shift valve (3) is directed via
the command valve (5) onto clutch K1 (6). Simulta-
neously the clutch B1 (7) is subjected to overlap pres-
sure by the overlap regulating valve (2).

The B1 (7) pressure acting on the end face of the
shift pressure shift valve (3) is replaced by the work-
ing pressure (p-A). The rising shift pressure (p-S) at
clutch K1 (6) acts on the annular face of the overlap
regulating valve (2) and reduces the overlap pressure
regulated by the overlap regulating valve (2). When a
corresponding pressure level is reached at the hold-
ing pressure shift valve (4), this valve switches over.
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Fig. 17 Shift Phase

- 1-2/4-5 SHIFT SOLENOID

- 1-2/4-5 OVERLAP VALVE

- 1-2/4-5 SHIFT PRESSURE SHIFT VALVE

- 1-2/4-5 HOLDING PRESSURE SHIFT VALVE

A WN P

5 - 1-2/4-5 COMMAND VALVE
6 - DRIVING CLUTCH K1
7 - HOLDING CLUTCH B1
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Second Gear Engaged

After the gearchange is complete, the pressure on
the end face of the command valve (5) (Fig. 18) is
reduced via the 1-2 and 4-5 shift solenoid valve (1),
and the command valve (5) is pushed back to its
basic position. Via the holding pressure shift valve
(4) the working pressure (p-A) now passes via the
command valve (5) to clutch K1 (6). The multiple-disc
holding clutch B1 (7) is deactivated (unpressurized).
The spring of the shift pressure shift valve (3) pushes
the valve back to its basic position.

80e372e2

Fig. 18 Second Gear Engaged

1 - 1-2/4-5 SHIFT SOLENOID 5 - 1-2/4-5 COMMAND VALVE
2 - 1-2/4-5 OVERLAP VALVE 6 - DRIVING CLUTCH K1

3 - 1-2/4-5 SHIFT PRESSURE SHIFT VALVE 7 - HOLDING CLUTCH B1

4 - 1-2/4-5 HOLDING PRESSURE SHIFT VALVE
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Gear Shift N to D (1st gear) - Engine Started

With the engine started (Fig. 19) and the gearshift
lever in the NEUTRAL or PARK positions, holding
clutch B1 (1) and driving clutch K3 (4) are applied
and the various valves in the 1-2/4-5 shift group are
positioned to apply pressure to the holding clutch B2.

[ =]
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80e372fa

Fig. 19 Engine Started

1 - HOLDING CLUTCH B1 11 - PRESSURE HOLDING VALVE

2 - DRIVING CLUTCH K1 12 - 3-4 HOLDING PRESSURE SHIFT VALVE
3 - HOLDING CLUTCH B3 13 - 3-4 COMMAND VALVE

4 - DRIVING CLUTCH K3 14 - 3-4 SHIFT PRESSURE SHIFT VALVE

5 - HOLDING CLUTCH B2 PISTON 15 - 3-4 OVERLAP REGULATING VALVE

6 - HOLDING CLUTCH B2 PISTON OPPOSING FACE 16 - BALL VALVE

7 - SHIFT PRESSURE REGULATING SOLENOID 17 - 1-2/4-5 COMMAND VALVE

8 - SHIFT PRESSURE REGULATING VALVE 18 - 1-2/4-5 COMMAND VALVE

9 - SHIFT VALVE B2 19 - BALL VALVE

10 - 3-4 SHIFT SOLENOID
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Activation Sequence The pressure on the opposing face of the piston B2
The selector valve (Fig. 20) opens the shift pres- (6) ensures a soft activation of the multiple-disc hold-

sure (p-S) feed connection from the ball valve (19) ing clutch B2.

with the shift valve B2 (9). With the shift valve B2

(9) in the upper position, shift pressure (p-S) travels

behind the piston B2 (5) and simultaneously to the

opposing face of the piston B2 (6). The multiple-disc

holding clutch B2 begins to close.
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_.u.raoﬁ PR 5Tl
Lty @

0* p-Af o* | f[rlt;-Moclj

80e37332

Fig. 20 Activation Sequence

1 - HOLDING CLUTCH B1 11 - PRESSURE HOLDING VALVE

2 - DRIVING CLUTCH K1 12 - 3-4 HOLDING PRESSURE SHIFT VALVE
3 - HOLDING CLUTCH B3 13 - 3-4 COMMAND VALVE

4 - DRIVING CLUTCH K3 14 - 3-4 SHIFT PRESSURE SHIFT VALVE

5 - HOLDING CLUTCH B2 PISTON 15 - 3-4 OVERLAP REGULATING VALVE

6 - HOLDING CLUTCH B2 PISTON OPPOSING FACE 16 - BALL VALVE

7 - SHIFT PRESSURE REGULATING SOLENOID 17 - 1-2/4-5 COMMAND VALVE

8 - SHIFT PRESSURE REGULATING VALVE 18 - 1-2/4-5 COMMAND VALVE

9 - SHIFT VALVE B2 19 - BALL VALVE

10 - 3-4 SHIFT SOLENOID
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AUTOMATIC TRANSMISSION - W53J400 (Continued)

First Gear Engaged

The TCM control module monitors the activation
sequence via the speed of the input shaft, which
slows down as the frictional connection in the multi-
ple-disc holding clutch increases. When the speed
drops to the specified level, the TCM shuts off the
power to the 3-4 shift solenoid valve (10) (Fig. 21).
The spring chamber of the shift valve B2 (9) is
depressurized and switches downwards. This con-
nects the line to the opposing face of the piston B2
(6) with the pressure holding valve (11). The pressure
on the opposing face of the piston B2 (6) drops to a
residual pressure.

The working pressure (p-A) is formed and travels
via the 2-3 holding pressure shift valve, the 2-3 com-
mand valve and the ball valve (16) to multi-plate
clutch K3 (4) and via the 3-4 command valve (13) to
the end face of the 3-4 shift pressure shift valve (14).

The 3-4 shift pressure shift valve (14) is moved
against the force of the spring towards the right. At
the same time the 3-4 solenoid valve (10) is ener-
gized. This allows shift valve pressure (p-SV) to enter
the spring chamber of the shift valve B2 (9) and to
reach the end face of the 3-4 command valve (13).
The shift valve B2 (9) is held in the upper position
and the 3-4 command valve (13) switches towards the
right. At the end face of the 3-4 shift pressure shift
valve (14) the working pressure (p-A) is replaced by
shift valve pressure (p-SV).

The 3-4 command valve (13) moves to the left.
Working pressure (p-A) travels via the holding pres-
sure shift valve (12) and the 3-4 command valve (13)
to the piston of multiple-disc holding clutch B2 (5).

80e3734f

Fig. 21 First Gear Engaged

- HOLDING CLUTCH B1

- DRIVING CLUTCH K1

- HOLDING CLUTCH B3

- DRIVING CLUTCH K3

- HOLDING CLUTCH B2 PISTON

- HOLDING CLUTCH B2 PISTON OPPOSING FACE
- SHIFT PRESSURE REGULATING SOLENOID

- SHIFT PRESSURE REGULATING VALVE

- SHIFT VALVE B2

0 - 3-4 SHIFT SOLENOID

POoO~NOUTAWNE

11 - PRESSURE HOLDING VALVE

12 - 3-4 HOLDING PRESSURE SHIFT VALVE
13 - 3-4 COMMAND VALVE

14 - 3-4 SHIFT PRESSURE SHIFT VALVE

15 - 3-4 OVERLAP REGULATING VALVE

16 - BALL VALVE

17 - 1-2/4-5 COMMAND VALVE

18 - 1-2/4-5 COMMAND VALVE

19 - BALL VALVE
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DIAGNOSIS AND TESTING (2) Check for broken or disconnected gearshift
cable.

DIAGNOSIS AND TESTING - AUTOMATIC (3) Check for cracked, leaking cooler lines, or loose

TRANSMISSION or missing pressure-port plugs.

(4) Raise and support vehicle on safety stands,
start engine, shift transmission into gear, and note
following:

(&) If propeller shaft turns but wheels do not,
problem is with differential or axle shafts.

CAUTION: Before attempting any repair on a
W5J400 automatic transmission, check for Diagnos-
tic Trouble Codes with the DRB @ scan tool.

Transmission malfunctions may be caused by these _(b) If propeller shaft does not turn and transmis-
general conditions: sion is noisy, stop engine. Remove oil pan, and
e Poor engine performance. check for debris. If pan is clear, remove transmis-
e Improper adjustments. sion and check for damaged driveplate, converter,
e Hydraulic malfunctions. oil pump, or input shaft. _
e Mechanical malfunctions. (c) If propeller shaft does not turn and transmis-
e Electronic malfunctions. sion is not noisy, perform hydraulic-pressure test to

Diagnosis of these problems should always begin

by checking the easily accessible variables: fluid level DIAGNOSIS AND TESTING - ROAD TESTING

and condition, gearshift cable adjustment. Then per- Before road testing, be sure the fluid level and con-

form a road test to determine if the problem has been  trol cable adjustments have been checked and

corrected or if more diagnosis is necessary. adjusted if necessary. Verify that all diagnostic trou-
ble codes have been resolved.

DIAGNOSIS AND TESTING - PRELIMINARY Observe engine performance during the road test.

Two basic procedures are required. One procedure for A poorly tuned engine will not allow accurate analy-
vehicles that are drivable and an alternate procedure  Sis of transmission operation.

for disabled vehicles (will not back up or move forward). Operate the transmission in all gear ranges. Check
for shift variations and engine flare which indicates
VEHICLE IS DRIVABLE slippage. Note if shifts are harsh, spongy, delayed,
(1) Check for transmission fault codes using DRB® early, or if part throttle downshifts are sensitive.
scan tool. Slippage indicated by engine flare, usually means
(2) Check fluid level and condition. clutch, overrunning clutch, or line pressure problems.
(3) Adjust gearshift cable if complaint was based A slipping clutch can often be determined by com-
on delayed, erratic, or harsh shifts. paring which internal units are applied in the vari-
(4) Road test and note how transmission upshifts, ~Ous gear ranges. The Clutch Application chart
downshifts, and engages. CLUTCH APPLICATION provides a basis for analyz-

ing road test results.

VEHICLE IS DISABLED
(1) Check fluid level and condition.

CLUTCH APPLICATION

GEAR RATIO Bl B2 B3 K1 K2 K3 F1 F2
1 3.59 X* X X* X X
2 2.19 X X X* X
3 141 X X X
4 1.00 X X X
5 0.83 X X X X*
N X X
R 3.16 X* X X X
R (4WD Low) 1.93 X X X
* = The shift components required during coast.
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DIAGNOSIS AND TESTING - AUTOMATIC

TRANSMISSION

AUTOMATIC TRANSMISSION - W5J400

CONDITION

POSSIBLE CAUSES

CORRECTION

MAXIMUM SPEED 30 km/h

1. Speed Control 30 Actuated.

1. Instruct Customer.

ENGINE DIES WHEN
TRANSMISSION IS
SHIFTED INTO GEAR,
ALSO NOISES IN N
AND/OR P

1. PWM Valve Blocked.

1. Replace Valve.

2. Torque Converter Lock Up Control
Valve Locked.

2. Enable Movement of Valve,
Remove Particle.

LEVER IN "P" POSITION
BLOCKED (BRAKE
ACTIVATED)

1. No Vacuum Brake Booster After
Long Immobilization, Brake Pedal
Not Fully Applied/Hard Pedal.

1. Check Vacuum/ Tightness of
Brake Booster.

2. No Stoplamp Switch Signal (no
DTC IN ECM).

2. Check Contact to Stoplamp
Switch. Replace Switch if
Necessary.

GRUMBLING, DRONING,
JERKING WHEN TCC IS
ENGAGED

1. Slip Speed TCC to Low.

1. Switch Off Torque Converter
Lock Up Using DRB®. If
Complaint Is Not Reproduced
Afterwards, Replace PWM
Valve, Set Adaption Values to
Zero.

HOWLING, HUMMING
ABOVE 4000 RPM IN
EACH GEAR

1. Oil Filter Blocked.

1. Replace Oil Filter.

2. Oil Pump.

2. Replace Oil Pump.

WHINING, SINGING

1. Gear Set Noises in 1st, 2nd, 5th
Gear.

1. Replace transmission..

2. Intermediate Bearing Of The Drive
Shaft At 0 km/h, Only When Cold.

2. Replace Intermediate
Bearing of the Drive Shaft.

"CLACK"” NOISE FROM
CENTER SHIFT AREA
WHEN STOPPING OR

1. Park Lock Solenoid.

1. Replace Shifter Assembly.

STARTING
CRACKING NOISE WHEN 1. Stick - Slip Between Joint Flange 1. Install Zinc Coated Collar Nut
LOAD CYCLE and Collar Nut. Together With Washer.

CHATTERING IN CENTER
CONSOLE SHIFT WHILE
ACCELERATING

1. Bushing Shift Shaft Has Too Much
Clearance.

1. Replace Shifter Lever and
Cover Plate.

HARD 2-3 UPSHIFT WHEN
STEPPING OFF THE
ACCELERATOR PEDAL

1. Response Characteristic Control
Loop.

1. Install K2 Disc Spring.

UPSHIFT 2-3, 3-4
SLIPPING

1. Spring of Regulating Valve
Pressure control Valve Broken.

1. Replace spring.

HARD 2-1 DOWNSHIFT
WHEN COMING TO A
STOP

1. Transmission (2-1 downshift) Not
Adapted.

1. Readapt Transmission.

2. TCM Software Data.

2. Flash TCM.

3. Free Wheeling Clutch F1
Defective.

Replace Free Wheeling Clutch
F1.
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CONDITION

POSSIBLE CAUSES

CORRECTION

HARD 3-2 DOWNSHIFT
WHEN DECELERATION
EVEN AFTER
READAPTION

1. K3 Idles.

1. Install TCM And/Or
Electrohydraulic Control Unit.

NO RESP. DELAYED
UPSHIFT, NO DTC

1. Different Tire Sizes Are Mounted
On The Front Axle.

1. Mount Uniform Tire Sizes On
The Front Axle.

NO UPSHIFT 3-4, 4-5
AFTER FAST OFF
(ACCELERATOR)

1. Upshift Prevention To Realize
Dynamical Drivestyle.

1. Instruct Customer.

NO UPSHIFT OF 1ST
GEAR BELOW 5000 RPM

1. Gear Recognition Switch.

1. Replace Gear Recognition
Switch.

NO UPSHIFT INTO 5TH
GEAR WHEN FULL
THROTTLE OR KICK
DOWN ACTIVATION

1. The Upshift 4-5 At Full Throttle or
Kick Down Never Occurs Until
Reaching Cut Off Speed. Under
These Conditions, The High
Powered Vehicle Will Never Shift
Into 5th Gear Below 250 km/h.

1. Instruct Customer.

NO KICK DOWN
SHIFTING

1. Accelerator Pedal Value < 95%.

1. Check Engine Control. Adjust
As Necessary.

Engine Turns Up While 2-3
Upshift and/or Hard 3-2
Downshift

1. Oil Level Too Low.

1. Check Oil At 80°C. Add if
Necessary.

2. Oil Filter Not Installed.

2. Install Oil Filter.

3. Free Wheeling Clutch F2
Defective.

3. Replace Free Wheeling
Clutch F2, Hollow Shaft, and
Rear Sun Gear/Inner Disc

DOWNSHIFT

Carrier K3.
GRABBING 2-3 COASTING 1. Oil Level Too Low. 1. Check Oil At 80°C. Add if
UPSHIFT AND/OR BRAKE Necessary.

2. Oil Filter Not Installed.

2. Install Oil Filter.

3. Control shift or Command Valve
Blocked.

3. Check Each Slide Valve For
Base Position and Ease Of
Movement, Remove Patrticle.

4. K3 Disc Burnt, Hot Spots or
Rubbed Down.

4. Replace Inner and Outer
Disc Carrier K3 And Control
Valve.
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AUTOMATIC TRANSMISSION - W5J400

CONDITION

POSSIBLE CAUSES

CORRECTION

DELAYED ENGAGEMENT,
NO TRANSFER OF
POWER IN R AND/OR D,
ALSO AT TIMES

1. Oil Level Too Low.

1. Check Oil At 80°C. Add if
Necessary.

2. Recognition Switch - Selector
Lever Position.

2. Replace Recognition Switch
Only When Intermediate
Position or Fault is Indicated.

3. Oil Filter Not Installed.

3. Install Oil Filter.

4. AEV, Delayed Pressure Build Up
On Piston B2/B3.

4. Install New Shifting
Procedure (TCM,
electrohydraulic control unit or
repair set).

5. Wrong Combination TCM/
Electrohydraulic Control Unit.

5. Check Combination
TCM/Electrohydraulic Control
Unit. Replace TCM Resp.
Electrohydraulic Control Unit, if
necessary.

NO UPSHIFT OF 1ST
GEAR AT TIMES

1. Connector Ballast Unit. Output
Speed Sensor Loose, Incorrectly
Contacted.

1. Check Connectors, Replace
Output Speed sensor If
Necessary.

2. Output Speed Sensor Defective

2. Replace Output Speed
Sensor.

LEAKAGE AT THE AREA
OF THE ELECTRICAL
PLUG TO THE
CONDUCTOR PLATE

1. Deformation O-Rings.

1. Replace O-Rings.

2. Deformation Adapter.

2.Replace Adaptor.

3. The Conductor Plate Is Not Fitted
Surface To Surface On The Valve
Body In One Corner, The Plug Is Not
Centered In The Socket And The
O-ring Will Not Seal.

3. Remove Nose Of Conductor
Plate.

4. Contacting At The Conductor Plate
Leaky. Oil In Harness, Sometimes In
The Control Module.

4. Replace Conductor Plate.

LEAKAGE AT THE AREA
OF BELL HOUSING/
TORQUE CONVERTER

1. Bolts (Torx M6) Outer Disc Carrier
B1.

1. Clean Thread and Install the
Bolts Using Sealer.

OIL LEAKS

1. 6 Lower Bolts (TorxM8) Converter
Housing.

1. Clean Thread and Install the
Bolts Using Sealer.

2. Oil Drain Plug Converter Loose
Resp. No Seal Ring Installed.

2. Install Drain Plug Correctly.

3. Weld Seam Of Torque Converter
Leaky.

3. Replace Torque Converter.

4. Radial Sealing Ring Oil Pump
Defective.

4. Replace Sealing Ring.

5. O-Ring Oil Pump Defective Or Not
Installed.

5. Install O-Ring.

6. Bushing Of Oil Pump Loose,
caused By Missing Fit Bolt At
Transmission/Engine Flange.

6. Install Fit Bolt If Necessary.
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STANDARD PROCEDURE - ALUMINUM
THREAD REPAIR

Damaged or worn threads in the aluminum trans-
mission case and valve body can be repaired by the
use of Heli-Coils™, or equivalent. This repair con-
sists of drilling out the worn-out damaged threads.
Then tap the hole with a special Heli-Coil™ tap, or
equivalent, and installing a Heli-Coil™ insert, or
equivalent, into the hole. This brings the hole back to
its original thread size.

Heli-Coil™, or equivalent, tools and inserts are
readily available from most automotive parts suppli-
ers.

REMOVAL

(1) Disconnect the negative battery cable.

(2) Raise and support the vehicle.

(3) Remove any necessary skid plates (Refer to 13
- FRAME & BUMPERS/FRAME/TRANSFER CASE
SKID PLATE - REMOVAL).

(4) Mark propeller shaft and axle yokes for assem-
bly alignment.

(5) Remove the rear propeller shaft.

(6) Remove the front propeller shaft.

(7) Disconnect and lower or remove any necessary
exhaust components.

(8) Remove the starter motor.

(9) Remove the torque converter access plug from
the diesel engine adapter.

(10) Rotate crankshaft in clockwise direction until
converter bolts are accessible. Then remove bolts one
at a time. Rotate crankshaft with socket wrench on
dampener bolt.

(11) Disconnect gearshift cable from transmission
manual valve lever.

(12) Remove bolt (3) (Fig. 22) and screw (1) hold-
ing the heat shield (2) to the transmission.

(13) Disconnect 13-pin plug connector (1) (Fig. 23).
Turn bayonet lock of guide bushing (2) anti-clock-
wise.

(14) Drain transmission oil
drain plug (8).

(15) Disconnect transfer case shift cable from the
transfer case shift lever.

(16) Remove the clip securing the transfer case
shift cable into the cable support bracket.

(17) Disconnect transmission fluid cooler lines at
transmission fittings and clips.

(18) Disconnect the transmission vent hose from
the transmission.

(19) Support rear of engine with safety stand or
jack.

(20) Raise transmission slightly with service jack
to relieve load on crossmember and supports.

(21) Remove bolts securing rear support and cush-
ion to transmission and crossmember.

by unscrewing oil

80e3b115

Fig. 22 Remove Heat Shield

1- SCREW
2 - HEAT SHIELD
3-BOLT

80e3b14f

Fig. 23 Remove Wiring Connector Plug

1 - PLUG CONNECTOR
2 - GUIDE BUSHING

(22) Remove bolts attaching crossmember to frame
and remove crossmember.

(23) Remove transfer case.

(24) Remove all remaining converter housing bolts.

(25) Carefully work transmission and torque con-
verter assembly rearward off engine block dowels.

(26) Hold torque converter in place during trans-
mission removal.

(27) Lower transmission and remove assembly
from under the vehicle.

(28) To remove torque converter, carefully slide
torque converter out of the transmission.
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DISASSEMBLY
(1) Remove the torque converter (1) (Fig. 24).

80e3f7ca

Fig. 24 Remove Torque Converter

1 - TORQUE CONVERTER
2 - CONVERTER HOUSING

(2) Loosen guide bushing (12) (Fig. 25) and remove
from transmission housing.

(3) Detach oil pan (5) (Fig. 25).

(4) Remove oil filter (4) (Fig. 25).

(5) Unscrew Torx socket bolts (3) and remove elec-
trohydraulic unit (2).

(6) Remove the bolts holding the transfer case
adapter housing onto the transmission case.

(7) Remove the transfer case adapter housing from
the transmission case.

(8) Remove the bolt holding the output shaft
extension to the output shaft.

(9) Remove the output shaft extension from the
output shaft.

(10) Remove the transmission rear oil seal.

(11) Remove the transmission rear output shaft
shim.

(12) Remove the transmission rear output shaft
bearing retaining ring (1) (Fig. 26).

80e3b0fb

Fig. 25 Remove Electrohydraulic Unit

- HEAT SHIELD

- ELECTROHYDRAULIC UNIT
- BOLT

- OIL FILTER

- OIL PAN

- CLAMPING ELEMENT

- BOLT

- DRAIN PLUG

- DRAIN PLUG GASKET

10 - 13-PIN PLUG CONNECTOR
11 - BOLT

12 - GUIDE BUSHING

CoO~NOOUAWNE

80e3f910

Fig. 26 Remove Rear Output Shaft Retaining Ring -
Typical

1 - RETAINING RING
2 - OUTPUT SHAFT BEARING
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(13) Assemble Puller, Size 5, 8903 (Fig. 27) and
Bearing Puller Adapter 8904 onto the output shaft
and output shaft bearing.

(14) Remove the output shaft bearing (Fig. 28).

80e3f908

Fig. 28 Remove Output Shaft Rear Bearing

1 - PULLER, SIZE 5, 8903 AND BEARING PULLER ADAPTER

8904
80e390c

) ] (17) Stand the transmission upright on the con-
Fig. 27 Assemble Special Tool To Remove Output verter housing. Be sure to use suitable spacers
Shaft Rear Bearing between the bench surface and the converter housing
édoZULLER' SIZE 5, 8903 AND BEARING PULLER ADAPTER since the input shaft protrudes past the front surface
of the housing.
(15) Remove the output shaft end-play shim from (18) Remove the remaining bolts holding the
the output shaft. transmission housing to the_ co_nverter housmg.
(16) Remove the bolts holding the transmission (19) Remove the transmission housing from the
housing to the converter housing from inside the con-  CONVerter housing.
verter housing.
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(20) Remove output shaft with center and rear
gear set and clutch K3 (3) (Fig. 29).

(21) Remove thrust needle bearing (4) and thrust
washer (5) (Fig. 29).

(22) Remove drive shaft with clutch K2 and front
gear set (6).

(23) Remove clutch K1 (1).

80e3f6da

Fig. 29 Remove K1, K2, and K3 Clutches

1 - DRIVING CLUTCH K1 5 - THRUST WASHER

2 - SUN GEAR OF FRONT PLANETARY GEAR SET 6 - FRONT PLANETARY GEAR SET, DRIVING CLUTCH K2, AND
DRIVE SHAFT

3 - DRIVING CLUTCH K3, OUTPUT SHAFT , AND CENTER AND 7 - TEFLON RINGS

REAR PLANETARY GEAR SETS
4 - THRUST NEEDLE BEARING
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(24) Unscrew Torx socket bolts (4) (Fig. 30) and
remove oil pump (6). Screw two opposed bolts into
the oil pump housing and press the oil pump out of
the converter housing by applying light blows with a
plastic hammer.

(25) Unscrew Torx socket bolts (1) (Fig. 30) and
remove multiple-disc brake B1 (5) from converter
housing. Screw two opposed bolts into the multiple-
disc brake B1 (5) and separate from the converter
housing by applying light blows with a plastic ham-
mer.

(26) Detach intermediate plate (3) (Fig. 30) from
converter housing (2).

Fig. 30 Remove Holding Clutch B1 and Oil Pump

4 - BOLTS - M8X35
5 - HOLDING CLUTCH B1
6 - OIL PUMP

1 - BOLTS - M6X32
2 - CONVERTER HOUSING
3 - INTERMEDIATE PLATE

80e3f6de
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AUTOMATIC TRANSMISSION - W53J400 (Continued)

(27) Remove multiple-disc pack B3 (2) (Fig. 31)
and spring washer (3) by removing snap-ring (1) in
transmission housing. To facilitate removal of the
snap-ring (1), compress the multiple-disc pack B3 (2).

(28) Unscrew Torx socket bolts (7) (Fig. 31).

(29) Remove multiple-disc brake B2 (4) (Fig. 31)
from transmission housing. The externally toothed
disc carrier for multiple-disc holding clutch B2 is also
the piston for multiple-disc holding clutch B3.

(30) Remove parking lock gear (5) (Fig. 31).

ASSEMBLY

(1) Insert parking lock gear (5) (Fig. 32).

(2) Install multiple-disc holding clutch B2 (4) in
transmission housing (6) (Fig. 32).

(3) Screw in Torx socket bolts (7). Tighten the bolts
to 16 N-m.

NOTE: During the measurement the snap ring (7)
(Fig. 33) must contact the upper bearing surface of
the groove in the outer multiple-disc carrier (8).

NOTE: Pay attention to sequence of discs. Place
new friction multiple-discs in ATF fluid for one hour
before installing.

(4) Insert and measure spring washer (4) (Fig. 33)
and multiple-disc pack B3 (2, 6).

(a) Put multiple-discs for multiple-disc brake B3
together in the sequence shown in the illustration
and insert individually.

(b) Using a feeler gauge, determine the play "L”
at three points between the snap ring (7) and outer
multiple-disc (1). B3 clutch clearance should be 1.0-
1.4 mm. Adjust the clearance as necessary.

(c) Adjust with snap-ring (7), if necessary. Snap
rings are available in thicknesses of 3.2, 3.5, 3.8,
4.1 4.4 and 4.7 mm..

(5) Place intermediate plate (3) on converter hous-
ing (2) and align.

NOTE: The intermediate panel can generally be
used several times. The panel must not be coated
with sealant

(6) Check that the K1 clutch feed hole (Fig. 34) in
the inner hub of clutch Bl is free before installing
clutch B1.

80e3f7ce

Fig. 31 Remove B2, B3, and Parking Gear

- SNAP-RING

- HOLDING CLUTCH B3 DISCS
- SPRING WASHER

- HOLDING CLUTCH B2

A WN P

5 - PARK GEAR
6 - TRANSMISSION HOUSING
7 - BOLTS - M8X60
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80e3f7ce

Fig. 32 Install B2, B3, and Parking Gear
- SNAP-RING 5 - PARK GEAR

1

2 - HOLDING CLUTCH B3 DISCS 6 - TRANSMISSION HOUSING
3 - SPRING WASHER 7 - BOLTS - M8X60

4 - HOLDING CLUTCH B2
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Fig. 33 Measure B3 Clutch Clearance Fig. 34 Check K1 Feed Hole

1 - OUTER DISC - 6.5 MM 5 - PISTON 1 - K1 CLUTCH FEED HOLE
2 - OUTER DISCS - 1.8 MM 6 - FRICTION DISCS
3 - OUTER DISCS - 1.8 MM 7 - SNAP-RING
4 - SPRING WASHER 8 - B3 DISC CARRIER
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(7) Install the holding clutch B1 (5) (Fig. 35) onto
the converter housing and intermediate plate.
Installed position of clutch B1 in relation to converter
housing is specified by a plain dowel pin in clutch B1
(arrow).

(8) Install the bolts to hold clutch B1 (5) (Fig. 35)
to the converter housing.

(9) Securely tighten multiple-disc brake B1 (5) on
converter housing (2) to 10 N-m.

(10) Install new seals on the oil pump (Fig. 36).

(11) Install oil pump (6) and securely tighten.
Tighten the oil pump bolts to 20 N-m.

80e400e1

Fig. 36 Install New Oil Pump Seals

1 - INNER OIL SEAL
2 - OUTER OIL SEAL

80e3f6de

Fig. 35 Install Holding Clutch B1 and Oil Pump

1 - BOLTS - M6X32 4 - BOLTS - M8X35
2 - CONVERTER HOUSING 5 - HOLDING CLUTCH B1
3 - INTERMEDIATE PLATE 6 - OIL PUMP
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(12) Using grease, insert Teflon rings (7) (Fig. 37)
in the groove so that the joint remains together

(13) Mount clutch K1 (1) (Fig. 37).

(14) Install drive shaft with clutch K2 (6) and
front gear set (1) (Fig. 37).

(15) Install front washer (5) and thrust needle
bearing (4) (Fig. 37).

(16) Install output shaft with center and rear gear
set and clutch K3 (3) (Fig. 37).

(17) Using grease, install both Teflon rings in the
groove at the rear of the output shaft so that the
joint stays together.

(18) Mount transmission housing on converter
housing.

(19) Screw in Torx socket bolts through the trans-
mission housing into the converter housing. Tighten
the bolts to 20 N-m.

(20) Measure end play between park pawl gear
and grooved ball bearing.

(a) Place Parallel Rest 8906 (1) on transmission
housing. Using the depth gauge, measure from the
parallel rest (1) to the parking lock gear (2) (Fig.
38).

80e40044
Fig. 38 Measure From Transmission Housing to Park
Gear

1 - PARALLEL REST 8906
2 - PARK GEAR

(b) Using the depth gauge, measure from the Par-
allel Rest 8906 (1) to the contact surface of the out-

80e3f6da

Fig. 37 Install K1, K2, and K3 Clutches

1 - DRIVING CLUTCH K1
2 - SUN GEAR OF FRONT PLANETARY GEAR SET

3 - DRIVING CLUTCH K3, OUTPUT SHAFT , AND CENTER AND
REAR PLANETARY GEAR SETS
4 - THRUST NEEDLE BEARING

5 - THRUST WASHER

6 - FRONT PLANETARY GEAR SET, DRIVING CLUTCH K2, AND
DRIVE SHAFT

7 - TEFLON RINGS
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put shaft bearing (2) in the transmission housing
(Fig. 39).

(c) Subtract the first figure from the second fig-
ure to determine the current end-play of the trans-
mission. Select a shim such that the end-play will
be 0.3-0.5 mm. Shims are available in thicknesses
of 0.2, 0.3, 0.4 and 0.5 mm.

(d) Install the selected shim.

80e40089

Fig. 39 Measure From Transmission Housing To
Rear Bearing Contact Surface

1 - PARALLEL REST 8906
2 - OUTPUT SHAFT BEARING CONTACT SURFACE

(21) Screw in Torx socket bolts through the con-
verter housing into the transmission housing.
Tighten the bolts to 20 N-m.

(22) Install output shaft bearing in rear transmis-
sion housing.

(a) Using a suitable alignment tool, press the
output shaft bearing into the transmission housing.
The closed side of the plastic cage must point
towards the parking lock gear.

(b) Install the retaining ring (Fig. 40). Ensure
that the retaining ring is seated correctly in the
groove.

(c) Check that there is no play between the bear-
ing and the retaining ring using feeler gauge.

(d) There must be no play between the retaining
ring and the bearing. If the ring cannot be
installed, a thinner ring must be used. If there is
play between the ring and the bearing, a thicker
ring must be installed. Retaining rings are avail-
able in thicknesses of 2.0, 2.1 and 2.2 mm.

(23) Install the rear output shaft shim onto the
output shaft.

(24) Install a new transmission rear seal into the
transmission case with Drift Punch 8902.

(25) Install the output shaft extension onto the
output shaft.

80e3f910

Fig. 40 Install Rear Output Shaft Retaining Ring -
Typical

1 - RETAINING RING
2 - OUTPUT SHAFT BEARING

(26) Install the bolt to hold the output shaft exten-
sion to the output shaft. Torque the bolt to 120 N-m
(88 ft.lbs.).

(27) Install the transfer case adapter housing onto
the transmission case.

(28) Install the bolts to hold the transfer case
adapter housing onto the transmission case. Torque
the bolt to 20 N-m (177 in.lbs.).

(29) Install electrohydraulic unit (2). Tighten the
bolts to 8 N-m.

(30) Install oil filter (4) (Fig. 41).

(31) Install oil pan (5) (Fig. 41). Tighten the bolts
to 8 N-m.

(32) Install guide bushing (12) (Fig. 41).

(33) Install the torque converter (Fig. 42).

INSTALLATION

(1) Check torque converter hub and hub drive flats
for sharp edges burrs, scratches, or nicks. Polish the
hub and flats with 320/400 grit paper and crocus
cloth if necessary. The hub must be smooth to avoid
damaging pump seal at installation.

(2) If a replacement transmission is being
installed, transfer any components necessary, such as
the manual shift lever and shift cable bracket, from
the original transmission onto the replacement trans-
mission.

(8) Lubricate oil pump seal lip with transmission
fluid.

(4) Place torque converter in position on transmis-
sion.

CAUTION: Do not damage oil pump seal or con-
verter hub while inserting torque converter into the
front of the transmission.
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80e3b0fb

Fig. 41 Install Electrohydraulic Unit

- HEAT SHIELD

- ELECTROHYDRAULIC UNIT
- BOLT

- OIL FILTER

- OIL PAN

- CLAMPING ELEMENT

- BOLT

- DRAIN PLUG

- DRAIN PLUG GASKET

10 - 13-PIN PLUG CONNECTOR
11 - BOLT

12 - GUIDE BUSHING

Co~NOORAWNE

(5) Align torque converter to oil pump seal open-
ing.

(6) Insert torque converter hub into oil pump.

(7) While pushing torque converter inward, rotate
converter until converter is fully seated in the oil
pump gears.

(8) Check converter seating with a scale and
straightedge (Fig. 43). Surface of converter lugs
should be at least 19 mm (3/4 in.) to rear of straight-
edge when converter is fully seated.

(9) If necessary, temporarily secure converter with
C-clamp attached to the converter housing.

(10) Check condition of converter driveplate.
Replace the plate if cracked, distorted or damaged.
Also be sure transmission dowel pins are seated
in engine block and protrude far enough to
hold transmission in alignment.

(11) Apply a light coating of Mopar® High Temp
Grease to the torque converter hub pocket in the rear
pocket of the engine’s crankshaft.

(12) Raise transmission and align the torque con-
verter with the drive plate and the transmission con-
verter housing with the engine block.

80e3f7ca

Fig. 42 Install Torque Converter

1 - TORQUE CONVERTER
2 - CONVERTER HOUSING

80e3aa8e

Fig. 43 Torque Converter Installation Depth

1 - TORQUE CONVERTER
2 - TRANSMISSION HOUSING

(13) Move transmission forward. Then raise, lower,
or tilt transmission to align the converter housing
with the engine block dowels.

(14) Carefully work transmission forward and over
engine block dowels until converter hub is seated in
crankshaft. Verify that no wires, or the transmission
vent hose, have become trapped between the engine
block and the transmission.

(15) Install two bolts to attach the transmission to
the engine.
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(16) Install remaining torque converter housing to
engine bolts. Tighten to 39 N-m (29 ft.lbs.).

(17) Install rear transmission crossmember.
Tighten crossmember to frame bolts to 68 N-m (50
ft.Ibs.).

(18) Install rear support to transmission. Tighten
bolts to 47 N-m (35 ft.Ibs.).

(19) Lower transmission onto crossmember and
install bolts attaching transmission mount to cross-
member. Tighten clevis bracket to crossmember bolts
to 47 N-m (39 ft.lbs.). Tighten the clevis bracket to
rear support bolt to 68 N-m (50 ft.lbs.).

(20) Remove engine support fixture.

(21) Connect gearshift cable to transmission.

(22) Check O-ring on plug connector (1) (Fig. 44),
and replace if necessary.

(23) Install the plug connector (1) into the guide
bushing (2). Turn bayonet lock of guide bushing (2)
clockwise to connect plug connector (1).

80e3b14f

Fig. 44 Install Wiring Connector Plug

1 - PLUG CONNECTOR
2 - GUIDE BUSHING

(24) Position the heat shield (2) (Fig. 45) onto the
transmission housing and install the screw (1) and
bolt (3) to hold the shield in place.

CAUTION: It is essential that correct length bolts be
used to attach the converter to the driveplate. Bolts
that are too long will damage the clutch surface
inside the converter.

(25) Install all torque converter-to-driveplate bolts
by hand.

(26) Verify that the torque converter is pulled
flush to the driveplate. Tighten bolts to 42 N-m (30.5
ft. Ibs.).

(27) Install the torque converter bolt access plug
into the engine adapter.

(28) Install starter motor.

(29) Connect cooler lines to transmission.

80e3b115

Fig. 45 Install Heat Shield

1- SCREW
2 - HEAT SHIELD
3-BOLT

(30) Install transmission fill tube.

(31) Install exhaust components.

(82) Install transfer case. Tighten transfer case
nuts to 35 N-m (26 ft.lbs.).

(33) Install the transfer case shift cable to the
cable support bracket and the transfer case shift
lever.

(34) Align and connect propeller shafts.

(35) Adjust gearshift cable if necessary.

(36) Lower vehicle.

(37) Connect negative battery cable.

(88) Fill transmission with Shell® 3403 Automatic
Transmission fluid (Refer to 21 - TRANSMISSION/
AUTOMATIC - W5J400/FLUID - STANDARD PRO-
CEDURE).

(39) Verify proper operation.

SPECIFICATIONS - W5J400 AUTOMATIC

TRANSMISSION
GEAR RATIOS

1ST 3.59:1
2ND 2.19:1

3RD 1.41:1

4TH 1.00:1

5TH 0.83:1
REVERSE 3.16:1
REVERSE (4WD Low) 1.93:1
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SPECIFICATIONS
COMPONENT METRIC (mm)
Output Shaft End-play 0.3-0.5
Output Shaft End-play Snap-rings 0.2, 0.3, 0.4,
and 0.5
Rear Planetary Gear Set End-play 0.15-0.6

Rear Planetary Gear Set

3.0, 3.4, and 3.7

WG
COMPONENT METRIC (mm)
K1 Clutch 3 Disc 2.7-3.1
Clearance 4 Disc 3.0-3.4
5 Disc 3.3-3.7
6 Disc 3.6-4.0
K1 Clutch Snap-rings 2.6, 2.9, 3.2,
3.5,38,and 4.1
K2 Clutch 3 Disc 2.3-2.7
Clearance 4 Disc 2.4-28
5 Disc 2.5-2.9
6 Disc 2.7-3.1
K2 Clutch Snap-rings 2.3, 2.6, 2.9,
3.2,3.5,and 3.8
K3 Clutch 3 Disc 2.3-2.7
Clearance 4 Disc 2428
5 Disc 2.5-2.9
K3 Clutch Snap-rings 2.0, 2.3, 2.6,

2.9,3.2,and 3.5

Snap-rings
B1 Clutch 2 Disc 2.3-2.7
Clearance 3 Disc 2.7-3.1
4 Disc 3.0-34
B1 Clutch Snap-rings 2.6, 2.9, 3.2,
3.5, 3.8,and 4.1
B2 Clutch 4 Disc 1.9-2.3
Clearance 5 Disc 2.02.4
B2 Clutch Snap-rings 2.9, 3.2, 3.5,
3.8, and 4.1
B3 Clutch Clearance 1.0-1.4
B3 Clutch Snap-rings 3.2,35,4.1,
4.4, and 4.7

TORQUE SPECIFICATIONS

DESCRIPTION N-m Ft. Lbs. In. Lbs.
Bolt, B2 Clutch Carrier 16 12.5 -
Bolt, B1 Carrier to 10 7.5 -
Converter Housing
Bolt, Output Shaft 120 88 -
Extension
Bolt, Transfer Case 20 - 177
Adapter Housing
Bolt, Electrohydraulic Unit 8 - 70
Bolt, Transmission 20 15 -
Housing to Converter
Housing
Bolts, Oil Pan 8 - 70
Screws, Valve Body/ 4 - 35
Housing Side Cover
Bolt, Shift Plate 8 - 70
Bolt, Solenoid Leaf Spring 8 - 70
Plug, Oil Pan Drain 20 15 -
Nut, Shifter Mechanism to 7 - 65
Floor Pan
Screw, Gearshift Cable 7 - 65
Adjustment
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SPECIAL TOOLS - W5J400 AUTOMATIC

TRANSMISSION
N Dﬁ@
N
IR =
N

80e490db

80e490e8

Puller, Siz e 5 - 8903

Compressor, Multi-use Spring - 8900

80e490ec

Adapter, Bearing Puller - 8904

80e490e0

Tool, Pressing - 8901

,l “

80e490e4

80e490f3

Socket - 8905

Punch, Drift - 8902
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—

80e490f7

80e4910d

Parallel Rest - 8906 Funnel - 8908

-

80e490fb
80e4911c

Pliers - 8907

Pump - 8910
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BRAKE TRANSMISSION SHIFT
INTERLOCK MECHANISM

DESCRIPTION

The Brake Transmission Shifter/Ignition Interlock
(BTSI), is a cable and solenoid operated system. It
interconnects the automatic transmission floor
mounted shifter to the steering column ignition
switch (Fig. 46).

OPERATION

The system locks the shifter into the PARK posi-
tion. The interlock system is engaged whenever the
ignition switch is in the LOCK or ACCESSORY posi-
tion. An additional electrically activated feature will
prevent shifting out of the PARK position unless the
brake pedal is depressed approximately one-half an
inch. A magnetic holding device in the shifter assem-
bly is energized when the ignition is in the RUN
position. When the key is in the RUN position and
the brake pedal is depressed, the shifter is unlocked
and will move into any gear position. The interlock
system also prevents the ignition switch from being
turned to the LOCK or ACCESSORY position, unless
the shifter is fully locked into the PARK position.

DIAGNOSIS AND TESTING - BRAKE
TRANSMISSION SHIFT INTERLOCK

SYSTEM VERIFICATION

(1) Verify that the key can only be removed in the
PARK position

(2) When the shift lever is in PARK And the shift
handle pushbutton is in the “OUT” position, the igni-
tion key cylinder should rotate freely from OFF to
LOCK. When the shifter is in any other gear or neu-
tral position, the ignition key cylinder should not
rotate to the LOCK position.

(8) Shifting out of PARK should not be possible
when the ignition key cylinder is in the OFF posi-
tion.

(4) shifting out of PARK should not be possible
while applying normal pushbutton force and ignition
key cylinder is in the RUN or START positions
unless the foot brake pedal is depressed approxi-
mately 1/2 inch (12mm).

(5) Shifting out of PARK should not be possible
when the ignition key cylinder is in the ACCESSORY
or LOCK positions.

(6) Shifting between any gears, NEUTRAL or into
PARK may be done without depressing foot brake
pedal with ignition switch in RUN or START posi-
tions.

80e483f3

Fig. 46 Ignition Interlock Cable

4 - STEERING COLUMN ASSEMBLY
5 - INTERLOCK CABLE

1 - SHIFT MECHANISM
2 - SHIFTER BTSI LEVER
3 - ADJUSTMENT CLIP




21 - 46 AUTOMATIC TRANSMISSION - W5J400

WG

BRAKE TRANSMISSION SHIFT INTERLOCK MECHANISM (Continued)
DIAGNOSTIC CHART

CONDITION

POSSIBLE CAUSE

CORRECTION

KEY WILL NOT ROTATE TO THE
OFF/LOCK POSITION.

=

. Misadjusted Park Lock cable.

1. Adjust Park Lock cable. (Refer to
21 - TRANSMISSION AND
TRANSFER CASE/AUTOMATIC
TRANSMISSION/BRAKE
TRANSMISSION SHIFT
INTERLOCK SYSTEM -
ADJUSTMENTS)

N

. Misadjusted gearshift cable.

2. Adjust gearshift cable. (Refer to
21 - TRANSMISSION AND
TRANSFER CASE/AUTOMATIC
TRANSMISSION/GEAR SHIFT
CABLE - ADJUSTMENTS)

3. Burrs on ignition key.

3. Remove burrs and cycle key
several times to verify operation.

4. Binding or broken components.

4. Inspect system components and
repair/replace components as
necessary.

VEHICLE WILL NOT START
UNLESS SHIFTER IS HELD
FORWARD OF THE PARK
POSITION.

=

. Misadjusted gearshift cable.

1. Adjsut gearshift cable. (Refer to
21 - TRANSMISSION AND
TRANSFER CASE/AUTOMATIC
TRANSMISSION/GEAR SHIFT
CABLE - ADJUSTMENTS)

ADJUSTMENTS - BRAKE TRANSMISSION

SHIFT INTERLOCK

The park interlock cable is part of the brake/shift
lever interlock system. Correct cable adjustment is
important to proper interlock operation. The gear
shift and park lock cables must both be correctly
adjusted in order to shift out of PARK.

ADJUSTMENT PROCEDURE

(1) Remove floor console coin tray for access to the
brake transmission shift interlock cable. (Refer to 23
- BODY/INTERIOR/FLOOR CONSOLE - REMOVAL)

(2) Shift the transmission into the PARK position.

(3) Turn ignition switch to LOCK position. Be
sure ignition key cylinder is in the LOCK posi-
tion. Cable will not adjust correctly in any
other position.

(4) Pull cable lock button up to release cable (Fig.
47).

(5) Ensure that the cable is free to self-adjust by
pushing cable rearward and releasing.

(6) Push lock button down until it snaps in place.
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80e483f3

Fig. 47 Ignition Interlock Cable

4 - STEERING COLUMN ASSEMBLY
5 - INTERLOCK CABLE

1 - SHIFT MECHANISM
2 - SHIFTER BTSI LEVER
3 - ADJUSTMENT CLIP

BTSI FUNCTION CHECK

(1) Verify removal of ignition key allowed in PARK
position only.

(2) When the shift lever is in PARK, and the shift
handle push-button is in the out position, the igni-
tion key cylinder should rotate freely from off to lock.
When the shifter is in any other position, the ignition
key should not rotate from off to lock.

(3) Shifting out of PARK should be possible when
the ignition key cylinder is in the off position.

(4) Shifting out of PARK should not be possible
while applying normal push-button force, and igni-
tion key cylinder is in the run or start positions,
unless the foot brake pedal is depressed approxi-
mately 1/2 inch (12mm).

(5) Shifting out of PARK should not be possible
when the ignition key cylinder is in the accessory or
lock position.

(6) Shifting between any gear and NEUTRAL, or
PARK, may be done without depressing foot brake
with ignition switch in run or start positions.

(7) The floor shifter lever and gate positions
should be in alignment with all transmission detent
positions.

(8) Engine starts must be possible with shifter
lever in PARK or NEUTRAL gate positions only.
Engine starts must not be possible in any other gate
positions other than PARK or NEUTRAL.

(9) With shifter lever handle push-button not
depressed and lever detent in:

e PARK position- apply forward force on center of
handle and remove pressure. Engine start must be
possible.

e PARK position- apply rearward force on center
of handle and remove pressure. Engine start must be
possible.

e NEUTRAL position- engine start must be possi-
ble.

e NEUTRAL position, engine running and brakes
applied- Apply forward force on center of shift han-
dle. Transmission should not be able to shift into
REVERSE detent.
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DRIVING CLUTCHES

DESCRIPTION

Three multi-plate driving clutches (Fig. 48), the
front, middle and rear multi-plate clutches K1, K2
and K3, are located in the planetary gear sets in the
transmission housing.

A multi-plate driving clutch consists of a number of
internally toothed discs (4) on an internally toothed
disc carrier and externally toothed discs (3) on an
externally toothed disc carrier.
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80e2f163

Fig. 48 Driving Clutches

1- K1 CLUTCH

2 - K2 CLUTCH

3 - EXTERNALLY TOOTHED DISC

4 - INTERNALLY TOOTHED DISC

5 - K3 CLUTCH

6 - K3 CLUTCH EXTERNALLY TOOTHED DISC CARRIER
7 - K3 CLUTCH PISTON

8 - K3 CLUTCH INTERNALLY TOOTHED DISC CARRIER
9 - REAR PLANETARY GEARSET SUN GEAR

10 - CENTER PLANETARY GEARSET PLANETARY CARRIER
11 - CENTER PLANETARY GEARSET ANNULUS GEAR

12 - CENTER PLANETARY GEARSET SUN GEAR

13 - K2 CLUTCH EXTERNALLY TOOTHED DISC CARRIER
14 - K2 CLUTCH PISTON

15 - FRONT PLANETARY GEARSET PLANETARY CARRIER
16 - FRONT PLANETARY GEARSET ANNULUS GEAR

17 - FRONT PLANETARY GEARSET SUN GEAR

18 - K1 CLUTCH INTERNALLY TOOTHED DISC CARRIER
19 - K1 CLUTCH EXTERNALLY TOOTHED DISC CARRIER
20 - K1 CLUTCH PISTON

21 - DRIVE SHAFT
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DRIVING CLUTCHES (Continued)
OPERATION

The driving clutches (Fig. 49) produce a non-posi-
tive locking connection between two elements of a
planetary gear set or between one element from each
of two planetary gear sets in order to transmit the
drive torgue.

If the piston (20) on multi-plate clutch K1 (1) is
subjected to oil pressure, it presses the internal and
external discs of the disc set together. The sun gear
(17) is locked with the planetary carrier (15) via the
externally toothed disc carrier (19) and the internally
toothed disc carrier (18). The front planetary gear set
is thus locked and turns as a closed unit.

If the multi-plate clutch K2 (2) is actuated via the
piston (14), the piston compresses the disc set. The
annulus gear (16) of the front planetary gear set is
locked with the annulus gear (11) of the center plan-

etary gear set via the externally toothed disc carrier
(13) and the center planetary carrier (10) on which
the internally toothed discs are seated. Annulus gear
(16) and annulus gear (11) turn at the same speed as
the input shaft (21)

If the multi-plate clutch K3 (5) is actuated via the
piston (7), the piston compresses the disc set. The
sun gear (12) of the center planetary gear set is
locked with the sun gear (9) of the rear planetary
gear set via the externally toothed disc carrier (6)
and the internally toothed disc carrier (8). Sun gear
(12) and sun gear (9) turn at the same speed.
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Fig. 49 Driving Clutches

- K1 CLUTCH

- K2 CLUTCH

- EXTERNALLY TOOTHED DISC

- INTERNALLY TOOTHED DISC

- K3 CLUTCH

- K3 CLUTCH EXTERNALLY TOOTHED DISC CARRIER
- K3 CLUTCH PISTON

- K3 CLUTCH INTERNALLY TOOTHED DISC CARRIER
- REAR PLANETARY GEARSET SUN GEAR

10 - CENTER PLANETARY GEARSET PLANETARY CARRIER
11 - CENTER PLANETARY GEARSET ANNULUS GEAR

CoO~NOOUITAWNE

12 - CENTER PLANETARY GEARSET SUN GEAR

13 - K2 CLUTCH EXTERNALLY TOOTHED DISC CARRIER
14 - K2 CLUTCH PISTON

15 - FRONT PLANETARY GEARSET PLANETARY CARRIER
16 - FRONT PLANETARY GEARSET ANNULUS GEAR

17 - FRONT PLANETARY GEARSET SUN GEAR

18 - K1 CLUTCH INTERNALLY TOOTHED DISC CARRIER
19 - K1 CLUTCH EXTERNALLY TOOTHED DISC CARRIER
20 - K1 CLUTCH PISTON

21 - DRIVE SHAFT
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DRIVING CLUTCH K1

DISASSEMBLY

(1) Remove snap-ring (11) (Fig. 50) from outer
multiple-disc carrier (6).

(2) Take multiple-disc pack (12) out of outer mul-
tiple-disc carrier (6).

(3) Place Multi-use Spring Compressor 8900 on the
spring plate (8) and compress the spring until the
snap-ring (10) is exposed.

(4) Remove snap-ring (10) (Fig. 50).

(5) Take out disc spring (7) and remove piston (6)
by carefully blowing compressed air into the bore (A).

(6) Remove snap-ring (3) and take out front free-
wheeling clutch F1 (2).

WG

(10)

80e43dce

Fig. 50 Driving Clutch K1 Components

7 - DISC SPRING

8 - SPRING PLATE

9 - SPRING PLATE SEALING RING
10 - SNAP-RING

11 - SNAP-RING

12 - MULTIPLE DISC PACK

- K1 OUTER DISC CARRIER

- FREEWHEELING CLUTCH F1

- SNAP-RING

- OUTER DISC CARRIER SEALING RING
- PISTON SEALING RING

- PISTON

OO WNE
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DRIVING CLUTCH K1 (Continued)

ASSEMBLY

(1) Install piston (6) (Fig. 51) in the outer multi-
ple-disc carrier (1). Check sealing rings (4 and 5),
replace if necessary. The rounded off edges of the
sealing rings must point outwards.

(2) Insert disc spring (7) (Fig. 51). Insert disc
spring with the curvature towards the piston.

(3) Insert spring plate (8). Insert spring plate with
the curvature towards the sun gear. Check sealing
ring (9), replace if necessary.

(4) Place Multi-use Spring Compressor 8900 on
spring plate (8) and compress the spring until the
groove of the snap-ring is exposed.

(5) Insert snap-ring (10) (Fig. 51). After installing,
check snap-ring for correct seat

NOTE: Pay attention to sequence of discs. Place
new friction multiple-discs in ATF fluid for one hour
before installing.

(6) Insert multiple-disc pack (12) in the outer mul-
tiple-disc carrier.
(7) Insert snap-ring (11).

80e43dce

Fig. 51 Driving Clutch K1 Components

7 - DISC SPRING

8 - SPRING PLATE

9 - SPRING PLATE SEALING RING
10 - SNAP-RING

11 - SNAP-RING

12 - MULTIPLE DISC PACK

- K1 OUTER DISC CARRIER

- FREEWHEELING CLUTCH F1

- SNAP-RING

- OUTER DISC CARRIER SEALING RING
- PISTON SEALING RING

- PISTON

OO WNE




21 -52 AUTOMATIC TRANSMISSION - W5J400 WG
DRIVING CLUTCH K1 (Continued)

(8) Measure the K1 clutch pack clearance.

(@) Mount Pressing Tool 8901 (1) (Fig. 52) on
outer multiple disc.

(b) Using a lever press, compress pressing tool
as far as the stop (then the marking ring is still
visible, see small arrow).

(c) Using a feeler gauge, determine the play "L”
(Fig. 53) at three points between the snap-ring (5)
and outer multiple-disc (3).

(d) During the measurement the snap-ring (5)
must contact the upper bearing surface of the
groove in the outer multiple-disc carrier.

(e) The correct clutch clearance is 2.7-3.1 mm for
three friction disc versions, 3.0-3.4 mm for four
disc versions, 3.3-3.7 mm for five disc versions, and 80e43dd2
3.6-4.0 mm for six disc versions.

(f) Adjust with snap-ring (5), if necessary. Snap- Fig. 53 Driving Clutch K1 Stack-up
rings are available in thicknesses of 26, 29, 32, - OUTER MULTIPLE DISC - 1.8MM

3.5 3.8 and 4.1 mm. - OUTER MULTIPLE DISC - 2.8MM
- OUTER MULTIPLE DISC - 4.0MM
- K1 OUTER DISC CARRIER

- SNAP-RING

- FRICTION DISCS

- DISC SPRING

- PISTON

O~NO U WNBE

(9) Insert front freewheeling clutch F1 (2) and fit
snap-ring (3). The freewheeling clutch F1 (2) must be
installed in the direction of the arrow.

{ S 7)
N S
D%D =/ =
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80e43dd6

Fig. 52 Measure K1 Clutch Clearance

1 - PRESSING TOOL 8901
2 - K1 OUTER DISC CARRIER
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DRIVING CLUTCH K2
DISASSEMBLY

(1) Remove snap-ring (15) from the K1 inner mul-
tiple-disc carrier with integrated front gear set (1)
and take off hollow gear (14).

(2) Remove drive shaft with clutch K2 (3) (Fig. 54).

(3) Remove needle thrust bearing (2).

(4) Remove snap-ring (13) (Fig. 54) from K2 outer
multiple-disc carrier.

(5) Take out multiple-disc pack (12).

(6) Take out disk spring (11) (Fig. 54).

(7) Fit Multi-use Spring Compressor 8900 (Fig. 55)
onto spring retainer (9) and press until snap-ring
(10) is released.

(8) Remove snap-ring (10) (Fig. 54).

(9) Take out disc spring (7) and pull piston (6) out
of outer multiple-disc carrier.
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Fig. 55 Compress K2 Clutch Spring

1 - MULTI-USE SPRING COMPRESSOR 8900
2 - SNAP-RING

80e43e01

Fig. 54 Driving Clutch K2 Components

1 - K1 INNER DISC CARRIER WITH INTEGRATED FRONT GEAR
SET

- THRUST BEARING

- INPUT SHAFT AND K2 CLUTCH
- PISTON OUTER SEAL RING

- PISTON INNER SEAL RING

- PISTON

- DISC SPRING

- SPRING RETAINER SEAL

O~NO U~ WN

9 -

SPRING RETAINER

- SNAP-RING

- DISC SPRING

- MULTIPLE DISC PACK
- SNAP-RING

- HOLLOW GEAR

- SNAP-RING
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DRIVING CLUTCH K2 (Continued)

ASSEMBLY

(1) Install piston (6) (Fig. 56) in outer multiple-
disc carrier. Inspect seals (4 and 5), replace if neces-
sary. The rounded edges of the seals must point to
the outside.

(2) Insert disk spring (7) and spring retainer (9).
Insert disk spring (7) with curved side pointing
toward spring retainer (9). Inspect seal 8 (Fig. 56),
replace if necessary.

(3) Place Multi-use Spring Compressor 8900 (Fig.
57) on spring plate (9) and press until the groove of
the snap-ring is exposed.

(4) Insert snap-ring (10).

(5) Insert disk spring (11).

NOTE: Pay attention to sequence of discs. Place
new friction multiple-discs in ATF fluid for one hour
before installing.

WG

(6) Insert multiple-disk set (12) into outer multi-

ple-disk carrier.

(7) Fit snap-ring (13).
(8) Measure K2 clutch clearance.

(@) Mount Pressing Tool 8901 (1) (Fig. 58) on
outer multiple disc.

(b) Using a lever press, compress pressing tool
as far as the stop (then the marking ring is still
visible, see small arrow).

(c) Using a feeler gauge, determine the play "L"
(Fig. 59) at three points between the snap-ring (6)
and outer multiple-disc (4).

(d) During the measurement the snap-ring (6)
must contact the upper bearing surface of the
groove in the outer multiple-disc carrier.

(e) The correct clutch clearance is 2.3-2.7 mm for
three friction disc versions, 2.4-2.8 mm for four
disc versions, 2.5-2.9 mm for five disc versions, and
2.7-3.1 mm for six disc versions.

80e43e01

Fig. 56 Driving Clutch K2 Components

1 - K1 INNER DISC CARRIER WITH INTEGRATED FRONT GEAR
SET

- THRUST BEARING

- INPUT SHAFT AND K2 CLUTCH

- PISTON OUTER SEAL RING

- PISTON INNER SEAL RING

- PISTON

- DISC SPRING

- SPRING RETAINER SEAL

o~NO O WN

9 -

SPRING RETAINER

- SNAP-RING

- DISC SPRING

- MULTIPLE DISC PACK
- SNAP-RING

- HOLLOW GEAR

- SNAP-RING
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DRIVING CLUTCH K2 (Continued)

80e43e05

Fig. 57 Compress K2 Clutch Spring

1 - MULTI-USE SPRING COMPRESSOR 8900
2 - SNAP-RING

() Adjust with snap-ring (6), if necessary. Snap-
rings are available in thicknesses of 2.3, 2.6, 2.9,
3.2, 3.5 and 3.8 mm.

80e43e0d

Fig. 58 Measure K2 Clutch Clearance

1 - PRESSING TOOL 8901
2 - K1 INNER DISC CARRIER
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80e43e09

Fig. 59 Driving Clutch K2 Stack-up

1 - DISC SPRING

2 - OUTER MULTIPLE DISC - 1.8 MM
3 - OUTER MULTIPLE DISC - 2.8 MM
4 - OUTER MULTIPLE DISC - 4.0 MM
5 - K2 OUTER DISC CARRIER

6 - SNAP-RING

7 - FRICTION DISCS

8 - PISTON

(9) Insert axial needle bearing (2) into K1 inner
multiple-disk carrier. Insert axial needle bearing (2)
with a little grease to prevent it slipping.

(10) Install drive shaft in K1 inner multiple-disc
carrier with integrated front gear set (3).

(11) Fit internally-geared wheel (14). Pay attention
to installation position.
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DRIVING CLUTCH K3
DISASSEMBLY

(1) Remove snap-ring (1) (Fig. 60) from outer mul-
tiple-disc carrier.

(2) Remove multiple-disc pack (2) and disk spring
(3) from outer multiple-disc carrier.

(3) Place Multi-use Spring Compressor 8900 (9)
(Fig. 60) on disc spring (5) and compress the spring
until the snap-ring (4) is exposed.

(4) Remove snap-ring (4).

(5) Remove spring plate (5) and piston (6) from
outer multiple-disc carrier.

WG

ASSEMBLY

(1) Install piston (6) in the outer multiple-disc car-
rier (8). Check sealing ring (7), replace if necessary.
The rounded off edges of the sealing ring must point
outwards.

(2) Insert disc spring (5). Insert disc spring with
the curvature towards the piston.

(3) Mount the Multi-use Spring Compressor 8900
(9) on the spring plate and clamp until the snap-ring
groove is exposed.

(4) Insert snap-ring (4). The collar of the snap-ring
must point towards the multiple-disc pack.

NOTE: Pay attention to sequence of discs. Place
new friction multiple-discs in ATF fluid for one hour
before installing.

(5) Install disk spring (3) and multiple-disc pack
(2) in outer multiple-disc carrier (8).
(6) Insert snap-ring (1).

80e43e11

Fig. 60 Driving Clutch K3 Components

- SNAP-RING

- MULTIPLE DISC PACK
- DISC SPRING

- SNAP-RING

- SPRING PLATE

O WNE

6 - PISTON

7 - SEALING RING

8 - OUTER DISC CARRIER

9 - MULTI-USE SPRING COMPRESSOR 8900
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DRIVING CLUTCH K3 (Continued)

(7) Measure the K3 clutch clearance.

(a) Mount Pressing Tool 8901 (1) (Fig. 61) on
outer multiple disc.

(b) Using a lever press, compress pressing tool
as far as the stop (then the marking ring is still
visible, see small arrow).

(c) Using a feeler gauge, determine the play "L”
(Fig. 62) at three points between the snap-ring (8)
and outer multiple-disc (2).

(d) During the measurement the snap-ring (8)
must contact the upper bearing surface of the
groove in the outer multiple-disc carrier.

(e) The correct clutch clearance is 2.3-2.7 mm for
three friction disc versions, 2.4-2.8 mm for four
disc versions, and 2.5-2.9 mm for five disc versions.

(f) Adjust with snap-ring (8), if necessary. Snap-
rings are available in thicknesses of 2.0, 2.3, 2.6,
2.9, 3.2 and 3.5 mm.

80e43e19

Fig. 61 Measure K3 Clutch Clearance

1 - PRESSING TOOL 8901
2 - OUTER DISC CARRIER
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80e43e15

Fig. 62 Driving Clutch K3 Stack-up

- OUTER DISC CARRIER

- OUTER MULTIPLE DISC - 4.0 MM
- OUTER MULTIPLE DISC - 2.8 MM
- OUTER MULTIPLE DISC - 1.8 MM
- DISC SPRING

- PISTON

- FRICTION DISCS - 2.1 MM

- SNAP-RING

O~NO U WNBE

ELECTROHYDRAULIC UNIT
DESCRIPTION

The electrohydraulic control unit comprises the
shift plate made from light alloy for the hydraulic
control and an electrical control unit. The electrical
control unit comprises of a supporting body made of
plastic, into which the electrical components are
assembled. The supporting body is mounted on the
shift plate and screwed to it.

Strip conductors inserted into the supporting body
make the connection between the electrical compo-
nents and a plug connector. The connection to the
wiring harness on the vehicle and the transmission
control module (TCM) is produced via this 13-pin
plug connector with a bayonet lock.
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ELECTROHYDRAULIC UNIT (Continued)

ELECTRICAL CONTROL UNIT

The electric valve control unit (7) (Fig. 63) consists
of a plastic shell which houses the RPM sensors
(1,12), regulating solenoid valves (3, 4), solenoid
valves (5, 6, 10), the TCC solenoid valve (11), the
park/neutral contact (9), and the transmission oil
temperature sensor (8). Conductor tracks integrated
into the shell connect the electric components to a
plug connection (2). This 13-pin plug connection (2)
establishes the connection to the vehicle-side cable
harness and to the transmission control module
(TCM). With the exception of the solenoid valves, all
other electric components are fixed to the conductor
tracks.

80e2d06e

Fig. 63 Electrical Control Unit

- N3 SPEED SENSOR

- PLUG CONNECTOR

- MODULATING PRESSURE REGULATING SOLENOID
- SHIFT PRESSURE REGULATING SOLENOID
- 1-2/4-5 SHIFT SOLENOID

- 3-4 SHIFT SOLENOID

- ELECTRICAL CONTROL UNIT

- TRANSMISSION TEMPERATURE SENSOR

- STARTER INTERLOCK CONTACT

10 - 2-3 SHIFT SOLENOID

11 - TORQUE CONVERTER LOCK-UP SOLENOID
12 - N2 SPEED SENSOR

O©CO~NOOA~WNE

HYDRAULIC CONTROL UNIT

Working Pressure (Operating Pressure) (p-A)

The working pressure provides the pressure supply
to the hydraulic control and the transmission shift
elements. It is the highest hydraulic pressure in the
entire hydraulic system. The working pressure is reg-
ulated at the working pressure regulating valve in

relation to the load and gear. All other pressures
required for the transmission control are derived
from the working pressure.

Lubrication Pressure (p-Sm)

At the working pressure regulating valve surplus
oil is diverted to the lubrication pressure regulating
valve, from where it is used in regulated amounts to
lubricate and cool the mechanical transmission com-
ponents and the torque converter. Furthermore, the
lubrication pressure (p-Sm) is also used to limit the
pressure in the torque converter.

Shift Pressure (p-S)

The shift pressure is determined by the shift pres-
sure regulating solenoid valve and the shift pressure
regulating valve. The shift pressure:

e Regulates the pressure in the activating shift
element during the shift phase.

e Determines together with the modulating pres-
sure the pressure reduction at the deactivating shift
element as regulated by the overlap regulating valve.

o Initializes 2nd gear in limp-home mode.

Modulating Pressure (p-Mod)

The modulating pressure influences the size of the
working pressure and determines together with the
shift pressure the pressure regulated at the overlap
regulating valve. The modulating pressure is regu-
lated at the modulating pressure regulating solenoid
valve, which is under regulating valve pressure. The
modulating pressure is variable and relative to the
engine load.

Regulating Valve Pressure (p-RV)

The regulating valve pressure is regulated at the
regulating valve pressure regulating valve in relation
to the working pressure (p-A) up to a maximum pres-
sure of 8 bar. It supplies the modulating pressure
regulating solenoid valve, the shift pressure regulat-
ing solenoid valve and the shift valve pressure regu-
lating valve.

Shift Valve Pressure (p-SV)

The shift valve pressure (p-SV) is derived from the
regulating valve pressure (p-RV), is regulated at the
shift valve pressure regulating valve and is then
present at the:

1-2 and 4-5 shift solenoid valve.

3-4 shift solenoid valve.

2-3 shift solenoid valve.

Torque converter lockup solenoid valve.
3-4 and 2-3 shift pressure shift valve.

The shift valve pressure (p-SV) controls the com-
mand valves via the upshift/downshift solenoid
valves.
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ELECTROHYDRAULIC UNIT (Continued)

Overlap Pressure (p-U)

The overlap pressure controls the shift component
pressure reduction during a shift phase. The pres-
sure in a shift element as it disengages is controlled
during the shift phase depending on engine load
(modulating pressure) and the pressure in the shift
element as it engages. The adjusted pressure is
inversely proportional to the transmission capability
of the shift element being engaged (controlled over-
lap).

Working Pressure Regulating Valve (Operating Pressure)
The working pressure regulating valve (Fig. 64) is

located in the valve housing of the shift plate. It reg-

ulates the primary pressure of the hydraulic system.

80e32e19

Fig. 64 Working Pressure Regulating Valve

- PRESSURE FROM K1/K2

- END FACE

- ANNULAR SURFACE

- WORKING PRESSURE REGULATING VALVE

A WN P

Torque Converter Lockup Clutch Regulating Valve

The torque converter lock-up clutch regulating
valve (Fig. 65) is located in the valve housing of the
electrohydraulic control module. The valve is respon-
sible for the hydraulic control of the torque converter
lockup clutch and distribution of the lubricating oil.

Overlap Regulating Valve

Each shift group is assigned one overlap regulating
valve (Fig. 66). The 1-2 / 4-5 overlap regulating valve
is installed in the shift valve housing; the 2-3 and 3-4
overlap regulating valves are installed in the valve
housing. The overlap regulating valve regulates the
pressure reduction during a shift phase.
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Vil

pITCC

p-SITCC

80e32f35

Fig. 65 Torque Converter Lockup Clutch Regulating
Valve

- TORQUE CONVERTER LOCK-UP CLUTCH

- TORQUE CONVERTER OUTPUT

- TORQUE CONVERTER INPUT

- TORQUE CONVERTER LUBRICATION POINTS

- TORQUE CONVERTER LOCK-UP SOLENOID

- TORQUE CONVERTER LOCK-UP CLUTCH REGULATING
VALVE

7 - ANNULAR PASSAGE THROTTLE

8 - OIL COOLER

OO WNRE
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Fig. 66 Overlap Regulating Valve

1 - OVERLAP REGULATING VALVE
2 - ANNULAR SURFACE ON OVERLAP REGULATING VALVE
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Each shift group possesses one holding pressure

shift valve (Fig. 68). The 1-2 / 4-5 and 2-3 holding
pressure shift valves are installed in the shift valve

housing; the 3-4 holding pressure shift valve is
installed in the valve housing. The holding pressure

shift valve allocates the working pressure to one

Holding Pressure Shift Valve
actuator of a shift group.

AUTOMATIC TRANSMISSION - W5J400

Each shift group possesses one command valve
(Fig. 67). The 1-2 / 4-5 and 2-3 command valves are
installed in the shift valve housing; the 3-4 command
valve is installed in the valve housing. The command

valve switches the shift group from the stationary
phase to the shift phase and back again.

ELECTROHYDRAULIC UNIT (Continued)

21 - 60
Command Valve
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Fig. 68 Holding Pressure Shift Valve

1 - HOLDING PRESSURE SHIFT VALVE
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ELECTROHYDRAULIC UNIT (Continued)

Shift Pressure Shift Valve

Each shift group possesses one shift pressure shift
valve (Fig. 69). The 1-2 / 4-5 and 2-3 shift pressure
shift valves are installed in the shift valve housing;
the 3-4 shift pressure shift valve is installed in the
valve housing. It assigns the shift pressure (p-S) to
the activating actuator and the overlap pressure
(p-U) regulated by the overlap regulating valve to the
deactivating actuator.

Lubrication Pressure Regulating Valve

The lubrication pressure regulating valve (Fig. 70)
is located in the valve housing of the electrohydraulic
control module. The valve controls the fluid to lubri-
cate and cool the mechanical part of the transmis-
sion, and limits the pressure in the torque converter.
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Fig. 70 Lubrication Pressure Regulating Valve
1 - LUBRICATION PRESSURE REGULATING VALVE
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Fig. 69 Shift Pressure Shift Valve

1 -1-2/4-5 COMMAND VALVE
2 - DRIVING CLUTCH K1

3 - HOLDING CLUTCH B1
4 - 1-2/4-5 SHIFT PRESSURE SHIFT VALVE
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ELECTROHYDRAULIC UNIT (Continued)

Shift Pressure Regulating Valve

The shift pressure regulating valve (Fig. 71) is
located in the valve housing of the shift plate. It reg-
ulates the shift pressure (p-S).

I3

p-S/RMV

80e33db3

Fig. 71 Shift Pressure Regulating Valve

1 - PRESSURE FROM CLUTCH K2
2 - ANNULAR SURFACE
3 - SHIFT PRESSURE REGULATING VALVE

Regulating Valve Pressure Regulating Valve

The regulating valve pressure regulating valve
(Fig. 72) is located in the valve housing of the elec-
trohydraulic control module. It regulates the regulat-
ing valve pressure (p-RV).
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Fig. 72 Regulating Valve Pressure Regulating Valve
1 - REGULATING VALVE PRESSURE REGULATING VALVE

Shift Valve Pressure Regulating Valve

The shift valve pressure regulating valve (Fig. 73)
is located in the valve housing of the electrohydraulic
control module. It regulates the shift valve pressure
(p-SV).
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Fig. 73 Shift Valve Pressure Regulating Valve
1 - SHIFT VALVE PRESSURE REGULATING VALVE
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ELECTROHYDRAULIC UNIT (Continued)
OPERATION

ELECTRICAL CONTROL UNIT

Signals from the transmission control module
(TCM) are converted into hydraulic functions in the
electric valve control unit (7) (Fig. 74). The RPM sen-
sors (1, 12), starter interlock contact (9), and trans-
mission oil temperature sensor (8) of the electric
valve control unit (7) supply the TCM with input sig-
nals. The solenoid valves are controlled by the TCM
and trigger the hydraulic functions.

80e2d06e

Fig. 74 Electrical Control Unit

- N3 SPEED SENSOR

- PLUG CONNECTOR

- MODULATING PRESSURE REGULATING SOLENOID
- SHIFT PRESSURE REGULATING SOLENOID
- 1-2/4-5 SHIFT SOLENOID

- 3-4 SHIFT SOLENOID

- ELECTRICAL CONTROL UNIT

- TRANSMISSION TEMPERATURE SENSOR

- STARTER INTERLOCK CONTACT

10 - 2-3 SHIFT SOLENOID

11 - TORQUE CONVERTER LOCK-UP SOLENOID
12 - N2 SPEED SENSOR

OCO~NOO_WNPE
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HYDRAULIC CONTROL UNIT

Working Pressure Regulating Valve (Operating Pressure)

The working pressure (p-A) is regulated at the
working pressure regulating valve (22) (Fig. 75) in
relation to load (modulating pressure) and gear (K1
or K2 pressure). The spring in the working pressure
regulating valve sets a minimum pressure level
(basic pressure).

80e32e19

Fig. 75 Working Pressure Regulating Valve

- PRESSURE FROM K1/K2

- END FACE

- ANNULAR SURFACE

- WORKING PRESSURE REGULATING VALVE

A WN P
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ELECTROHYDRAULIC UNIT (Continued)

Torque Converter Lockup Clutch Regulating Valve

The torque converter lockup clutch regulating
valve (6) (Fig. 76) regulates the torque converter
lock-up clutch working pressure in relation to the
torque converter clutch control pressure. According to
the size of the working pressure, the torque converter
lockup clutch is either Engaged, Disengaged, or Slip-
ping. When the regulating valve (6) is in the lower
position, lubricating oil flows through the torque con-
verter and oil cooler (8) into the transmission (torque
converter lockup clutch unpressurized). In its regu-
lating position (slipping, torque converter lockup
clutch pressurized), a reduced volume of lubricating
oil flows through the annular passage (7) bypassing
the torque converter and passing direct through the
oil cooler into the transmission. The rest of the lubri-
cating oil is directed via the throttle "a” into the
torque converter in order to cool the torque converter
lockup clutch.

Vil

pITCC

p-SITCC

80e32f35

Fig. 76 Torque Converter Lockup Clutch Regulating
Valve

- TORQUE CONVERTER LOCK-UP CLUTCH

- TORQUE CONVERTER OUTPUT

- TORQUE CONVERTER INPUT

- TORQUE CONVERTER LUBRICATION POINTS

- TORQUE CONVERTER LOCK-UP SOLENOID

- TORQUE CONVERTER LOCK-UP CLUTCH REGULATING
VALVE

7 - ANNULAR PASSAGE THROTTLE

8 - OIL COOLER

OO WNBE
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Overlap Regulating Valve

During the shift phase the pressure (Fig. 77) in the
deactivating shift actuator is regulated in relation to
the engine load (modulating pressure) and the pres-
sure in the activating actuator. The regulated pres-
sure is inversely proportional to the transfer capacity
of the activating shift actuator (regulated overlap).
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Fig. 77 Overlap Regulating Valve

1 - OVERLAP REGULATING VALVE
2 - ANNULAR SURFACE ON OVERLAP REGULATING VALVE
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ELECTROHYDRAULIC UNIT (Continued)

Command Valve

When the end face is unpressurized (stationary
phase), the working pressure is directed to the actu-
ated shift element. If the end face of the command
valve (Fig. 78) is subjected to the shift valve pressure
(p-SV) (shift phase), then the shift pressure is
switched to the activating element and the overlap
pressure is switched to the deactivating element.

/ N\

Shift Valve Holding Pressure

The holding pressure shift valve (Fig. 79) is actu-
ated by the pressures present at the end face in the
actuators and a spring. It assigns the working pres-
sure to the actuator with the higher pressure (taking
into account the spring force and the effective surface
area). The other element of the shift group is then
unpressurized. The valve switches over only during
the shift phase and only at a certain pressure ratio
between the overlap pressure (p-U) and the shift
pressure (p-S).
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Fig. 78 Command Valve
1 - HOLDING CLUTCH B1 3 - 1-2/4-5 COMMAND VALVE
2 - DRIVING CLUTCH K1
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Fig. 79 Shift Valve Holding Pressure

1 - HOLDING PRESSURE SHIFT VALVE
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ELECTROHYDRAULIC UNIT (Continued)

Shift Pressure Shift Valve

When the multiple-disc brake B1 (3) is activated,
the working pressure (pa) is applied to the end face
of the 1-2 / 4-5 shift pressure shift valve (4) (Fig. 80)
via the command valve (1). Its shift state is main-
tained during the shift phase by substituting the
shift element pressure acting on its end face (and
which is variable during the shift phase) with a cor-
responding constant pressure. When the multi-plate
clutch K1 (2) is activated, the end face of the shift
valve is unpressurized during the stationary and
shift phases, so the shift state is maintained during
the shift phase in this case too.

Lubrication Pressure Regulating Valve

At the working pressure regulating valve surplus
oil is diverted to the lubrication pressure regulating
valve (1) (Fig. 81), from where the lubrication pres-
sure (p-Sm) is used in regulated amounts to supply
the transmission lubrication system including the
torque converter.
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Fig. 81 Lubrication Pressure Regulating Valve
1 - LUBRICATION PRESSURE REGULATING VALVE
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Fig. 80 Shift Pressure Shift Valve

1 -1-2/4-5 COMMAND VALVE
2 - DRIVING CLUTCH K1

3 - HOLDING CLUTCH B1
4 - 1-2/4-5 SHIFT PRESSURE SHIFT VALVE
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ELECTROHYDRAULIC UNIT (Continued)

Shift Pressure Regulating Valve

The shift pressure is determined by the shift pres-
sure regulating solenoid valve and the shift pressure
regulating valve (3) (Fig. 82). In addition, pressure
from the clutch K2 (1) is also present at the annular
surface (2) of the shift pressure regulating valve (3).
This reduces the shift pressure in 2nd gear.
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p-S/RMV
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Fig. 82 Shift Pressure Regulating Valve

1 - PRESSURE FROM CLUTCH K2
2 - ANNULAR SURFACE
3 - SHIFT PRESSURE REGULATING VALVE

Regulating Valve Pressure Regulating Valve

The regulating valve pressure (p-RV) is set at the
regulating valve pressure regulating valve (1) (Fig.
83) in relation to the working pressure (p-A) as far as
the maximum pressure.
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Fig. 83 Regulating Valve Pressure Regulating Valve
1 - REGULATING VALVE PRESSURE REGULATING VALVE
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Shift Valve Pressure Regulating Valve

The non-constant regulating valve pressure (p-RV)
is regulated to a constant shift valve pressure (p-SV)
at the shift valve pressure regulating valve (1) (Fig.
84) and is used to supply the 1-2 and 4-5/ 3-4 | 2-3

solenoid valves and the torque converter lockup
clutch PWM solenoid valve.
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Fig. 84 Shift Valve Pressure Regulating Valve
1 - SHIFT VALVE PRESSURE REGULATING VALVE

REMOVAL

(1) Move selector lever to position "P".

(2) Raise vehicle.

(3) Remove bolt (3) (Fig. 85) and screw (1) holding
the heat shield (2) to the transmission.

(4) Loosen guide bushing (2) (Fig. 85) and remove
from transmission housing.

80e3b115

Fig. 85 Remove Heat Shield

1 - SCREW
2 - HEAT SHIELD
3 - BOLT
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ELECTROHYDRAULIC UNIT (Continued)

(5) Disconnect 13-pin plug connector (1) (Fig. 86).
Turn bayonet lock of guide bushing (2) anti-clock-
wise.

80e3b14f

Fig. 86 Remove Wiring Connector Plug

1 - PLUG CONNECTOR
2 - GUIDE BUSHING

(6) Drain transmission oil by unscrewing oil drain
plug (8) (Fig. 87).

NOTE: If the transmission fluid is burnt or contains
abraded particles, the oil cooler lines and oil cooler
must be flushed out.

(7) Detach oil pan (5).

(8) Remove oil filter (4).

(9) Unscrew Torx socket bolts (3) and remove elec-
trohydraulic control module (2).

WG

80e3b0fb

Fig. 87 Remove Electrohydraulic Unit

- HEAT SHIELD

- ELECTROHYDRAULIC UNIT
- BOLT

- OIL FILTER

- OIL PAN

- CLAMPING ELEMENT

- BOLT

- DRAIN PLUG

- DRAIN PLUG GASKET

10 - 13-PIN PLUG CONNECTOR
11 - BOLT

12 - GUIDE BUSHING
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ELECTROHYDRAULIC UNIT (Continued)

DISASSEMBLY
(1) Remove electrohydraulic unit from the vehicle.
(2) Remove solenoid caps (1, 2) (Fig. 88).
(3) Unscrew Torx socket bolts (3, 4) (Fig. 88).

NOTE: Pay attention to the different lengths of the
Torx socket bolts.

(4) Remove leaf springs (5).
(5) Withdraw solenoid valves (6 - 11) from shift
plate (13).

NOTE: Check O-rings on solenoid valves for dam-
age and replace if necessary.

(6) Bend away retaining lug on stiffening rib on
transmission oil temperature sensor.

(7) Remove electrohydraulic control module (12)
from the shift plate (13).

80e3ee2b

Fig. 89 Shift Valve Group Locations

A - OPERATING AND LUBRICATING PRESSURE REGULATING
VALVES AND 2-3 OVERLAP VALVE

B - 1-2/4-5 SHIFT GROUP AND SHIFT, SHIFT VALVE, AND
REGULATING VALVE PRESSURE REGULATING VALVES

C - 3-4 SHIFT GROUP

D - 2-3 SHIFT GROUP, TCC LOCK-UP AND B2 REGULATING
VALVES

NOTE: Pay great attention to cleanliness for all work
on the shift plate. Fluffy cloths must not be used.
Leather cloths are particularly good. After dismantling,
all parts must be washed and blown out with com-
pressed-air, noting that parts may be blown away.

(9) Unbolt leaf spring (5) (Fig. 90).

(10) Unscrew Torx bolts (1) (Fig. 90).

(11) Remove valve housing (2) from valve body (4)
(Fig. 90).

80e3edcc

Fig. 88 Electrical Unit Components

- SOLENOID CAP

- SOLENOID CAP

- BOLT - M6X32

- BOLT - M6X30

- LEAF SPRING

- MODULATING PRESSURE REGULATING SOLENOID VALVE
- SHIFT PRESSURE REGULATING SOLENOID
- 3-4 SHIFT SOLENOID

- TORQUE CONVERTER LOCK-UP SOLENOID
10 - 1-2/4-5 SHIFT SOLENOID

11 - 2-3 SHIFT SOLENOID

12 - ELECTRICHYDRAULIC CONTROL MODULE

13 - SHIFT PLATE Fig. 90 Shift Plate Components

- BOLTS - 29

- VALVE HOUSING
- SEALING PLATE
- VALVE BODY

- LEAF SPRING

OCO~NOO_WNPE
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(8) Note the locations of the major shift valve
group components for assembly reference (Fig. 89).
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ELECTROHYDRAULIC UNIT (Continued)

(12) Remove the strainers for the modulating pres- (14) Remove sealing plate (3).
sure and shift pressure control solenoid valves (Fig.
91) from the valve housing. NOTE: A total of 12 valve balls are located in the

valve body, four made from plastic (4) and eight
from steel (1, 3).

(15) Note the location of all check balls (1, 3, 4)
(Fig. 93) and the central strainer (2) for re-installa-
tion. Remove all check balls (1, 3, 4) and the central
strainer (2).
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Fig. 91 Solenoid Valve Strainer Locations

Fig. 93 Check Balls and Strainer Location
1 - SOLENOID VALVE STRAINERS

- STEEL CHECK BALLS

- CENTRAL STRAINER

- STEEL CHECK BALLS

- PLASTIC CHECK BALLS

- PLAIN DOWEL PIN

(13) Remove the strainer (1) (Fig. 92) in the inlet
to torque converter lock-up control solenoid valve.
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Fig. 92 Converter Lock-up Solenoid Valve Strainer
Location

1 - CONVERTER LOCK-UP SOLENOID STRAINER
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ELECTROHYDRAULIC UNIT (Continued)

(16) Remove the screws holding the side covers to
the valve body and valve housing.

(17) Remove all valves and springs from the valve
body (1) (Fig. 94). Check all valves for ease of move-
ment and shavings.

NOTE: The sleeves and pistons of the overlap reg-
ulating valves must not be mixed up.

(18) Remove all valves and springs from the valve
housing (2) (Fig. 95). Check all valves for ease of
movement and shavings.

(19) Remove the pressure supply valve (1) (Fig. 96)
from the valve body.
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ASSEMBLY

NOTE: Pay great attention to cleanliness for all
work on the shift plate. Fluffy cloths must not be
used. Leather cloths are particularly good. After dis-
mantling, all parts must be washed and blown out
with compressed-air, noting that parts may be
blown away.

80e3eeb1

Fig. 94 Valve Body Components

- VALVE BODY

- 1-2/4-5 COMMAND VALVE

- 1-2/4-5 HOLDING PRESSURE SHIFT VALVE

- 1-2/4-5 SHIFT PRESSURE SHIFT VALVE

- 1-2/4-5 OVERLAP REGULATING VALVE, SLEEVE, AND PISTON
- SHIFT PRESSURE REGULATING VALVE

- REGULATING VALVE PRESSURE REGULATING VALVE

~NOoO O~ WN PP

8 - SHIFT VALVE PRESSURE REGULATING VALVE
9 - B2 SHIFT VALVE

10 - 2-3 HOLDING PRESSURE SHIFT VALVE

11 - 2-3 COMMAND VALVE

12 - 2-3 SHIFT PRESSURE SHIFT VALVE

13 - TCC LOCK-UP REGULATING VALVE
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ELECTROHYDRAULIC UNIT (Continued)

80e3eec2

Fig. 95 Valve Housing Components

1 - 2-3 OVERLAP REGULATING VALVE, SLEEVE, AND PISTON 6 - 3-4 SHIFT PRESSURE SHIFT VALVE

2 - VALVE HOUSING 7 - 3-4 OVERLAP REGULATING VALVE, SLEEVE, AND PISTON
3 - SELECTOR VALVE 8 - OPERATING PRESSURE REGULATING VALVE

4 - 3-4 HOLDING PRESSURE SHIFT VALVE 9 - LUBRICATING PRESSURE REGULATING VALVE

5 - 3-4 COMMAND VALVE

(1) Install the pressure supply valve (1) (Fig. 97)
into the valve body.
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Fig. 96 Pressure Feed Valve Location
80e3ee48
1 - PRESSURE FEED VALVE

Fig. 97 Pressure Feed Valve Location
1 - PRESSURE FEED VALVE
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ELECTROHYDRAULIC UNIT (Continued)

(2) Install all valves and springs from the valve
body (1) (Fig. 98). Check all valves for ease of move-
ment and shavings.

NOTE: The sleeves and pistons of the overlap reg-
ulating valves must not be mixed up.

(3) Install all valves and springs into the valve
housing (2) (Fig. 99). Check all valves for ease of
movement and shavings.

(4) Install the screws to hold the side covers to the
valve body and valve housing. Tighten the screws to
4 N-m.

NOTE: A total of 12 valve balls are located in the
valve body, four made from plastic (4) and eight
from steel (1, 3).

(5) Install all check balls (1, 3, 4) (Fig. 100) and
the central strainer (2).

(6) Install the strainer (1) (Fig. 101) in the inlet to
torque converter lock-up control solenoid valve.

80e3eeb1

Fig. 98 Valve Body Components

- VALVE BODY

- 1-2/4-5 COMMAND VALVE

- 1-2/4-5 HOLDING PRESSURE SHIFT VALVE

- 1-2/4-5 SHIFT PRESSURE SHIFT VALVE

- 1-2/4-5 OVERLAP REGULATING VALVE, SLEEVE, AND PISTON
- SHIFT PRESSURE REGULATING VALVE

- REGULATING VALVE PRESSURE REGULATING VALVE

~NOoO O~ WNE

8 - SHIFT VALVE PRESSURE REGULATING VALVE
9 - B2 SHIFT VALVE

10 - 2-3 HOLDING PRESSURE SHIFT VALVE

11 - 2-3 COMMAND VALVE

12 - 2-3 SHIFT PRESSURE SHIFT VALVE

13 - TCC LOCK-UP REGULATING VALVE




21

- 74 AUTOMATIC TRANSMISSION - W5J400

WG

ELECTROHYDRAULIC UNIT (Continued)

OB WNPEF
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Fig. 99 Valve Housing Components

- 2-3 OVERLAP REGULATING VALVE, SLEEVE, AND PISTON
- VALVE HOUSING

- SELECTOR VALVE

- 3-4 HOLDING PRESSURE SHIFT VALVE

- 3-4 COMMAND VALVE

6 - 3-4 SHIFT PRESSURE SHIFT VALVE

7 - 3-4 OVERLAP REGULATING VALVE, SLEEVE, AND PISTON
8 - OPERATING PRESSURE REGULATING VALVE

9 - LUBRICATING PRESSURE REGULATING VALVE
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Fig. 100 Check Balls and Strainer Location

- STEEL CHECK BALLS

- CENTRAL STRAINER

- STEEL CHECK BALLS

- PLASTIC CHECK BALLS
- PLAIN DOWEL PIN
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Fig. 101 Converter Lock-up Solenoid Valve Strainer

Location

1 - CONVERTER LOCK-UP SOLENOID STRAINER
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ELECTROHYDRAULIC UNIT (Continued)

(7) Position the sealing plate (3) onto the valve
body (4) (Fig. 102).

(8) Install the valve housing (2) onto the valve
body (4) and sealing plate (3).

(9) Install the shift plate Torx bolts (1) (Fig. 102).
Tighten the bolts to 8 N-m.

(10) Install leaf spring (5) (Fig. 102).

80e3ee93

Fig. 102 Shift Plate Components

- BOLTS - 29

- VALVE HOUSING
- SEALING PLATE
- VALVE BODY

- LEAF SPRING

O wWNEF

(11) Install the strainers for the modulating pres-
sure and shift pressure control solenoid valves (Fig.
103) into the valve housing.

80e3edf0

Fig. 103 Solenoid Valve Strainer Locations
1 - SOLENOID VALVE STRAINERS
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(12) Install the electrohydraulic control module
(12) onto the shift plate (13) (Fig. 104).

(13) Bend the retaining lug on stiffening rib on
transmission oil temperature sensor to retain the
electrohydraulic control module.

(14) Install the solenoid valves (6 - 11) into shift

plate (13).

NOTE: Check O-rings on solenoid valves for dam-
age and replace if necessary.

(15) Install the leaf springs (5).
(16) Install the Torx socket bolts (3, 4) (Fig. 104).
Tighten the bolts to 8 N-m.

NOTE: Pay attention to the different lengths of the
Torx socket bolts.

(17) Install the solenoid caps (1, 2).
(18) Install the electrohydraulic unit into the vehi-
cle.

80e3edcc

Fig. 104 Electrical Unit Components

- SOLENOID CAP

- SOLENOID CAP

- BOLT - M6X32

- BOLT - M6X30

- LEAF SPRING

- MODULATING PRESSURE REGULATING SOLENOID VALVE
- SHIFT PRESSURE REGULATING SOLENOID
- 3-4 SHIFT SOLENOID

- TORQUE CONVERTER LOCK-UP SOLENOID
10 - 1-2/4-5 SHIFT SOLENOID

11 - 2-3 SHIFT SOLENOID

12 - ELECTRICHYDRAULIC CONTROL MODULE
13 - SHIFT PLATE

CoOoO~NOOUTAWNE
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ELECTROHYDRAULIC UNIT (Continued)

INSTALLATION

(1) Position the electrohydraulic unit in the trans-
mission housing.

(2) Insert selector valve (1) (Fig. 105) in driver of
detent plate (2). When installing the electrohydraulic
control module in the transmission housing, the plas-
tic part of the selector valve (1) must engage in the
driver of the detent plate (2).

80e3be4f

Fig. 105 Connect The Selector Valve To The Detent
Plate

1 - SELECTOR VALVE
2 - DETENT PLATE

(3) Install the Torx socket bolts (3) (Fig. 106) and
torque to 8 N-m.

(4) Install a new oil filter (4) (Fig. 106).

(5) Install oil pan (5) (Fig. 106).

(6) Install the oil drain plug (8) (Fig. 106) with a
new drain plug gasket (9). Torque the drain plug to
20 N-m.

(7) Install the guide bushing (2) (Fig. 106) into the
transmission housing and install the bolt to hold the
guide bushing in place.

(8) Check O-ring on plug connector (1) (Fig. 107),
and replace if necessary.

(9) Install the plug connector (1) into the guide
bushing (2). Turn bayonet lock of guide bushing (2)
clockwise to connect plug connector (1).

WG
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Fig. 106 Remove Electrohydraulic Unit

- HEAT SHIELD

- ELECTROHYDRAULIC UNIT
- BOLT

- OIL FILTER

- OIL PAN

- CLAMPING ELEMENT

- BOLT

- DRAIN PLUG

- DRAIN PLUG GASKET

10 - 13-PIN PLUG CONNECTOR
11 - BOLT

12 - GUIDE BUSHING

CoO~NOOUAWNE
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Fig. 107 Install Wiring Connector Plug

1 - PLUG CONNECTOR
2 - GUIDE BUSHING
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ELECTROHYDRAULIC UNIT (Continued)

(10) Position the heat shield (2) (Fig. 108) onto the
transmission housing and install the screw (1) and
bolt (3) to hold the shield in place.

80e3b115

Fig. 108 Install Heat Shield

80e2c4a7
1 - SCREW

> - HEAT SHIELD Fig. 109 Fluid Level Control
3-BOLT 1 - GEARSET CHAMBER
2 - OIL GALLERY
(11) Check oil level in automatic transmission, or 3 - SHELL OF ELECTROHYDRAULIC UNIT
a4 oil 4 - ELECTROHYDRAULIC UNIT
a . 5 - FLOAT
6 - OPENING

FLUID AND FILTER

DESCRIPTION

The oil level control (Fig. 109) is located on the
electrohydraulic unit and consists of the float (5)
which is integrated into the electrohydraulic unit.
The float is positioned to plug the opening between
the oil gallery and gearset chamber so that the rotat-
ing gearsets do not splash about in oil as the oil level
rises. The oil level control reduces power loss and
prevents oil from being thrown out of the transmis-
sion housing at high oil temperatures.

OPERATION

With low oil levels (Fig. 110), the lubricating oil
which flows constantly out of the gearset, flows back
to oil gallery (2) though the opening (6). If the oil
level rises, the oil presses the float (5) against the
housing opening (6). The float (5) therefore separates
the oil gallery (2) from the gearset chamber (1). The
lubricating oil which continues to flow out of the 80e2cda7
gearsets is thrown against the housing wall, incorpo- Fig. 110 Fluid Level Control
rated by the rotating parts and flows back into the - GEARSET CHAMBER

i i - OIL GALLERY
oil gallery (2) through the upper opening (arrow). T SHELL OF ELECTROHYDRAULIC UNIT
- ELECTROHYDRAULIC UNIT
- FLOAT
- OPENING

OO WNE
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FLUID AND FILTER (Continued)

DIAGNOSIS AND TESTING

DIAGNOSIS AND TESTING - EFFECTS OF
INCORRECT FLUID LEVEL

A low fluid level allows the pump to take in air
along with the fluid. Air in the fluid will cause fluid
pressures to be low and develop slower than normal.
If the transmission is overfilled, the gears churn the
fluid into foam. This aerates the fluid and causing
the same conditions occurring with a low level. In
either case, air bubbles cause fluid overheating, oxi-
dation and varnish buildup which interferes with
valve and clutch operation. Foaming also causes fluid
expansion which can result in fluid overflow from the
transmission vent or fill tube. Fluid overflow can eas-
ily be mistaken for a leak if inspection is not careful.

DIAGNOSIS AND TESTING - CAUSES OF
BURNT FLUID

Burnt, discolored fluid is a result of overheating
which has three primary causes.

(1) Internal clutch slippage, usually caused by low
line pressure, inadequate clutch apply pressure, or
clutch seal failure.

(2) A result of restricted fluid flow through the
main and/or auxiliary cooler. This condition is usu-
ally the result of a faulty or improperly installed
drainback valve, a damaged main cooler, or severe
restrictions in the coolers and lines caused by debris
or kinked lines.

(3) Heavy duty operation with a vehicle not prop-
erly equipped for this type of operation. Trailer tow-
ing or similar high load operation will overheat the
transmission fluid if the vehicle is improperly
equipped. Such vehicles should have an auxiliary
transmission fluid cooler, a heavy duty cooling sys-
tem, and the engine/axle ratio combination needed to
handle heavy loads.

DIAGNOSIS AND TESTING - FLUID
CONTAMINATION

Transmission fluid contamination is generally a
result of:

e adding incorrect fluid

e failure to clean dipstick and fill tube when
checking level

e engine coolant entering the fluid

e internal failure that generates debris

e overheat that generates sludge (fluid break-
down)

o failure to replace contaminated converter after
repair

The use of non-recommended fluids can result in
transmission failure. The usual results are erratic
shifts, slippage, abnormal wear and eventual failure

WG

due to fluid breakdown and sludge formation. Avoid
this condition by using recommended fluids only.

The dipstick cap and fill tube should be wiped
clean before checking fluid level. Dirt, grease and
other foreign material on the cap and tube could fall
into the tube if not removed beforehand. Take the
time to wipe the cap and tube clean before withdraw-
ing the dipstick.

Engine coolant in the transmission fluid is gener-
ally caused by a cooler malfunction. The only remedy
is to replace the radiator as the cooler in the radiator
is not a serviceable part. If coolant has circulated
through the transmission, an overhaul is necessary.

The torque converter should be replaced whenever
a failure generates sludge and debris. This is neces-
sary because normal converter flushing procedures
will not remove all contaminants.

STANDARD PROCEDURE
STANDARD PROCEDURE - CHECK OIL LEVEL

(1) Verify that the vehicle is parked on a level sur-
face.

(2) Remove locking pin (1) (Fig. 111). Remove the
plate of the locking pin with a suitable tool and press
out the pin remaining in the cap downwards.

80e3ab32

Fig. 111 Remove Dipstick Tube Cap Lock

1 - LOCKING PIN
2 - TUBE CAP
3 - DIPSTICK TUBE

(3) Remove cap (2).

WARNING: Risk of accident from vehicle starting off
by itself when engine running. Risk of injury from
contusions and burns if you insert your hands into
the engine when it is started or when it is running.
Secure vehicle to prevent it from moving off by
itself. Wear properly fastened and close-fitting work
clothes. Do not touch hot or rotating parts.
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FLUID AND FILTER (Continued)

(4) Actuate the service brake. Start engine and let
it run at idle speed in selector lever position "P".

(5) Shift through the transmission modes several
times with the vehicle stationary and the engine idling

(6) Warm up the transmission, wait at least 2 min-
utes and check the oil level with the engine running.
Push the Oil Dipstick 8863 in up to the stop and pull
out again, read off oil level, repeat if necessary.

(7) Check transmission oil temperature.

NOTE: The true transmission oil temperature can
only be read by a scan tool in REVERSE or any for-
ward gear position. (Refer to 21 - AUTOMATIC
TRANSMISSION- W5J400/TRANSMISSION TEMPER-
ATURE SENSOR/PARK-NEUTRAL SWITCH - OPER-
ATION)

(8) The transmission Oil Dipstick 8863 has indica-
tor marks every 10mm. Determine the height of the
oil level on the dipstick and using the height, the
transmission temperature, and the Transmission
Fluid Graph (Fig. 112), determine if the transmission
oil level is correct.

(9) Add additional oil if necessary. Use Funnel
8908 to add oil.
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(10) If the oil level is above the correct height, use
Pump 8910 to remove the excess oil

(11) Re-check oil level as necessary.

(12) Once the oil level is correct, install a new dip-
stick tube cap (2) (Fig. 113) and lock pin (1).
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Fig. 113 Dipstick Tube Cap Components

1 - LOCKING PIN
2 - TUBE CAP
3 - DIPSTICK TUBE
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Fig. 112 W5J400 Fill Level Chart
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STANDARD PROCEDURE - TRANSMISSION
FILL

To avoid overfilling transmission after a fluid
change or overhaul, perform the following procedure:

(1) Verify that the vehicle is parked on a level sur-
face.

(2) Remove locking pin (1) (Fig. 114). Remove the
plate of the locking pin with a suitable tool and press
out the pin remaining in the cap downwards.

80e3ab32

Fig. 114 Remove Dipstick Tube Cap Lock

1 - LOCKING PIN
2 - TUBE CAP
3 - DIPSTICK TUBE

(3) Remove cap (2).

(4) Insert clean Funnel 8908 in transmission fill
tube.

(5) Add following initial quantity of Shell® 3403 to
transmission:

(a) If only fluid and filter were changed, add 5.0

L (10.6 pts.) of transmission fluid to transmission.

(b) If transmission was completely overhauled,
torque converter was replaced or drained, and
cooler was flushed, add 7.7 L (16.3 pts.) of trans-
mission fluid to transmission.

(6) Check the transmission fluid (Refer to 21 -
TRANSMISSION/TRANSAXLE/AUTOMATIC -
W5J400/FLUID - STANDARD PROCEDURE) and
adjust as required.
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FREEWHEELING CLUTCH
DESCRIPTION

Freewheeling clutches (Fig. 115) are installed in
the front planetary gear set between the sun gear
and the stator shaft, and in the rear planetary gear
set between the sun gear and the intermediate shaft.

80e309a9

Fig. 115 Freewheeling Clutch

- ROTATION DIRECTION "A”

- ROTATION DIRECTION "B”

- LOCKING ELEMENTS

- OUTER RACE

- FRONT OR REAR SUN GEAR
- LOCKING ELEMENT CAGE

- INNER RACE
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The freewheel consists of an outer race (4), an
inner race (7), a number of locking elements (3) and
a cage (6) for these locking elements.
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FREEWHEELING CLUTCH (Continued)

OPERATION

The freewheeling clutch (Fig. 116) optimizes indi-
vidual gearshifts. They lock individual elements of a
planetary gear set together or against the transmis-
sion housing in one direction of rotation to allow the
torque to be transmitted.

If the inner race (7) of the freewheeling clutch is
locked and the outer race (4) turns in direction "A”
(1), the locking elements (3) adopt a diagonal position
on account of their special contours, allowing the
freewheel function. The outer race (4) slides over the
locking elements (3) with negligible friction. If the
rotation of the outer race (4) changes to direction "B"
(2), the locking elements (3) stand up and lock the
outer and inner races (4, 7) together.

DISASSEMBLY
(1) Remove retaining ring (5) (Fig. 117) from hol-
low shaft (1).

80e309a9

Fig. 116 Freewheeling Clutch

- ROTATION DIRECTION "A”

- ROTATION DIRECTION "B”

- LOCKING ELEMENTS

- OUTER RACE

- FRONT OR REAR SUN GEAR
- LOCKING ELEMENT CAGE

- INNER RACE
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Fig. 117 Freewheeling Clutch F2

1 - HOLLOW SHAFT
2 - SNAP-RING
3 - FREEWHEELING CLUTCH F2

4 - K3 INNER DISC CARRIER AND REAR PLANETARY SUN GEAR
5 - RETAINING RING
6 - O-RINGS
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(2) Remove rear sun gear (4) with the K3 inter-
nally toothed disk carrier and rear freewheeling
clutch F2 (3).

(3) Remove snap-ring (2) (Fig. 117) for freewheel.

(4) Press freewheeling clutch out of sun gear.

(5) Check O-rings (6), replace if necessary.

(6) Check the anti-friction bearing (Fig. 118) in the
rear planetary sun gear for damage. Replace as nec-
essary.

ASSEMBLY

(1) Press freewheeling clutch F2 (3) (Fig. 119) into
sun gear (4).

(2) Install snap-ring (2) for freewheeling clutch.

(3) Check O-rings (6) (Fig. 119) on hollow shaft,
replace if necessary.

(4) Install rear sun gear (4) with K3 internally
toothed disc carrier and rear freewheeling clutch (3)
onto the hollow shaft.

(5) Install retaining ring (5) onto hollow shaft (1).

WG
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Fig. 118 Freewheeling Clutch F2 Anti-Friction Bearing

1 - K3 INNER DISC CARRIER AND REAR PLANETARY SUN
GEAR

2 - ANTI-FRICTION BEARING

3 - FREEWHEELING CLUTCH F2

\
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Fig. 119 Freewheeling Clutch F2

4 - K3 INNER DISC CARRIER AND REAR PLANETARY SUN GEAR
5 - RETAINING RING
6 - O-RINGS

1 - HOLLOW SHAFT
2 - SNAP-RING
3 - FREEWHEELING CLUTCH F2
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GEARSHIFT CABLE

DIAGNOSIS AND TESTING - GEARSHIFT
CABLE

(1) The floor shifter lever and gate positions
should be in alignment with all transmission PARK,
NEUTRAL, and gear detent positions.

(2) Engine starts must be possible with floor shift
lever in PARK or NEUTRAL gate positions only.
Engine starts must not be possible in any other gear
position.

(3) With floor shift lever handle push-button not
depressed and lever in:

(a) PARK position - Apply forward force on cen-
ter of handle and remove pressure. Engine starts
must be possible.

(b) PARK position - Apply rearward force on cen-
ter of handle and remove pressure. Engine starts
must be possible.

(c) NEUTRAL position - Normal position. Engine
starts must be possible.

(d) NEUTRAL position - Engine running and
brakes applied, apply forward force on center of
shift handle. Transmission shall not be able to shift
from NEUTRAL to REVERSE.

REMOVAL

(1) Shift transmission into PARK.

(2) Raise vehicle.

(3) Remove the shift cable eyelet from the trans-
mission manual shift lever.

(4) Remove shift cable from the cable support
bracket.

(5) Lower vehicle.

(6) Remove necessary console parts for access to
shift lever assembly and shift cable. (Refer to 23 -
BODY/INTERIOR/FLOOR CONSOLE - REMOVAL)

(7) Disconnect cable at shift lever and shifter
assembly bracket (Fig. 120).

(8) Remove the nuts holding the shift cable seal
plate to the floor pan (Fig. 121).

(9) Pull cable through floor panel opening.

(10) Remove shift cable from vehicle.

INSTALLATION
(1) Route cable through hole in floor pan.
(2) Install seal plate to studs in floor pan.
(3) Install nuts to hold seal plate to floor pan.
Tighten nuts to 7 N-m (65 in.Ibs.).
(4) Install the shift cable to the shifter assembly
bracket. Push cable into the bracket until secure.
(5) Place the floor shifter lever in PARK position.
(6) Loosen the adjustment screw on the shift cable.
(7) Snap the shift cable onto the shift lever pin.
(8) Raise the vehicle.
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Fig. 120 Transmission Shift Cable at Shifter -
Typical

- SHIFT LEVER PIN

- ADJUSTMENT SCREW

- SHIFT CABLE

- SHIFTER ASSEMBLY BRACKET

A WNBE
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Fig. 121 Shift Cables at Floor Pan

1 - SEAL PLATES
2 - TRANSMISSION SHIFT CABLE
3 - TRANSFER CASE SHIFT CABLE

(9) Install the shift cable to the shift cable support
bracket.

(10) Shift the transmission into PARK. PARK is
the rearmost detent position on the transmission
manual shift lever.

(11) Snap the shift cable onto the transmission
manual shift lever.

(12) Lower vehicle.

(13) Verify that the shift lever is in the PARK posi-
tion.

(14) Push and hold forward on the shifter handle
with at least 10-15 N-m of force to take up any move-
ment of the shifter and gearshift cable adjuster.
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(15) Tighten the adjustment screw to 7 N-m (65
in.Ibs.).

(16) Verify correct shifter operation.

(17) Install any console parts removed for access to
shift lever assembly and shift cable. (Refer to 23 -
BODY/INTERIOR/FLOOR CONSOLE - INSTALLA-
TION)

ADJUSTMENTS - GEARSHIFT CABLE

Check adjustment by starting the engine in PARK
and NEUTRAL. Adjustment is CORRECT if the
engine starts only in these positions. Adjustment is
INCORRECT if the engine starts in one but not both
positions. If the engine starts in any position other
than PARK or NEUTRAL, or if the engine will not
start at all, the park/neutral position contact may be
faulty.

(1) Shift transmission into PARK.

(2) Remove floor console as necessary for access to
the shift cable adjustment. (Refer to 23 - BODY/IN-
TERIOR/FLOOR CONSOLE - REMOVAL)

(3) Loosen the shift cable adjustment screw (Fig.
122).

80dbaaaa

Fig. 122 Shift Cable at the Shifter - Typical

- SHIFT LEVER PIN

- ADJUSTMENT SCREW

- SHIFT CABLE

- SHIFTER ASSEMBLY BRACKET

A WN P
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(4) Raise vehicle.

(5) Unsnap cable eyelet from transmission shift
lever.

(6) Verify transmission shift lever is in PARK
detent by moving lever fully rearward. Last rearward
detent is PARK position.

(7) Verify positive engagement of transmission
park lock by attempting to rotate propeller shaft.
Shaft will not rotate when park lock is engaged.

(8) Snap cable eyelet onto transmission shift lever.

(9) Lower vehicle

(10) Push and hold forward on the shifter handle
with at least 10-15 N-m of force to take up any move-
ment of the shifter and gearshift cable adjuster.

(11) Tighten the shift cable adjustment screw to 7
N-m (65 in.Ibs.).

(12) Verify correct operation.

(13) Install any floor console components removed
for access. (Refer to 23 - BODY/INTERIOR/FLOOR
CONSOLE - INSTALLATION)
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HOLDING CLUTCHES

DESCRIPTION
Three multiple-disc holding clutches (Fig. 123), the
front, middle and rear multiple disc clutches B1, B3
and B2, are located in the planetary gear sets in the
transmission housing.

OCO~NOUOAWNE

A multiple-disc holding clutch consists of a number
of internally toothed discs (10) on an internally
toothed disc carrier and externally toothed discs (9)
on an externally toothed disc carrier, which is rigidly
connected to the transmission housing.
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Fig. 123 Holding Clutches

- B1 CLUTCH

- EXTERNALLY TOOTHED DISC

- INTERNALLY TOOTHED DISC

- B3 CLUTCH

- B2 CLUTCH

- B3 CLUTCH PISTON

- B2 CLUTCH PISTON

- B2 CLUTCH INTERNALLY TOOTHED DISC CARRIER
- REAR PLANETARY GEARSET PLANETARY CARRIER

10 - CENTER PLANETARY GEARSET ANNULUS GEAR

11 - CENTER PLANETARY GEARSET PINION GEARS

12 - CENTER PLANETARY GEARSET SUN GEAR

13 - FRONT PLANETARY GEARSET PINION GEARS

14 - FRONT PLANETARY GEARSET SUN GEAR

15 - B1 CLUTCH INTERNALLY TOOTHED DISC CARRIER
16 - B1 CLUTCH PISTON

17 - B1 CLUTCH EXTERNALLY TOOTHED DISC CARRIER
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OPERATION

The holding clutches (Fig. 124) connect the annu-
lus gear, sun gear, or planetary carrier of a planetary
gear set against the transmission housing in order to
transmit the drive torque.

If the piston (16) on multiple-disc holding clutch
Bl (1) is subjected to oil pressure, it presses the
internal (3) and external discs (2) of the disc set
together. The internally toothed disc carrier (15)
locks the sun gear (14) against the housing. The
planetary pinion gears (13) turn on the sun gear (14).

WG

If the multiple-disc holding clutch B2 (5) is actu-
ated via the piston (7), the piston compresses the disc
set. The internally toothed disc carrier (8) locks the
sun gear (12) against the housing. The planetary pin-
ion gears (11) turn on the sun gear (12).

If the multiple-disc holding clutch B3 (4) is actu-
ated via the piston (6), the planetary carrier (9) and
the annulus gear (10) are locked. When the multiple-
disc brake B3 (4) is actuated, the direction of rotation
is reversed.
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Fig. 124 Holding Clutches

- B1 CLUTCH

- EXTERNALLY TOOTHED DISC

- INTERNALLY TOOTHED DISC

- B3 CLUTCH

- B2 CLUTCH

- B3 CLUTCH PISTON

- B2 CLUTCH PISTON

- B2 CLUTCH INTERNALLY TOOTHED DISC CARRIER
- REAR PLANETARY GEARSET PLANETARY CARRIER
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10 - CENTER PLANETARY GEARSET ANNULUS GEAR

11 - CENTER PLANETARY GEARSET PINION GEARS

12 - CENTER PLANETARY GEARSET SUN GEAR

13 - FRONT PLANETARY GEARSET PINION GEARS

14 - FRONT PLANETARY GEARSET SUN GEAR

15 - B1 CLUTCH INTERNALLY TOOTHED DISC CARRIER
16 - B1 CLUTCH PISTON

17 - B1 CLUTCH EXTERNALLY TOOTHED DISC CARRIER
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HOLDING CLUTCH B1

DISASSEMBLY

(1) Remove snap-ring (7) (Fig. 125).

(2) Remove multiple-disc pack (6) and disc spring
(5) from outer multiple-disc carrier.

(3) Place the Multi-use Spring Compressor 8900
(8) (Fig. 125) on disc spring (3) and compress the
spring until the snap-ring (4) is exposed.

(4) Remove snap-ring (4).

(5) Remove piston (2) from the outer multiple-disc
carrier by carefully blowing compressed air into the
bore (A).
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Fig. 125 Holding Clutch B1

- HOLDING CLUTCH B1 OUTER CARRIER
- PISTON

- DISC SPRING

- SNAP-RING

A WN P

5 - DISC SPRING

6 - MULTIPLE DISC PACK

7 - SNAP-RING

8 - MULTI-USE SPRING COMPRESSOR 8900

80e31889
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ASSEMBLY

(1) Install piston (2) (Fig. 126) in outer multiple-
disc carrier (1). Press in piston using the disc spring
(3) and Multi-use Spring Compressor 8900 (8). Place
compressor (8) on disc spring (3) and compress until
the groove of the snap-ring is exposed

NOTE: Check vulcanized gasket, replace if neces-
sary.

(2) Insert snap-ring (4) (Fig. 126).

NOTE: The collar of the snap-ring must point
towards the multiple-disc pack. After installing,
check snap-ring for correct seat.

WG

Fig. 126 Holding Clutch B1

- HOLDING CLUTCH B1 OUTER CARRIER
- PISTON

- DISC SPRING

- SNAP-RING

A WNE

5-

6 -
7-
8-

DISC SPRING

MULTIPLE DISC PACK

SNAP-RING

MULTI-USE SPRING COMPRESSOR 8900

80e31889
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HOLDING CLUTCH B1 (Continued)

(3) Insert disc spring (5) and multiple-disc pack (6)
in the outer multiple-disc carrier.
(4) Insert snap-ring (7).

NOTE: Pay attention to sequence of discs. Place
new friction multiple-discs in ATF fluid for one hour
before installing.

(5) Measure B1 clutch clearance.

(&) Mount Pressing Tool 8901 (1) (Fig. 127) on
outer multiple disc.

(b) Using a lever press (Fig. 127), compress
pressing tool as far as the stop (then the marking
ring is still visible, see small arrow).

(c) Using a feeler gauge, determine the play "L”
(Fig. 128) at three points between the snap-ring (6)
and outer multiple-disc (4). During the measure-
ment, the snap-ring (6) must contact the upper
bearing surface of the groove in the outer multiple-
disc carrier (5). The correct clearance is 2.3-2.7 mm
for 2 friction disc versions, 2.7-3.1 mm for 3 disc
versions, and 3.0-3.4 mm for 4 disc versions.

(d) Adjust with snap-ring (6), if necessary. Snap-
rings are available in thicknesses of 2.6, 2.9, 3.2,
3.5, 3.8 and 4.1 mm.

80e43b13

Fig. 127 Measure B1 Clutch Clearance

1 - PRESSING TOOL 8901
2 - B1 CLUTCH OUTER CARRIER
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Fig. 128 B1 Clutch Stack-up

- DISC SPRING

- OUTER MULTIPLE DISC - 1.8 mm
- OUTER MULTIPLE DISC - 2.8 mm
- OUTER MULTIPLE DISC - 4.0 mm
- B1 OUTER CARRIER

- SNAP-RING

- FRICTION DISCS

- PISTON
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HOLDING CLUTCH B2

DISASSEMBLY

(1) Remove snap ring (1) (Fig. 129).

(2) Take multiple-disc pack B2 (2) and disc spring
(3) out of the outer multiple-disc carrier B2 (8). The
outer multiple-disc carrier for the multi-disc holding
clutch B2 is the piston for the multiple-disc holding
clutch B3 at the same time.

(3) Place the Multi-use Spring Compressor 8900 on
the spring disc (14) and compress the spring until
the groove for the snap-ring is exposed.

(4) Remove snap-ring (16) (Fig. 129).

(5) Remove spring plate (15) and disc spring (14).

(6) Separate piston guide ring (13) and the B2 pis-
ton (10) from the B3 piston (8) by blowing com-
pressed air into the bore (D) (Fig. 130).

(7) Press piston guide ring (13) out of the B2 pis-
ton (10).
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Fig. 130 B2 Clutch Oil Supply Locations

- B3 PISTON

- B2 PISTON GUIDE RING SIDE
- K8 CLUTCH FEED

- B2 PISTON SHIFT SIDE

80e43cdd

Fig. 129 Holding Clutch B2
9 - B3 PISTON SEALING RING

- SNAP-RING

- MULTIPLE DISC PACK

- DISC SPRING

- B2 AND B3 PISTON GUIDE

- O-RING

- B3 PISTON SEALING RING

- B3 PISTON SEALING RING

- B3 PISTON/B2 OUTER DISC CARRIER
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- B2 PISTON

- PISTON GUIDE SEALING RING

- PISTON GUIDE SEALING RING

- PISTON GUIDE RING

- PISTON BACK PRESSURE DISC SPRING
- SPRING PLATE

- SNAP-RING
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HOLDING CLUTCH B2 (Continued)

(8) Separate piston guide (4) from the B3 piston
(8) by blowing compressed air into the bore (A) (Fig.
130).

ASSEMBLY
(1) Assemble piston guide (4) (Fig. 131) and B3
piston (8) in the correct position.
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Fig. 131 Holding Clutch B2
9 - B3 PISTON SEALING RING

- SNAP-RING

- MULTIPLE DISC PACK

- DISC SPRING

- B2 AND B3 PISTON GUIDE

- O-RING

- B3 PISTON SEALING RING

- B3 PISTON SEALING RING

- B3 PISTON/B2 OUTER DISC CARRIER
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- B2 PISTON

- PISTON GUIDE SEALING RING

- PISTON GUIDE SEALING RING

- PISTON GUIDE RING

- PISTON BACK PRESSURE DISC SPRING
- SPRING PLATE

- SNAP-RING
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HOLDING CLUTCH B2 (Continued)

(2) Check all sealing rings (Fig. 132), replace if
necessary. The rounded off edges on the sealing rings
(6), (3) and (2) must point outwards. The rounded off
edges on the sealing ring (4) must point inwards.

WG

(3) Insert B2 piston (10) (Fig. 131) in B3 piston (8).

Fig. 132 Holding Clutch B2/B3 Seals

1 - PISTON GUIDE RING
2 - PISTON GUIDE RING SEALING RING
3 - PISTON GUIDE RING SEALING RING

4 - B3 PISTON SEALING RING
5 - B3 PISTON/B2 OUTER DISC CARRIER
6 - B3 PISTON SEALING RING

80e43ced
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HOLDING CLUTCH B2 (Continued)

(4) Insert piston guide ring (2) (Fig. 133). The

valve (1) in the piston guide ring must be on top.

80e43ce9

Fig. 133 B2 Piston and Piston Guide Ring

1 - VALVE
2 - PISTON GUIDE RING
3 - B2 PISTON

(5) Insert disc spring (14) (Fig. 131) and spring
Insert disc spring with the curvature

plate (15).
towards the spring plate

(6) Place Multi-use Spring Compressor 8900 on the
disc spring (14) and compress the spring until the

groove for the snap-ring is exposed.
(7) Insert snap-ring (16).

NOTE: Pay attention to sequence of discs. Place
new friction multiple-discs in ATF fluid for one hour
before installing.

(8) Insert disc spring (3) and multiple-disc pack (2)

in the B2 outer multiple-disc carrier.
(9) Insert snap-ring (1).

NOTE: During the measurement the snap-ring (8)
must contact the upper bearing surface of the
groove in the outer multiple-disc carrier.

(10) Measure the B2 clutch pack clearance.

(a) Mount Pressing Tool 8901 (1) (Fig. 134) on

outer multiple disc.

AUTOMATIC TRANSMISSION - W5J400
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(d) The correct clutch clearance is 1.9-2.3 mm for
the four friction disc versions and 2.0-2.4 mm for
the five disc versions.

(e) Adjust with snap-ring (8), if necessary. Snap-
rings are available in thicknesses of 2.9, 3.2, 3.5,
3.8 and 4.1 mm.

80e43cf8

Fig. 134 Measure B2 Clutch Clearance

- PRESSING TOOL 8901
- B3 PISTON/B2 OUTER DISC CARRIER

(b) Using a lever press, compress the pressing
tool as far as the stop (then the marking ring is
still visible, see small arrow).

(c) Using a feeler gauge, determine the play "L”
(Fig. 135) at three points between the snap-ring (8)
and outer multiple-disc (7).
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Fig. 135 B2 Clutch Stack-up

- B2 OUTER DISC CARRIER

- FRICTION DISCS

- DISC SPRING

- B2 PISTON

- OUTER MULTIPLE DISC - 1.8 MM
- OUTER MULTIPLE DISC - 1.8 MM
- OUTER MULTIPLE DISC - 6.5 MM
- SNAP-RING
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INPUT SPEED SENSORS

DESCRIPTION

The input speed sensors (6, 8) (Fig. 136) are fixed
to the shell of the control unit via contact blades. The
speed sensors are pressed against the transmission
housing (2) by a spring (7) which is held against the
valve housing of the shift plate (5). This ensures a
defined distance between the speed sensors and the
exciter ring (4).
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Fig. 136 Speed Sensors

1 - DRIVING CLUTCH K1

2 - TRANSMISSION HOUSING

3 - DRIVING CLUTCH K1 INTERNALLY TOOTHED DISC
4 - EXCITER RING

5 - VALVE HOUSING OF SHIFT PLATE

6 - N2 INPUT SPEED SENSOR

7 - SPRING

8 - N3 INPUT SPEED SENSOR

9 - EXCITER RING

10 - DRIVING CLUTCH K1 EXTERNALLY TOOTHED DISC

OPERATION

Signals from the input speed sensors (6, 8) (Fig.
137) are recorded in the transmission control module
(TCM) together with the wheel and engine speeds
and other information and are processed into an
input signal for electronic control.

Input speed sensor N2 (6) records the speed of the
front sun gear via the externally toothed disc carrier
of the multiple-disc clutch K1 (10) and input speed
sensor N3 (8) records the speed of the front planet
carrier via the internally toothed disc carrier of mul-
tiple-disc clutch K1 (3).
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Fig. 137 Input Speed Sensors

1 - DRIVING CLUTCH K1

2 - TRANSMISSION HOUSING

3 - DRIVING CLUTCH K1 INTERNALLY TOOTHED DISC
4 - EXCITER RING

5 - VALVE HOUSING OF SHIFT PLATE

6 - N2 INPUT SPEED SENSOR

7 - SPRING

8 - N3 INPUT SPEED SENSOR

9 - EXCITER RING

10 - DRIVING CLUTCH K1 EXTERNALLY TOOTHED DISC

OIL PUMP

DESCRIPTION

The oil pump (Fig. 138) (crescent-type pump) is
installed in the torque converter casing behind the
torque converter and is driven by the drive flange of
the torque converter. The pump creates the oil pres-
sure required for the hydraulic procedures.

80e2c8f4

Fig. 138 Oil Pump

- CRESCENT

- OlL PUMP

- EXTERNAL GEAR

- INTERNAL GEAR

- INLET CHAMBER

- PRESSURE CHAMBER
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OIL PUMP (Continued)

OPERATION

When the engine is running, the oil (Fig. 139) is
pumped through the inlet chamber (5) along the
upper and lower side of the crescent to the pressure
chamber (6) of the housing. The meshing of the teeth
prevents oil flowing from the delivery side to the
intake side. An external gear (3), eccentrically
mounted in the pump housing, is located on the
internal gear (4) which is connected to the drive
flange. The crescent (1) drives the external wheel.

80e2c8f4

Fig. 139 Oil Pump

- CRESCENT

- OIL PUMP

- EXTERNAL GEAR

- INTERNAL GEAR

- INLET CHAMBER

- PRESSURE CHAMBER

DISASSEMBLY

(1) Remove pump gears (1 and 2) (Fig. 140) from
pump housing.
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Fig. 140 Oil Pump Gears

1 - OUTER PUMP ROTOR
2 - INNER PUMP ROTOR
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(2) Remove the inner oil pump seal (1) (Fig. 141).
(3) Replace the outer oil pump O-ring (2) (Fig.
141).

80e400e1

Fig. 141 Remove Oil Pump Seals

1 - INNER OIL SEAL
2 - OUTER OIL SEAL

ASSEMBLY

(1) Install new inner oil pump seal (1) (Fig. 142).
(2) Replace O-ring (2) (Fig. 142).

80e400e1

Fig. 142 Install New Oil Pump Seals

1 - INNER OIL SEAL
2 - OUTER OIL SEAL
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(3) Lubricate pump gears and place in the pump
housing. Insert pump gear (1) (Fig. 143) so that the
chamfer (arrow) points towards the pump housing.
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Fig. 143 Oil Pump Gears

1 - OUTER PUMP ROTOR
2 - INNER PUMP ROTOR
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PARK LOCK CABLE

REMOVAL

(1) Place the shifter in the PARK position.

(2) Lower the steering column cover.

(3) With the ignition switch in the “RUN” position
depress the park lock cable locking tab, located on
top of the cable connector at the steering column and
pull the park lock cable straight out.

(4) Remove the park lock cable from steering col-
umn (Fig. 144).

(5) Remove the floor console and related trim.
(Refer to 23 - BODY/INTERIOR/FLOOR CONSOLE -
REMOVAL)

(6) Disconnect the park lock cable from the shift
BTSI lever and remove the cable from the shifter
assembly bracket.

(7) Release the park lock cable from any remaining
clips.

(8) Remove park lock cable from the vehicle.

INSTALLATION

NOTE: The gearshift cable must be secured into
position and properly adjusted before the installa-
tion of the Park Lock Cable.

80e483f3

Fig. 144 Ignition Interlock Cable

4 - STEERING COLUMN ASSEMBLY
5 - INTERLOCK CABLE

1 - SHIFT MECHANISM
2 - SHIFTER BTSI LEVER
3 - ADJUSTMENT CLIP
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PARK LOCK CABLE (Continued)

(1) Verify that the shifter is in the PARK position.

(2) Push the park lock cable straight into the
square mounting hole in the steering column until
cable snaps in place.

(3) Route park lock cable to the shifter mecha-
nism.

(4) Install the park lock cable end fitting into
shifter BTSI lever.

(5) Pull rearward on the cable housing to shap
park lock cable adjuster ears into floor shifter
bracket.

(6) Place the ignition key cylinder in the ACCES-
SORY position.

(7) Push the cable adjuster lock clamp downward
to lock it.

(8) Test the park lock cable operation.

(9) Install the floor console and related trim.
(Refer to 23 - BODY/INTERIOR/FLOOR CONSOLE -
INSTALLATION)

PISTONS
DESCRIPTION

There are several sizes and types of pistons used in
an automatic transmission. Some pistons are used to
apply clutches. They all have in common the fact
that they are round or circular in shape, located
within a smooth walled cylinder, which is closed at
one end and converts fluid pressure into mechanical
movement. The fluid pressure exerted on the piston
is contained within the system through the use of
piston rings or seals.

OPERATION

The principal which makes this operation possible
is known as Pascal’'s Law. Pascal’'s Law can be stated
as: “Pressure on a confined fluid is transmitted
equally in all directions and acts with equal force on
equal areas.”

PRESSURE

Pressure (Fig. 145) is nothing more than force
(Ibs.) divided by area (in or ft.), or force per unit
area. Given a 100 Ib. block and an area of 100 sqg. in.
on the floor, the pressure exerted by the block is: 100
Ibs. 100 in or 1 pound per square inch, or PSI as it is
commonly referred to.

PRESSURE ON A CONFINED FLUID

Pressure is exerted on a confined fluid (Fig. 146)
by applying a force to some given area in contact
with the fluid. A good example of this is a cylinder
filled with fluid and equipped with a piston that is
closely fitted to the cylinder wall. If a force is applied
to the piston, pressure will be developed in the fluid.
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FORCE ON EACH SQUARE INCH

100 POUNDS
TOTAL

PRESSURE = 1 POUND PER SQUARE INCH

100 1000 POUNDS
POUNDS OuUTPUT
INPUT

AREA = 100 SQ. IN.
F

A
PRESSURE = 10 P.S.L

AREA = (P.51) - FORCE (LBS)
10 SQ. IN. PRESSURE AREA (SQ. IN.)

FORCE ON LARGE PISTON = 1000 LBS.

80bfe272

Fig. 145 Force and Pressure Relationship

Of course, no pressure will be created if the fluid is
not confined. It will simply “leak” past the piston.
There must be a resistance to flow in order to create
pressure. Piston sealing is extremely important in
hydraulic operation. Several kinds of seals are used
to accomplish this within a transmission. These
include but are not limited to O-rings, D-rings, lip
seals, sealing rings, or extremely close tolerances
between the piston and the cylinder wall. The force
exerted is downward (gravity), however, the principle
remains the same no matter which direction is taken.
The pressure created in the fluid is equal to the force
applied, divided by the piston area. If the force is 100
Ibs., and the piston area is 10 sq. in., then the pres-
sure created equals 10 PSI. Another interpretation of
Pascal’'s Law is that regardless of container shape or
size, the pressure will be maintained throughout, as
long as the fluid is confined. In other words, the
pressure in the fluid is the same everywhere within
the container.

FORCE MULTIPLICATION

Using the 10 PSI example used in the illustration
(Fig. 147), a force of 1000 Ibs. can be moved with a
force of only 100 Ibs. The secret of force multiplica-
tion in hydraulic systems is the total fluid contact
area employed. The illustration, (Fig. 147), shows an
area that is ten times larger than the original area.
The pressure created with the smaller 100 Ib. input
is 10 PSI. The concept “pressure is the same every-
where” means that the pressure underneath the
larger piston is also 10 PSI. Pressure is equal to the
force applied divided by the contact area. Therefore,
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R
100 POUNDS Q
FORCE 100 POUNDS
FORCE FLUID
‘ — LEAKED
PAST
10 PS.1.
AREA = 10 SQ. IN. :® ®: ‘ PISTON
/ /
[ PRESSURE <10F5.1] O P.S.I— ]
| — J AREA =10 SQ. IN. Ll
 10PS.. WHEN FLUID
PRESSURE IS CREATED IS NOT CONFINED
WITH A THERE IS
CONFINED FLUID NO PRESSURE CREATED

80bfe273

Fig. 146 Pressure on a Confined Fluid

by means of simple algebra, the output force may be
found. This concept is extremely important, as it is
also used in the design and operation of all shift
valves and limiting valves in the valve body, as well
as the pistons, of the transmission, which activate
the clutches and bands. It is nothing more than
using a difference of area to create a difference in
pressure to move an object.

T

Q 1000 LBS.
100 LBS OUTPUT.
INPUT
AREA = 100 SQ. IN.
AREA =
10 SQ. IN.

| —10PsSI

80bfe274

Fig. 147 Force Multiplication
PISTON TRAVEL

The relationship between hydraulic lever and a
mechanical lever is the same. With a mechanical
lever it's a weight-to-distance output rather than a
pressure-to-area output. Using the same forces and
areas as in the previous example, the smaller piston
(Fig. 148) has to move ten times the distance
required to move the larger piston one inch. There-
fore, for every inch the larger piston moves, the
smaller piston moves ten inches. This principle is
true in other instances also. A common garage floor
jack is a good example. To raise a car weighing 2000
Ibs., an effort of only 100 Ibs. may be required. For
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every inch the car moves upward, the input piston at
the jack handle must move 20 inches downward.
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Fig. 148 Piston Travel

PLANETARY GEARTRAIN

DESCRIPTION

Three planetary gear sets (Fig. 149) are used to
produce the different gear ratios. These are located
in the mechanical part of the transmission as the
front, middle and rear planetary gear sets.

80e2e625

Fig. 149 Planetary Geartrain

- ANNULUS GEAR

- PLANETARY PINION GEARS
- SUN GEAR

- PLANETARY CARRIER
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PLANETARY GEARTRAIN (Continued)

OPERATION

The annulus gear (1) (Fig. 150) and sun gear (3) ele-
ments of a planetary gear system are alternately driven
and braked by the actuating elements of the multi-plate
clutch and multiple-disc brake. The planetary pinion
gears (2) can turn on the internal gearing of the annu-
lus gear (1) and on the external gearing of the sun gear
(3). This allows for a variety of gear ratios and the
reversal of the rotation direction without the need for
moving gear wheels or shift collars. When two compo-
nents of the planetary gear set are locked together, the
planetary gear set is locked and turns as a closed unit.

The torque and engine speed are converted accord-
ing to the lever ratios and the ratio of the number of
teeth on the driven gears to that on the drive gears,
and is referred to as the gear ratio. The overall ratio
of a number of planetary gear sets connected in
series is obtained by multiplying the partial ratios.

DISASSEMBLY

(1) Remove upper two visible Teflon rings (1) (Fig.
151) from output shaft.

(2) Remove retaining ring (11), shim (10), thrust nee-
dle bearing (9) and thrust washer (8) from output shaft.

(3) Remove clutch K3 (7).
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80e2e625

Fig. 150 Planetary Geartrain

- ANNULUS GEAR

- PLANETARY PINION GEARS
- SUN GEAR

- PLANETARY CARRIER
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(4) Remove rear tubular shaft/freewheeling clutch
F2 (6) (Fig. 151) from output shaft.

(5) Remove rear gear set (5) with integrated tubu-
lar shaft of center gear set from output shaft.

(6) Remove thrust washer (4).

80e432e7

Fig. 151 Output Shaft with Center and Rear Planetary Geartrain

7 - DRIVING CLUTCH K3

8 - THRUST WASHER

9 - AXIAL NEEDLE BEARING
10 - SHIM

11 - RETAINING RING

- TEFLON RINGS

- OUTPUT SHAFT WITH CENTER PLANETARY CARRIER
- NEEDLE BEARING

- THRUST WASHER

- REAR PLANETARY GEAR SET

- REAR HOLLOW SHAFT/FREEWHEELING CLUTCH F2
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ASSEMBLY

(1) Mount thrust washer (4) (Fig. 152) with the
collar pointing towards the planet carrier.

(2) Mount rear gear set (5) with integrated tubular
shaft of the center gear set on output shaft.

(3) Using grease, install lower three Teflon rings
(1) (Fig. 152) in the groove so that the joint stays
together

AUTOMATIC TRANSMISSION - W5J400
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(4) Put rear tubular shaft/freewheeling clutch F2
(6) onto output shaft.

(5) Install clutch K3 (7).

(6) Mount retaining ring, shim, thrust needle bear-
ing and thrust washer (8 - 11) (Fig. 152).

(7) Using grease, insert the upper two Teflon rings
(1) in the groove so that the joint remains together.

80e432e7

Fig. 152 Output Shaft with Center and Rear Planetary Geartrain

7 - DRIVING CLUTCH K3

8 - THRUST WASHER

9 - AXIAL NEEDLE BEARING
10 - SHIM

11 - RETAINING RING

- TEFLON RINGS

- OUTPUT SHAFT WITH CENTER PLANETARY CARRIER
- NEEDLE BEARING

- THRUST WASHER

- REAR PLANETARY GEAR SET

- REAR HOLLOW SHAFT/FREEWHEELING CLUTCH F2
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PLANETARY GEARTRAIN (Continued)

(8) Inspect axial play (Fig. 153) between shim (10)
and retaining ring (11). Check axial play "S" between
shim (10) and retaining ring (1) using a feeler gauge.
Clearance should be 0.15-0.6 mm. Shims are avail-
able in thicknesses of 3.0, 3.4, and 3.7 mm. Adjust as
necessary

NOTE: During the test, apply a contact force by
hand to K3 in the direction of the arrow.
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Fig. 153 Check Center and Rear Planetary End-Play

- DRIVING CLUTCH K3

- THRUST WASHER

- SHIM

- AXIAL NEEDLE BEARING

- RETAINING RING

- OUTPUT SHAFT WITH CENTER PLANETARY CARRIER

SHIFT MECHANISM
DESCRIPTION

The gear shift mechanism provides eight shift posi-
tions which are:
e Park (P)
Reverse (R)
Neutral (N)
Drive (D)
Manual fourth (4)
Manual third (3)
Manual second (2)
Manual low (1)

OO~ WNPE
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The Selector Lever Sensor Assembly (SLSA) is a
microprocessor-equipped module that detects trans-
mission shift lever position and reports that position
to the TCM. The SLSA contains a Hall-effect sensor
array that is connected to the microprocessor. The
microprocessor controls a set of circuits that are con-
nected to the TCM. The TCM applies a sensing volt-
age to these circuits, and the SLSA grounds these
circuits in a programmed pattern indicating shift
lever position.

The reverse light switch, an integral part of the
SLSA, controls the reverse light relay control circuit.
The Brake/Transmission Shift Interlock (BTSI) sole-
noid and the park lockout solenoid (also part of the
SLSA) are controlled by the TCM.

OPERATION

The transmission control module (TCM) monitors
the shift lever and sensor assembly (SLSA) for all
shift lever positions through five position circuits.
The SLSA provides a low-current 12-volt signal to
the TCM. The TCM compares the on/off signals to
programmed combinations to determine the exact
position of the shift lever.

Each circuit can be either HI or LO, depending on
the shift lever position. The TCM can decode this
information and determine the position of the shift
lever. Each shift lever position has a certain combi-
nation of HI and LO circuits that are called a Grey
Code.

This transmission does not have an internal range
sensor. The requested gear must be communicated to
the TCM by the shifter module. There are 12 Hall-
effect sensors. Five circuits send a grey code (PRNDL
Code) to the transmission controller to accomplish
this. The grey code is a valid signal that reports the
status of each Hall-effect sensor for each switch posi-
tion to determine gear position and gear shift move-
ment (fore and aft direction). If this grey code is
incorrect, a DTC is set. The shifter sense circuits
communicate the position of the shift lever to the
TCM. Each circuit is terminated at the shifter.

The SLSA grey code can be viewed with the DRB®
scan tool and compared to the Grey Code table SLSA
Grey Code Table to verify proper operation.
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SLSA GREY CODE TABLE

C1 Cc2 C3 C4 C5
PARK H H H L L
T1 L H H L H
REVERSE L H H H L
T2 L L H H H
NEUTRAL H L H H L
T3 H L L H H
D L L H L L
4 L L L H L
3 L H L L L
2 H L L L L
1 H H L H L

PARK LOCKOUT SOLENOID

The SLSA contains a park lockout solenoid. The
park lockout solenoid is energized by the TCM when-
ever the shift position is not PARK and vehicle speed
is above 10 kph (6 mph).

REMOVAL

(1) Remove any necessary console parts for access
to shift lever assembly and shifter cables. (Refer to
23 - BODY/INTERIOR/FLOOR CONSOLE -
REMOVAL)

(2) Shift transmission into PARK.

(3) Disconnect the transmission shift cable at shift
lever and shifter assembly bracket (Fig. 154).

(4) Disconnect the park lock cable from the shifter
BTSI lever and the shifter assembly bracket. (Fig.
155)

(5) Disconnect the transfer case shift cable from
the transfer case shift lever pin (Fig. 156), if
equipped.

(6) Remove the clip holding the transfer case shift
cable to the shifter assembly bracket, if equipped.

(7) Remove the transfer case shift cable from the
shifter assembly bracket, if equipped.

A WN B

Fig. 154 Transmission Shift Cable

- SHIFT LEVER PIN

- ADJUSTMENT SCREW

- SHIFT CABLE

- SHIFTER ASSEMBLY BRACKET

80e2dad4
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80e483f3

Fig. 155 Ignition Interlock Cable

1 - SHIFT MECHANISM 4 - STEERING COLUMN ASSEMBLY
2 - SHIFTER BTSI LEVER 5 - INTERLOCK CABLE
3 - ADJUSTMENT CLIP

80e2dacf

Fig. 156 Transfer Case Shift Cable

1-CLIP
2 - SHIFTER
3 - TRANSFER CASE SHIFT LEVER PIN
4 - TRANSFER CASE SHIFT CABLE

(8) Disengage all wiring connectors from the 80e2dad2
shifter assembly. Fig. 157 Shifter Assembly

- SHIFTER ASSEMBLY

- TRANSMISSION CONTROL MODULE
- STRAP

- BRACKET

- FLOOR PAN

(9) Remove all nuts holding the shifter assembly to
the floor pan (Fig. 157).
(10) Remove the shifter assembly from the vehicle.

GObhwWNE
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INSTALLATION

(1) Install shifter assembly onto the shifter assem-
bly studs on the floor pan.

(2) Install the nuts to hold the shifter assembly
onto the floor pan. Tighten nuts to 28 N-m (250
in.Ibs.).

(3) Place the floor shifter lever in PARK position.

(4) Loosen the adjustment screw on the shift cable.

(5) Verify that the park lock cable adjustment tab
is pulled upward to the unlocked position.

(6) Install wiring harness to the shifter assembly
bracket. Engage any wire connectors removed from
the shifter assembly.

(7) Install the transfer case shift cable to the
shifter assembly bracket. Install clip to hold cable to
the bracket.

(8) Snap the transfer case shift cable, if equipped,
onto the transfer case shift lever pin.

(9) Install the park lock cable into the shifter
assembly bracket and into the shifter BTSI lever.(Re-
fer to 21 - TRANSMISSION/TRANSAXLE/AUTO-
MATIC/SHIFT INTERLOCK MECHANISM -
ADJUSTMENTS)

(10) Install the shift cable to the shifter assembly
bracket. Push cable into the bracket until secure.

(11) Snap the shift cable onto the shift lever pin.

(12) Verify that the shift lever is in the PARK posi-
tion.

(13) Tighten the adjustment screw to 7 N-m (65
in.Ibs.).

(14) Place the key in the accessory position.

(15) Push downward on the park lock cable adjust-
ment tab to lock the adjustment.

(16) Verify correct shifter, park lock, and BTSI
operation.

(17) Install any console parts removed for access to
shift lever assembly and shift cables. (Refer to 23 -
BODY/INTERIOR/FLOOR CONSOLE - INSTALLA-
TION)

SOLENOID
DESCRIPTION

The typical electrical solenoid used in automotive
applications is a linear actuator. It is a device that
produces motion in a straight line. This straight line
motion can be either forward or backward in direc-
tion, and short or long distance.
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A solenoid is an electromechanical device that uses
a magnetic force to perform work. It consists of a coil
of wire, wrapped around a magnetic core made from
steel or iron, and a spring loaded, movable plunger,
which performs the work, or straight line motion.

The solenoids used in transmission applications
are attached to valves which can be classified as nor-
mally open or normally closed. The normally
open solenoid valve is defined as a valve which
allows hydraulic flow when no current or voltage is
applied to the solenoid. The normally closed sole-
noid valve is defined as a valve which does not allow
hydraulic flow when no current or voltage is applied
to the solenoid. These valves perform hydraulic con-
trol functions for the transmission and must there-
fore be durable and tolerant of dirt particles. For
these reasons, the valves have hardened steel pop-
pets and ball valves. The solenoids operate the valves
directly, which means that the solenoids must have
very high outputs to close the valves against the siz-
able flow areas and line pressures found in current
transmissions. Fast response time is also necessary
to ensure accurate control of the transmission.

The strength of the magnetic field is the primary
force that determines the speed of operation in a par-
ticular solenoid design. A stronger magnetic field will
cause the plunger to move at a greater speed than a
weaker one. There are basically two ways to increase
the force of the magnetic field:

1. Increase the amount of current applied to the
coil or

2. Increase the number of turns of wire in the coil.

The most common practice is to increase the num-
ber of turns by using thin wire that can completely
fill the available space within the solenoid housing.
The strength of the spring and the length of the
plunger also contribute to the response speed possi-
ble by a particular solenoid design.

A solenoid can also be described by the method by
which it is controlled. Some of the possibilities
include variable force, pulse-width modulated, con-
stant ON, or duty cycle. The variable force and pulse-
width modulated versions utilize similar methods to
control the current flow through the solenoid to posi-
tion the solenoid plunger at a desired position some-
where between full ON and full OFF. The constant
ON and duty cycled versions control the voltage
across the solenoid to allow either full flow or no flow
through the solenoid’s valve.
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SOLENOID (Continued)

UPSHIFT/DOWNSHIFT SOLENOID VALVES

The solenoid valves for upshifts and downshifts
(Fig. 158) are located in the shell of the electric con-
trol unit and pressed against the shift plate with a
spring.

The solenoid valves (1) initiate the upshift and
downshift procedures in the shift plate.

The solenoid valves (1) are sealed off from the
valve housing of the shift plate (5) by two O-rings (4,
6). The contact springs (8) at the solenoid valve
engage in a slot in the conductor tracks (7). The force
of the contact spring (8) ensures safe contacts.

80e399e6

Fig. 158 Upshift/Downshift Solenoid Valves

- UPSHIFT/DOWNSHIFT SOLENOID VALVE
- CONTACT SPRING

- CONDUCTOR TRACK

- O-RING

- VALVE HOUSING OF SHIFT PLATE

- O-RING

- CONDUCTOR TRACK

- CONTACT SPRING
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MODULATING PRESSURE CONTROL SOLENOID
VALVE

The modulating pressure control solenoid valve
(Fig. 159) is located in the shell of the electric valve
control unit and pressed against the shift plate by a
spring.

Its purpose is control the modulating pressure
depending on the continuously changing operating
conditions, such as load and gear change.

The modulating pressure regulating solenoid valve
(1) has an interference fit and is sealed off to the
valve body of the shift plate (4) by a seal (arrow). The
contact springs (2) at the solenoid valve engage in a
slot in the conductor tracks (3). The force of the con-
tact springs (2) ensures secure contacts.
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Fig. 159 Modulating Pressure Control Solenoid
Valve

- MODULATING PRESSURE CONTROL SOLENOID VALVE
- CONTACT SPRING

- CONDUCTOR TRACK

- VALVE HOUSING SHIFT PLATE

- CONDUCTOR TRACK

- CONTACT SPRING
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TORQUE CONVERTER LOCKUP CLUTCH PWM

SOLENOID VALVE

The torque converter lockup clutch PWM solenoid
valve (1) (Fig. 160) is located in the shell of the elec-
tric valve control unit and pressed against the shift
plate by a spring.

The PWM solenoid valve (1) for the torque con-
verter lockup controls the pressure for the torque
converter lockup clutch.

The torque converter lockup PWM solenoid valve
(1) is sealed off to the valve body of the shift plate (4)
by an O-ring (5) and a seal (arrow). The contact
springs (2) at the solenoid valve engage in a slot in
the conductor tracks (3). The force of the contact
springs (2) ensures secure contacts.

80e39b7c

Fig. 160 Torque Converter Lockup Clutch PWM
Solenoid Valve

1 - TORQUE CONVERTER LOCKUP CLUTCH PWM SOLENOID
VALVE

- CONTACT SPRING

- CONDUCTOR TRACK

- VALVE HOUSING OF SHIFT PLATE

- O-RING

- CONDUCTOR TRACK

- CONTACT SPRING
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SHIFT PRESSURE CONTROL SOLENOID VALVE

The shift pressure control solenoid valve (1) (Fig.
161) is located in the shell of the electric valve con-
trol unit and pressed against the shift plate by a
spring.

Its purpose is to control the shift pressure depend-
ing on the continuously changing operating condi-
tions, such as load and gear change.
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The shift pressure regulating solenoid valve (1) has
an interference fit and is sealed off to the valve body
of the shift plate (4) by a seal (arrow). The contact
springs (2) at the solenoid valve engage in a slot in
the conductor tracks (3). The force of the contact
springs (2) ensures secure contacts
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Fig. 161 Shift Pressure Control Solenoid Valve

- SHIFT PRESSURE CONTROL SOLENOID VALVE
- CONTACT SPRING

- CONDUCTOR TRACK

- VALVE HOUSING SHIFT PLATE

- CONDUCTOR TRACK

- CONTACT SPRING

OPERATION

When an electrical current is applied to the sole-
noid coil, a magnetic field is created which produces
an attraction to the plunger, causing the plunger to
move and work against the spring pressure and the
load applied by the fluid the valve is controlling. The
plunger is normally directly attached to the valve
which it is to operate. When the current is removed
from the coil, the attraction is removed and the
plunger will return to its original position due to
spring pressure.

The plunger is made of a conductive material and
accomplishes this movement by providing a path for
the magnetic field to flow. By keeping the air gap
between the plunger and the coil to the minimum
necessary to allow free movement of the plunger, the
magnetic field is maximized.
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SOLENOID (Continued)

UPSHIFT/DOWNSHIFT SOLENOID VALVES

If a solenoid valve (Fig. 162) is actuated by the
TCM, it opens and guides the control pressure (p-SV)
to the assigned command valve. The solenoid valve
remains actuated and therefore open until the shift-
ing process is complete. The shift pressure (p-SV) to
the command valve is reduced to zero as soon as the
power supply to the solenoid valve is interrupted.

80e399e6

Fig. 162 Upshift/Downshift Solenoid Valves

- UPSHIFT/DOWNSHIFT SOLENOID VALVE
- CONTACT SPRING

- CONDUCTOR TRACK

- O-RING

- VALVE HOUSING OF SHIFT PLATE

- O-RING

- CONDUCTOR TRACK

- CONTACT SPRING
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MODULATING PRESSURE CONTROL SOLENOID
VALVE

The modulating pressure regulating solenoid valve
(1) (Fig. 163)assigns a proportional pressure to the
current which is controlled by the TCM according to
the load.
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Fig. 163 Modulating Pressure Control Solenoid
Valve

- MODULATING PRESSURE CONTROL SOLENOID VALVE
- CONTACT SPRING

- CONDUCTOR TRACK

- VALVE HOUSING SHIFT PLATE

- CONDUCTOR TRACK

- CONTACT SPRING
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SOLENOID (Continued)

TORQUE CONVERTER LOCKUP CLUTCH PWM
SOLENOID VALVE

The torque converter lockup PWM solenoid (1)
(Fig. 164) valve converts pulse-wave-modulated cur-
rent controlled by the TCM into the appropriate
hydraulic control pressure (p-S/TCC).

80e39b7c

Fig. 164 Torque Converter Lockup Clutch PWM
Solenoid Valve

1 - TORQUE CONVERTER LOCKUP CLUTCH PWM SOLENOID
VALVE

- CONTACT SPRING

- CONDUCTOR TRACK

- VALVE HOUSING OF SHIFT PLATE

- O-RING

- CONDUCTOR TRACK

- CONTACT SPRING
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SHIFT PRESSURE CONTROL SOLENOID VALVE

The shift pressure regulating solenoid valve (1)
(Fig. 165) assigns a proportional pressure to the cur-
rent which is controlled by the TCM according to the
load.

TEMPERATURE SENSOR/
PARK-NEUTRAL CONTACT

DESCRIPTION

DESCRIPTION - PARK/NEUTRAL CONTACT

The park/neutral contact (4) (Fig. 166) is located in
the shell of the electric control unit and is fixed to
the conductor tracks.
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Fig. 165 Shift Pressure Control Solenoid Valve

- SHIFT PRESSURE CONTROL SOLENOID VALVE
- CONTACT SPRING

- CONDUCTOR TRACK

- VALVE HOUSING SHIFT PLATE

- CONDUCTOR TRACK

- CONTACT SPRING
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Its purpose is to recognize selector valve and selec-
tor lever positions "P” and "N”. The park/neutral con-
tact consists of:

o the plunger (2).

e the permanent magnet (3).

e the dry-reed contact (4).

7 A \,
{)

.y y

S |

.

Fig. 166 Park/Neutral Contact

- SHELL OF ELECTRIC CONTROL MODULE
- PLUNGER

- PERMANENT MAGNET

- DRY-REED CONTACT
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TEMPERATURE SENSOR/PARK-NEUTRAL CONTACT (Continued)

DESCRIPTION

The transmission oil temperature sensor (1) (Fig.
167) is located in the shell of the electric valve con-
trol unit and is fixed to the conductor tracks.

Its purpose is to measure the temperature of the
transmission oil and pass the temperature to the
TCM as an input signal. It is a temperature-depen-
dent resistor (PTC).
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Fig. 167 Transmission Temperature Sensor
1 - TRANSMISSION TEMPERATURE SENSOR

OPERATION
OPERATION

In selector lever positions "P” and "N” the park/
neutral contact (4) (Fig. 168) is actuated by a cam
track which is located on the detent plate. The per-
manent magnet (3) is moved away from the dry-reed
contact (4). The dry-reed contact (4) is opened. The
TCM receives an electric signal. The circuit to the
starter in the selector lever positions "P” and "N” is
closed.

OPERATION

The temperature of the transmission oil has a con-
siderable effect on the shifting time and therefore the
shift quality. By measuring the oil temperature, shift
operations can be optimized in all temperature
ranges. The transmission oil temperature sensor (1)
(Fig. 169) is switched in series with the park/neutral
contact. The temperature signal is transferred to the
TCM only when the dry-reed contact of the park/neu-
tral contact is closed in REVERSE or a forward gear
position.
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Fig. 168 Park/Neutral Contact

- SHELL OF ELECTRIC CONTROL MODULE
- PLUNGER

- PERMANENT MAGNET

- DRY-REED CONTACT
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Fig. 169 Transmission Temperature Sensor
1 - TRANSMISSION TEMPERATURE SENSOR
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TEMPERATURE SENSOR/PARK-NEUTRAL CONTACT (Continued)

Refer to the Transmission Temperature Sensor
Specifications table (Fig. 170) for the relationship
between transmission temperature, sensor voltage,
and sensor resistance.

TRANSMISSION TEMP SENSOR SPECIFICATIONS
TEMPERATURE/VOLTAGE/RESISTANCE CHART

TEMPERATURE (C) | TEMPERATURE (F) | VOLTAGE RESISTANCE
-50 -58 0.73 506.0
-45 -49 0.77 534.0
40 40 0.80 564.0
35 31 0.84 593.0
30 22 0.88 624.0
25 13 0.91 654.0
20 4 0.95 686.0

15 5 0.98 718.0
10 14 1.02 750.0
5 23 1.05 783.0
9] 32 1.09 817.0
5 41 1.12 851.0
10 50 1.186 886.0
15 59 1.19 921.0
20 68 1.23 957.0
25 77 1.26 994.0
30 86 1.30 1032.0
35 95 1.33 1070.0
40 104 1.37 1109.0
45 113 1.40 1149.0
50 122 1.44 1189.0
55 131 148 1231.0
60 140 1.51 1273.0
65 149 1.55 1316.0
70 158 1.58 1360.0
75 167 1.62 1405.0
80 176 1.65 1450.0
85 185 1.69 1497.0
90 194 1.72 1545.0
95 203 1.76 1594.0
100 212 1.79 1644.0
105 221 1.83 1695.0
110 230 1.86 1747.0
115 239 1.90 1800.0
120 248 1.93 1855.0
125 257 1.97 1911.0
130 266 2.00 1968.0
135 275 2.04 2027.0
140 284 2.08 2087.0
145 293 211 2148.0
150 302 215 2211.0
155 311 2.18 2276.0
160 320 2.22 2342.0
165 329 225 2410.0
170 338 229 2479.0
175 347 2.32 2551.0

80e3afbe

Fig. 170 Transmission Temperature Sensor
Specifications

TORQUE CONVERTER

DESCRIPTION

The torque converter (Fig. 171) is a hydraulic
device that couples the engine crankshaft to the
transmission. The torque converter consists of an
outer shell with an internal turbine, a stator, an
overrunning clutch, an impeller and an electronically
applied converter clutch. The converter clutch pro-
vides reduced engine speed and greater fuel economy
when engaged. Clutch engagement also provides
reduced transmission fluid temperatures. The con-
verter clutch engages in third gear. The torque con-
verter hub drives the transmission oil (fluid) pump.

The torque converter is a sealed, welded unit that
is not repairable and is serviced as an assembly.

CAUTION: The torque converter must be replaced if
a transmission failure resulted in large amounts of
metal or fiber contamination in the fluid.
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Fig. 171 Torque Converter
1 - TURBINE
2 - IMPELLER
3 - STATOR

4 - INPUT SHAFT
5 - STATOR SHAFT
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TORQUE CONVERTER (Continued)

IMPELLER

The impeller (Fig. 172) is an integral part of the
converter housing. The impeller consists of curved
blades placed radially along the inside of the housing
on the transmission side of the converter. As the con-
verter housing is rotated by the engine, so is the
impeller, because they are one and the same and are
the driving members of the system.
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Fig. 172 Impeller

1 - ENGINE FLEXPLATE

2 - OIL FLOW FROM IMPELLER SECTION INTO TURBINE
SECTION

3 - IMPELLER VANES AND COVER ARE INTEGRAL

4 - ENGINE ROTATION
5 - ENGINE ROTATION

)
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IMPELLER VANE
CONSTRUCTION
AND CURVATURE
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TORQUE CONVERTER (Continued)

TURBINE

The turbine (Fig. 173) is the output, or driven,
member of the converter. The turbine is mounted
within the housing opposite the impeller, but is not
attached to the housing. The input shaft is inserted
through the center of the impeller and splined into
the turbine. The design of the turbine is similar to
the impeller, except the blades of the turbine are
curved in the opposite direction.
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Fig. 173 Turbine

1 - TURBINE VANE 4 - PORTION OF TORQUE CONVERTER COVER
2 - ENGINE ROTATION 5 - ENGINE ROTATION
3 - INPUT SHAFT 6 - OIL FLOW WITHIN TURBINE SECTION
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TORQUE CONVERTER (Continued)

STATOR

The stator assembly (Fig. 174) is mounted on a sta-
tionary shaft which is an integral part of the oil
pump. The stator is located between the impeller and
turbine within the torque converter case (Fig. 175).
The stator contains a freewheeling clutch, which
allows the stator to rotate only in a clockwise direc-
tion. When the stator is locked against the freewheel-
ing clutch, the torque multiplication feature of the
torque converter is operational.

3/4 VIEW FROM ENGINE
SIDE OF STATOR SHOWING
VANE CURVATURE

VIEW FROM ENGINE SIDE 80bfe260

Fig. 174 Stator Components

- CAM (OUTER RACE)
- ROLLER

- SPRING

- INNER RACE
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TORQUE CONVERTER CLUTCH (TCC)

The TCC (Fig. 176) was installed to improve the
efficiency of the torque converter that is lost to the
slippage of the fluid coupling. Although the fluid cou-
pling provides smooth, shock-free power transfer, it is
natural for all fluid couplings to slip. If the impeller
and turbine were mechanically locked together, a
zero slippage condition could be obtained. A hydraulic
piston with friction material was added to the tur-
bine assembly to provide this mechanical lock-up.

In order to reduce heat build-up in the transmis-
sion and buffer the powertrain against torsional
vibrations, the TCM can duty cycle the torque con-
verter lock-up solenoid to achieve a smooth applica-
tion of the torque converter clutch. This function,
referred to as Electronically Modulated Converter
Clutch (EMCC) can occur at various times depending
on the following variables:

Shift lever position

Current gear range
Transmission fluid temperature
Engine coolant temperature
Input speed

Throttle angle
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Fig. 175 Stator Location

- STATOR

- IMPELLER

- FLUID FLOW
- TURBINE

A WN PR

e Engine speed

OPERATION

The converter impeller (driving member), which is
integral to the converter housing and bolted to the
engine drive plate, rotates at engine speed. The con-
verter turbine (driven member), which reacts from
fluid pressure generated by the impeller, rotates and
turns the transmission input shaft.

TURBINE

As the fluid that was put into motion by the impel-
ler blades strikes the blades of the turbine, some of
the energy and rotational force is transferred into the
turbine and the input shaft. This causes both of them
(turbine and input shaft) to rotate in a clockwise
direction following the impeller. As the fluid is leav-
ing the trailing edges of the turbine’s blades it con-
tinues in a “hindering” direction back toward the
impeller. If the fluid is not redirected before it strikes
the impeller, it will strike the impeller in such a
direction that it would tend to slow it down.

STATOR

Torque multiplication is achieved by locking the
stator’'s over-running clutch to its shaft (Fig. 177).
Under stall conditions (the turbine is stationary), the
oil leaving the turbine blades strikes the face of the
stator blades and tries to rotate them in a counter-
clockwise direction. When this happens the over-run-
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TORQUE CONVERTER (Continued)

80e2e14b

Fig. 176 Torque Converter Lock-up Clutch

1 - TURBINE

2 - IMPELLER

3 - STATOR

4 - INPUT SHAFT

5 - STATOR SHAFT

6 - PISTON

7 - COVER SHELL

8 - INTERNALLY TOOTHED DISC CARRIER
9 - CLUTCH PLATE SET

10 - EXTERNALLY TOOTHED DISC CARRIER

ning clutch of the stator locks and holds the stator
from rotating. With the stator locked, the oil strikes
the stator blades and is redirected into a “helping”
direction before it enters the impeller. This circula-
tion of oil from impeller to turbine, turbine to stator,
and stator to impeller, can produce a maximum
torque multiplication of about 2.0:1. As the turbine
begins to match the speed of the impeller, the fluid
that was hitting the stator in such as way as to
cause it to lock-up is no longer doing so. In this con-
dition of operation, the stator begins to free wheel
and the converter acts as a fluid coupling.

TORQUE CONVERTER CLUTCH (TCC)

In a standard torque converter, the impeller and
turbine are rotating at about the same speed and the
stator is freewheeling, providing no torque multipli-
cation. By applying the turbine’s piston and friction
material (Fig. 178) to the front cover, a total con-
verter engagement can be obtained. The result of this
engagement is a direct 1:1 mechanical link between
the engine and the transmission.

The clutch can be engaged in second, third, fourth,
and fifth gear ranges.
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Fig. 177 Stator Operation

1 - DIRECTION STATOR WILL FREE WHEEL DUE TO OIL
PUSHING ON BACKSIDE OF VANES

2 - FRONT OF ENGINE

3 - INCREASED ANGLE AS OIL STRIKES VANES

4 - DIRECTION STATOR IS LOCKED UP DUE TO OIL PUSHING
AGAINST STATOR VANES

e
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Fig. 178 Torque Converter Lock-up Clutch

- TURBINE

- IMPELLER

- STATOR

- INPUT SHAFT

- STATOR SHAFT

- PISTON

- COVER SHELL

- INTERNALLY TOOTHED DISC CARRIER

- CLUTCH PLATE SET

0 - EXTERNALLY TOOTHED DISC CARRIER
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The TCM controls the torque converter by way of
internal logic software. The programming of the soft-
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TORQUE CONVERTER (Continued)

ware provides the TCM with control over the torque
converter solenoid. There are four output logic states
that can be applied as follows:

No EMCC

Partial EMCC

Full EMCC

Gradual-to-no EMCC

NO EMCC

Under No EMCC conditions, the TCC Solenoid is
OFF. There are several conditions that can result in
NO EMCC operations. No EMCC can be initiated
due to a fault in the transmission or because the
TCM does not see the need for EMCC under current
driving conditions.

PARTIAL EMCC

Partial EMCC operation modulates the TCC Sole-
noid (duty cycle) to obtain partial torque converter
clutch application. Partial EMCC operation is main-
tained until Full EMCC is called for and actuated.
During Partial EMCC some slip does occur. Partial
EMCC will usually occur at low speeds, low load and
light throttle situations.

FULL EMCC

During Full EMCC operation, the TCM increases
the TCC Solenoid duty cycle to full ON after Partial
EMCC control brings the engine speed within the
desired slip range of transmission input speed rela-
tive to engine rpm.

GRADUAL-TO-NO EMCC

This operation is to soften the change from Full or
Partial EMCC to No EMCC. This is done at mid-
throttle by decreasing the TCC Solenoid duty cycle.

REMOVAL

(1) Remove transmission and torque converter
from vehicle.

(2) Place a suitable drain pan under the converter
housing end of the transmission.

CAUTION: Verify that transmission is secure on the
lifting device or work surface, the center of gravity
of the transmission will shift when the torque con-
verter is removed creating an unstable condition.
The torque converter is a heavy unit. Use caution
when separating the torque converter from the
transmission.

(3) Pull the torque converter forward until the cen-
ter hub clears the oil pump seal.

(4) Separate the torque converter from the trans-
mission.
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INSTALLATION

Check converter hub and drive flats for sharp
edges, burrs, scratches, or nicks. Polish the hub and
flats with 320/400 grit paper or crocus cloth if neces-
sary. The hub must be smooth to avoid damaging the
pump seal at installation.

(1) Lubricate oil pump seal lip with transmission
fluid.

(2) Place torque converter in position on transmis-
sion.

CAUTION: Do not damage oil pump seal or con-
verter hub while inserting torque converter into the
front of the transmission.

(3) Align torque converter to oil pump seal open-
ing.

(4) Insert torque converter hub into oil pump.

(5) While pushing torque converter inward, rotate
converter until converter is fully seated in the oil
pump gears.

(6) Check converter seating with a scale and
straightedge (Fig. 179). Surface of converter lugs
should be at least 19 mm (3/4 in.) to rear of straight-
edge when converter is fully seated.

(7) If necessary, temporarily secure converter with
C-clamp attached to the converter housing.

(8) Install the transmission in the vehicle.

(9) Fill the transmission with the recommended
fluid.

80e3aa8e

Fig. 179 Torque Converter Installation Depth

1 - TORQUE CONVERTER
2 - TRANSMISSION HOUSING
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TRANSFER CASE - Nv247

REMOVAL

(1) Open the hood and disconnect the negative bat-
tery cable.

(2) Remove the (2) upper fan shroud retaining
bolts.

(3) Raise the vehicle on a hoist.

(4) Remove the (2) lower fan shroud retaining
bolts.

CAUTION: Mark the position of the driveshaft in
relation to its companion flange prior to disassem-
bly. Driveshaft must be reinstalled in the same posi-
tion it was in prior to disassembly.

—

80bc4e92

Fig. 180 Front Driveshaft Retaining Bolts

1 - TRANSFER CASE
2 - FRONT DRIVESHAFT RETAINING BOLTS
3 - REFERENCE MARK

(5) Remove the front driveshaft retaining bolts
(Fig. 180) and remove the driveshaft from the trans-
fer case companion flange. Support the driveshaft
with mechanics wire.

(6) Remove the rear driveshaft retaining bolts and
remove the driveshaft from the transfer case compan-
ion flange. Support the driveshaft with mechanics
wire (Fig. 181).

(7) Disconnect the transfer case shift cable from
the shifter arm (Fig. 182).

(8) Disconnect the vent tube from the transfer case
(Fig. 182).
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Fig. 181 Rear Driveshaft - Supported
1 - REAR DRIVESHAFT
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Fig. 182 Transfer Case Position and Orientation

- TRANSFER CASE RETAINING NUTS

- TRANSFER CASE SHIFTER CABLE

- TRANSFER CASE VENT HOSE

- FLAT BLADED TOOL

- TRANSFER CASE

- TRANSMISSION ELECTRICAL CONNECTOR
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TRANSFER CASE - NV247 (Continued)

(9) Remove the transmission oil pan and drain the
transmission fluid. Reinstall the transmission oil
pan.
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Fig. 183 Transmission Support Crossmember
Position and Orientation

- TRANSFER CASE

- TRANSMISSION MOUNT RETAINING BOLTS (2 OF 4)

- EXHAUST SYSTEM SUPPORT BRACKET RETAINING BOLTS
- CROSSMEMBER RETAINING BOLTS

- TRANSMISSION

- CROSSMEMBER RETAINING BOLTS
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(10) Position a jack under the transmission sup-
port crossmember and support the transmission and
transfer case assembly.

(11) Remove the (8) transmission support cross-
member retaining bolts (Fig. 183).

(12) Position a transmission jack under the trans-
fer case.

(13) Lower the transmission assembly enough to
gain access and remove the transfer case to trans-
mission retaining nuts.

(14) Remove the transfer case from the vehicle.

DISASSEMBLY

Position transfer case on shallow drain pan.

Remove drain plug and drain lubricant remaining in
case.
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REAR CASE AND OIL PUMP
(1) Remove the bolts (Fig. 184) holding the trans-
fer case damper to the transfer case.

(2) Remove the damper (Fig. 185) from the trans-
fer case.

80bd6834

Fig. 184 Remove Damper Bolts

1 - DAMPER
2 - TRANSFER CASE
3 - BOLTS

80bd689b

Fig. 185 Remove Damper

1 - DAMPER
2 - TRANSFER CASE
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TRANSFER CASE - NV247 (Continued)

(3) Install two bolts (Fig. 186) partially into the
rear propellor shaft companion flange, 180° from
each other.

(4) Install the rectangular end of the Flange
Holder C-3281 over the bolts to hold the companion
flange stationary and remove the nut holding the
companion flange to the rear output shaft.

(5) Use Remover C-452 (Fig. 187) to remove the
rear companion flange.

80bd68a3

Fig. 186 Hold Companion Flange

1 - HOLDER C-3281
2 - BOLTS
3 - COMPANION FLANGE

80bd68a7

Fig. 187 Remove Companion Flange

1 - TRANSFER CASE
2 - COMPANION FLANGE
3 - REMOVER C-452
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(6) Support transfer case so rear case is facing
upward.

(7) Remove bolts holding front case to rear case.
The case alignment bolt require flat washers (Fig.
188).

(8) Loosen rear case with flat blade screwdriver to
break sealer bead. Insert screwdriver blade only into
notches provided at each end of case (Fig. 189).

(9) Remove rear case.

\

1932113

Fig. 188 Rear Case Alignment Bolt Locations
1 - ALIGNMENT BOLT AND WASHER (AT EACH END OF CASE)

80bbba41

Fig. 189 Rear Case Removal

1 - REAR TRANSFER CASE HALF
2 - SCREWDRIVER SLOTS
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(10) Remove the screws holding the transfer case
chain snubber (Fig. 190) to the rear transfer case
half.

80bbbac8

Fig. 190 Remove Transfer Case Chain Snubber

1 - TRANSFER CASE CHAIN SNUBBER
2 - REAR CASE HALF

(11) Remove the oil pump retaining snap-ring (Fig.
191).

(12) Disengage oil pickup tube from oil pump (Fig.
192).

(13) Remove oil pump assembly (Fig. 193).

(14) Remove pick-up tube o-ring from oil pump
(Fig. 194), if necessary. Do not disassemble the oil
pump, it is not serviceable.

80bbbaf9

Fig. 191 Remove Oil Pump Snap-ring

1 - OIL PUMP SNAP-RING
2 - OIlL PUMP

COMPANION FLANGE AND RANGE LEVER
(1) Remove front companion flange nut as follows:
(@) Move range lever to 4L position.
(b) Remove nut with socket and impact wrench.
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80bbbb86

Fig. 192 Disengage Oil Pump Tube From Oil Pump

1 - OIL PUMP PICKUP TUBE
2 - OIL PUMP
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Fig. 193 Remove Oil Pump

1 - OIL PUMP
2 - OIL PUMP PICKUP TUBE

(2) Remove companion flange. If flange is difficult
to remove by hand, remove it with bearing splitter, or
with standard two jaw puller. Be sure puller tool is
positioned on flange and not on slinger as slinger will
be damaged.

(3) Remove seal washer from front output shaft.
Discard washer as it should not be reused.

(4) Remove nut and washer that attach range
lever to sector shaft. Then move sector to neutral
position and remove range lever from shaft.

NOTE: Note position of range lever so it can be re-
installed correctly.
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@ 80ba7a39

Fig. 194 Pick-up Tube O-ring Location

1 - OIL PUMP
2 - O-RING

PROGRESSIVE COUPLING

(1) Remove progressive coupling locating snap-ring
(Fig. 195) and progressive coupling thrust washer
(Fig. 196) from the mainshaft.

80bbbc7e

Fig. 195 Remove Progressive Coupler Snap-ring

1 - PROGRESSIVE COUPLING SNAP-RING
2 - PROGRESSIVE COUPLING
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Fig. 196 Remove Progressive Coupler Thrust

Washer

1 - PROGRESSIVE COUPLING THRUST WASHER
2 - PROGRESSIVE COUPLING

(2) Remove progressive coupling from mainshaft

(Fig. 197).

Fig. 197 Remove Progressive Coupler

1 - PROGRESSIVE COUPLING
2 - MAINSHAFT

80bbbces
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TRANSFER CASE - NV247 (Continued)

FRONT OUTPUT SHAFT AND DRIVE CHAIN

(1) Remove rear output shaft drive gear snap-ring
(Fig. 198).

(2) Disengage drive gear (Fig. 199).
upward and off mainshaft as shown.

(3) Remove front output shaft, drive chain and
drive gear as assembly (Fig. 199).

Pry gear

80bbbebe

Fig. 198 Remove Output Shaft Drive Gear Snap-ring

1 - REAR OUTPUT SHAFT DRIVE GEAR SNAP-RING
2 - REAR OUTPUT SHAFT

803f589¢

Fig. 199 Front Output Shaft, Drive Gear And Chain
Removal

- REAR HOUSING

- OUTPUT SHAFT AND SPROCKET
- MAINSHAFT SPROCKET

- SNAP-RING

- DRIVE CHAIN

abhwN
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(4) Remove front output shaft drive gear snap-
ring. (Fig. 200)

(5) Remove output shaft drive gear from front out-
put shaft. (Fig. 201)

80bbbed4

Fig. 200 Remove Front Output Shaft Drive Gear
Snap-ring

1 - FRONT OUTPUT SHAFT DRIVE GEAR SNAP-RING
2 - FRONT OUTPUT SHAFT

80bbbedc

Fig. 201 Remove Front Output Shaft Drive Gear

1 - FRONT OUTPUT SHAFT DRIVE GEAR
2 - FRONT OUTPUT SHAFT
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(6) Remove the oil pump pickup tube from the
front case half. (Fig. 202)
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Fig. 202 Remove Oil Pump Pickup Tube

1 - OIL PUMP PICKUP TUBE
2 - FRONT CASE HALF

SHIFT FORKS AND MAINSHAFT
(1) Remove detent plug, O-ring, detent spring and
detent plunger (Fig. 203).

19321-22

Fig. 203 Detent Plug, Spring And Plunger Removal

1 - DETENT PLUG

2 - DETENT SPRING

3 - DETENT PLUNGER
4 - PLUG O-RING

(2) Remove shift rail from shift fork and transfer
case housing.

(3) Rotate range shift fork until it disengages from
shift sector.

(4) Remove mainshaft and shift fork from input
gear pilot bearing.

NOTE: Loose needle bearings are used to support
the drive sprocket hub on the mainshaft. Do not lift
mainshaft by drive sprocket hub or needle bearings
will become dislodged.

WG

(5) Wrap rag around mainshaft underneath drive
sprocket hub and remove drive sprocket hub from
mainshaft. Be sure to retrieve all the drive sprocket
hub needle bearings.

(6) Remove snap ring holding clutch sleeve onto
mainshaft.

(7) Remove range clutch sleeve, blockout spring,
locking clutch, and locking clutch spring from main-
shaft (Fig. 204).

80ba7a52

Fig. 204 Range Clutch Sleeve, Blockout Spring,
Locking Clutch and Spring

- LOCKING CLUTCH SPRING
- BLOCKOUT SPRING

- SNAP-RING

- RANGE CLUTCH SLEEVE

- LOCKING CLUTCH

- DRIVE SPROCKET HUB
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(8) Remove shift sector. Rotate and tilt sector as
needed to remove it.

(9) Remove shift sector bushing and O-ring (Fig.
205).

INPUT GEAR/LOW RANGE ASSEMBLY

(1) Turn front case on side so that the input shaft
is facing upward.

(2) Remove the input shaft seal with a suitable
screw mounted in a slide hammer.

(3) Remove snap-ring that retains input gear shaft
in front bearing.

(4) Remove input and low range gear assembly
(Fig. 206).
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A

J8921-207

Fig. 205 Sector Bushing And O-Ring Removal
1 - SHIFT SECTOR BUSHING

19321-29

Fig. 206 Input And Low Range Gear Assembly
Removal

1 - INPUT AND LOW RANGE GEAR ASSEMBLY

INPUT AND LOW RANGE GEAR

(1) Remove snap-ring that retains input gear in
low range gear (Fig. 207).

(2) Remove retainer (Fig. 208).

(3) Remove front tabbed thrust washer (Fig. 209).
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Fig. 207 Input Gear Snap-Ring Removal
1 - INPUT GEAR SNAP-RING

19321-32

19321-33

Fig. 208 Input Gear Retainer

1 - INPUT GEAR
2 - LOW RANGE GEAR
3 - RETAINER

J9321-34

Fig. 209 Front Tabbed Thrust Washer
1 - FRONT TABBED THRUST WASHER
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(4) Remove input gear (Fig. 210).
(5) Remove rear tabbed thrust washer from low
range gear (Fig. 211).

J9321-35

Fig. 210 Input Gear Removal

1 - INPUT GEAR
2 - LOW RANGE GEAR

J9321-36

Fig. 211 Rear Tabbed Thrust Washer Removal

1 - LOW RANGE GEAR
2 - REAR TABBED THRUST WASHER

INSPECTION

MAINSHAFT

Examine the mainshaft components carefully for
evidence of wear or damage.

Replace the thrust washers if worn or damaged.

Replace the mainshaft and sprocket gears if the
teeth or gear bores are worn or damaged.

Replace the mainshaft bearings if worn, flat spot-
ted, brinelled, or damaged in any way.

Replace the mainshaft if it is bent, exhibits wear or
damage to the bearing surfaces, splines or gear teeth.

WG

INPUT AND LOW RANGE GEARS

Inspect the low range gear pinions and pinion pins.
Replace the low range gear if any of the pins or pin-
ions are worn or damaged.

Inspect the thrust washers, retainer, and snap-
ring. Replace the snap-ring if bent, or distorted.
Replace the thrust washers and retainer if worn,
cracked or damaged in any way.

Examine the input gear carefully. Be sure the gear
teeth and bearing surfaces are in good condition.
Replace the gear if wear or damage is evident.

Check the input gear pilot bearing. Rotate the
bearing and check for roughness or noise. Also check
bearing position in the bore. The bearing should be
recessed approximately 2.5 mm (0.100 in.) below the
top edge of the bore. The bearing should not be
seated at the bottom of the bore. Replace the bearing
if worn, or roughness is evident. Replace both the
gear and bearing if the bearing is a loose fit in the
bore.

GEAR CASE AND RETAINERS
Examine both case halves carefully. Replace any
case half if wear, cracks, or other damage is evident.
Check condition of the low range annulus gear and
the shift rail bushing in the front case (Fig. 212). The
low range annulus gear is not a serviceable part.
Replace the gear and case as an assembly if the gear
is loose, worn, or damaged. The shift rail bushing is
a serviceable part and can be replaced if necessary.
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J9321-50

Fig. 212 Low Range Annulus Gear Location

1 - LOW RANGE ANNULUS GEAR
2 - SHIFT RAIL BUSHING
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Examine the sealing surfaces of both case halves.
Small burrs, or scratches on these surfaces can be
reduced with crocus cloth or a fine tooth file.

Examine condition of the shift rail bushing in the
front case. If the bushing is worn or damaged, it can
be removed with a blind hole type puller. A replace-
ment bushing can be installed with a suitable size
driver. Recess the bushing slightly below the edge of
the bore but do not seat it all the into the case.

GEARTRAIN

Inspect the mainshaft splines, gear teeth and bear-
ing surfaces carefully for evidence of wear, or dam-
age. Replace the shaft if necessary. do not attempt to
salvage it if damaged.

The shift rail and range fork are an assembly.
Replace both parts if either is damaged. However, the
nylon pads in the fork can be replaced if worn, or
cracked.

Inspect the transfer case snap-rings closely. Do not
attempt to salvage a distorted snap-ring by straight-
ening or reshaping it. Replace any snap-ring that is
distorted, or worn.

Inspect the low range gear, input gear and the gear
thrust washers retainer, and snap-ring. The low
range gear is serviced as an assembly only. Replace
the gear if the case or pinions are damaged.

During inspection, also make sure the seal surface
of the input gear is in good condition. Minor nicks on
this surface can be reduced with crocus cloth. How-
ever, replace the gear if the seal surface is severely
scored or worn.

OIL PUMP AND PROGRESSIVE COUPLING

The oil pump and progressive coupling are not ser-
viceable components. Replace the coupling as an
assembly if it is damaged. Replace the oil pump as
an assembly if the gear teeth are worn, or if the
pump has become damaged.

BEARINGS AND SEALS

The transfer case seals should be replaced during
overhaul. Use new seals in the front and rear cases.
Also replace the yoke seal washer and the detent
plug O-ring.

Check condition of each transfer case bearing.
Replace any bearing exhibiting signs of roughness,
wear, or damage.

ASSEMBLY

Lubricate transfer case components with Mopar®
Transfer Case Lubricant or petroleum jelly (where
indicated) during assembly.

AUTOMATIC TRANSMISSION - W5J400 21 - 125

CAUTION: The bearing bores in various transfer
case components contain oil feed holes. Make sure
replacement bearings do not block the holes.

BEARINGS AND SEALS

(1) Remove front output shaft seal from front case
with pry tool (Fig. 213).

\ O <

80a1108b

Fig. 213 Remove Front Output Shaft Seal - Typical

1- OUTPUT SHAFT SEAL
2 - PRYBAR

(2) Remove snap-ring that retains front output
shaft bearing in front case (Fig. 214).

7 19321-52

Fig. 214 Output Shaft Front Bearing Snap-Ring
Removal
1 - FRONT CASE

2 - OUTPUT SHAFT FRONT BEARING
3 - BEARING SNAP-RING
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(3) Using tool 6953, remove bearing from front
case (Fig. 215).
(4) Using tool 6953, install new bearing.
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80a1108e

Fig. 215 Remove Output Shaft Front Bearing

1 - HANDLE C-4171
2 - REMOVER/INSTALLER 6953

(5) Install snap-ring to hold bearing into case.
(6) Install new front output seal in front case with
Installer Tool 6952-A as follows:

(@) Place new seal on tool. Garter spring on
seal goes toward interior of case.

(b) Start seal in bore with light taps from ham-
mer (Fig. 216). Once seal is started, continue tap-
ping seal into bore until installer tool bottoms
against case.

(7) Remove the output shaft rear bearing with the
screw and jaws from Remover L-4454 and Cup 8148
(Fig. 217).

WG

80a98363

Fig. 216 Front Output Seal Installation

1 - INSTALLER 6952-A
2 - TRANSFER CASE

RIS

Fig. 217 Output Shaft Rear Bearing Removal

1 - REAR CASE
2 - SPECIAL TOOL L-4454-1 AND L-4454-3
3 - SPECIAL TOOL 8148

80a98366
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(8) Install new bearing with Tool Handle C-4171
and Installer 5066 (Fig. 218). The bearing bore is
chamfered at the top. Install the bearing so it is
flush with the lower edge of this chamfer (Fig.
219).

80a11094

Fig. 218 Output Shaft Rear Bearing Installation

1 - HANDLE C-4171
2 - OUTPUT SHAFT INNER BEARING
3 - INSTALLER 5066

19321-55

Fig. 219 Output Shaft Rear Bearing Installation
Depth

1 - BEARING (SEATED) AT LOWER EDGE OF CHAMFER
2 - CHAMFER

(9) Using Remover C-4210 and Handle C-4171,
drive input shaft bearing from inside the annulus
gear opening in the case. (Fig. 220).

(10) Install locating ring on new bearing.
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J9521-43

Fig. 220 Input Shaft Bearing Removal

1 - SPECIAL TOOL C-4171
2 - SPECIAL TOOL C-4210

(11) Position case so forward end is facing upward.

(12) Using Remover C-4210 and Handle C-4171,
drive input shaft bearing into case. The bearing
locating ring must be fully seated against case sur-
face.

(13) Remove input gear pilot bearing by inserting
a suitably sized drift into the splined end of the input
gear and driving the bearing out with the drift and a
hammer (Fig. 221).

80a11090

Fig. 221 Remove Input Gear Pilot Bearing

1-DRIFT
2 - INPUT GEAR
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(14) Install new pilot bearing with Installer 8128
and Handle C-4171 (Fig. 222).

T=-2"

(=D

Fig. 222 Install Input Gear Pilot Bearing

1 - HANDLE C-4171
2 - INSTALLER 8128
3 - INPUT GEAR

.

80a98364

INPUT AND LOW RANGE GEAR

(1) Lubricate gears and thrust washers (Fig. 223)
with transfer case lubricant.

(2) Install first thrust washer in low range gear
(Fig. 223). Be sure washer tabs are properly aligned
in gear notches.

(3) Install input gear in low range gear. Be sure
input gear is fully seated.

(4) Install remaining thrust washer in low range
gear and on top of input gear. Be sure washer tabs
are properly aligned in gear notches.

(5) Install retainer on input gear and install snap-
ring.

(6) Align and install low range/input gear assem-
bly in front case (Fig. 224). Be sure low range gear
pinions are engaged in annulus gear and that input
gear shaft is fully seated in front bearing.

(7) Install snap-ring to hold input/low range gear
into front bearing.

(8) Install a new input shaft seal with Installer
C-3995-A and Universal Handle C-4171.

WG

® 1932160

Fig. 223 Input/Low Range Gear Components

- SNAP-RING

- RETAINER PLATE

- INPUT GEAR

- LOW RANGE GEAR
- THRUST WASHERS

abhwN e

J9321-61

Fig. 224 Input/Low Range Gear Installation

1 - ANNULUS GEAR
2 - INPUT/LOW RANGE GEAR
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SHIFT FORKS AND MAINSHAFT

(1) Install new sector shaft O-ring and bushing
(Fig. 225).

(2) Install shift sector.

J8921-277

Fig. 225 Sector O-Ring And Bushing Installation

1 - SECTOR BUSHING
2 - O-RING

(3) Install locking clutch spring, locking clutch,
blockout spring, and range clutch sleeve, to main-
shaft as shown in (Fig. 226). Install snap ring.

LTI
T

80ba7a52

Fig. 226 Range Clutch Sleeve, Blockout Spring,
Locking Clutch and Spring

- LOCKING CLUTCH SPRING
- BLOCKOUT SPRING

- SNAP-RING

- RANGE CLUTCH SLEEVE

- LOCKING CLUTCH

- DRIVE SPROCKET HUB

U wWNBE
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(4) Install drive sprocket hub to mainshaft and
manually load the needle bearings.

(5) Install new pads on range fork, if necessary.

(6) Install range shift fork to range clutch sleeve.
Install mainshaft/range shift fork assembly into
transfer case and input planetary assembly. Rotate
fork until it engages with slot in shift sector.

(7) Install shift rail to shift range fork and trans-
fer case housing.

(8) Rotate shift sector to NEUTRAL position.

(9) Install new O-ring on detent plug (Fig. 227).

(10) Lubricate detent plunger with transfer case
lubricant or light coat of petroleum jelly.

(11) Install detent plunger, spring and plug (Fig.
227).

(12) Verify that plunger is properly engaged in sec-
tor.

19321-22

Fig. 227 Shift Detent Components

- DETENT PLUG

- DETENT SPRING

- DETENT PLUNGER
- PLUG O-RING

A WNPRE
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FRONT OUTPUT SHAFT AND DRIVE CHAIN

(1) Install the front output shaft drive gear (Fig.
228) onto the front output shaft.

(2) Install the front output shaft drive gear snap-
ring (Fig. 229) onto the output shaft.

80bbbedc

Fig. 228 Install Front Output Shaft Drive Gear

1 - FRONT OUTPUT SHAFT DRIVE GEAR
2 - FRONT OUTPUT SHAFT

y

i

=

)

I

I

il

e

)

80bbbed4

Fig. 229 Install Front Output Shaft Drive Gear
Snap-ring

1 - FRONT OUTPUT SHAFT DRIVE GEAR SNAP-RING
2 - FRONT OUTPUT SHAFT

(3) Install the oil pump pickup tube (Fig. 230) into
the front transfer case half.

(4) Lubricate front output shaft assembly, drive
chain and drive gear with transfer case lubricant.

(5) Assemble drive chain, drive gear and front out-
put shaft (Fig. 231).

(6) Start drive gear on mainshaft.

(7) Guide front output shaft into bearing and drive
gear onto mainshaft drive gear (Fig. 231).

WG
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Fig. 230 Install Oil Pump Pickup Tube

1 - OIL PUMP PICKUP TUBE
2 - FRONT CASE HALF

T
o
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1932172

Fig. 231 Installing Drive Chain, Front Output Shaft
And Drive Gear

- FRONT OUTPUT SHAFT
- DRIVE CHAIN

- MAINSHAFT

- DRIVE GEAR

A WN P
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(8) Install drive gear snap-ring (Fig. 232).

80bbbebe

Fig. 232 Install Output Shaft Drive Gear Snap-ring

1 - REAR OUTPUT SHAFT DRIVE GEAR SNAP-RING
2 - REAR OUTPUT SHAFT

PROGRESSIVE COUPLING

(1) Install progressive coupling (Fig. 233).

(2) Install the progressive coupling thrust washer
(Fig. 234) over the output shaft and against the cou-
pling.

(3) Install the progressive coupling snap-ring (Fig.
235) onto the output shaft.

80bbbces

Fig. 233 Install Progressive Coupler

1 - PROGRESSIVE COUPLING
2 - MAINSHAFT
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80bbbcd6

Fig. 234 Install Progressive Coupler Thrust Washer

1 - PROGRESSIVE COUPLING THRUST WASHER
2 - PROGRESSIVE COUPLING

80bbbc7e

Fig. 235 Install Progressive Coupler Snap-ring

1 - PROGRESSIVE COUPLING SNAP-RING
2 - PROGRESSIVE COUPLING
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OIL PUMP
(1) Install new O-ring on flanged end of oil pickup
tube.
(2) Install oil pump (Fig. 236).
(3) Install oil pump retaining snap-ring (Fig. 237).
(4) Insert oil pickup tube in pump (Fig. 238).

80bbbbdd

Fig. 236 Install Oil Pump

1 - OIL PUMP
2 - OIL PUMP PICKUP TUBE

80bbbaf9

Fig. 237 Install Oil Pump Snap-ring

1 - OIL PUMP SNAP-RING
2 - OIL PUMP

WG

80bbbb86

Fig. 238 Engage Oil Pump Tube to Oil Pump

1 - OIL PUMP PICKUP TUBE
2 - OIL PUMP

REAR CASE
(1) Install magnet in front case pocket (Fig. 239).

1-

MAGNET

Fig. 239 Installing Case Magnet

J8921-288
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(2) Clean sealing flanges of front case and rear
case with a wax and grease remover.

(3) Apply 3 mm (1/8 in.) wide bead of Mopar® gas-
ket maker or silicone adhesive sealer to mounting
flange of front case. Work sealer bead around bolt
holes as shown (Fig. 240).

, 80ba7a54

Fig. 240 Applying Sealer To Front Case Flange

1 - FRONT CASE FLANGE
2 - SEALER BEAD

(4) Align and install rear case on front case.

(5) Install case attaching bolts. Alignment bolts at
each end of case are only ones requiring washers
(Fig. 241).

(6) Tighten case bolts to 27-34 N-m (20-25 ft. Ibs.)

=

5|

1932113

Fig. 241 Alignment Bolt
1 - ALIGNMENT BOLT AND WASHER (AT EACH END OF CASE)

COMPANION FLANGE AND RANGE LEVER

(1) Install range lever, washer and locknut on sec-
tor shaft (Fig. 242). Tighten locknut to 27-34 N-m
(20-25 ft. Ibs.) torque.

(2) Install new seal washer on front output shaft
(Fig. 243).

(3) Lubricate flange hub with transfer case lubri-
cant and install flange on front shaft.

(4) Install new seal washer on front shaft.

(5) Install companion flange and new nut on front
output shaft.
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J9321-30

Fig. 242 Range Lever Installation - Typical

1 - RANGE LEVER
2 - WASHER
3 - LOCKNUT

19321-2

Fig. 243 Flange Seal Washer Installation
1 - YOKE SEAL WASHER

(6) Tighten flange nut to 122-176 N-m (90-130 ft.
Ibs.) torque. Use Tool C-3281 (Fig. 244), or similar
tool to hold flange while tightening flange nut.

80bd68a3

Fig. 244 Hold Companion Flange

1 - HOLDER C-3281
2 - BOLTS
3 - COMPANION FLANGE
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(7) Install companion flange and new nut on rear
output shaft.

(8) Tighten flange nut to 122-176 N-m (90-130 ft.
Ibs.) torque. Use Tool C-3281, or similar tool to hold
flange while tightening flange nut.

FINAL ASSEMBLY

(1) Position transfer case damper onto the transfer
case.

(2) Install the damper bolts (Fig. 245). Tighten
bolts to 41-54 N-m (30-40 ft. Ibs.) torque.

80bd6834

Fig. 245 Install Damper Bolts

1 - DAMPER
2 - TRANSFER CASE
3 - BOLTS

(3) Install drain plug. Tighten plug to 41-54 N-m
(30-40 ft. Ibs.) torque.

(4) Level transfer case and fill it with Mopar®
Transfer Case Lubricant. Correct fill level is to bot-
tom edge of fill plug hole.

(5) Install and tighten fill plug to 41-54 N-m
(30-40 ft. Ibs.) torque.
INSTALLATION
NOTE: If a replacement transfer case is being

installed, be certain the counter weight is installed
on the transfer case housing prior to installation.

(1) Install the transfer case on the transmission.
Torque the transfer case retaining nuts to 75 N-m (55
ft. Ibs.).

(2) Install the vent tube on the transfer case.

(3) Connect the transfer case shift cable on the
shifter arm.

(4) Using the jack, raise the transmission assem-
bly into position and install the (8) transmission sup-
port crossmember retaining bolts (Fig. 246). Torque
the bolts to 41 N-m (30 ft. Ibs.).
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Fig. 246 Transmission Support

Crossmember Position and Orientation

- TRANSFER CASE

- TRANSMISSION MOUNT RETAINING BOLTS (2 OF 4)

- EXHAUST SYSTEM SUPPORT BRACKET RETAINING BOLTS
- CROSSMEMBER RETAINING BOLTS

- TRANSMISSION

- CROSSMEMBER RETAINING BOLTS

O wWNE

(5) Install the rear driveshaft. Torque the bolts to
32 N'm (24 ft. Ibs.). Be certain to install the drive-
shaft in the same position as before removal.

—

80bc4e92
Fig. 247 Front Driveshaft Retaining Bolts

1 - TRANSFER CASE
2 - FRONT DRIVESHAFT RETAINING BOLTS
3 - REFERENCE MARK
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(6) Install the front driveshaft. Torque the bolts to
32 N'm (24 ft. Ibs.) (Fig. 247). Be certain to install
the driveshaft in the same position as before
removal.

(7) Install the (2) lower fan shroud retaining bolts.
Torque the bolts to 15 N-m (132 in. Ibs.).

SPECIFICATIONS

TRANSFER CASE - NV247

AUTOMATIC TRANSMISSION - W5J400

(8) Lower the vehicle on the hoist.
(9) Install the (2) upper fan shroud retaining bolts.
Torque the bolts to 15 N-m (132 in. Ibs.).
(10) Fill the transmission fluid to specification.

(11) Connect the negative battery cable.

TORQUE SPECIFICATIONS

21 - 135

DESCRIPTION N-m Ft. Lbs. In. Lbs.
Bolt, crossmember 41-47 30.2-34.7 -
Plug, Detent 16-24 11.8-17.7 -
Plugs, drainffill 41-54 30.2-39.8 -
Bolts, case half 27-34 19.9-25 -
Nut, companion flange 122-176 90-130 -
Lock-nut, shift 27-34 19.9-25 -
Nuts, T-case mount stud 33-41 24.3-30.2 -

SPECIAL TOOLS
TRANSFER CASE - NV247

Installer, Bearing - 5066

Installer, Seal - 6952-A

Installer, Bearing - 6953

Installer, Seal - C-3995-A
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Handle - C-4171

N
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<>

Remover, Bearing - C-4210

Remover, Bearing - L-4454

Cup, Installer - 8148

O

Installer, Bearing - 8128

Installer, Seal - 7884

WG
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DESCRIPTION

The 2.7L diesel Engine Control Module (ECM) con-
trols many different circuits in the fuel injection and
engine systems. If the ECM senses a problem with a
monitored circuit that indicates an actual problem, a
Diagnostic Trouble Code (DTC) will be stored in the
ECM’s memory, and eventually may illuminate the
MIL (Malfunction Indicator Lamp) constantly while
the key is on. If the problem is repaired, or is inter-
mittent, the ECM will erase the DTC after 40
warm-up cycles without the fault detected. A
warm-up cycle consists of starting the vehicle when
the engine is cold, then the engine is warmed up to a
certain temperature, and finally, the engine tempera-
ture falls to a normal operating temperature, then
the key is turned off.

Certain criteria must be met for a DTC to be
entered into ECM memory. The criteria may be a
specific range of engine rpm, engine or fuel tempera-
ture and/or input voltage to the ECM. A DTC indi-
cates that the ECM has identified an abnormal
signal in a circuit or the system.

There are several operating conditions that the
ECM does not monitor and set a DTC for. Refer to
the following Monitored Circuits and Non—Monitored
Circuits in this section.

ECM MONITORED SYSTEMS

The ECM can detect certain problems in the elec-
trical system.

Open or Shorted Circuit — The ECM will not
distinguish between an open or a short to ground,
however the ECM can determine if there is excessive
current on a circuit, such as a short to voltage or a
decrease in component resistance.

Output Device Current Flow — The ECM senses
whether the output devices are electrically connected.

If there is a problem with the circuit, the ECM
senses whether the circuit is open, shorted to ground
(=), or shorted to (+) voltage.

EMISSIONS CONTROL - 2.7L DIESEL 25-1
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Fuel Pressure: Fuel pressure is controlled by the
fuel injection pump and fuel pressure solenoid. The
ECM uses a fuel pressure sensor to determine if a
fuel pressure problem exists.

Fuel Injector Malfunctions: The ECM can deter-
mine if a fuel injector has an electrical problem. The
fuel injectors on the diesel engine are controlled by
the ECM.

ECM NON-MONITORED SYSTEMS

The ECM does not monitor the following circuits,
systems or conditions that could have malfunctions
that result in driveability problems. A DTC will not
be displayed for these conditions.

Cylinder Compression: The ECM cannot detect
uneven, low, or high engine cylinder compression.

Exhaust System: The ECM cannot detect a
plugged, restricted or leaking exhaust system.

Vacuum Assist: Leaks or restrictions in the vac-
uum circuits of the Exhaust Gas Recirculation Sys-
tem (EGR) are not monitored by the ECM.

ECM System Ground: The ECM cannot deter-
mine a poor system ground. However, a DTC may be
generated as a result of this condition.

ECM/PCM Connector Engagement: The ECM
cannot determine spread or damaged connector pins.
However, a DTC may be generated as a result of this
condition.

HIGH AND LOW LIMITS

The ECM compares input signals from each input
device. It has high and low limits that are pro-
grammed into it for that device. If the inputs are not
within specifications and other DTC criteria are met,
a DTC will be stored in memory. Other DTC criteria
might include engine rpm limits or input voltages
from other sensors or switches. The other inputs
might have to be sensed by the ECM when it senses
a high or low input voltage from the control system
device in question.
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EXHAUST GAS
RECIRCULATION

DESCRIPTION

The EGR system reduces oxides of nitrogen (NOXx)
in the engine exhaust. This is accomplished by allow-
ing a predetermined amount of hot exhaust gas to
recirculate and dilute the incoming fuel/air mixture.

A malfunctioning EGR system can cause engine
stumble, sags, or hesitation, rough idle, engine stall-
ing and poor driveability.

OPERATION

The system consists of:

e An EGR valve assembly, located toward the rear
of the engine on the intake manfiold.

e An EGR solenoid, located in the left rear of
engine compartment near EGR valve. The EGR sole-
noid controls the “on time” of the EGR valve.

e The ECM operates the EGR solenoid. The ECM
is located inside the vehicle under the instrument
panel.

e The vacuum pump supplies vacuum for the EGR
solenoid and the EGR valve. This pump also supplies
vacuum for operation of the power brake booster and
the heating and air conditioning system. The pump is
located in the front of the engine block and is driven
by the exhaust camshaft.

e Vacuum lines and hoses connect the various
components.

When the ECM supplies a variable ground signal
to the EGR solenoid, EGR system operation begins.
The ECM will monitor and determine when to supply
and remove this variable ground signal. This will
depend on inputs from the engine coolant tempera-
ture, throttle position and engine speed sensors.

When the variable ground signal is supplied to the
EGR solenoid, vacuum from the vacuum pump will
be allowed to pass through the EGR solenoid and on
to the EGR valve with a connecting hose.

Exhaust gas recirculation will begin in this order
when:

e The ECM determines that EGR system opera-
tion is necessary.

e The engine is running to operate the vacuum
pump.

e A variable ground signal is supplied to the EGR
solenoid.

e Variable vacuum passes through the EGR sole-
noid to the EGR valve.

e The inlet seat (poppet valve) at the bottom of
the EGR valve opens to dilute and recirculate
exhaust gas back into the intake manifold.

The EGR system will be shut down by the ECM
after 60 seconds of continuous engine idling to
improve idle quality.



VALVE
DESCRIPTION

The egr valve is mounted to the intake manifold at
the left rear corner of the engine (Fig. 1).

EXHAUST GAS RECIRCULATION 25 -3
REMOVAL

(1) Remove engine cover (Refer to 9 - ENGINE -
REMOVAL).

(2) Disconnect EGR valve vacuum line (Fig. 2).
(3) Remove EGR valve retaining bolts and EGR
valve (Fig. 2).

80e482d8

Fig. 1 EGR COMPONENTS

1 - EGR VALVE
2 - EGR SOLENOID
3 - FUEL FILTER

OPERATION

The engines use Exhaust Gas Recirculation (EGR)
systems. The EGR system reduces oxides of nitrogen
(NOx) in engine exhaust and helps prevent detona-
tion (engine knock). Under normal operating condi-
tions, engine cylinder temperature can reach more
than 3000°F. Formation of NOXx increases proportion-
ally with combustion temperature. To reduce the
emission of these oxides, the cylinder temperature
must be lowered. The system allows a predetermined
amount of hot exhaust gas to recirculate and dilute
the incoming air/fuel mixture. The diluted air/fuel
mixture reduces peak flame temperature during com-
bustion.

80e482d8

Fig. 2 EGR COMPONENTS

1 - EGR VALVE
2 - EGR SOLENOID
3 - FUEL FILTER

INSTALLATION

(1) Clean EGR valve sealing surfaces.

(2) Lubricate o-ring and install egr valve in intake
manifold. Tighten EGR valve retaining bolts (Fig. 2).

(3) Connect vacuum line (Fig. 2).

(4) Install engine cover (Refer to 9 - ENGINE -
INSTALLATION).
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SOLENOID
DESCRIPTION

The EGR solenoid is mounted in the left-rear of the
engine compartment (Fig. 3). The EGR solenoid
serves two different functions. One is to control vac-
uum bleed-off of the EGR valve. The other is to con-
trol the “on time” of the EGR valve.

REMOVAL

(1) Disconnect negative battery cable.

(2) Disconnect EGR solenoid electrical connector.

(3) Disconnect EGR solenoid from engine vacuum
harness (Fig. 3).

(4) Remove EGR solenoid from bracket (Fig. 3).

80e482d8

Fig. 3 EGR COMPONENTS

1 - EGR VALVE
2 - EGR SOLENOID
3 - FUEL FILTER

INSTALLATION

(1) Position and install EGR solenoid onto bracket.

(2) Connect engine vacuum harness to EGR sole-
noid.

(3) Connect EGR solenoid electrical connector.

(4) Connect negative battery cable.
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DESCRIPTION - DIAGNOSTIC TROUBLE CODES

On the following pages, a list of DTC's is provided
for the 2.7L diesel engine. A DTC indicates that the
ECM has recognized an abnormal signal in a circuit
or the system. A DTC may indicate the result of a
failure, but most likely will not identify the failed
component directly. Refer to the appropriate diagnos-
tic manual for more information on diagnosis of trou-
ble codes.

ACCESSING DIAGNOSTIC TROUBLE CODES

A stored DTC can be displayed through the use of
the DRB 111® scan tool. The DRB I11® connects to the
data link connector. The data link connector is
located under the instrument panel near bottom of
the steering column (Fig. 1).

ERASING TROUBLE CODES

After the problem has been repaired, use the DRB
I11® scan tool to erase a DTC.

ENGINE CONTROL MODULE (ECM) - DRBIII® CODES

Fig. 1 Data Link Connector - Typical
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Generic Scan Tool Code DRB Il ® Scan Tool Display

P0O070 Ambient Air Temperature Circuit Signal Voltage Too High
Ambient Air Temperature Circuit Signal Voltage Too Low

P0100 Mass Air Flow Sensor Signal Voltage Too High
Mass Air Flow Sensor Signal Voltage Too Low
Mass Air Flow Sensor Supply Voltage Out of Range
P0105 Barometric Pressure Circuit Signal Voltage To High
Barometric Pressure Circuit Signal Voltage To Low

P0110 Charge Air Temperature Sensor Circuit Signal Too High
Charge Air Temperature Sensor Circuit Signal Too Low
P0O115 Engine Coolant Temperature Sensor Circuit Voltage To Low
Engine Coolant Temperature Sensor Circuit Voltage To High
P0190 Fuel Pressure Sensor Signal Voltage Too High
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Generic Scan Tool Code

DRB Ill ® Scan Tool Display

Fuel Pressure Sensor Signal Voltage Too Low
Fuel Pressure Sensor Signal Voltage Out of Range

P0201

Injector 1 Over Current Low Side
Injector 1 Over Current High Side
Injector 1 Load Drop

Injector 1 SL Error

P0202

Injector 2 Over Current Low Side
Injector 2 Over Current High Side
Injector 2 Load Drop

Injector 2 SL Error

P0203

Injector 3 Over Current Low Side
Injector 3 Over Current High Side
Injector 3 Load Drop

Injector 3 SL Error

P0204

Injector 4 Over Current Low Side
Injector 4 Over Current High Side
Injector 4 Load Drop

Injector 4 SL Error

P0205

Injector 5 Over Current Low Side
Injector 5 Over Current High Side
Injector 5 Load Drop

Injector 5 SL Error

P0235

Boost Pressure Sensor Plausibility

Boost Pressure Sensor Signal Voltage Too Low

Boost Pressure Sensor Signal Voltage Too High

Boost Pressure Sensor Signal Voltage Too High Or Low

P0243

Boost Pressure EVM Short Circuit
Boost Pressure EVM Open Circuit
Boost Pressure EVM Positive Governor Deviation
Boost Pressure EVM Negative Governor Deviation

P0335

Engine Speed Sensor

P0340

CMP Signal Frequency Too High
IAT Failure

IAT Dynamically Implausible
CMP Signal Static Defect

P0O380

Glow Plug Relay 1 Open Circuit
Glow Plug Relay 1 Short Circuit

P0382

Glow Plug Relay 2 Open Circuit
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Generic Scan Tool Code

DRB Ill ® Scan Tool Display

Glow Plug Relay 2 Short Circuit

P0403

EGR EVM Open Load
EGR EVM Short Circuit
EGR EVM Negative Governor Deviation

P0460

Fuel Level Sensor Signal Too Low
Fuel Level Sensor Signal Too High

P0500
test

Vehicle Speed Sensor Frequency Too High
Vehicle Speed Sensor Plausibility
Vehicle Speed Sensor Signal Voltage Too High

P0514

Battery Temperature Sensor Signal Too High
Battery Temperature Sensor Signal Too Low

P0520

Oil Pressure Sensor Signal Too High
Oil Pressure Sensor Signal Too Low
Oil Pressure Sensor Supply Out of Range

P0530

A/C Pressure Transducer Out of Range
A/C Pressure Transducer Signal Voltage Too High
A/C Pressure Transducer Signal Voltage Too Low

P0560

Battery Voltage Signal Too High
Battery Voltage Signal Too Low

P0O579

Speed Control Switch Signal Too High
Speed Control Switch Signal Too Low
Speed Control Switch Plausibility Error

P0O606

ECM Recovery Flag
ECM Redundant Monitoring
ECM Gate Array Monitoring

P0615

Starter Relay Circuit Short Circuit

P0620

Generator Battery Voltage Too Low
Generator Battery Voltage Too High
Generator Short Circuit

Generator Open Load

Generator High Current

Generator High Battery Voltage Difference
Generator Low Battery Voltage Difference

P0O641

ECM Sensor Supply Too High
ECM Sensor Supply Too Low

P0645

A/C Compressor Relay Control Open Load
A/C Compressor Relay Control Short Circuit
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Generic Scan Tool Code

DRB Ill ® Scan Tool Display

PO651

ECM Sensor Supply Too Low
ECM Sensor Supply Too High

P0685

ECM (ASD) Relay Control Circuit Shuts Off Too Early
ECM (ASD) Relay Control Circuit Shuts Off Too Late

P700

EGS Transmission Faults

Shift Solenoid A Electrical

Shift Solenoid B Electrical

Shift Solenoid C Electrical

Torque Converter Clutch Electrical
Pressure Control Solenoid Electrical
Pressure Control Solenoid B Electrical
Transmission Control System Electrical

pP702

Input Turbine Speed Circuit Malfunction

Selector Lever: Code Invalid or CAN Message Distorted or Position
Implausible

CAN: Right and Left Rear Wheel Speed Implausible or Inconsistent ABS -
Node or ABS Information Distorted

Transmission Fault

CAN: T - Case Information Implausible or Information Distorted
Torque Converter Lock - Up - Clutch

Gear Recognition Negative

P0O703

Brake Switch Signal Plausibility
Brake Switch Signal Plausibility After Initialization

P0836

4 Wheel Drive Switch Signal Too Low
4 Wheel Drive Switch Signal Too High
4 Wheel Drive Switch Plausibility Error 2
4 Wheel Drive Switch Plausibility Error 1

P0850

Park/Neutral Switch Signal Plausibility

P1130

Fuel Pressure Plausibility, Minimum Pressure at Eng Speed Too Low
Fuel Pressure Plausibility, Maximum Exceeded

Fuel Pressure Plausibility, Regulator Sticks

Fuel Pressure Plausibility, Leakage

P1131

Fuel Pressure Actuator Open Load
Fuel Pressure Actuator Short Circuit
Fuel Pressure Actuator Power Stage Error

P1205

Injector Classification Checksum Error
Injector Classification Invalid Injector Class

P1235

EGS Fuel Quantity Demand, Parity Error
EGS Fuel Quantity Demand, Toggle Bit
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Generic Scan Tool Code

DRB Ill ® Scan Tool Display

EGS Fuel Quantity Demand, Demand Not Plausible

P1242

CAN BUS Message Missing From EGS
CAN BUS Mute
CAB BUS

P1270

Swirl Actuator Short Circuit
Swirl Actuator Open Load
Swirl Actuator Diagnosis Ground Switching

P1499

Hydraulic Fan Solenoid Short Circuit
Hydraulic Fan Solenoid Open Load

P1511

Battery Sense 1 Too High
Battery Sense 1 Too Low

P1512

Battery Sense 2 Too High
Battery Sense 2 Too Low

P1536

Generator Excitation Current Too High

P1601

Injector Boost Capacitor Voltage 1 Too High
Injector Boost Capacitor Voltage 1 Too Low

P1605

Ignition Signal Plausibility After Initalization

P1606

After Run Test Failure, Zero Fuel Quantity
After Run Test Failure, Injector Power Stage

P1608

A to D Monitoring, RAM Test Failure
A to D Monitoring, Ground Connection to PPS Failure
A to D Monitoring, Test Voltage Failure

P1610

5 Voltage Supply Too High
5 Voltage Supply Too Low

P1643

Cabin Heater Relay Short Circuit
Cabin Heater Relay Load Open

P1651

J1850: IFR Error
J1850: Status Error

P1652

J1850 BUS Short to Plus

J1850 BUS Short to Ground

J1850 BUS Transmit Buffer Full

J1850 BUS Arbitration Error

J1850 BUS Internal SPI Transmission Error
J1850 BUS Receive Dead/PV Test

J1850 BUS Not Permitted Reset
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Generic Scan Tool Code

DRB Ill ® Scan Tool Display

P1680

EEPROM Fault Checksum

EEPROM Fault Checksum Error

EEPROM Fault Communication Error
EEPROM Fault Different Variation Number
EEPROM Fault Code Work Incorrect or Missing
EEPROM Fault VIN Write Error

P1685

SKIM Write Access to Secret Key in EEPROM Bad

SKIM Read Access to Secret Key in EEPROM RAM Mirror Bad
SKIM Timed Out During Communication

SKIM Received Invalid Key Code

P2120

Acc. Pedal Position Sensor Supply Out of Range
Acc. Pedal Position Sensor Plausibility With Brake Switch
Acc. Pedal Position Sensor Signal Too High

P2125

Accel Pedal Sensor Signal to High
Accel Pedal Sensor Supply Out of Range
Accel Pedal Sensor (PGS) Plausibility w/ PWG
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