Important Preliminary Checks
Checks
Before Using This Section

Visual and Physical Checks

Symptom

Action
Before using this section, you should have performed the On-Board Diagnostic
System Check and determined that:
1. The Control Module and the MIL (Malfunction Indicator Lamp) are operating
correctly.
2. There are no Diagnostic Trouble Codes (DTCs) stored, or a DTC exists but
without an MIL.
Several of the following symptom procedures call for a careful visual and physical
check. The visual and physical checks are very important. The checks can lead to
correcting a problem without further checks which may save valuable time.
• Check the Control Module grounds for being clean, tight and in their proper
location.
• Check the vacuum hoses for splits, kinks and proper connections, as shown
on the Vehicle Emission Control Information label.
• Thoroughly check the mounting areas of the intake manifold sealing surfaces
for any type of leak or restriction.
• Check the wiring for the following items:
• Proper connections
• Pinches
• Cuts
• The following symptom tables contain groups of possible causes for each
symptom and cover several engines. The following symptom tables cover
several engines. The order of these procedures is not important. If the scan
tool readings do not indicate the problems, then proceed in a logical order,
easiest to check or most likely to cause first. In order to determine if a
specific vehicle is using a particular system or component, refer to the Engine
Schematic and Routing Diagrams for an application.
Verify the customer complaint.
Locate the correct symptom table.
Check the items indicated under that symptom.

Intermittents
Checks
Before Using This Section

Visual and Physical Checks

Symptom

Action
Before using this section, you should have performed the On-Board Diagnostic
System Check and determined that:
1. The Control Module and the MIL (Malfunction Indicator Lamp) are operating
correctly.
2. There are no Diagnostic Trouble Codes (DTCs) stored, or a DTC exists but
without an MIL.
Several of the following symptom procedures call for a careful visual and physical
check. The visual and physical checks are very important. The checks can lead to
_j
correcting a problem without further checks which may save valuable time.
• Check the Control Module grounds for being clean, tight and in their proper
location.
• Check the vacuum hoses for splits, kinks and proper connections, as shown
on the Vehicle Emission Control Information label.
• Check thoroughly for any type of leak or restriction.
• Check for air leaks at all of the mounting areas of the intake manifold sealing
surfaces.
• Check the wiring for the following items:
- Proper connections
- Pinches
- Cuts
• The following symptom tables contain groups of possible causes for each
symptom and cover several engines. The following symptom tables cover
several engines. The order of these procedures is not important. If the scan
tool readings do not indicate the problems, then proceed in a logical order,
easiest to check or most likely to cause first. In order to determine if a
specific vehicle is using a particular system or component, refer to the Control
Module Wiring Diagrams for an application.
Verify the customer complaint.
Locate the correct symptom table.
Check the items indicated under that symptom.

Hard Start
Action
Checks
Definition: The engine cranks OK, but does not start for a long time. The engine does eventually run, or may start but
immediately dies.
Preliminary Checks
• Refer to Important Preliminary Checks.
• Make sure the driver is using the correct starting procedure.
• Check the Engine Coolant Temperature (ECT) sensor. Use the scan tool in
Sensor Checks
order to compare the engine coolant temperature with the ambient air
temperature on a cold engine. If the coolant temperature reading is more than
5 ” greater or less than the ambient air temperature on a cold engine, check
for a high resistance in the coolant sensor circuit or the sensor itself.
Fuel System Checks
• Check the Supply to injection pump. Refer to Fuel Supply System Check.
• Check for air in the fuel system.
• Check the fuel return from the injection pump.
• Check for engine shut-off solenoid operation. Refer to Control Module
Systems.
• Check the fuel injection nozzles.
• Check the fuel tank cap vent.
• Check for an internal injection pump problem

Hard Start (cont’d)
Action

Checks

Electrical System Checks
Air Intake System Checks

Exhaust System Checks

•
•
•
•
•
*

Check
Check
Check
Check
Check
Check

glow plug operation.
for slow cranking speed.
the air cleaner and air intake ducts for a restriction.
for a restriction in turbo charger inlet duct.
for a restriction in the intake manifold.
the exhaust system for possible restriction. Refer to Restricted Exhaust

System Check.

Engine Mechanical Checks

Additional Checks

Check the engine for the following:
- Improper valve timing
- Low compression
- Bent pushrods
- Worn rocker arms
- Broken or weak valve springs
- Worn camshaft lobes
• Check for no crank signal.
• Check the Service Bulletins for control module software updates.

Surges/Chuggles
Action
Checks
Definition: The engine has a power variation under a steady throttle or cruise. The vehicle feels as if it speeds up and
slows down with no change in the accelerator pedal.
Preliminary Checks
• Refer to Important Preliminary Checks.
• Be sure the driver understands the Torque Converter Clutch (TCC) operation.
• Be sure the driver understands the A/C compressor operation.
• Use the scan tool in order to make sure the reading of VSS matches the
vehicle speedometer. This excludes vehicles with electronic transmissions
where some variation between VSS and the speedometer is normal. Refer to
DTC P0501 Diagnostic Aids.
Check the fuel pressure while the condition exists. Refer to Fuel Supply System
Fuel System Checks
Check.

Additional Checks

• Check the
locations.
• Check the
16 volts.
• Check the
• Check the

control module grounds for being clean, tight, and in their proper
generator output voltage. Repair if less than 9 or more than
vacuum lines for kinks or leaks.
TCC operation.

Lack of Power, Sluggishness, or Sponginess
Acttioim
Definition: The engine delivers less than expected power. There is little or no increase in speed when partially applying the
accelerator pedal.
Preliminary Checks
• Refer to Important Preliminary Checks.
• Compare the vehicle with a similar unit. Make sure the vehicle has an actual
problem.
• Remove the air filter and check for dirt, or for air ducts being plugged or
clean. Replace as necessary.
• Check for a proper transmission shift pattern and down shift operation.
• Check the fuel quality. Refer to Specific Gravity Testing.
• Check the engine oil level and quality.
• Check the fuel supply to the injection pump and the fuel return from the
Fuel System Checks
injection pump. Refer to Fuel Supply System Check.
• Check the fuel pump operation.
° Check for malfunctioning fuel injection nozzles.
Exhaust System Checks
• Check the exhaust system for a possible restriction.
• Inspect the exhaust system for damaged or collapsed pipes.
Air Intake System Checks
• Check for an air leakage or restriction in the air inlet ducts or the intake
manifold.
• Check for a worn or damaged turbo charger turbine wheel, shaft or
compressor wheel.
Engine Mechanical Check
Check the engine for the following:
• Low compression.
• Improper valve timing.
• Improper or worn camshaft.
Additional Checks
• Check the control module grounds for being clean, tight, and in their proper
location. Refer to Component Locations.
• Check the torque Converter Clutch (TCC) operation.
• Check the A/C operation. Refer to A/C Request Circuit Check.
• Check the generator output voltage. Repair if less than 9 or more than
16 volts.
Checks

Fuel Knock/Combustion Noise
Action
Checks
Definition: A mild to severe ping, usually worse under acceleration. The engine makes sharp metallic knocks that change
with the throttle opening.
• Refer to Important Preliminary Checks.
Preliminary Checks
• Make sure the vehicle has an actual problem.
• Check the fuel quality. Refer to Specific Gravity Testing.
Cooling System Checks
• Check for obvious overheating problems. Refer to the appropriate service
manual.
• Check for a low engine coolant level.
• Check for a loose water pump belt.
• Check for any restricted air flow through the radiator, or restricted coolant flow.
• Check for a malfunctioning or incorrect thermostat.
• Check for a correct coolant solution. The solution should be a 50/50 mix of
anti-freeze and water.
Sensor Check
Check the Engine Coolant Temperature (ECT) sensor by using the scan tool in
order to compare the engine coolant temperature with the ambient air temperature
on a cold engine. If the coolant temperature reading is more than 5° greater or less
than the ambient air temperature on a cold engine, check for a high resistance in
the coolant sensor circuit or the sensor itself.
• Check for air leaks in the fuel supply to the injection pump. Refer to Fuel
Fuel System Checks
Supply System Check.

• Check the injection pump static timing. Refer to Checking/Adjust Injection
Timing.

Engine Mechanical Checks
Additional Checks

• Check the injection nozzles.
• Check for incorrect basic engine parts such as cam, heads, pistons, etc.
• Check for any excessive oil entering combustion chamber.
Check the Service Bulletins for control module software updates.

Cuts Out, Misses
Checks
Action
Definition: A steady or jerking that follows the engine speed, usually more pronounced as the engine load increases which
is not normally felt above 1500 RPM or 48 km/h (30 mph). The exhaust has a steady spitting sound at idle, low speed, or
hard acceleration for the fuel starvation that can cause the engine to cut-out.
Preliminary Check
Refer to Important Preliminary Checks.
• Perform a cylinder compression check. Refer to Engine Mechanical.
Engine Mechanical Checks
• Check the engine for the following:
- Improper valve timing
- Bent push rods
- Worn rocker arms
- Worn camshaft lobes
- Broken or weak valve springs Refer to Engine Mechanical.
• Check the intake and exhaust manifold passages for casting flash. Refer to
Engine Mechanical.
Fuel System Checks
• Check the fuel system for a plugged fuel filter, low fuel pressure, etc. Refer to
Fuel Supply System Check.

• Check for water contamination in the fuel.

Poor Fuel Economy
Action

Checks

Definition: Fuel economy, as measured by an actual road test, is noticeably lower than expected. Also, the economy is
noticeably lower than it was on this vehicle at one time, as previously shown by an actual road test.
Preliminary Checks

* Refer to Important Preliminary Checks.
v Check air cleaner filter for dirt or being plugged.
* Visually (physically) check: Vacuum hoses for splits, kinks, and proper
connections.
» Perform Powertrain On-Board Diagnostic System Check.
® Check the driving habits of the owner.
* Is the A/C ON full time (Defroster mode ON)?
* Are the tires at the correct pressure?
* Are excessively heavy loads being carried?
* Is the acceleration tod much, too often?
* Suggest to the owner to fill the fuel tank and recheck the fuel economy.
* Suggest to the driver to read the Important Facts on Fuel Economy in the
Owner Manual.

Fuel System Checks

• Check the fuel type and quality. Refer to Fuel Supply System Check

Cooling System Checks

* Check the engine coolant level.

• Check the fuel pressure. Refer to Fuel Pump Circuit Diagnosis.
* Check the engine thermostat for always being open or for the wrong heat
range.
Additional Checks

* Check the transmission shift pattern.
• Check the Torque Converter Clutch (TCC) operation. When the TCC is
commanded ON, a scan tool should indicate an RPM drop.
* Check the Service Bulletins for control module software updates.
• Check for dragging brakes.

Hesitation, Sag, Stumble
Action

Checks

Definition: The vehicle has a momentary lack of response when pushing down on the accelerator. The condition can occur
at any vehicle speed. The condition is usually most severe when trying to make the vehicle move, as from a stop sign.
The condition may cause the engine to stall if it is severe enough.
Preliminary Check
Fuel System Checks

Refer to Important Preliminary Checks.
• Check the fuel pressure. Refer to Fuel Pump Circuit Diagnosis.
• Check for water contamination in the fuel. Refer to Fuel Supply System

Check.
• Perform the Injector Balance Test.
» Check for low fuel pressure after a cold start or during moderate or full throttle
acceleration. If fuel pressure drops below specification, there is possibly a
malfunctioning fuel pump or a restriction in the fuel system.
Additional Checks

* Check the Service Bulletins for control module software updates.
• Check the generator output voltage.

Excessive Smoke
Checks
Action
Definition: White, black, gray or blue smoke under load, idle or start up hot or cold.
Preliminary Check
• Refer to Important Preliminary Checks.
• Make sure the customer has an actual problem.
• Check the fuel quality. Refer to Fuel Supply System Check
Fuel System Checks
• Check the injection pump.
• Check the injection pump timing. Refer to Checking/Adjust Injection Timing.
• Check the injection nozzles. Refer to Injection Nozzles.
Sensor Check
• Check the Engine Coolant Temperature (ECT) sensor. Use the scan tool in
order to compare the engine coolant temperature with the ambient air
temperature on a cold engine. If the coolant temperature reading is more than
5 * greater or less than the ambient air temperature on a cold engine, check
for a high resistance in the coolant sensor circuit or the sensor itself.
• Check the glow plug system operation.
Air Intake System Check
• Check the air cleaner and the air intake ducts for restriction.
• Check for a restriction in the turbocharger inlet duct.
• Check for a restriction in the intake manifold.
Engine Mechanical Check
• Check for incorrect basic engine parts such as the cam, the heads, the
pistons, etc.
• Check for excessive oil entering the combustion chamber.

Restricted Exhaust System Check
Diagnostic Aids
Proper diagnosis for a restricted exhaust system is
essential before any components are replaced. The
following procedure may be used for diagnosis:
1. Inspect the entire exhaust system for a
collapsed pipe, heat distress, or a possible
internal muffler failure.
2. If there are no obvious reasons for the
excessive backpressure, the catalytic converter
is suspected to be restricted and should be
replaced using current recommended
procedures. Refer to Engine Exhaust.
Air Cleaner Element
A restricted or leaking air intake system could cause
loss of power and engine damage.
• Inspect the air cleaner filter for damage or
excessive dirt accumulation. Replace if
necessary.
• Inspect the air inlet elbow and CDR tube for
dam age or cracks. Replace if necessary.
Refer to Maintenance and Lubrication of the
appropriate sen/ice manual for change intervals.
Operation of the vehicle in dusty areas will
necessitate more frequent replacement.

Cruise Control Diagnosis
Refer to PCM, A/C, HVAC.
Circuit Description
The Cruise control multi function lever is wired
directly to the PCM. The cruise on/off, set/coast and
resume/accel signals are inputs to the fuel control
portion of the PCM. These inputs allow the PCM to
control and hold a requested speed. The cruise can
be disengaged at anytime time by applying the
brakes. This input is sent to the PCM by the Cruise
Control Brake Switch. If the cruise is inoperative, and
no Cruise Control or Brake Switch DTC(s) are
stored, check for the following conditions:
• A malfunctioning Cruise multi function switch/
wiring harness (opens or malfunctioning
connections).
• The clutch pedal switch is stuck in the open
position.
Other conditions that will not allow the cruise control
to engage that do not pertain to the cruise system.
• The vehicle speed is below 25 MPH (if the
cruise control is already set, the cruise will
disengage at 20 MPH).
• The vehicle is in 4 wheel drive low.
• Any DTC that puts the vehicle in Back Up Fuel
Mode (Back Up Fuel Mode affects the fuel
control portion of the PCM). Refer to the
appropriate DTC.
• More than one Accelerator Pedal Position
(APP) DTC is set.

A/C Request Circuit Check
Refer to PCM, A/C, HVAC.
Circuit Description
The Cruise control multi function lever is wired
directly to the PCM. The cruise on/off, set/coast and
resume/accel signals are inputs to the fuel control
portion of the PCM. These inputs allow the PCM to
control and hold a requested speed. The cruise can
be disengaged at anytime time by applying the
brakes. This input is sent to the PCM by the Cruise
Control Brake Switch. If the cruise is inoperative and
no Cruise Control or Brake Switch DTC(s) are
stored, check for the following conditions:
• Malfunctioning cruise multi function switch/
wiring harness (opens or malfunctioning
connections).
• The clutch pedal switch stuck in the open
position.
Other conditions that will not allow the Cruise Control
to engage that are not the fault of the cruise system.
• The vehicle speed is below 25 MPH (if cruise is
already set, cruise will disengage at 20 MPH).
• The vehicle is in 4 wheel drive low.
• Any DTC that puts vehicle in Back Up Fuel
Mode (Back Up Fuel Mode affects the fuel
control portion of the PCM). Refer to the
appropriate DTC.
• More than one Accelerator Pedal Position
(APP) DTC is set.

Fuel System Contamination
Fungi and other microorganisms can survive and
multiply in diesel fuel if water is present. The fungi
can be present in any part of the fuel handling
system. These fungi grow into long strings and will
form into large globules. The growths appear slimy
and are usually black, green, or brown. The fungi
may grow anywhere in the fuel but are most plentiful
where diesel fuel and water meet. As the fuel is
agitated (when service station tanks are being filled),
fungi are distributed throughout the tank and may be
pumped into a vehicle.
Fungi use the fuel as their main energy supply and
need only trace amounts of water and minerals. As
they grow and multiply, they change fuel into water,
sludge, acids, and products of metabolism. The most
common symptom is fuel filter plugging; however,
various metal components (fuel tank, pipes, and
injection pump) can corrode.
Caution: To avoid personal injury, do not come
into physical contact with biocides.

If fungi have caused fuel system contamination, use
a diesel fuel biocide to sterilize the fuel system. Do
not exceed the dosage recommended on the label.
Discontinue the use of a biocide when towing a
trailer. It is permissible to have biocide in the fuel
when starting to tow, but do not add any biocide
while towing.

Steam cleaning may be necessary if most of the
fungus growth cannot be removed with biocides.
The presence of water or gasoline in diesel fuel may
also cause injection pump and nozzle damage.

Contamination Testing
This procedure checks for the presence of water and
gasoline in diesel fuel that may cause injection pump
and nozzle damage.
Remove the fuel filter element and inspect it.
• If water, gasoline or fungi/bacteria are not
present, end the inspection.
• If water or fungi/bacteria are present. Refer to
Cleaning Water from the Fuel System.
• If gasoline is present. Refer to Cleaning
Gasoline from the Fuel System.

Cleaning Water from the Fuel System
1. Disconnect the batteries.
2. Drain the fuel tank.
3. Remove the fuel tank (Refer to Fuel Tank
Replacement).
4. Remove the fuel sender unit (Refer to Fuel
Sender Assembly).

5. Inspect the fuel tank and the fuel sender for
rust, fungi or bacteria.
6. Clean the inside of the fuel tank and the fuel
sender with hot water.
7. Use compressed air in order to dry the fuel
tank and the fuel sender.
8. Disconnect the ends of the following lines:
• The lift pump suction line.
• The lift pump feed line.
• The fuel filter outlet line.
• The fuel filter drain line.
• The fuel return line.
9. Inspect each of the pipes.
10. Replace any rusted pipes.
11. Clean the inside of the fuel filter housing.
12. Dry the fuel filter housing with compressed air.
13. Dry the inside of each line with low pressure
air.
14. Remove the FUEL SOL fuse from the fuse
panel.
15. Install a new fuel filter element.
16. Install the fuel sender and the fuel tank
(add clean diesel fuel to 1/4 full).
17. Reconnect the following lines:
• The lift pump suction (both ends) lines.
• The lift pump feed (both ends) lines.
. The fuel filter drain line.
• The fuel return (at the injection pump) line.

18. Connect the fuel filter outlet and the fuel return
line at the fuel sender to the hoses that flow to
the metal containers.
19. Connect the batteries.
20. Use the scan tool in order to command the lift
pump ON.
21 . Operate the lift pump until clean fuel flows from
the fuel filter
outlet into a metalcontainer.
22. Connect the
hose from the fuelfilteroutlet
the injection pump inlet.
23. Open each injection line at its nozzle end and
crank the engine until clean fuel flows from it.
• Use two wrenches when loosening the
injection line fittings.
• Allow a maximum of 15 seconds cranking
time, followed by 1 minute of cranking motor
cooling time.
24. Tighten each injection line fitting at its nozzle.
Use two wrenches when tightening the injection
line fittings.
25. Install the FUEL SOL fuse in the fuse panel.
26. Start and run the engine for 1 minute while the
fuel flows from the fuel return line into a metal
container.
27. Stop the engine.
28. Connect the fuel return hose to the fuel sender.
29. Clean any fuel spillage from the engine.
30. Fill the fuel tank and add a biocide, if needed.

Cleaning Gasoline from the Fuel System
1. Drain the fuel tank.
2. Fill the fuel tank.
3. Remove the FUEL SOL fuse from the fuse
panel.
4. Remove the fuel filter outlet and connect it to a
hose that flows to a metal container.
5. Use a scan tool and command the lift pump
ON until clean fuel flows from the fuel filter
outlet into a metal container.
6. Connect the hose from the fuel filter outlet to
the injection pump inlet.
7. Install the FUEL SOL fuse into the fuse panel.
8. Attempt to start and run the engine for
15 minutes (If engine does not start, purge
the injection system).
9. Stop the engine.
10. Clean any fuel spillage from the engine.
11. Clear the engine of any DTCs.

Fuel Quality
Fuel quality may cause driveability problems such as
hesitation, lack of power, stall, no start, etc.

to

For best results, use Number 2-D diesel fuel
year-round (above and below freezing conditions) as
oil companies blend Number 2-D fuel to address
climate differences. Number 1-D diesel fuel may be
used in very cold temperatures (when it stays below
-18 "C (0 *F); however; it will produce a power and
fuel economy loss. The use of Number 1-D fuel in
warm or hot climates may result in stalling, poor
starting when the engine is hot and may damage the
fuel injection system.

Specific Gravity Testing
The fuel quality hydrometer provides a general
indication of fuel quality and should not be
considered scientifically accurate.
Fuel Oil Specific Gravity Requirements

API Gravity
1. Drain
steps
1.1.
1.2.

Number
2-Diesel
30 - 39

Number
1-Diesel
39 - 44

Tool
J 38641 B

the fuel filter housing by following the
below:
Stop the engine.
Place a container under the water drain
valve exit hose at the left front side of
the engine.
1.3. Open the drain valve.
1.4. Use a scan tool and command the fuel
lift pump ON.
1.5. Fill a 1 liter (0.946 quart) container with a
sample of fuel.
1.6. Close the drain valve.
2. Obtain a fuel quality hydrometer (J 38641 -B).
3. Fill the hydrometer with the fuel sample by
doing the following:
3.1. Squeeze the hydrometer bulb.
3.2. Submerse the hydrometer tip into the
sample.
3.3. Release the bulb, allowing fuel to enter
the glass tube until it completely floats
the glass bulb inside the tube.
3.4. Gently spin the hydrometer to relieve the
surface tension of the fuel sample. Read
the scale on the glass bulb at the point
where the top of the fuel sample
contacts it. By reading this value, it will
give a approximate fuel oil specific
gravity. Refer to tool instructions on how
to determine API Gravity.
4. Refer to Fuel Oil Specific Gravity Requirements
table. If the correct fuel is being used in the
conditions listed in Fuel Quality, and meets
number 1-Diesel or number 2-Diesel fuel oil
specific gravity requirements, fuel is OK. If not,
the fuel should be replaced.

Fuel Tank
The diagnosis of fuel odor may be a condition of
leaking fuel tank, filler neck or filler cap. A defective
filler cap, a plugged or pinched vent pipe can cause
a collapsed fuel tank. Loose mounting straps or
foreign material in tank may be the cause of a rattle
at the fuel tank.
Fuel Tank Leak Check
Caution: Before attempting a Fuel Tank Leak
Check, place a dry chemical (Class B) fire
extinguisher near the area. Before removing the
fuel tank for a suspected leak, make sure that
the fuel pipes or the tubes are not leaking onto
the tank. Once removed, make sure that the fuel
is not leaking around the fuel sender O-ring.
Failure to follow these precautions may result in
personal Injury.

1. This check requires the fuel sender and o-ring
to be installed.
2. Disconnect battery cables.
3. Drain the fuel tank. Refer to Draining Fuel
Tank.

4. Remove fuel tank. Refer to Fuel Tank.
5. Cap fuel feed tube and fuel return tube on fuel
sender.
6. Connect a piece of hose to the filler tube nipple
and plug opposite end.
7. Submerge tank in water or apply soap solution
to outside of tank.
8. Apply 35 kPa (5 psi) air pressure to the vent
hose of the fuel tank (a leak will show up as
bubbles).

Fuel Sender Assembly
The fuel sender should be checked for return
restrictions. For diagnosis of the pickup tube, refer to
Fuel Supply System Checks.

Fuel Strainer
The strainer is self cleaning and normally requires no
maintenance. Fuel stoppage at this point indicates
that the fuel tank contains an abnormal amount of
sediment or water and should be thoroughly cleaned.

Fuel Supply System Check
If the fuel supply system is not delivering enough
fuel, or air is being drawn into the fuel injection
system, driveability could be greatly effected or a
Cranks But Will Not Run symptom could exist. If
another diagnosis indicates, or if the fuel supply
system is suspected of not delivering enough fuel or
drawing air, the following systems should be
checked.
• Air leaks or restrictions on the suction side of
the fuel pump will seriously affect pump output.
• Restriction in the fuel return system.
• Make certain that there is sufficient fuel in the
tank.

• Check for leaks at all of the fuel connections
from the fuel tank to the injection pump.
• Tighten any loose connections.
• With the engine running, check all of the hoses
and the lines for flattening or kinks that would
restrict the flow of fuel.

Fuel Lift Pump Flow Check
1. Remove the FUEL SOL fuse.
2. Disconnect the pipe at the lift pump outlet
fitting.
3. Install a hose at the lift pump outlet fitting and
place a 1 liter (0.946 quart) container at the
hose in order to collect fuel.
4. Crank the engine and measure the amount of
fuel.
• If more than 0.24 liter (1/2 pint) in
15 seconds, refer to Fuel Supply
S ystem Check.

• If less than 0.24 liter (1/2 pint) in 15 seconds,
refer to Fuel Supply System Check.

Fuel Lift Pump Suction Line Check
1. Remove the fuel tank cap and repeat the Lift
Pump Flow Check.
• If the flow is more than 0.24 liter (1/2 pint) in
15 seconds, replace the defective fuel tank
cap and refer to Fuel Supply S ystem Check.
• If the flow is less than 0.24 liter (1/2 pint) in
15 seconds, go to the next step.
2. Separate the lift pump suction line from the fuel
sender.
3. Connect the suction line to a source of clean
fuel by using an additional hose.
4. Repeat the Lift Pump Flow Check.
• If the flow is more than 0.24 liter (1/2 pint) in
15 seconds, remove the fuel sender and
check it for restriction.
• If the flow is less than 0.24 liter (V2 pint) in
15 seconds, Go to Step 5.
5. Check the lift pump suction line for restriction.
• If restriction exists, repair it and recheck lift
pump flow.
• If no restriction exists, replace the lift pump
and recheck the lift pump flow. Refer to Fuel
Pump Circuit Diagnosis.

6. Attach the lift pump suction line to the fuel
sender.

Fuel Lift Pump Pressure Check
1. Install a tee adapter at the injection pump.
2. Connect a pressure gauge with the dial
indication of 0-103 kPa (0 to 15 psi) to the
tee adapter.
3. Start the engine and measure the fuel pressure.
• If the fuel pressure is a least 4 psi (27 kPa)
continue to step 4.
• If the pressure is less than 4 psi, refer to
Fuel Pump Circuit Diagnosis before replacing
the lift pump.

4. Remove the pressure gauge and the tee

adapter.
5. Connect the inlet pipe.
6. Clean any fuel spillage.
7. Operate the engine and check for any fuel
leaks.

Fuel System Air Leak Check
1. Install a transparent hose between the filter
outlet and the injection pump inlet.
2. Start and idle the engine, observing the fuel for
air bubbles.
• If air bubbles are not present, stop the
engine and Go to Step 6.
• If air bubbles are present, stop the engine
and Go to Step 3.
3. Check the lift pump suction line for air leakage.
• Disconnect the fuel pipe from the fuel
sender.
• Plug the fuel pipe.
• Disconnect the fuel pipe from the lift pump.
• Install a hand held vacuum pump with a
gauge.
• Apply the vacuum to the fuel pipe and
observe the gauge reading.
- If the vacuum does not drop, connect the
fuel pipe and Go to Step 4.
- If the vacuum drops, repair the air leak in
the suction line and install the suction line
pipe and the hose.
4. Check the fuel sender for air leakage.
• Remove the fuel tank.
• Remove the fuel sender from the fuel tank.
• Remove the strainer and plug the bottom
end of the pickup tube.
• Apply a vacuum to the upper end of the
pickup tube.
• Observe the gauge reading.
- If the vacuum does not drop (fuel inlet
side of sender is OK), install the fuel
sender and the fuel tank.
- If the vacuum drops, replace the fuel
sender, install the fuel tank, connect the
fuel pipe and Go to Step 5.
5. Start and run the engine.
6. Observe the fuel for air bubbles.
• If air bubbles are present, stop the engine
and recheck Steps 3 and 4.
• If air bubbles are not present, stop the
engine and Go to Step 6.
7. Remove the transparent hose and connect the
hose of the filter outlet to the injection pump
inlet fitting.
8. Disconnect the return hose at the injection
pump.
9. Install a transparent hose between the injection
pump and the hose of the return line.
10. Start and run the engine.

11. Observe the fuel for air bubbles.
Important: It is normal to se e small amounts of
bubbles during snap acceleration.
* If air bubbles are present, replace the
injection pump. Refer to Fuel Injection Pump.
• If air bubbles are not present, Go to
Step 10.
12. Stop the engine.
13. Remove the transparent hose and attach the
fuel return hose at the injection pump.
14. Clean any fuel spillage.
15. Run the engine to check for fuel leakage.

Fuel Lift Pump Electrical Circuit
When the key is first turned ON without the engine
running, the control module turns the fuel lift pump
relay ON during glow plug cycle. This builds up fuel
pressure quickly. If the engine is not started after the
glow plug cycle, the control module shuts the fuel lift
pump OFF and waits for engine rpm. As soon as the
engine is cranked, the control module turns the relay
ON and runs the fuel lift pump.
As a backup system to the fuel lift pump relay, the
fuel lift pump is also turned ON by an oil pressure
switch. When engine oil pressure reaches about
28 kPa (4 psi) through cranking, the oil pressure
switch will close to complete the circuit to the
fuel pump.
For the location of the fuel pump relay, refer
to On Vehicle Service. For diagnosis of the
lift pump electrical circuit, refer to Fuel Pump
Circuit Diagnosis.

Fuel Manager/Filter
Diagnosis of the fuel filter can be found in the
Contamination Testing Procedure. For diagnosis of
the Water in Fuel lamp circuit, refer to the Water in
Fuel Lamp Circuit Check.
Diagnosis of the fuel heater can be found in the Fuel
Heater Functional Check.
Fuel Lines/Hoses
The diagnosis of fuel odor may be a condition of a
leaking fuel feed, or return pipe or hose. Fuel pipes
that are pinched, plugged, or miss-routed may cause
restricted fuel delivery.
Fuel Injection System
Always begin diagnosis of the electronic fuel injection
system with the On-Board Diagnostic (OBD) System
Check before proceeding to any other diagnostics.
This will reduce diagnosis time and prevent
unnecessary replacement of parts. The On-Board
Diagnostic (OBD) System Check will give direction to
further diagnostics, such as Engine Cranks But Will
Not Run or a DTC Table. Diagnosis of electronic fuel
injection pump, including the fuel injection solenoid,
fuel solenoid driver, injection timing stepper motor
and engine shutoff solenoid also starts with the
On-Board Diagnostic (OBD) System Check.
If a driveability symptom exists, refer to the particular
symptom in the Driveability Symptoms.

Damage to the injection lines including chinking that
causes restrictions or leakage could effect driveability
or cause a DTC to set.

Injection Nozzles
If an injection nozzle is not properly delivering fuel
into the pre-combustion chamber of a cylinder,
driveability could be greatly effected, or a DTC could
be set. If other diagnosis indicates, or if the injection
nozzles are suspected of not properly delivering fuel,
they should be tested. Typically, a nozzle failure can
been detected by using the injector balance test.
Nozzle testing is comprised of the following checks:
• Injector Balance test (performed with scan tool).
• Nozzle opening pressure (see Important
statement).
• Leakage (see Important statement).
Injector Balance Test
An injector balance test is performed with the scan
tool. This test will properly identify a stuck closed or
noisy injector nozzle. Typically, a nozzle failure will
fall into this criteria.
1. Install scan tool.
2. Start and idle engine.
3. Perform injector balance test on each cylinder
(balance test refer to a specific cylinder).
If a suspect nozzle has been located, it can be
swapped with the adjacent cylinder and balance
test can be repeated as a check to positively
identify a faulty nozzle.
4. Locate and replace faulty nozzle and glow plug.
Nozzle Opening Pressure Test
Caution: When testing nozzles, do not place your
hands or arms near the tip of the nozzle. The
high pressure atomized fuel spray from a nozzle
has sufficient penetrating power to puncture flesh
and destroy tissue and may result in blood
poisoning. The nozzle tip should always be
enclosed in a receptacle, preferably transparent,
to contain the spray.

Important: Injector Nozzle Opening Pressure and
Leakage tests should only be performed on vehicles
with high mileage, engines that have been over
heated or on vehicles that pull heavy loads. False or
inaccurate readings can occur if the following tests
are not performed to the above criteria.
Important: Each test should be considered
independent of the others (for example, when
checking opening pressure, do not check for
leakage). If all of the following tests are satisfied, the
nozzle assembly can be reused. If any one of the
tests is not satisfied, the complete nozzle assembly
must be replaced. When performing the injection
nozzle tests, refer to the instructions provided with
the nozzle tester J 29075- B.
• Position a nozzle tester on a workbench.
• Install one nozzle on the tester fitting.
• Place a container under the nozzle that will
deflect the nozzle spray absorb the test fluid.

• Install two clear plastic hoses (1 in. long) over
the leak-off fittings.
• Close the shutoff valve at the pressure gauge.
• Operate the lever of the nozzle tester
repeatedly and briskly to fill and flush the
nozzle with test oil.
1. Open the shutoff valve at the pressure gage
one-quarter turn.
2. Depress the tester lever slowly. Note at what
pressure the needle of the pressure gage
stopped. The maximum observed pressure is
the opening pressure.
• Some nozzles may pop while other nozzles
may drip down (this is not leakage).
3. The opening pressure should not fall below the
lower limit of 105 bar (1500 psi) for naturally
aspirated engines and 117 bar (1700 psi) for
turbo-charged engines for used nozzles.
4. Replace nozzles which fall below the lower
limit.

Nozzle Leak Test
Caution: When testing nozzles, do not place your
hands or arms near the tip of the nozzle. The
high pressure atomized fuel spray from a nozzle
has sufficient penetrating power to puncture flesh
and destroy tissue and may result in blood
poisoning. The nozzle tip should always be
enclosed in a receptacle, preferably transparent,
to contain the spray.

Important: Injector Nozzle Opening Pressure and
Leakage tests should only be performed on nozzles
with high mileage, engines that have been over
heated or on vehicles that pull heavy loads. False or
inaccurate readings can occur if the following test
are not performed to the above criteria.

1 . Open the shutoff valve at the pressure gage

(1 turn).
2. Blow dry the nozzle tip.
3. Depress the lever of the manual test stand
slowly until the gage reads a pressure of
95 bar (1400 psi). Observe the nozzle tip.
A drop may form on the end of the nozzle
but should not drop off within a period of
10 seconds.
4. Replace the nozzle assembly if a drop falls
during the 10 seconds.

Fuel Return System Diagnosis
Any restriction in the fuel return system could greatly
effect driveability. If other diagnosis indicates or the
fuel return system is suspected of being restricted, it
should be tested.
1 . Disconnect the hose of the fuel return line at
the fuel sender.
2. Disconnect the hose of the fuel return line at
the injection pump, and connect a vacuum
pump with gauge to the hose.
3. Apply vacuum to the return line and observe
the gage reading:
• If vacuum does not build and hold, Go to
Step 4.
• If vacuum builds and holds, repair the return
line restriction.
4. Connect the fuel return line at the injection
pump and fuel sender.
5. Clean any fuel spillage.
6. Run the engine to check for fuel leakage.

Glow Plug System Check
Refer to PCM, DLC, Instrument Cluster, EBCM.
Circuit Description
The glow plug system is used to assist in providing
the heat required to begin combustion during engine
starting at cold ambient temperatures. The glow
plugs are heated before and during cranking, as well
as during the engine operation. The PCM controls
the glow plug ON times by monitoring coolant
temperatures and glow plug voltage. This system
check will check the glow plugs and the glow plug
feed circuit coming from the relay.

damage by cycling them ON for 3 seconds and then
OFF for 12 seconds. Most glow plug system failures
are covered by DTC P0380. If no DTCs are stored,
vehicle is hard to start and white smoke is present
during cranking or after the vehicle is started. The
most likely cause of failure is the glow plugs.

Test Description
Number(s) below refer to the number(s) on the
diagnostic table.
1. This step will make sure OBD system check is
performed.

Diagnostic Aids
If the glow plug relay is stuck in the ON position,
check for proper operation of glow plugs. When glow
plugs are commanded ON by the scan tool, an
internal PCM timer protects the glow plugs from

2. This step will make sure there are no other
DTCs stored that will affect the operation of the
glow plug system.

3. This step will check each glow plug for an
open.
4. This step will check each glow plug feed circuit
for an open.

Glow Plug System Check
Step

1

2

3

4

5

6

7

Action
Important: Before clearing DTCs use the scan tool
Capture Info to record freeze frame and failure records
for reference, as data will be lost when Clear Info function
is used.
Was the Powertrain Oh-Board Diagnostic (OBD) System
Check performed?
is DTC:
v P0117
• P0118
• P0380
stored as history or current codes?
1. Ignition OFF.
2. Disconnect all glow plugs.
3. With a test light connected to B+, probe the spade
terminal on each glow plug.
Do all glow plugs turn test light ON?
1. Ignition ON, engine OFR
2. Glow plugs still disconnected.
3. With a test light, jumper each glow plug connector
terminal to ground.
4. With a scan tool, command glow plugs ON.
Does each circuit turn the test light ON?
Replace ail glow plugs that do not turn ON the test light.
Refer to Glow Plugs.
Is action complete?
Repair open in each circuit that does not turn ON the test
light?
Is action complete?
Operate vehicle within the conditions under which system
was noted.
Does system operate properly?

Value(s)

Yes

■—

No

Go to Powertrain
Go to Step 2

OBD System
Check

Go to applicable
DTC table

Go to Step 3

Go to Step 4

Go to Step 5

Go to Step 7

Go to Step 6

:— \

—

■

—
Go to Step 7

—
Go to Step 7

—
System OK

Go to Step 1

CDR Valve Test
The purpose of the CDR valve is to maintain 0 to
4 inches of water vacuum in the crankcase at all
engine speeds, assuming that piston/ring combustion
blow by is not excessive (less than 4 cfm). Too little
vacuum will tend to force oil leaks.
The CDR valve is checked with a water manometer.
The U-tube manometer indicates pressure or
vacuum by the difference in the height of the
two columns of fluid.
If the crankcase vacuum is too high (greater than
4 in. water), dirt or dust can more likely be pulled
into the crankcase cavity (pulled through front/rear
crankcase seal, etc...) and contaminate the oil.
If the crankcase pressure is positive, engine oil
leaks are more likely to occur around engine seals
and gaskets.
1. Connect one end of the manometer to the
engine oil dipstick hole. The other end of the
manometer is vented to atmosphere.

2. Unplug rubber vent tube from turbo inlet elbow.
3. Run engine through no-load speed range
(gear selector in park) and observe manometer
readings. If manometer reading is +4 in. water
or less positive pressure, reconnect CDR
system and proceed to Step 4. If manometer
reading is higher than +4 in. water positive
pressure.
4. Install air cleaner.
5. Start engine and observe manometer reading.
It should read zero to one inch (Oin. —1in.)
of water (vacuum) at idle to approximately
3 -4 inches of water (vacuum) at 2000 RPM.
Add the amount that the manometer column
travels up, to the amount that the column
travels down to obtain total water pressure
(vacuum). An example of a manometer reading
is as follows: One-half inch above zero plus
one-half inch below zero equals one inch
vacuum reading (1/2 in. +1/2 in. =1 in.).

Repair Instructions
PCM Replacement/Programming
Service of the PCM should normally consist of
replacement of the PCM.
If the diagnostic procedures call for the PCM to
be replaced, it will be necessary to program the
EEPROM in the PCM using the procedure in
this section.

Removal Procedure
1. Remove negative battery cables. Refer to
Battery Disconnect Caution in General
Information.
2. Remove PCM from passenger compartment,
3. Remove connectors from PCM.
Important: To prevent possible electrostatic
discharge to the PCM, do not touch the
component leads, and do not remove integrated
circuit from carrier.
4. Remove PCM mounting hardware.

Installation Procedure
1. Install PCM mounting hardware.
2. Install connectors to PCM.
3. Install PCM in passenger compartment behind
glove box.
4. Install negative battery cables.
The MIL, antilock and brake lamps will continue
to be enabled until the PCM is programmed.
Once the programming is complete, the lamps
will be turned OFF and normal operation will
occur.
5. Refer to PCM Programming.
PCM Programming
1. Perform set up.
• Battery is charged.
• Ignition is ON.
• Battery/cig. Lighter connection secure.
• Data Link Connector attached.
2. Perform programming. Refer to up to date
Techline terminal/equipment for user
instructions.
3. After vehicle has been programed, operate
vehicle until coolant temperature is greater than
77 "C (170T ). This will allow the TDC Offset to
be programed (refer to PCM Programming
(TDC Offset) if necessary).
4. Check Data list for a TDC Offset.
5. If PCM fails to reprogram, do the following.
• Check all PCM connections.
• Check Techline terminal/equipment for latest
software version.
• Try again to reprogram PCM. If it fails again,
replace the PCM. Refer to PCM replacement.
PCM Programming (TDC Offset)
The PCM will automatically activate the TDC Offset
program when the engine coolant is greater than
7 7 ’C (170"F). If the PCM is not programmed with a
TDC Offset, a DTC P1214 will set.
ECT Sensor
Removal Procedure
1. Remove negative battery cable. Refer to
Battery Disconnect Caution in General
Information.
2. Drain cooling system below level of sensor.
3. Remove electrical connector releasing
locking tab.

4. Remove sensor.

Installation Procedure
1. Install sensor into engine.

2. Install electrical connector.
3. Refill coolant system.
4. Install negative battery cable.

APP Module
Removal Procedure
1. Remove negative battery cable. Refer to
Battery Disconnect Caution in General
Information.
2. Remove electrical connector.
3. Remove mounting bolts (3).
4. Remove sensor (2).

27611

Installation Procedure
1. Install the sensor (2) and mounting bolts (3).
Tighten
Tighten the mounting bolts to 1 N-m (10 lb in).
Refer to Fastener Notice.
2. Install electrical connector.
3. Install negative battery cable.

27611

Optical/Fuel Temperature Sensor
These sensors are only serviceable with electronic
fuel injection pump.

Crankshaft Position Sensor
Removal Procedure
1. Remove negative battery cable. Refer to
Battery Disconnect Caution in General
Information.
2. Remove sensor electrical connector.
3. Remove power steering pump. Refer to Power
Steering Pump Removal.
4. Remove sensor mounting bolt.
Important: Care must be taken when handling
the sensor. Damage to sensor will affect proper
operation of the injection timing control system.
5. Remove sensor from engine.
6 . Inspect sensor O-ring for wear, cracks or
leakage and replace if necessary.

Installation Procedure
1. Lube new O-ring with engine oil.
2. Install sensor in engine.
3. Install sensor mounting bolt.
Tighten
Tighten mounting bolt to 25 N-m (17 lb ft).
Refer to Fastener Notice.
4. Install sensor electrical connector.
5. Install negative battery cables.
6. Refer to PCM Programming (TDC Offset). This
procedure must be done when a crankshaft
position sensor is replaced.

IAT Sensor
Removal Procedure
1. Remove negative battery cable. Refer to
Battery Disconnect Caution in General
Information.
2 . Remove electrical connector.
3. Remove IAT sensor.

26952

Installation Procedure
1. Install IAT sensor.
2. Install electrical connector.
3. Install negative battery cable.

MAF Sensor
Removal Procedure
1. Loosen the turbocharger inlet duct clamp at the
intake duct.
2. Remove the MAF sensor electrical connector.

3. Loosen the air cleaner cover clips.

55485

4. Remove the air filter, MAF sensor, and intake
duct assembly from the air cleaner box.
5. Remove the air filter from the MAF sensor by
pulling them apart.
6. Loosen the intake duct clamp.

7. Remove the intake duct from the MAF sensor.
8. Remove the MAF sensor to air filter adapter.

Installation Procedure
1. Install the air filter adapter to the MAF sensor.
2. Install the intake duct to the MAF sensor.
3. Tighten the intake duct clamp.
4. Install the air filter onto the air filter adapter.

5. Install the air filter, MAF sensor, and intake duct
assembly into the air cleaner box.

63699

6. Fasten the air cleaner clips.

55485

7. Install the turbocharger inlet duct onto the
intake duct.
8. Tighten the clamp.

9. Fasten the MAF sensor electrical connector.

EGR Control Pressure Sensor
Removal Procedure
1. Remove negative battery cable. Refer to
Battery Disconnect Caution in General
Information.
2. Remove vacuum harness assembly.
3. Remove electrical connector.
4. Remove mounting bolts.
5. Remove sensor.

installation Procedure
1. Install mounting bolts with sensor.
Tighten
Tighten mounting bolts to 3.5 N m (27 lb in).
Refer to Fastener Notice.
2. Install electrical connector.
3. Install vacuum harness.
4. Install negative battery cable.

26954

Boost Sensor (Diesel)
Removal Procedure
1. Remove negative battery cable. Refer to
Battery Disconnect Caution in General
Information.
2. Remove electrical connector.
3. Remove mounting bolts.
4. Remove sensor.

Installation Procedure
1. Install port gasket on sensor.
2. Install the sensor.
3. Install mounting bolts.
Tighten
Tighten mounting bolts to 3.5 N-m (27 lb in).
Refer to Fastener Notice.
4. Install electrical connector.
5. Install negative battery cable.

W astegate Solenoid
Removal Procedure
1. Remove negative battery cables. Refer to
Battery Disconnect Caution in General
Information.
2. Remove electrical connector from the solenoid.
3. Remove vacuum hoses.
4. Remove solenoid mounting bolt.
5. Remove wastegate solenoid.

26958

Installation Procedure
1. Install wastegate solenoid.
2. Install wastegate mounting bolt.
3. Install vacuum hoses.
4. Install electrical connector.
5. Install negative battery cables.

Vehicle Speed Signal Buffer
The VSS buffer module is mounted in the instrument
panel. Refer to Engine Electrical.
Air Cleaner Element
Removal Procedure
1. Loosen clamp and separate air cleaner inlet
elbow from turbocharger inlet elbow.

2. Release the clips holding the air cleaner cover
to the housing.
3. Remove MAF sensor electrical connector
(L56 only).
4. Remove the air cleaner filter with air inlet elbow
attached.
5. Separate air inlet elbow from filter by pulling
apart.
• Inspect the CDR hose for cracks or binds.
• Inspect the air cleaner cover seals for
damage.
• Inspect the air cleaner filter for damage or
excessive dirt accumulation.
• A high capacity air filter can be used if
necessary (AC type A 1306C).

55485

Installation Procedure
1. Install the air inlet elbow on the filter by
pushing together (filter by pushing on
inlet elbow).
2. Install the air cleaner filter with the air inlet
elbow attached into the housing.
3. Install the MAF sensor electrical connector
(L56 only).
4. Install the air cleaner cover into the housing
and clip into place.

5. Install air cleaner inlet elbow into turbocharger
inlet elbow.
6. Tighten elbow clamp.

Tighten
Tighten elbow clamp to 5 N-m (45 lb in).

Air Cleaner
Removal Procedure
1. Loosen the clamp and separate the air cleaner
inlet elbow from the turbocharger inlet elbow.

2. Release the clips holding the air cleaner cover
to the housing.
3. Remove MAF sensor electrical connector
(L56 only).
4. Remove air filter with air cleaner inlet elbow
attached.

55485

5. Remove the air cleaner assembly mounting
bolts.
6. Remove the air cleaner assembly.
• Inspect air cleaner filter for damage or
excessive dirt accumulation. Replace if
necessary.
• Inspect air inlet elbows and CDR hose for
damage or cracks, replace if necessary.

55483

Installation Procedure
1. Install the air cleaner assembly.
2. Install the air cleaner assembly mounting bolts.
Tighten
Tighten the mounting bolts to 25 N-m (19 lb ft).

3. Install air cleaner filter with inlet elbow attached.
4. Install air cleaner cover to the housing and clip
the air cleaner cover into place.
5. Install MAF sensor electrical connector (L56
only).

6. Install air cleaner inlet elbow to the
turbocharger inlet elbow and tighten clamp.
Tighten
Tighten the inlet elbow clamp to 5 N.m
(45 lb in).
Refer to Fastener Notice.

Draining Water from Fuel Manager/Filter
1. Turn OFF the engine and apply the parking
brake.
2. Place a suitable container under the filter drain
hose.
3. Open the drain valve (3).
4. Start the engine and allow it to idle for one
minutes or until clear fuel is observed.
5. Close the drain valve (3) and stop the engine.
6 . Dispose of the drained mixture in a proper
manner.

Fuel Filter Element Replacement
Removal Procedure
1. Remove fuel tank filler cap.
2. Remove upper intake cover.

3. Open air bleed valve on top of the fuel
manager/filter to release any pressure in the
fuel supply system.

4. Remove element nut by turning it in a
counterclockwise direction. If unable to turn by
hand, a strap wrench (oil filter type) may be
used to break loose the element nut.

5. Remove the filter by lifting it straight up and out
of the filter assembly. It is not necessary to
drain fuel from the filter assembly to change the
filter element since the fuel will remain in the
filter assembly’s cavity.

Installation Procedure
Important: Make sure the mating surface between
the element assembly and the filter assembly is
clean before installation.
1. Install the new filter by aligning the widest key
slot located under the element assembly cap
with the widest key in the header assembly.

55507

2. Push the element, in a downwards direction
until the mating surfaces make contact.
3. Install the element nut.

Tighten
Tighten the element nut securely by hand.
Refer to Fastener Notice.
4. Bleed air from fuel manager/filter. Refer to
Bleeding A ir from Fuel Supply System.

5. Install the upper intake manifold cover.
6. Install fuel tank filler cap.

55489

Bleeding Air from Fuel Supply System
Caution: The Water/Diesel Fuel Mixture Is
Flammable, And Could Be Hot. To Help Avoid
Personal Injury and/or Property Damage, Do Not
Touch The Fuel Coming From The Drain Hose,
And Do Not Expose The Fuel To Open Flames Or
Sparks. Be Sure You Do Not Overfill The
Container. Heat (Such As From The Engine) Can
Cause The Fuel To Expand. If The Container Is
Too Full, Fuel Could Be Forced Out Of The
Container. This Could Lead Risk Of Personal
Injury and/or Vehicle Damage.

1. Open the air bleed valve on top of the fuel
manager/filter.
2. Connect a hose to the air bleed valve located
on top of the fuel manager/filter and place the
other end of the hose into a suitable container.
3. Remove the FUEL SOL (U/H relay center) fuse.

4. Crank theengine in 10 to 15 second intervals
until clear fuel is observed at the air bleed hose
(wait for one minute between cranking intervals
to cool down starter motor).
5. Close the air bleed valve.
6. Install the FUEL SOL fuse.
7. Start the engine and allow to
runfor 5 minutes
at idle.
8. Check for fuel leaks.
9. Clear all engine DTCs.

Fuel Manager/Filter Replacement
Removal Procedure
1. Remove the fuel tank filler cap.
2. Remove the upper intake manifold cover.

55489

3. Open air bleed valve on top of the fuel
manager/filter to release any pressure in the
fuel supply system.

c

4. Remove the mounting bolts which attach the
fuel manager/filter to the intake manifold.

55513

5. Remove the wiring harnesses and fuel hoses.
6. Remove the fuel manager/filter by lifting
straight up.

55514

Installation Procedure
1. Install the fuel hoses and wiring harnesses.
2. Position fuel manager/filter to intake manifold.

3. Install the wiring harnesses and fuel hoses.

55514

4. Install the fuel manager/filter mounting bolts.
Tighten
Tighten the mounting bolts to 25 N m (18 lb ft).
Refer to F astener Notice.
5. Bleed air from fuel manager/filter. Refer to
Bleeding A ir from F u e l S upply System.

6. Install the upper intake manifold cover.
7. Install fuel tank filler cap.

Water-in-Fuel Sensor
Removal Procedure
1. Remove the upper intake manifold cover.

55489

2. Open air bleed valve on top of the fuel
manager/filter to release any pressure in
the fuel supply system.

3. Remove the mounting bolts that connect the
fuel manager/filter to the intake manifold.

4. Remove the wiring harnesses and fuel hoses.
5. Remove the fuel manager/filter by lifting
straight up.

6. Remove the sensor mounting screws.

7. Remove the sensor.

55517

Installation Procedure
1. Install new water in fuel sensor and a new
water in fuel sensor seal.

2. Instal the sensor mounting screws.
Tighten
Tighten the mounting screws to 2 N-m
(13 lb in).
Refer to F astener Notice.

3. Position the fuel manager/filter to the intake
manifold.

4. Install the wiring harnesses and fuel hoses.

5. Install the mounting bolts that connect the fuel
manager/filter to the intake manifold.
Tighten
Tighten the mounting bolts to 25 N.m (18 lb. ft.).
6. Bleed air from fuel manager/filter if necessary.
Refer to Bleeding A ir from F ue l S u pp ly System.

7. Install the upper intake manifold cover.

Fuel Heater (Diesel)
Removal Procedure
1. Remove the upper intake manifold cover.

2. Open air bleed valve on top of the fuel
manager/filter to release any pressure in
the fuel supply system.

3. Remove the mounting bolts that connect the
fuel manager/filter to the intake manifold.

4. Remove the wiring harnesses and fuel hoses.
5. Remove the fuel manager/filter by lifting
straight up.

55514

6. Remove fuel heater threaded nut by using hand
pressure or a strap wrench.
7. Remove fuel heater from the filter housing.
8. Clean fuel heater to housing sealing surfaces.

55494

Installation Procedure
1.
2.
3.

Install the cap
Install the fuel
Install the cap
Tighten

seal (8) into
heater (10).
nut (9).

filter housing.

Tighten cap nut securely by hand.
Refer to Fastener Notice.
4. Install fuel manager/filter. Refer to Fuel
Manager/Filter Replacement.
5. Bleed air from fuel manager/filter. Refer to
Bleeding Air from Fuel Supply System.

27617

Draining Fuel Tank
Caution: Gasoline or gasoline vapors are highly
flammable. A fire could occur if an ignition
source is present. Never drain or store gasoline
or diesel fuel in an open container, due to the
possibility of fire or explosion. Have a dry
chemical (Class B) fire extinguisher nearby.
To drain the fuel tank is to remove as much fuel as
possible before servicing the fuel tank.
1. Disconnect the negative battery cables.
2. Use a hand operated pump device to drain as
much fuel as possible through the filler neck.
3. Remove fuel and reinstall filler cap.

Fuel Tank Suburban
Removal Procedure
1. Disconnect negative battery cables. Refer to
B a tte ry D isconnect C aution in General
Information.
2. Drain the fuel from the tank. Refer to D raining
F u e l Tank.

3. Raise the vehicle.
4. Remove the fuel tank off-road shield, if
equipped.

5. Loosen the filler neck hose clamp at the fuel
tank and disconnect the fuel tank filler neck
from the fuel tank.

18442

6. Support the fuel tank and remove the tank
straps and insulator strips, if equipped.

7. Lower fuel tank shield.

8. Lower the fuel tank. Disconnect the fuel feed
and vapor hoses. Disconnect the electrical
connections at the sender.

9

Remove the fuel sender assembly and seal
ring, using tool J 39765. Discard the old seal
ring. Purge the tank, if the tank is being
repaired.

Installation Procedure
1. Install the new seal ring and reinstall the
sender using tool J 39765.
2. Raise the tank slightly and reconnect the fuel
feed and vapor hoses and the electrical
connections at the sender.

3. Raise the tank fully.

4. Reinstall the fuel tank filler neck to the tank.
Tighten the clamp.

18442

Notice: The strap nuts must be tightened by steps,
alternating between the four nuts until the specified
torque is reached. Otherwise, the bottom of the tank
will flex upward and the fuel gage will indicate fuel
remaining in the tank when the tank runs dry.
5. Install the fuel tank brackets with insulator strips
in place.
Tighten
Tighten the strap nuts to 45 N-m (33 lb ft).
Refer to F astener Notice.

18311

6. Install the fuel tank off-road shield, if equipped.
7. Replenish the fuel in the tank. Reinstall the fuel
tank filler cap.
8. Reconnect the negative battery cable. If a
memory retention device was not used, please
reset (to the extent possible) all devices that
lost their memory after the battery was
disconnected.
9. Check for leaks.
9.1. Turn ON the ignition switch for
2 seconds.
9.2. Turn OFF the ignition switch for
10 seconds.
9.3. Again, turn the ignition switch to the ON
position.
9.4. Check for fuel leaks.

18322

Fuel Tank Tahoe/Yukon
Removal Procedure
1. Remove negative battery cable. Refer to
B a tte ry D isconnect Caution in General
Information.
2. Drain the fuel from the tank. Refer to D raining
F ue l Tank.

3. Raise the vehicle.
4. Remove the fuel tank off-road shield, if
equipped.

18318

5. Loosen the filler neck hose clamp at the fuel
tank.
6. Disconnect the fuel tank filler neck from the fuel
tank.

7. Support the fuel tank and remove the tank
straps and insulator strips, if equipped.

8.

Lower the fuel tank shield.

9.

Lower the fuel tank. Disconnect the fuel feed
and vapor hoses.
10. Disconnect the electrical connections at the
sender.

11. Remove the fuel sender assembly and seal
ring, using tool J 39765. Discard the old seal
ring. Purge the tank, if the tank is being
repaired.

Installation Procedure
1. Install the new seal ring and reinstall the
sender using tool J 39765.
2. Raise the tank slightly and reconnect the fuel
feed and vapor hoses and the electrical
connections at the sender.

3. Raise the tank fully.

18321

4. Reinstall the fuel tank filler neck to the tank.
Tighten the clamp.

18442

Notice: The strap nuts must be tightened by steps,
alternating between the four nuts until the specified
torque is reached. Otherwise, the bottom of the tank
will flex upward and the fuel gage will indicate fuel
remaining in the tank when the tank runs dry.
5. Install the fuel tank brackets with insulator strips
in place.
Tighten
Tighten the strap nuts to 45 N-m (33 lb ft).
Refer to F astener Notice.

18329

6. Install the fuel tank off-road shield, if equipped.
7. Replenish the fuel in the tank. Reinstall the fuel
tank filler cap.
8. Reconnect the negative battery cable. If a
memory retention device was not used, please
reset (to the extent possible) all devices that
lost their memory after the battery was
disconnected.
9. Check for fuel leaks.
9.1. Turn ON the ignition switch for
2 seconds.
9.2. Turn OFF the ignition switch for
10 seconds.
9.3. Again, turn the ignition switch to the ON
position.
9.4. Check for fuel leaks.
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Fuel Tank Extended Cab Side Tank
Removal Procedure
1. Disconnect negative battery cables. Refer to
B a ttery D isconnect C aution in General
Information.
2. Drain the fuel from the tank. Refer to D raining
F u e l Tank.

3. Raise the vehicle.
4. Loosen the filler neck hose clamp at the fuel
tank and disconnect the fuel tank filler neck
from the fuel tank.

5. Support the fuel tank and remove the tank
straps and insulator strips, if equipped.

6. Lower the fuel tank shield.

7. Lower the fuel tank.
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8. Disconnect the fuel hoses and lines. Disconnect
the electrical connections at the sender.

9. Remove the fuel sender assembly and seal
ring, using tool J 39765. Discard the old seal
ring. Purge the tank, if the tank is being
repaired.

Installation Procedure
1. Install the new seal ring.
2. Use tool J 3 97 65 in order to reinstall the
sender.

3. Raise the tank slightly and reconnect the fuel
hoses, the lines, and the electrical connections
at the sender.

4. Raise the tank fully.

5. Install the fuel tank shield.
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6. Reinstall the fuel tank filler neck to the tank.
7. Tighten the clamp.
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8. Install the fuel tank brackets with insulator strips
in place.

9.
10.
11.

12.

N o tic e : The strap nuts must be tightened by
steps, alternating between the four nuts until
the specified torque is reached. Otherwise, the
bottom of the tank will flex upward and the fuel
gage will indicate fuel remaining in the tank
when the tank runs dry.
Tighten
Tighten the strap nuts to 45N-m (33 lb ft).
Refer to F astener Notice.
Replenish the fuel in the tank.
Reinstall the fuel tank filler cap.
Reconnect the negative battery cable. If a memory
retention device was not used, please reset (to the
extent possible) all devices that lost their memory
after the battery was disconnected.
Check for leaks.
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Fuel Tank Pickup Side Tank
Removal Procedure
1. Remove negative battery cables. Refer to
B attery D isconnect C aution in General
Information.
2. Drain the fuel from the tank. Refer to D raining
F ue l Tank.

3. Raise the vehicle.
4. Loosen the filler neck hose clamp at the fuel
tank and disconnect the fuel tank filler neck
from the fuel tank.
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5. Support the fuel tank and remove the tank
straps and insulator strips, if equipped.

6. Remove the frame mounted bracket.

7. Lower the fuel tank shield.
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8. Lower the fuel tank.

9. Disconnect the fuel hoses and lines. Disconnect
the electrical connections at the sender.

10. Remove the fuel sender assembly and seal
ring, using tool J 39765. Discard the old seal
ring. Purge the tank, if the tank is being
repaired.

Installation Procedure
1. Install the new seal ring.
2. Use tool J 39765 in order to reinstall the
sender.

3. Raise the tank slightly and reconnect the fuel
hoses, the lines, and the electrical connections
at the sender.

4. Raise the tank fully.
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5. Install the fuel tank shield.

6. Reinstall the fuel tank filler neck on to the tank.
7. Tighten the clamp.
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8. Install the frame mounted bracket.

9.

10.
11.
12.

13.

Install the fuel tank brackets with the insulator
strips in place.

Notice: The strap nuts must be tightened by
steps, alternating between the four nuts until
the specified torque is reached. Otherwise, the
bottom of the tank will flex upward and the fuel
gage will indicate fuel remaining in the tank
when the tank runs dry.
Tighten
Tighten the strap nuts to 45 N-m (33 lb ft).
Refer to Fastener Notice.
Replenish the fuel in the tank.
Reinstall the fuel tank filler cap.
Reconnect the negative battery cable. If a memory
retention device was not used, reset (to the extent
possible) all of the devices that lost their memory
after the battery was disconnected.
Check for leaks.

Fuel Tank Cab and Chassis Side Tank
Removal Procedure
1.

Disconnect negative battery cables. Refer to
B a tte ry D isconnect C aution in General

Information.

2 . Drain the fuel from the tank. Refer to D raining
F ue l Tank.

3. Raise the vehicle.
4. Loosen the filler neck hose clamp at the fuel
tank and disconnect the fuel tank filler neck
from the fuel tank.

5. Support the fuel tank and remove the tank
straps and insulator strips, if equipped.
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6. Lower the fuel tank shield.

7. Lower the fuel tank.

8. Disconnect the fuel hoses and lines. Disconnect
the electrical connections at the sender.

9. Remove the fuel sender assembly and seal
ring, using tool J 39765. Discard the old seal
ring. Purge the tank, if the tank is being
repaired.

Installation Procedure
1. Install the new seal ring.
2. Use tool J 3 9765 in order to reinstall the
sender.

3. Raise the tank slightly and reconnect the fuel
hoses, the lines, and the electrical connections
at the sender.

4. Raise the tank fully.

5. Install the fuel tank shield.

6. Reinstall the fuel tank filler neck to the tank.
7. Tighten the clamp.

8. Install the fuel tank brackets with the insulator
strips in place.
N o tic e : The strap nuts must be tightened by
steps, alternating between the four nuts until
the specified torque is reached. Otherwise, the
bottom of the tank will flex upward and the fuel
gage will indicate fuel remaining in the tank
when the tank runs dry.

Tighten

9.
10.
11.

12.

Tighten the strap nuts to 45N-m (33 lb ft).
Refer to F astener Notice.
Replenish the fuel in the tank.
Reinstall the fuel tank filler cap.
Reconnect the negative battery cable. If a
memory retention device was not used, reset
(to the extent possible) all devices that lost their
memory after the battery was disconnected.
Check for leaks.

Fuel Tank Cab and Chassis Rear Tank
Removal Procedure
1. Disconnect negative battery cables. Refer to
B a ttery D isconnect C aution in General
Information.
2. Drain the fuel from the tank. Refer to D raining
F uel Tank.

3. Raise the vehicle.
4. Remove the fuel tank off-road shield, if
equipped.
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5. Loosen the filler neck hose clamp at the fuel
tank and disconnect the fuel tank filler neck
from the fuel tank.

6. Support the fuel tank and remove the tank
straps and insulator strips, if equipped.

7. Lower the fuel tank. Disconnect the fuel hoses
and lines. Disconnect the electrical connections
at the sender.

8. Remove the fuel sender assembly and seal
ring, using tool J 39765. Discard the old seal
ring. Purge the tank, if the tank is being
repaired.

Installation Procedure
1. Install the new seal ring.
2. Use tool J 3 97 65 in order to reinstall the
sender.
3. Raise the tank slightly and reconnect the fuel
hoses, the lines, and the electrical connections
at the sender.

4. Raise the tank fully.

5. Reinstall the fuel tank filler neck to the tank.
6. Tighten the clamp.

7.

Install the fuel tank brackets with the insulator
strips in place.
N o tic e : The strap nuts must be tightened by
steps, alternating between the four nuts until
the specified torque is reached. Otherwise, the
bottom of the tank will flex upward and the fuel
gage will indicate fuel remaining in the tank
when the tank runs dry.

Tighten
Tighten the strap nuts to 45N-m (33 lb ft).
Refer to F asten er Notice.

8.
9.
10.
11.

Install the fuel tank off-road shield, if equipped.
Replenish the fuel in the tank.
Reinstall the fuel tank filler cap.
Reconnect the negative battery cable. If a
memory retention device was not used, reset
(to the extent possible) all devices that lost their
memory after the battery was disconnected.
12. Check for leaks.
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Fuel System Cleaning

Removal Procedure
1. Remove the negative battery cable(s). Refer to
B attery D isconnect C aution in General
Information.
2. Remove the fuel from the tank. Refer to
D raining F uel Tank.

3. Remove the fuel tank.
4. Remove the fuel sender. Refer to F ue l S e nd er
Assem bly.

5. Clean the fuel tank.

Important: The fuel tank should be replaced if
it is rusted internally.
6. Remove the fuel strainer or replace if
necessary. Refer to F u e l Strainer.
7. Remove the fuel feed hose at the fuel lift
pump.

8. Remove the fuel return line at the injection
pump.
• Use low air pressure to blow out the lines
toward the rear of the vehicle.
• Replace the pipes if they are rusted
internally.
9. Remove FUEL SOL from fuse panel.
10. Remove the fuel filter. Refer to Fuel Filter
Element Replacement.

Installation Procedure
1. Install fuel sender. Refer to Fuel Sender
Assembly.
2. Install fuel tank.
3. Install fuel feed pipes at fuel lift pump.
4. Install clean diesel fuel into the tank until it is
1/4 full.
5. Install fuel tank cap.
6. Install negative battery cable.

7. Crank the engine for 15 seconds with one
minute cooling periods until clean fuel is
pumped out.
Important: Use a suitable container to catch
the fuel.
8. Install new fuel filter. Refer to Fuel Filter

12. Install the fuel return line to the injection pump.
13. Check for leaks.
14. Clear engine DTCs.

Gasoline in Fuel System
Engine Will Run or Start

Element Replacement.

1. Drain the fuel tank. Refer to D raining Fuel

9. Install a hose from the return line at the fuel
injection pump to a closed metal container with
a capacity of at least 8 liters (2 gallons).
10. Crank the engine for 15 seconds with one
minute cooling periods until clean fuel appears
at the return line.
11. Install FUEL SOL fuse in fuse panel.
• Crack open each injection line at the nozzle.
Use two wrenches to prevent nozzle
damage.
• Crank the engine for 15 seconds with one
minute cooling periods until clean fuel
appears from each nozzle.

Tank.

2. Fill the fuel tank with diesel fuel.
3. Run the engine for 15 minutes.
Engine Will Not Run

1. Drain the fuel tank. Refer to D raining Fuel
Tank.

2. Fill the fuel tank with diesel fuel.
3. Disconnect the engine shutoff solenoid

4.
5.

Tighten

Tighten the injection line to nozzle fitting to
25 N.m (18 lb ft).
Refer to Fastener Notice.
Important: Use two wrenches to prevent
nozzle damage.
• Start the engine and allow it to idle for
15 minutes.
Important: Make sure the fuel return line is
in the metal container and that the container
does not overflow.
• Remove the hose from the metal container.

6.
7.
8.
9.

10.
11.

connector.
Remove the fuel hose between the fuel
manager/filter and the injection pump.
Connect a hose to the fuel manager/filter outlet
and run it to a closed metal container.
Crank the engine for 15 seconds with one
minute cooling periods to purge gasoline from
the system.
Install the fuel hose between the fuel filter and
the injection pump.
Connect the engine shutoff solenoid connector.
Important: Check for leaks.
Start the engine.
Run the engine for 15 minutes.
Clear the engine DTCs.

Fuel Sender Assem bly
Removal Procedure
1. Remove fuel tank filler cap.
2. Disconnect the negative battery cable(s). Refer
to B a tte ry D isconnect C aution
3. Raise the vehicle on a hoist.
Notice: Extreme care must be used when
lowering the fuel tank. The fuel sender is made
of plastic and may be damaged when lowering
the fuel tank.
4. Remove the fuel tank.
5. Remove the sender unit by turning the cam
lock counterclockwise using tool J36608.
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Important: Do not dam age the rubber insulator or

the strainer.
6. Remove the sending unit by pulling up.
7. Inspect the attaching hose for signs of
deterioration.
8. Inspect the rubber sound insulation at the
bottom of the pump.
9. Inspect the strainer.

Installation Procedure
1. Install the sender assembly into the attaching
hose.
N otice : Do not fold or twist the strainer when
installing the sending unit. This action restricts
fuel flow.
2. Install the sending unit assembly into the fuel
tank.
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3. Insert a new O-ring seal.

4.
5.
6.
7.
8.

Install the cam lock assembly.
Turn the cam lock clockwise in order to lock it.
Install the fuel tank.
Connect the negative battery cable.
Check the system for leaks.

17406

Fuel Strainer
If the in-tank filter requires service, refer to Fuel
Sender Assembly.

Fuel Lift Pump
Removal Procedure
Caution: To reduce the risk of fire and personal
injury that may result from a fuel leak, always
replace O-ring seals exposed during component
services.

1. Remove negative battery cable(s). Refer to
Battery Disconnect Caution.
2. Loosen filler cap(s) to relieve tank pressure.

3. Remove electrical connector.
4. Clean both fuel pipe connections and
surrounding areas at fuel pump before
disconnecting to avoid possible contamination
of the fuel system.
5. Remove both fuel pipes from fuel pump.
6. Slide fuel lift pump out of bracket.

Installation Procedure
1. Install the fuel pipes.
2. Position the new pump in the pump bracket.
3. Install the fuel feed pipe and the suction pipe to
the fuel pump.
Tighten

4.

5.
6.
7.
8.

Use a backup wrench in order to prevent the
pump from turning. Tighten the fittings to
30 N.m (22 lb ft).
Refer to Fastener Notice.
Connect the harness connector.
Connect the negative battery cables.
Tighten the filler cap(s).
Bleed the air from the system.
Start the engine and check for leaks.

Fuel Pump Relay
Removal Procedure
1. Remove the protective cover (under hood
electrical center).
2. Remove the relay.
Installation Procedure
1. Install the relay.
2. Install the protective cover (under hood
electrical center).

Oil Pressure Switch
Removal Procedure
1. Remove the Fuel Filter/Manger. Refer to Fuel
Manager/Filter Replacement

2. Disconnect the electrical connector.
3. Remove the switch (1) using J 35748.

Installation Procedure
1. Install the Fuel Filter/Manger. Refer to Fuel
Manager/Filter Replacement.

2. Install the switch (1).
3. Connect the electrical connector.
4. Bleed fuel system. Refer to Bleeding A ir from
Fuel Supply System.
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Engine and Chassis Pipes and Hoses
Materials
Fuel Lines — These are welded steel tubes, meeting
GM Specifications 124-M, or its equivalent. Do not
use copper or aluminum tubing to replace steel
tubing. Those materials do not have satisfactory
durability to withstand normal vehicle vibration.
Coupled hose — These are not to be repaired and
are replaced only as an assembly.
Uncoupled Hose — Use only reinforced furl resistant
hose, made of Fluoroelastomer material. Do not use
a hose within 4 inches (100 mm) of any part of the
exhaust system, or within 10 inches (254 mm) of the
catalytic converter. The hose[prime ]s inside diameter
must match the outside diameter of the steel tubing.
Clamps — These are stainless steel, screw
bank-type clamps, #2494772, or equivalent.

Fuel Pipe Repair
1. Cut a piece of fuel hose 4 inches (100 mm)
longer than the Section of pipe to be removed.
If more than 6 inches (152 mm) is to be
removed, use a combination of steel pipe and
hose. The hose length should not be more than
10 total.
2. Cut a Section of the pipe to be replaced with
a tube cutter. Use the first step of a double
flaring tool to form a bead on the ends of the
pipe and, also, on the new Section of pipe,
if used.
3. Slide the hose clamps onto the pipe and push
the hose 2 inches (51 mm) onto each portion of
the fuel pipe. Tighten a clamp on each side of
the repair.
4. Secure fuel line to the frame.

Fuel Injection Components
Removing the fuel injection pump and injection lines
requires removing the intake manifold. Refer to
Intake Manifold.

5. Remove injection lines at the pump. Refer to
In je cto r Line Routing.

• Cap the lines and the pump fittings
immediately.
• Tag the lines for installation.

Injection Lines (Diesel)
Removal Procedure
Important: Clean all line fittings that will be loosened
or removed.
1. Remove negative battery cables. Refer to
Battery Disconnect Caution.

2. Remove intake manifold. Refer to Intake
Manifold Removal.
Important: Before any further service work is to
be done, cover the intake ports with J 29664- 1.
3. Remove injection line clips at the loom
brackets.
4. Remove injection lines at the nozzles.
• Cap the lines and nozzles immediately.
• Do not bend injection lines.

Installation Procedure
1. Install injection lines at the pump. Refer to
In je cto r Line Routing.

• Uncap the lines and pump fittings.
• Refer to the tags for correct installation.
• Install injection lines at the nozzles.
2. Uncap the lines and nozzles.
Tighten

3.
4.
5.
6.

Tighten fittings to 25 N.m (20 lb ft).
Refer to F asten er Notice.
Install injection line clips at the loom brackets.
Remove J 29664- 1.
Install intake manifold. Refer to Intake Manifold.
Install negative battery cables.

Fuel Injection Pump
Removal Procedure
1. Remove the negative battery cables. Refer to
B a tte ry D isconnect Caution.

2. Remove the intake manifold. Refer to Intake
Manifold Removal.
3. Remove the injection lines. Refer to Injection
Lines (Diesel).

4. Remove the fuel inlet line from the injection
pump.
5. Remove all necessary harness connectors and
hoses from the injection pump.
6. Remove the fuel return line at the top of the
injection pump.
7. Remove the oil fill tube.
8. Remove the grommet for oil filler tube.
9. Rotate the engine to gain access to the
bolts (1) that hold the driven gear to the
injection pump. Access is gained through
the oil filler neck hole.
10. Remove the driven gear bolts.
Important: Never engage the starter motor to
rotate the engine when the injection pump is
removed as severe engine damage will occur.
With the injection pump removed the pump
driven gear could jam in the front housing by
engaging the starter motor, resulting in a
sheared crankshaft or camshaft gear key and
possible valve train damage. Always bar the
engine over by hand to avoid internal engine
damage.

11. Remove the injection pump flange nuts. Use
wrench J 41069.
12. Remove the injection pump.
13. Cap all open lines and nozzles.
14. Remove the flange gasket.

Installation Procedure
1. Install the new flange gasket on the injection
pump.
2. Adjust locating stud (1) to proper position to
match with the slotted/elongated hole in
driven gear.
Important: Be sure the locating stud (1) on the
injection pump hub goes into the
slotted/elongated hole in the driven gear.

3. Install the injection pump making sure the
locating stud is positioned within the
slotted/elongated hole (3) in the driven gear.
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4. Install the injection pump flange nuts.
Tighten

Tighten nuts to 40 N.m (30 lb ft).
Refer to Fastener Notice.
Important: All driven gear bolts should not be
torqued until all bolts are installed. This will
allow for proper alignment of all bolt holes.
5. Install the driven gear bolts (1).
Tighten

6.
7.
8.
9.
10.
11.
12.
13.
14.

Tighten the bolts to 25 N.m (18 lb ft).
Install the grommet for oil filler tube.
Install the oil filler tube.
Install the fuel feed line at the injectionpump.
Install the fuel return line to the top of the
injection pump.
Install all necessary harness and connectors.
Install the injection lines. Refer to tags on lines.
Refer to Injection Lines (Diesel).
Install intake manifold. Refer to Intake Manifold
Installation.
Install negative battery cables.
Adjust injection timing. Refer to Checking/Adjust
Injection Timing.

Checking/Adjust Injection Timing
This procedure should be used after an injection
pump installation or when injection timing needs to
be checked or adjusted. A scan tool must be used
to check or adjust injection timing. A static timing
mark can be used as a reference. If a static timing
mark is not present on the injection pump mounting
flange, one can be scribed to further assist in how
far the injection pump needs to be rotated.
Injection Pump Timing Specification
(All Applications).

3.5 degrees average
Important: There will be no change in engine
performance or vehicle driveability if injection timing
is advanced during the Time Set procedure. Injection
timing must be set to Injection Timing Specifications.
If injection timing is not set correctly, a possible
DTC P0216 may set (see DTC P0216, Conditions for
setting the DTC).
1. Start engine.
2. Engine at operating temperature.
3. Install scan tool.
4. Use scan tool to activate Time Set (if Time Set
has been activated correctly, Des. Inj. Time on
scan tool will read 0.0 degrees).
Important: The Act. Inj. Time value on the
scan tool will fluctuate. The Average reading
should be 3.5 degrees.
5. Act. Inj. Time (scan tool display) should be
approximately 3.5 degrees. If not, continue to
Step 6.
Important: If engine stalls during Time Set
activation, slightly (1 mm equals 2 degrees)
rotate the injection pump toward the driver side
of the vehicle, tighten flange nuts and repeat
Time Set.
6. If the injection timing needs to be adjusted,
continue. If not, adjustment is complete.
Important: On 1997 models, move the A/C
compressor to the side to improve access to
the injection pump lower mounting bolts.
7. Engine OFF, loosen injection pump flange nuts
using J 41089.
8. Slightly rotate injection pump using J 29872.
9. Set Act. Inj. Time to 3.5 degrees.
Important: It is normal for Act. Inj. Time value
on scan tool to fluctuate. Average fluctuation of
Act. Inj. Time should be 3.5 degrees.
10. Continue to repeat until average fluctuation of
Act. Inj. time is 3 .5 ”.
• If Act. Inj Time is above 3.5 degrees
SLIGHTLY (1 mm equals 2 degrees)
ROTATE INJECTION PUMP TOWARDS
THE PASSENGER SIDE OF VEHICLE.
• If Act. Inj time is below 3.5 degrees,
SLIGHTLY (1 mm equals 2 degrees)
ROTATE INJECTION PUMP TOWARD
DRIVERS SIDE OF VEHICLE.

TDC O ffset
This procedure should only be used when a DTC
has directed you to or one of the following repairs
has been performed:
• A DTC 1214 is set.
• The engine has been replaced.
• The front engine cover has been replaced.
• The PCM and the Injection pump have been
replaced.
The PCM has the ability to perform a TDC Offset
learn when one is not present or has been cleared.
This procedure allows the PCM to be updated with
the correct TDC offset for the vehicle.
Important: The TDC Offset specification is only to
be used after the Clear and Learn procedure has
been performed.
TDC Offset Specification (All Applications)

-0.25 to -0.75
Clearing and Learning TDC Offset

1. One of the above repairs has been performed.
If not, do not continue. Refer to On Vehicle
Service for repair that was performed.
2. Install the scan tool.
3. Start the engine.
4. Operate the vehicle until the engine coolant
temperature is greater than 77 "C (170'F).
5. Clear all DTCs.
6. Turn the Ignition ON with the engine OFF.
7. Hold the accelerator pedal in the wide open
throttle position for a minimum of 45 seconds
(this step prepares the PCM to activate the
offset learn (internal).
8. Turn the ignition OFF for 30 seconds. In this
step, the PCM is being powered down.
9. Start the engine.
• Verify in the scan tool that ECT is greater
than 77 ° C (170' F). If not, operate vehicle
until desired ECT is achieved (vehicle can
be driven or throttle can be depressed until
correct coolant temperature is achieved).
• As soon as ECT is greater than 77" C
(170'F) and the engine speed is below
1500 RPMs, the PCM automatically learns
a new offset.
10. A new offset will over write the previous one.
The TDC Offset should be between -0.25 and
-0.75. If the TDC Offset is within the specififed
value, the procedure is complete, If not,
continue to the next step (adjusting the
injection pump).
11. Turn the engine OFF.
12. Loosen injection pump flange nuts using
J 41089.

13. Slightly (1 mm equals 2 degrees) rotate the
injection pump (use tool J 29872 to rotate
injection pump) and tighten injection pump
flange nuts.
Rotate pump toward driver side; a positive (+)
number, rotate toward passenger side (1 mm
equals 2 degrees) in order to achieve a
negative (-) number.
14. Repeat steps 3 through 11 until correct TDC
Offset has been achieved. Its possible that the
injection pump may be adjusted multiple times
until the specified value is achieved.
Important: If you are unable to set the correct
TDC Offset, check the following:
• Check to see if coolant temperature is
greater than 77" C (170’ F).
• Check all PCM and injection timing
stepper motor connections.
• Check the Techline terminal/equipment for
the latest software version.

• Check for proper base installation of the
injection pump (injection pump ESO
solenoid should be approximately straight
up and down).
• If all checks have been performed, the
injection pump may be malfunctioning,
however, this is an extremely unlikely
failure.
15. Remove negative battery cable(s). Refer to
Battery Disconnect Caution

16.
17.
18.
19.
20.

Remove
Remove
Remove
Cap the
Remove

fuel line clip.
fuel return hoses (1) from nozzle (2).
fuel injection line.
nozzle and lines.
injection nozzle (2) using J 29873.

Installation Procedure
important: When installing an injection nozzle, use
J 29873. Install the nozzle using the 30 mm hex
portion. Failure to do so will result in damage to the
injection nozzle.
1. Install injection nozzle using J 29873 (apply anti
seize compound to threads of nozzle that
contact the cylinder).
Tighten

Tighten nozzle to 70 N-m (50 lb. ft.).
Refer to Fastener Notice.
2. Fuel injection line.
Tighten

Tighten nut to 25 N-m (20 lb. ft.).
3. Install fuel return hoses (1) on nozzle (2).
4. Install fuel line clip.
5. Install negative battery cables.

Glow Plug Relay
Removal Procedure
1. Remove the negative battery cable. Refer to
Battery Disconnect Caution.
2. Remove the upper intake manifold cover.

3. Remove the wiring harness connector to the
relay.
4. Remove the glow plug wiring harness wires.
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5. Remove the relay mounting bolts.

I

6. Remove the relay from the studs on the engine.

Installation Procedure
1. Install the relay to the studs on the engine.

2. Install the relay mounting nuts.
Tighten

Tighten the nuts to 42 N.m (31 lb ft).
Refer to Fastener Notice.

3. Install the wiring harness connector to the relay.
4. Install the glow plug wiring harness nuts.
Tighten

Tighten the nuts to 5 N-m (44 lb. in.).
5. Install the upper intake manifold cover.
6. Install the negative battery cables.
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Glow Plugs
R em oval P ro ced u re
Left Side of Vehicle

1. Remove the negative battery cable(s). Refer to
Battery Disconnect Caution in General
Information.
2. Remove the glow plug lead wires using
J 39083 glow plug connector remover and
installer.
Notice: Serious engine damage will occur if the
damaged glow plug is not retrieved from the
cylinder. There are two methods that are used
in order to remove glow plugs with blistered or
swollen heater coil sheaths.
Method I

1. Remove the injector nozzle from the failed
glow plug cylinder.
2. Place a shop towel in the precup chamber
in order to capture the glow plug tip when
it breaks off from the glow plug shell upon
removal (this will keep the tip from
dropping into the cylinder).
3. Use a pair of needle nose pliers (or other
griping device) in order to grasp the tip
and remove it from the precup chamber.
4. Remove the shop towel and reinstall the
injector nozzle.
Method II

If the glow plug tip has already broken off the
glow plug and it is not retrievable from the
precup chamber, then the cylinder head must
be removed so that the tip can be retrieved
from the piston cylinder. Refer to cylinder head
removal.
3. Remove the glow plugs from cylinders 1, 3, 5
and 7.

Right Side of Vehicle

1. Raise the vehicle.
2. Remove the right front tire.
3. Remove the splash shield from the right front
wheel well.
4. Remove the lead wire from the glow plug in the
2 cylinder.
5. Remove the lead wires for glow plugs in
cylinders 4 and 6 at the harness connectors.
6. Remove the heat shroud for the glow plug in
cylinder 4.
7. Remove the heat shroud for cylinder 6.
• Slide the shrouds back far enough to allow
access for unplugging the wires at cylinder 4
and 6 glow plugs.
• Use J 39083 to disconnect the glow plug
wires.
Notice: Serious engine damage will occur if the
damaged glow plug is not retrieved from the
cylinder. There are two methods that are used
in order to remove glow plugs with blistered or
swollen heater coil sheaths.
Method I

1. Remove the injector nozzle from the failed
glow plug cylinder.
2. Place a shop towel in the precup chamber
in order to capture the glow plug tip when
it breaks off from the glow plug shell upon
removal (this will keep the tip from
dropping into the cylinder).
3. Use a pair of needle nose pliers (or other
griping device) in order to grasp the tip
and remove it from the precup chamber.
4. Remove the shop towel and reinstall the
injector nozzle.
Method II

If the glow plug tip has already broken off the
glow plug and it is not retrievable from the
precup chamber, then the cylinder head must
be removed so that the tip can be retrieved
from the piston cylinder. Refer to cylinder head
removal.
8. Remove the glow plugs from cylinders 2, 4,
and 6.
9. Disconnect the lead wire at the glow plug from
cylinder 8 by reaching up from underneath the
vehicle.
10. Remove the glow plug from cylinder 8.
For easier access to glow plugs on cylinders 6
and 8, it may be necessary to remove the
exhaust down pipe from turbocharger.

Installation Procedure
Right Side of Vehicle

1. Install the glow plug into cylinder 8.
Tighten

Tighten the glow plugs to 17 N.m (13 lb ft).
Refer to Fastener Notice.
2. Install the lead wire to cylinder 8 glow plug.
3. Install the glow plugs into cylinders 2, 4, and 6
by reaching through the right front wheel well.
Tighten

Tighten the glow plugs to 17 N-m (13 lb ft).
4. Install lead wire to glow plug 6.
• Slide the shroud over the wire lead and
fasten to the studs.
• Repeat Step 4 for the cylinder 4 glow plug.
Tighten

Tighten the heat shroud nuts to 23 N-m
(17 lb ft).

26775

5. Install the wires for glow plugs in cylinder 4 and
6 to connectors at the wire harness.
6. Install the lead wire for cylinder 2 glow plug.
7. Install the splash shield in the right front wheel
well.
8. Inspect the wire routing, making sure the lead
wires are not rubbing against the exhaust
manifold or any part that may harm the wire
insulation.
9. Install the right front tire.

Left Side of Vehicle

1. Install the glow plugs.
Tighten

Tighten the glow plugs to 17 N-m (13 lb ft).
2. Install the lead wires to the glow plugs.
3. Install the negative battery cables.

EGR Valve
Removal Procedure
1. Remove negative battery cable(s). Refer to
Battery Disconnect Caution.

2. Remove the upper intake manifold cover.

3. Remove the vacuum hose from the EGR valve.
4. Remove the EGR valve mounting bolts and the
EGR gasket.
5. Remove the EGR valve.

Installation Procedure
1. Install the EGR valve (2) and gasket (3).
2. Install EGR valve mounting bolts (1).
Tighten
Tighten bolts to 25 N-m (18 lb ft).
Refer to Fastener Notice.
3. Install the vacuum hose.
4. Install the upper intake manifold cover.
5. Install negative battery cable(s).

EGR Solenoid
Removal Procedure
1. Remove the negative battery cables. Refer to
Battery Disconnect Caution.

2. Remove the electrical connector from the
solenoid.
3. Remove the vacuum hoses.
4. Remove EGR Solenoid mounting bolt (2).
5. Remove the EGR solenoid (1).

Installation Procedure
1. Install the EGR solenoid (1).
2. Install mounting bolt (2).
Tighten
Tighten mounting bolt to 6.0 N.m (53 lb in).
Refer to Fastener Notice.
3. Install the vacuum hoses.
4. Install the electrical connector to the solenoid.
5. Install the negative battery cable(s).
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EGR Vent Solenoid
Removal Procedure
1. Remove the negative battery cables. Refer to
Battery Disconnect Caution.

2. Remove the
solenoid.
3. Remove the
4. Remove the
bolt (2).
5. Remove the

electrical connector from the
vacuum hoses.
EGR Vent solenoid mounting
EGR vent solenoid (1).

Installation Procedure
1. Install the EGR vent solenoid (1).
2. Install EGR Vent Solenoid mounting bolt (2).
Tighten
Tighten mounting bolt to 6.0 N-m (53 lb in).
Refer to Fastener Notice.
3. Install the vacuum hoses.
4. Install the electrical connector to the solenoid.
5. Install the negative battery cables.

EGR Solenoid Filter Replacement
Removal Procedure
1. Remove the filter retainer clip (2).
2. Remove the solenoid filter (1).

25479

Installation Procedure
1. Install the solenoid filter (1).
2. Install the filter retainer clip (2).
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CDR Valve and Hoses
Removal Procedure
The crankcase depression regulator valve (1) is
replaced as an assembly. Replace hoses (3) and
pipes (3) and grommet (4) as required, if inspection
indicates cracks or decay.
Refer to the appropriate service information for diesel
crankcase ventilation system maintenance
requirements.

1. Remove clamp (1) at CDR valve (1).
2. Remove hose (3) from CDR valve (1).
3. Remove CDR valve by pulling straight up.
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Installation Procedure
1. Install CDR valve (1) into valve cover.
2. Install hose (3).
3. Install the clamp (2).
Tighten
Tighten clamp to 1.7 N-m (15 lb in).
Refer to Fastener Notice.

Description and Operation

Intake Air Temperature (IAT) Sensor

Information Sensors
Engine Coolant Temperature (ECT) Sensor
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Legend
(1) ECT Electrical Connector
(2) Connector Tab
(3) Engine Coolant Temperature (ECT) Sensor
The Engine Coolant T< mperature (ECT) sensor is a
thermistor (a resistor wmcn changes value based on
temperature) mounted in the engine coolant stream.
Low coolant temperature produces a high resistance
(100,000 £2 at -40 ’ C/-40 “) while high temperature
causes low resistance (70 Q at 130" C/266 ° F).
The PCM supplies a 5 volt signal to the Engine
Coolant Temperature (ECT) sensor through a resistor
in the PCM and measures the voltage. The voltage
will be high when the engine is cold, and low when
the engine is hot. By measuring the voltage, the
PCM knows the engine coolant temperature. Engine
coolant temperature affects fuel control and the glow
plug system.

Legend
(1) Intake Air Temperature (IAT) Sensor
(2) Electrical Harness Connector
The Intake Air Temperature (IAT) sensor is a
thermistor (a resistor which changes value based on
temperature) mounted in the intake manifold.
Low temperature produces a high resistance
(100,000 ohms a t -40" C/-40 -F) while high
temperature causes low resistance (70 £2 at
130* C/266-F).
The control module supplies a 5 volt signal to the
sensor through a resistor in the control module and
measures the voltage. The voltage will be high when
the intake air is cold, and low when the air is hot.
By measuring the voltage, the control module knows
the intake air temperature.
The IAT signal is used by the control module to
control fuel.

Optical/Fuel Temperature Sensor

The optical sensor sends what is called a High
Resolution Signal and a Pump Cam signal to the
PCM. There is a harness filter inline to the
Optical/Fuel temperature sensor that is used to filter
the shared 5 volt reference signal.

Accelerator Pedal Position (APP) Module
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The Mass Air Flow (MAF) sensor m easures the
amount of air which passes through it. The PCM
uses this information to determine the operating
condition of the engine, to control fuel delivery. A
large quantity of air indicates acceleration. A small
quantity of air indicates deceleration or idle.
The scan tool reads the MAF value and displays it in
Grams per Cylinder, Grams per Second (gm/s), and
Hertz (Hz). Values should change rather quickly on
acceleration, but values should remain fairly stable at
any given RPM. When the PCM detects a
malfunction in the MAF sensor circuit, the following
DTCs will set:
• DTC P0101 system performance.
• DTC P0102 frequency low.
• DTC P0103 frequency high.
The APP module contains three potentiometers
(a device for measuring an unknown voltage or
potential difference by comparison to a standard
voltage). Each of the APP sensors send a varying
voltage to the PCM. By monitoring the output voltage
from the Accelerator Pedal Position (APP) module,
the PCM can determine fuel delivery based on the
accelerator pedal position (driver demand).

High Resolution Signal (256X)
The high resolution signal is an optical device which
generates 64 equally spaced pulses per cylinder
combustion stroke from the slotted disc mounted on
the injection pump timing cam ring. The pulses are
counted by the PCM and used to measure the
angular pump displacement. Fuel is metered by
using the angular indication and timing is measured
by counting the angular pulses between the pump
cam signal and the crankshaft position sensor signal.
Injection Pump Cam Signal (4X)
The Pump Cam signal is an optical device which
generates one pulse per cylinder combustion stroke
from a slotted disc mounted on the injection pump
timing cam ring. The pulse is used to located the
start of injection event for each cylinder (i.e. timing)
with the respect to the crankshaft position sensor.
The number one cylinder is identified with a wider
pulse (larger slot in disc). The PCM uses this
information to adjust idle fuel, timing, trigger real time
events and is used in the diagnostics of crankshaft
position sensor and the high resolution circuit.
Fuel Temperature Sensor

EGR Control Pressure/BARO Sensor
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Legend
(1) Electrical Connector
(2) Manifold Absolute Pressure (MAP) Sensor
On vehicles equipped with EGR, the EGR control
pressure sensor, mounted on the left side of the
cowl, is used to monitor the amount of vacuum
applied to the EGR valve. It senses the actual
vacuum in the EGR vacuum line and sends a signal
back to the PCM. The signal is compared to the
desired EGR calculated by the PCM. If there is a
difference in the PCM command and what is at the
EGR valve sensed by the EGR control
pressure/BARO sensor, on vehicles not equipped
with EGR the Boost sensors is used to measure
BARO. This sensor reads barometric pressure
(BARO) under certain conditions, which allows the
PCM to automatically adjust for different altitudes.

Boost (BARO) Sensor

The Fuel Temperature sensor is a thermistor (a
resistor which changes value based on temperature)
mounted in the injection pump.
The fuel temperature sensor is part of the optical/fuel
temperature sensor. The resulting voltage is
monitored by the PCM which uses this signal to
minimize fueling error due to injection pump
efficiency changes due to very hot fuel.

Crankshaft Position (CKP) Sensor (4X)
The crankshaft position sensor is a hall effect type of a
device which generates one pulse per cylinder
combustion stroke from a four tooth reluctor wheel
attached to the engine crankshaft. The pulse is used to
locate the cylinder reference event (top dead center) for
each cylinder. The PCM uses this information to adjust
timing, trigger real time events and is used in the
injection pump cam signal diagnostic.

The boost sensor m easures the changes in the
intake manifold pressure. The boost sensor converts
engine load and speed changes, then converts the
change in readings to voltage output.
The PCM sends a 5 volt reference signal to the
boost sensor. As the manifold pressure changes, the
electrical resistance of the boost sensor also
changes. By monitoring the sensor output voltage,
the PCM detects the boost pressure. A high
pressure (high voltage) requires more fuel. A lower
pressure (low voltage) required less fuel. The control
module uses the boost pressure signal to control fuel
delivery.
The Boost sensor also is used for BARO readings
only on vehicle not equipped with EGR. This sensor
reads barometric pressure (BARO) under certain
conditions, which allows the PCM to automatically
adjust for different altitudes.

Glow Plug System

Vehicle Speed Sensor (VSS)

The glow plug system is used to assist in providing
the heat required to begin combustion during engine
starting at cold ambient temperatures.
The glow plug relay switches power to the glow
plugs and is commanded on and off by the PCM.
The glow plugs are heated before and during
cranking, as well as initial engine operation. The
PCM monitors the glow plug relay output voltage
which indicates if the relay is following the PCM
commands.

Cruise Control System
The cruise control switches are part of the
multifunction turn signal lever. These switches enable
the driver to control the cruise on/off, set/coast and
resume/accel signals. These signals are inputs to the
fuel control portion of the PCM and allow the PCM
to maintain a desired vehicle speed under normal
driving conditions.
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Legend
(1) Electrical Connector
(2) Manifold Absolute Pressure (MAP) Sensor
The VSS is attached to the output shaft housing.
This device contains a permanent magnet
surrounded by a coil of wire producing a magnetic
field which is interrupted by rotor teeth pressed on
an output shaft. As the rotor interrupts the magnetic
field an AC voltage is generated in the circuit.

Vehicle Speed Signal (VSS) Buffer Module
The VSS buffer module is an electronic device. The
VSS buffer module process inputs from the vehicle
speed sensor and outputs various signals. The VSS
buffer module outputs a 4000 pulse per mile signal.
This signal is used by the PCM to determine vehicle
speed. The PCM uses vehicle speed signal input for
cruise control and fuel cutoff. The VSS buffer module
is matched to the vehicle based on transmission,
final drive ratio and tire size. The VSS buffer module
is located behind the instrument panel.
Fuel Solenoid Driver
The fuel injector driver receives an inject command
signal from the PCM and provides a current
regulated output to the fuel solenoid that controls
injection. It also returns an fuel solenoid closure time
signal back to the PCM to inform it when the fuel
solenoid has actually seated.

Brake Switch
The TCC normally closed brake switch supplies a
B+ signal into the PCM. The signal voltage is
opened when the brakes are applied.
The cruise control normally open brake switch
supplies a B+ signal to the PCM when the brake is
applied. These signals are used by the PCM to
control transmission and cruise control functions.
The brake switches are part of the stoplamp switch.

A/C Signal
This signal indicated that the A/C compressor clutch
is engaged. The PCM uses this signal to adjust the
idle speed.

APP Module
The accelerator control system is an electronically
controlled throttle type with an accelerator pedal
attached to an accelerator pedal position module.
This module sends signals to the powertrain control
module which controls the fuel injection pump.
Powertrain Control Module Serial Data
Class II Serial Data
U.S. Federal regulations require that all automobile
manufacturers establish a common communications
system. General Motors utilizes the Class II
communications system. Each bit of information can
have one of two lengths: long or short. This allows
vehicle wiring to be reduced by the transmission and
reception of multiple signals over a single wire. The
m essages carried on Class II data streams are also
prioritized. In other words, if two m essages attempt
to establish communications on the data line at the
sam e time, only the m essage with higher priority will
continue. The device with the lower priority m essage
must wait. The most significant result of this
regulation is that the regulation provides scan tool
manufacturers with the capability of accessing
data from any make or model vehicle sold in the
United States.
The Diagnostic Executive
The Diagnostic Executive is a unique segment of the
software which is designed to coordinate and
prioritize the diagnostic procedures as well as define
the protocol for recording and displaying their results.
The main responsibilities of the Diagnostic Executive
are:
• Monitoring the Diagnostic Test Enabling
Conditions
• Requesting the Malfunction Indicator Light (MIL)

•
•
•
•

Illuminating the MIL
Recording Pending, Current, and History DTCs
Storing and Erasing Freeze Frame Data
Monitoring and Recording Test Status
information

On-Board Diagnotic Tests
A diagnostic test is a series of steps which has a
beginning and an end. The result of which is a pass
or fail reported to the Diagnostic Executive. When a
diagnostic test reports a pass result, the Diagnostic
Executive records the following data:
• The diagnostic test has completed since the
last ignition cycle
• The diagnostic test has passed during the
current ignition cycle
• The fault identified by the diagnostic test is not
currently active
When a diagnostic test reports a fail result, the
Diagnostic Executive records the following data:
• The diagnostic test has completed since the
last ignition
• The fault identified by the diagnostic test is
currently active
• The fault has been active during this ignition
cycle
• The operating conditions at the time of the
failure.
Trip ;
The ability for a diagnostic test to run depends
largely upon whether or not a Trip has been
completed. A Trip for a particular diagnostic is
defined as a key ON and key OFF cycle in which all
the enabling criteria for a given diagnostics as been
met allowing the diagnostic to run vehicle operation,
followed by an engine off period of duration and
driving mode such that any particular diagnostic test
has had sufficient time to complete at least once.
The requirements for trips vary a s they may involve
items of an unrelated nature- driving style, length of
trip, ambient temperature, etc. Some diagnostic tests
run only once per trip (e.g. catalyst monitor) while
others run continuously (e.g. misfire and fuel system
monitors). If the proper enabling conditions are not
met during that ignition cycle, the tests may not be
complete or the test may not have run.
Warm-Up Cycle
A Warm-up cycle consists of engine start-up and
vehicle operation such that the coolant temperature
has risen greater than 40* F from start-up
temperature and reached a minimum engine coolant
temperature of 160 ° F. If this condition is not met
during the ignition cycle, the diagnostic may not run.

Diagnostic information
The diagnostic Tables and functional checks are
designed to locate a faulty circuit or component
through a process of logical decisions. The Tables
are prepared with the assumption that the vehicle
functioned correctly at the time of assembly and that
there are not multiple faults present.
There is a continuous self-diagnosis on certain
control functions. This diagnostic capability is
complemented by the diagnostic procedures
contained in this manual. The language of
communicating the source of the malfunction is a
system of diagnostic trouble codes. When a
malfunction is detected by the control module, a
diagnostic trouble code will set and the Malfunction
Indicator Lamp (MIL) Malfunction Indicator Lamp will
illuminate on some applications.
Malfunction Indicator Lamp (MIL)
The MIL (Malfunction Indicator Lamp) is on the
instrument panel. The MIL has the following
functions:
• The MIL informs the driver that a fault that
affects the vehicle’s emission levels has
occurred. The owner should take the vehicle for
service as soon as possible.
• As a bulb and system check, the MIL
(Malfunction Indicator Lamp) comes on with the
key on and the engine not running. When the
engine is started, the MIL turns off if no DTCs
are set.
When the MIL remains on while the engine is
running, or when a malfunction is suspected due to
a driveability or emissions problem, perform an
On-Board Diagnostic (OBD) System Check. The
procedures for these checks are given in engine
controls. These checks expose faults which the
technician may not detect if other diagnostics are
performed first.
Intermittent Malfunction indicator Lamp
In the case of an intermittent fault, the MIL
(Malfunction Indicator Lamp may illuminate and then
after 3 trips turn off. However, the corresponding
diagnostic trouble code will store in the memory.
When unexpected diagnostic trouble codes appear,
check for an intermittent malfunction.
Data Link Connector (DLC)

The provision for communicating with the control
module is a Data Link Connector (DLC). The DLC is
usually located under the instrument panel. The DLC
is used in order to connect to a scan tool. Some
common uses of the scan tool are listed below:
• Identifying stored Diagnostic Trouble Codes
(DTCs)
• Clearing the DTCs
• Performing output control tests
• Reading serial data.

Reprograming (Flashing) The Control Module
Some vehicles allow the reprogramming of the
control module without removal from the vehicle. This
provides a flexible and a cost-effective method of
making changes in software and calibrations.
Refer to the latest Techline information on
re-programming or flashing procedures.

Verifying Vehicle Repair
Verification of the vehicle repair will be more
comprehensive for vehicles with OBD II system
diagnostics. Following a repair, the technician should
perform the following steps:
1. Review the fail records and the freeze frame
data for the DTC which was diagnosed.
Record the fail records or freeze frame data.
The freeze frame data will only store for an
A or B type diagnostic and only if the MIL
has illuminated.
2. Clear the DTCs.
3. Operate the vehicle within the conditions noted
in the fail records or the freeze frame data.
4. Monitor the DTC status information for the
specific DTC which has been diagnosed
until the diagnostic test associated with that
DTC runs.
Following these steps are very important in verifying
repairs on the OBD II systems. Failure to follow
these steps could result in unnecessary repair.
Reading Diagnostic Trouble Codes
The procedure for reading the diagnostic trouble
codes is to use a diagnostic scan tool. When
reading DTCs follow these steps could result in
unnecessary repairs.

DTC Modes
On the OBD II vehicles there are three options
available in the scan tool DTC mode to display the
enhanced information available. A description of the
new modes, DTC Info and Specific DTC, follows.
After selecting DTC, the following menu appears:
• DTC Info
• Specific DTC
• Freeze Frame
• Fail Records
• Clear Info.

The following is a brief description of each of the
sub menus in DTC Info and Specific DTC. The
order in which they appear here is alphabetical
and not necessarily the way they will appear on
the scan tool.

DTC Info Mode
Use the DTC Info mode to search for a specific type
of stored DTC information. There are seven choices.
The electronic service information may instruct the
technician to test for DTCs in a certain manner.
Always follow published service procedures.
In order to get a complete description of any status,
press the Enter key before pressing the desired
F-key. For example, pressing enter, then a F key
will display a definition of the abbreviated scan
tool status.
DTC Status
This selection displays any DTCs that have not
run during the current ignition cycle or have
reported a test failure during this ignition up to a
maximum of 33 DTCs. The DTC tests which run
and pass removes that DTC number from the
scan tool screen.

Fail This Ign. (Fail This Ignition)
This selection displays all DTCs that have failed
during the present ignition cycle.
History
This selection displays only DTCs that are stored to
the control modules history memory. The history
memory will not display Type B DTCs that have not
requested the MIL. The history memory will display
all type A and B DTCs that have the MIL and have
failed within the last 40 warm-up cycles. In addition,
the history memory will display all type C DTCs that
have failed within the last 40 warm-up cycles.

Last Test Fail
This selection displays only DTCs that have failed
the last time the test ran. The last test may have ran
during a previous ignition cycle if the a type A or B
DTC is displayed. For type C DTCs, the last failure
must have occurred during the current ignition cycle
to appear as Last Test Fail.
MIL Request
This selection displays only DTCs that are requesting
the MIL. Type C DTCs can not be displayed using
this option. This selection will report type B DTCs
only after the MIL has been requested.

Not Run SCC (Not Run Since Code Clear)
This option displays up to 33 DTCs that have not
run since DTCs were last cleared. Since any
displayed DTCs have not run, their condition
(passing or failing) is unknown.

Test Fail SCC (Test Failed Since Code Clear)
This selection displays all active and history DTCs
that have reported a test failure since the last time
DTCs were cleared. The DTCs that last failed over
40 warm-up cycles before this option is selected will
not be displayed.
Specific DTC Mode
This mode is used in order to check the status of
individual diagnostic tests by DTC number. This
selection can be accessed if a DTC has passed or
failed. Many OBD II DTC mode descriptions are
possible because of the extensive amount of
information that the Diagnostic Executive monitors
regarding each test. Some of the many possible
descriptions follow with a brief explanation.
This selection only allows the entry of DTC numbers
that are supported by the vehicle being tested. If an
attempt is made to enter DTC numbers for tests
which the diagnostic executive does not recognize,
the requested information will not be displayed
correctly and the scan tool may display an error
message. The same applies to using DTC trigger
option in the Snapshot mode. If an invalid DTC is
entered, the scan tool will not trigger.

Failed Last Test
For type A and B DTCs, this m essage will display
during the subsequent ignition cycles until the test
passes or the DTCs are cleared. For type C DTCs,
this m essage clears whenever the ignition is cycled.
Failed Since Clear
This m essage displayed indicates that the diagnostic
test failed at least once within the last 40 warm-up
cycles since the last time the control module cleared
the DTCs.

Failed This Ign. (Failed This Ignition)
This m essage displayed indicates that the diagnostic
test has failed at least once during the current
ignition cycle. This m essage will clear when the
DTCs are cleared or the ignition is cycled.
History DTC
This m essage displayed indicates that the DTC has
stored to memory as a valid fault. A DTC displayed
as a History fault does not necessarily mean that the
fault is no longer present. The history description
means that all the conditions necessary for reporting
a fault have met.

MIL Requested
This m essage displayed indicates that the DTC is
currently causing the MIL to turn on. Remember
that only type A and B DTCs can request the MIL.
The MIL request cannot determine if the DTC fault
conditions are currently being experienced. This
is because the diagnostic executive requires up
to 3 trips during which the diagnostic test passes
to turn off the MIL.

Not Run Since Cl (Not Run Since Cleared)
This m essage displayed indicates that the selected
diagnostic test has not run since the last time the
DTCs were cleared. Therefore, the diagnostic test
status (passing or failing) is unknown. After the
DTCs are cleared, this m essage continues to be
displayed until the diagnostic test runs.

Not Run This Ign. (Not Run This Ignition)
This m essage displayed indicates that the selected
diagnostic test has not run this ignition cycle.

Test Ran and Passed
This m essage displayed indicates that the selected
diagnostic test has the following items:
• Passed the last test
• Ran and passed during this ignition cycle
• Ran and passed since the DTCs were last
cleared
• This test has not failed since the DTCs were
last cleared.
Whenever the indicated status of the vehicle is Test
Ran and Passed after a repair verification, the
vehicle is ready to be released to the customer.
If the indicated status of the vehicle is Failed This Ig
after a repair verification, then the repair is
incomplete. Further diagnosis is required.
Prior to repairing a vehicle, use the status
information in order to evaluate the state of the
diagnostic test and to help identify an intermittent
problem. The technician can conclude that although
the MIL is illuminated, the fault condition that caused
the code to set is not present. An intermittent
condition must be the cause.
Powertrain Control Module Control Module
Communications
The control module system has a computer,
Powertrain Control Module (PCM) to control fuel
delivery, timing, and some emission control systems.
The control module system, monitors a number of
engine and vehicle functions (Figure 3-1) and
controls the following operations:
• Fuel control.
• Fuel injection timing.
• Exhaust gas recirculation.
. Transmission shift and shift quality functions.
• Specific transmission control diagnostics are
covered in Section 10 of this service manual.
The diesel Powertrain Control Module (PCM) is
located in the passenger compartment and is the
control center of the control module system. The
PCM used on the electronic fuel injected 6.5L diesel
is referred to as PCM.

The PCM constantly looks at the information from
various sensors, and controls the systems that affect
vehicle performance. The PCM performs the
diagnostic function of the system. It can recognize
operational problems, alert the driver through the MIL
(Service Engine Soon), and store one or more DTCs
which identify the problem areas to aid the
technician in making repairs. See diagnosis Section
for more information.
The PCM is designed to process the various input
information (Figure 3-1) and then sends the
necessary electrical responses to control fuel
delivery, timing and other emission control systems.
The input information has an interrelation to more
than one output, therefore, if the one input failed it
could effect more than one systems operation.

Aftermarket (Add-On) Electrical And Vacuum
Equipment
Aftermarket (Add-On) Electrical and Vacuum
Equipment is defined as any equipment installed on
a vehicle after leaving the factory that connects to
the vehicle’s electrical or vacuum systems. No
allowances have been made in the vehicle design for
this type of equipment.
N otice: Do not add on any Add-On vacuum
operated equipment to this vehicle.
N otice: Connect the Add-On electrical operated
equipment to the vehicle’s electrical system at the
battery (power and ground).

Add-On electrical equipment, even when installed to
these strict guidelines, may still cause the Powertrain
system to malfunction. This may also Include
equipment not connected to the vehicle’s electrical
system such as portable telephones and radios.
Therefore, the first step in diagnosing any Powertrain
problem is to eliminate all Aftermarket electrical
equipment from the vehicle. After this is done, if the
problem still exists, diagnose the problem in the
normal manner.

Electrostatic Discharge Damage
N otice : In order to prevent possible Electrostatic
Discharge damage to the PCM, Do Not touch the
connector pins or the soldered components on the
circuit board.
Electronic components used in the control systems are
often designed in order to carry very low voltage.
Electronic components are susceptible to damage
caused by electrostatic discharge. Less than 100 volts
of static electricity can cause damage to some
electronic components. There are several ways for a
person to become statically charged. The most common
methods of charging are by friction and by induction. An
example of charging by friction is a person sliding
across a car se a t Charging by induction occurs when a
person with well insulated shoes stands near a highly
charged object and momentarily touches ground.
Charges of the same polarity are drained off leaving the
person highly charged with the opposite polarity. Static
charges can cause damage; therefore, it is important to
use care when handling and testing electronic
components.
Engine Controls Information
The driveability and emissions information describes
the function and operation of the control module.
The emphasis is placed on the diagnosis and repair
of problems related to the system.
Engine Components, Wiring Diagrams, and
Diagnostic Tables (DTCs):
• Component Locations
• Wiring Diagrams
• Control Module Terminal End View and Terminal
Definitions
• OnBoard Diagnostic (OBD) System Check
• Diagnostic Trouble Code Tables (DTCs).
The Component System includes the following items:
• Component and circuit description
• On-vehicle service for each sub-system
• Functional checks and Diagnostic Tables
• How To Use Electrical Systems Diagnostic
Information.
The DTCs also contain diagnostic support
information containing circuit diagrams,
circuit or system information, and helpful
diagnostic information.

STRATEGY BASED DIAGNOSTICS
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The strategy based diagnostic is a uniform approach
to repair all Electrical and Electronic (E/E) systems.
Resolve an E/E system problem using the diagnostic
flow. The diagnostic flow is also a starting point
when repairs are necessary. The steps below are
defined in order to instruct the technician how to
proceed with a diagnosis.

Verify the Customer Complaint
In order to verify the customer complaint the
technician should know the normal operation of
the system.
Preliminary Checks
Perform the following steps:
1. Conduct a thorough visual inspection
2. Review the service history
3. Detect unusual sounds or odors
4. Gather diagnostic trouble code information in
order to achieve an effective repair.

Check Bulletins and Other Service Information
This should include videos, newsletters, and Pulsat
programs.
Service information System Checks
A system may not be supported by one or more
DTCs. System checks verify the proper operation of
the system. This will lead the technician in an
organized approach to diagnostics.
Service Diagnostics (Paper and Electronic)
1. DTC Stored - Follow the designated DTC Table
exactly to make an effective repair.
2. No DTC - Select the symptom from the
symptom tables and follow the diagnostic paths
or suggestions to complete the repair, or refer
to the applicable component/system check.
3. No Matching Symptom - Analyze the complaint.
Develop a plan for diagnostics. Utilize the
wiring diagrams and theory of operation.

4. Intermittents - Conditions that are not always
present are intermittent. In order to resolve
Intermittents, perform the following steps:
4.1. Observe the history DTCs, the DTC
modes and, the freeze frame data.
Call technical assistance for similar cases
where repair history may be available.
Combine the technician knowledge with
efficient use of the available service
information.
4.2. Evaluate the symptoms and conditions
described by the customer.
4.3. Use a check sheet or other method in
order to identify the circuit or electrical
system component.
4.4. Follow the suggestions for intermittent
diagnosis found in the service
documentation.
4.5. The Tech 1, Tech 2 and Fluke 87 scan
tools have data capturing capabilities that
can assist in detection of Intermittents.
5. Vehicle operates as designed/No trouble found
6 . Call technical assistance for similar cases
where repair history may be available. Combine
technician knowledge with efficient use of the
available service information.
6.1. This condition exists when the vehicle is
found to operate normally.
6.2. The condition described by the customer
may be normal. Verify against another
vehicle that is operating normally.
6.3. The condition may be intermittent. Verify
the complaint under the conditions
described by the customer before
releasing the vehicle.
Re-Examine the Complaint

When the complaint cannot be successfully found
or isolated, a reevaluation is necessary. The
complaint should be re-verified and could be
intermittent or normal.
Repair and Verification Tests

After isolating the cause, the repairs should be
made. Then validate for proper operation and verify
that the symptom has been corrected. This may
involve road testing the vehicle in order to verify that
the complaint has been resolved.

Maintenance Schedule
Refer to the General Motors Maintenance Schedule
in Section OB of the appropriate service manual for
the maintenance that the owner or technician should
perform in order to retain emission control
performance.

Visual and Physical Underhood Inspection
Perform a careful visual and physical underhood
inspection when performing any diagnostic procedure
or diagnosing the cause of an emission test failure.
This can often lead to repairing a problem without
further steps. Use the following guidelines when
performing a visual and physical inspection:
• Inspect all vacuum hoses for the following
conditions:
- Correct routing
- Pinches
- Cuts
- Disconnects.
• Inspect hoses that are difficult to see beneath
the air cleaner, A/C compressor, generator, etc.
• Inspect all wires in the engine compartment for
the following items:
- Proper connections
- Burned or chafed spots
- Pinched wires
- Contact with sharp edges
- Contact with hot exhaust manifolds.
This visual and physical inspection is very important.
Preform the inspection carefully and thoroughly.
Basic Knowledge Of Tools Required
N o tice : Lack of basic knowledge of this powertrain
when performing diagnostic procedures could result
in incorrect diagnostic performance or damage to
powertrain components. Do not attempt to diagnose
a powertrain problem without this basic knowledge.
A basic understanding of hand tools is necessary in
order to effectively use this information.
Wiring Harness Service
The control module harness electrically connects the
control module to the various solenoids, switches,
and sensors in the vehicle engine room and
passenger compartment.
Replace the wire harnesses with the proper part
number replacement. When splicing signal wires into
a harness, use the wiring that has high temperature
insulation.
Consider the low amperage and voltage levels
utilized in the Powertrain control systems. Make the
best possible bond at all splices. Use rosin-core
solder in these areas.
Molded-on connectors require complete replacement
of the connector. Splice a new connector into the
harness. Replacement connectors and terminals are
listed in Group 8.965 in the Standard Parts Catalog.

Connectors and Terminals

On-Board Diagnostic System Check

In order to prevent shorting between opposite
terminals, use care when probing a connector and
when replacing terminals. Damage to the
components could result.
Always use jumper wires between connectors for
circuit checking.
Never probe through Weather-Pack seals.
Use the tachometer adapter J 35812, or the
equivalent, which provides a convenient connection
to the tachometer lead. The connector test adapter
kit J 35616, or the equivalent, contains an
assortment of flexible connectors used to probe
terminals during diagnosis. Fuse remover and test
tool BT-8616, or the equivalent, is used for removing
a fuse and to adapt the fuse holder to a meter
for diagnosis.
Open circuits are often difficult to locate by sight
because oxidation or terminal misalignment are
hidden by the connectors. Merely wiggling a
connector on a sensor, or in the wiring harness may
temporarily correct the open circuit. Oxidized or loose
connections may cause intermittent problems.
Be certain the type of connector and terminal before
making any connector or terminal repair.
Weather-Pack and Com-Pack III terminals look
similar, but are serviced differently.

The On-Board Diagnostic (OBD) System Check is an
organized approach to identify a problem caused by
an electronic engine control system malfunction. The
OBD must be the starting point for any driveability
complaint diagnosis. The OBD directs the technician
to the next logical step in diagnosing the complaint.
Use the Engine Scan Tool Data Definitions list for a
comparison after fulfilling the following items:
• The OBD system check is completed.
• The on-board diagnostics is functioning
properly.
• No diagnostic trouble codes are displayed.
The Engine Scan Tool Definitions are an average of
display values recorded from normal operating
vehicles. The Definitions are intended to represent
what a normal functioning system should display.
Important: Do not use a scan tool that displays
faulty data. Report the problem to the manufacturer.
Using a faulty scan tool can result in misdiagnosis
and unnecessary parts replacement.
Only the parameters listed in the Engine Scan Tool
Definitions are used for diagnosis. When a scan tool
reads other parameters, the values are not
recommended by General Motors for use in
diagnosis.
For more description on the values and the use of
the scan tool to diagnose the PCM inputs, refer to
the applicable diagnostic file.
When all the values are within the ranged illustrated
in the Engine Scan Tool Data Definitions, refer to
Driveability Symptoms.

Powertrain Control Module General
Description
Powertrain Control Module
The PCM processes the various input information.
The PCM sends the necessary electrical responses
to the control fuel delivery, spark timing, and other
emission control systems.
The input information has an interrelation to more
than one output. One failed input can affect more
than one system’s operation.

Air Induction System
The air intake system is used to direct cool air from
the exterior of the engine compartment to the intake
manifold. An air cleaner is incorporated into the
system to keep dirt from entering the engine. Some
applications also have a PCM controlled turbocharger
to increase power, improve driveability and reduce
emissions. Refer to Section 6J of the appropriate
service manual for more information on the
turbocharger.

Fuel Supply System
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Legend
(1) Fuel Gauge
(2) Fuel Filter/Manager
(3) Fuel Injection Pump
The fuel supply is stored in the fuel tank. Fuel is
drawn from the fuel tank by the fuel lift pump. Fuel
is then pumped through the fuel manager/filter. The
fuel manager/filter is located on the intake manifold.
The fuel is then transferred to the injection pump.
Unused fuel is returned to the fuel tank by a
separate line.

Fuel Tank
The fuel tank is held in place by two metal straps
and a cross strap attached to the underbody.

Fuel Tank Filler Neck
The fuel tank filler neck is positioned at the left rear
quarter panel of the vehicle.

(4)
(5)
(6)
(7)

Injector
Fuel Lift Pump
Fuel Sender
Fuel Tank

Fuel Filler Cap
The fuel tank filler neck is equipped with a
threaded-type cap. The threaded part of the cap
requires several turns counterclockwise to remove. A
built-in torque-limiting device prevents over
tightening. To install, turn the cap clockwise until a
clicking noise is heard. This signals that the correct
torque has been reached and the cap is fully seated.

Fuel Sender Assembly
The fuel sender is located inside the fuel tank and is
attached to the top of the fuel tank.
The fuel sender has a float, wire float arm, and a
rheostat. Fuel level is sensed by the position of the
float and float arm which operate the 90 ohm
rheostat. As the float position changes, the amount
of current passing through the rheostat varies, thus
changing the gage reading on the instrument panel.

Fuel Lift Pump
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Legend
(1)
(2)
(3)
(4)

Inlet Port
Pressure Spring
Primary Winding
Secondary Winding

The electric fuel lift pump mounts on the inside of
the left frame rail, and is used to deliver fuel at a
low pressure (at least 3 psi or 21 kPa) at the rate of
0.24 liter (1/2 pint) in 15 seconds (15 GPH). The lift
pump is controlled by the PCM.

Fuel Lift Pump Electrical Circuit
When the key is in turned ON, the PCM energizes
the fuel pump relay which sends voltage to the lift
pump. The lift pump remains during the glow plug
cycle. If the engine is not started immediately after
the glow plug cycle, the PCM shuts the fuel lift pump
OFF and waits until engine RPM is greater than zero
and then turns the relay back ON. As a backup
system to the fuel pump relay, the fuel lift pump can
also be turned ON by the fuel pump/oil pressure
switch. When the engin oil pressure reaches 28 kPa
(4 psi), and the fuel pump relay does not complete
the circuit, the fuel pump/oil pressure switch will
close and complete the circuit to run the fuel
lift pump.

(5)
(6)
(7)
(8)
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Piston and Valve Assembly
Inlet Valve
Outlet Valve
Cylinder
Teflon Ring

Fuel Manager/Filter
The fuel manager/filter is an in-line type filter which
combines several different functions. It acts as a fuel
filter, water separator, water detector, water drain,
and a fuel heater.
The fuel manager/filter mounts on the rear of the
intake manifold. The filter housing has an inlet fitting
connecting to the pipe/hose from the lift pump and
an outlet fitting connecting to the fuel injection pump
with a hose. A third fitting connects through a hose
to a drain valve mounted on the water
crossover/thermostat housing.
The fuel manager/filter has a replaceable element.
The element has an air vent valve on its top surface
that is used during lift pump diagnosis and filter
element replacement procedure. The fuel
manager/filter also has a water in fuel sensor and a
fuel heater.

The fuel filter element separates particles larger than
10 microns (0.00039 in.) from fuel moving through it
under lift pump pressure. Filter action is very critical
to the operation of internal parts of the fuel injection
pump.
The design of the fuel manager/filter includes an
area that allows water droplets (as small as one
micron) to separate from the fuel and collect in a
lower portion of the housing. The water in fuel
sensor will detect a certain amount of water in the
fuel inside the filter housing and then turn the Water
in Fuel lamp ON in the instrument cluster.
When the ignition switch is first turned to the run
position, the Water in Fuel lamp will come ON for
2 to 5 seconds. This action provides a bulb check.

The fuel heater operates when the temperature of
fuel at the inlet of the filter housing is cold enough
to possibly cause waxing that could restrict flow to
the injection pump. A control circuit inside the fuel
heater completes the circuit for the heater element
when it senses a temperature below 8 ’ C (46*F).

Fuel Pipes and Hoses
The fuel feed and return pipes and hoses extend
from the fuel sender to the fuel manager/filter. They
are secured with clamps and are routed along the
frame side member.

Fuel Pipe O-Rings
Some fuel feed pipes have threaded connections
that are sealed with replaceable O-ring seals. These
O-ring seals are made of special material, and
should only be serviced with the correct service part.

Fuel Injection System
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Legend
(1) Fuel Solenoid Driver
(2) Optical/Fuel Temperature Sensor
(3) Fuel Inlet
The fuel injection system has a PCM controlled fuel
injection pump mounted on top of the engine under
the intake manifold. The pump is driven by the
camshaft through two gears, one attached to the
front of the camshaft and the other attached to the
end of the pump shaft. These gears are the same
size and have the same number of teeth; therefore,
the injection pump shaft turns at the same speed as
the camshaft.

(4)
(5)
(6)
(7)

Engine Shutoff Solenoid
Two Stage Housing Pressure Regulator
Injector Timing Stepper Motor
Fuel Solenoid

Injection Nozzles

Each cylinder has an identical fuel injection nozzle
mounted in the pre-combustion chamber. As the
pressure wave of injection reaches a nozzle, the
needle valve is lifted against spring force and fuel
exits into the pre-combustion chamber of the cylinder
as a highly atomized spray. A small amount of fuel
travels between the needle valve and pintle nozzle,
providing lubrication. Two passages inside the upper
half of the nozzle body allow fuel that has lubricated
the needle valve to exit into the fuel return system.

Glow Plug Relay
The glow plug relay is mounted at the rear of the left
cylinder head. It is a solid state device which
operates the glow plugs.
The PCM uses a ignition voltage signal to control
the solid state circuitry of the glow plug relay.

Glow Plugs
These are 6-volt heaters (operated at 12 volts)
that turn ON, when the ignition switch is turned to
the run position, prior to starting the engine. They
remain pulsing a short time after starting, then are
turned OFF.
A Wait to Start lamp on the instrument panel,
provides information on engine starting conditions.
The Wait to Start lamp will not come ON during
post glows.

EGR Solenoid Assembly
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Inlet
Return
Pressure Spring
Nozzle Nut
Needle Valve
Pintle

The EGR solenoid assembly is mounted at the top,
left rear of the engine. The PCM controls the time
the EGR solenoid to regulate the vacuum to the
EGR valve. This regulates the amount of EGR. The
PCM calculates the amount of EGR based on engine
speed and accelerator pedal position. The PCM is
programmed to vary the ON and OFF time of the
EGR solenoid, based on these two inputs. To
monitor the PCM control of EGR, an EGR control
pressure/BARO sensor is used to measure the
amount of absolute pressure in the EGR vacuum
line. If a minor variation in calculated EGR and
actual EGR as monitored by the EGR control
pressure/BARO sensor, the PCM makes a correction.
If the variation exceeds an amount in excess of what
the PCM can correct for, an error is detected by the
PCM and the system will go into default.
When the PCM recognizes the operating range for
no EGR, the EGR vent solenoid operates to allow
rapid venting of vacuum to the EGR valve.

Glow Plug System Operation
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Glow Plug
Fuel Injector
Cylinder Head
Pre-Combustion Chamber
Heated Sheath

In the diesel engine, air alone is compressed in the
cylinder; then, after the air has been compressed, a
charge of fuel is sprayed into the cylinder and
ignition occurs, due to the heat of compression.
Eight glow plugs are used as an aid to starting.
Control of the Glow Plugs has been accomplished by
moving the logic for controlling the heat of the plugs
to the PCM. The new logic can incorporate the
higher accuracy of digital processing compared to
the previous analog controller. Additionally, logic
involving engine speed and estimates of engine
combustion can be added to the traditional time and
temperature data used in the previous controller.
This capability yields more optimum heat times for
the glow plugs, thus pre-glow times can be kept to a
minimum for short wait to crank times and maximum
glow plug durability.

A normal functioning system operates as follows:
• Key ON, engine not running and at room
temperature.
• Glow plugs ON for a short period of time
(approximate on times may range from 1 to
16 seconds).
• If the engine is cranked during or after the
above sequence, its possible the glow plugs
will cycle ON/OFF after the engine control
switch is returned from the crank position,
whether the engine starts or not. The engine
does not have to be running to terminate the
glow plug cycling.
The glow plug initial ON times may range from 1 to
16 seconds and cycling ON/OFF times vary also with
sysytem voltage and/or temperature. Lower
temperature causes longer duration of cycling.
The PCM provides glow plug operation after starting
a cold engine. This after glow operation is initiated
when the ignition switch is returned to Run, from the
Start position. This function helps clean up excessive
white smoke and/or poor idle quality after starting.

EGR System
The EGR system lowers the formation of nitrogen
oxides by reducing combustion temperature. This is
done by introducing exhaust gases into the cylinders
through an EGR valve. The PCM, in the control
module system, controls the amount of EGR to meet
emission control requirements and maintains good
driveability through a EGR pulse width modulated
solenoid and a EGR vent solenoid, which regulates
the vacuum to the EGR valve. One main sensor
input to the PCM is used to calculate the amount
of EGR.
The EGR valve, installed on the intake manifold,
introduces the exhaust gases to the incoming fresh
air at the engine crossover.
A vacuum pump is required to provide a vacuum
source to operate the EGR system.
The Adaptive Learn Matrix (ALM) is used to adjust
the EGR vacuum control based on Mass Air Flow
(MAF). The ALM may change as a result of back
pressure increases over the life of the vehicle or
other engine system variations. The ALM is made up
of sixteen cells (numbered from zero to fifteen) in
which each cell covers a range of engine speed
(RPM) and load (mm3).

Crankcase Ventilation System

Legend
(1) Crankcase Vapors to Induction System
(3) Blowby Leakage At Valves and Pistons
(4) Crankcase Vapors

The crankcase ventilation system used on diesel
engines is designed to maintain a slightly negative
(vacuum) crankcase pressure across the speed
range. The system consists of a Crankcase
Depression Regulator (CDR) valve, located on the
right valve cover and the attaching vent hose/pipes
to the engine inlet system. The CDR valve is used
only to regulate crankcase pressure between 0’ and
4’ water depression over the engine speed range.
The CDR valve is Not an oil separator or a
crankcase effluent flow regulator. Hence, the CDR
valve Does Not prevent oil droplets/mist from
entering the intake system, nor does it effect engine
oil consumption.
The intake manifold vacuum acts against a spring
loaded diaphragm to control the flow of crankcase
gases. Higher intake vacuum (or high intake
restriction, e.g. plugged air filter) levels pull the
diaphragm closer to the top of the outlet tube. This
reduces the vacuum level from getting too high in
the crankcase. As the intake vacuum decreases, the
spring pushes the diaphragm away from the top of
the outlet tube to prevent the crankcase pressure
from going positive.

Special Tools and Equipment

J 35616-A
Connector Test Adapter Kit

J 23738-A
Vacuum Pump

J 35689-A
Metri-Pack Terminal
Remover

J 33095
- , >
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Control Module Connector
Terminal Remover

J 34616-A/BT-8637
Connector Test Adapter Kit

