MPSI

POWER SOLUTIONS, INC. Original Issue

Dated November 2006
Publication Number PSI1P6LPFI-A

PSI! 1.6L PFI TIER Il CERTIFIED
ENGINE SERVICE MANUAL




MANUAL SECTIONS

Description Page
Maintenance 1-1
Base Engine Repair 2-1
Fuel System Description of Operation 3-1

Fuel System Component Remove & Replace 4-1

Fuel System Diagnhosis 5-1
Electrical 6-1
Diagnostic Trouble Codes 7-1

No part of this publication may be reproduced without the written
permission of Power Solutions, Inc. At the time of publication, all of
the information included in this publication is accurate to the best
of our knowledge. Power Solutions, Inc., cannot be responsible for
information that has changed after this book was published.



PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL MAINTENANCE SECTION 1-1

PSI 1.6L PFI
MAINTENANCE SECTION

Table Of Contents

Description Page
R T | (P 1-2
SErpenting BeILS.........ooieeiee e 1-3
(@7 0To [T Te IS VA1 (=1 1 4 R PP SPPRR 1-3
Engine Electrical SyStem.........coooorii i 1-4
ENgine Crankcase Oll..........coo oot e e e eeans 1-5
LPG Storage Cylinder and FUel FIlter...........ooouuiiiiiiii e 1-7
Electronic Pressure Regulator (EPR)..........ooouiiiiii e 1-8
Gasoline Fuel Pressure and Temperature Manifold.................cccoeeiiiiiiiiiiiiiiieeeeee 1-9
Draining “Heavy Ends” (Oil) Build-Up from EPR...........iiiiiii e 1-9
LPG Fuel Mixer and Electronic Throttle.............coooiiiiiii e, 1-10
Gasoline Fuel Rail and INJECIOrS..........oouuuiiieeeee e 1-11
Three-Way Catalyst MUfIEr............ooe e 1-11
Recommended Maintenance Schedule...............ooooiiiiiiiiii e 1-13

()’ SPECTRUM * P S l

by IMPCO POWER SOLUTIONS, INC.




PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL MAINTENANCE SECTION 1-2

MAINTENANCE

The maintenance of the engine and its related components is critical to the life of the engine and optimum
performance during its useful life. All engines require a certain amount of maintenance. The suggested
maintenance requirements are contained in this section. Industrial engines operate in various environmental
conditions and various temperature variations. This is a recommended guide line only each user must assess
there own operational usage and determine an appropriate schedule. In addition the owner may have installed
additional equipment to the vehicle may also increase the requirements for service on certain components.
Therefore the owner and the service agent should review the operating condition of the equipment and
determine if more frequent inspections and maintenance cycles maybe required.

A\ WARNING

MAIMTEMAMCE SHOULD BEE PERFORMED
EY TRAINED SERVICE FER SONEL AND
FERFORMED TO FROCEDURES DEFIMED
INTHIS SECTION

MAINTENANCE OF THE BELTS

The engine installed in this equipment may use one or both accessory drive belt configurations. The drive
belt may be incorporated to drive the water pump, alternator and additional pumps or devices. It is important
to note, the drive belts is an integral part of the cooling and charging systems and should be inspected at a
minimum prescribe in the regular maintenance schedule. Where environmental and operational are more
severe more frequent maintenance is required.

When inspecting the belts check for:

o Cracks or breaks

e Chunking of the belt

o Splits

e Material hanging from the belt

e Glazing and hardening

o Damaged or improperly aligned pulleys

e Improperly performing tensioner

V-BELT SYSTEMS

Check the belt tensioner by pressing down on the midway point of the longest stretch between pulleys. The
belt should not depress beyond 13mm (1/2 inch). If the depression is more than allowable adjust the tension.

NOTE: Do not over tighten the belt as doing so could cause premature failures in other belt driven
components.
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PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL MAINTENANCE SECTION 1-3
SERPENTINE BELT SYSTEM

Serpentine belts utilize a spring loaded tensioner which keeps the belt properly adjusted. Serpentine belts
should be checked according to the maintenance schedule in this section.

IMPORTANT: The engine manufacturer does not recommend the use of “belt dressing” or “anti
slipping agents” on either belt configuration.

COOLING SYSTEM

WARNING
WARNING 0DOMOT REMOVWE THE COOLING SYSTEM

FRESSURE CAFP WHEM THE ENGINE IS
HOT. ALLOW THE EMGINET O COOL AMND

ALCOHOL OR METHANOL BASED THEM REMOWE THE CAP SLOWLY
ANTIFREEZE OR FLAIN WATER ARE HOT ALLOWING THE PRESSURE TO YENT.
RECOMMENDED FOR USE IN COOLING WEAR PROTECTIVE CLOTHING AN D
SYSTEM AT ANYTIME EYEWEAR TO PREVENT INJURY

It is important to remember that the cooling system of the engine be maintained properly to insure the longevity
of the engine. Maintenance of the cooling system is critical to not only the cooling system but the fuel system
as well. The LPG vaporizer is connected into the cooling system. Low coolant levels and restricted or radiators
plugged with debris can impact the performance of the fuel system. Therefore proper maintenance of the
cooling system should include removing dust, dirt and debris from the radiator core on regular intervals. To
properly maintain the cooling system follow the recommended maintenance schedule in this section.

Cooling system inspections should be performed as prescribe. When inspecting the cooling system check for
the following:

e Plugged or restricted radiator core clean with compressed air, blow dust and debris from the core and fan
shroud

o Check the radiator cap to insure the cap is sealing replace if necessary

o Check for coolant leaks at the radiator tank seams and inlet joints, repair if necessary

o Check for leaks at the radiator hose connections tighten hose clamps if necessary

e Check radiator and regulator coolant hoses for swelling separation, cracks or deterioration in the hoses or
hardening if any of these conditions exists replace the hose

o Check Coolant level if add a mixture of 50% coolant and 50% water, do not add just water

o Replaced coolant per the recommended maintenance schedule
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PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL MAINTENANCE SECTION 1-4

Checking the Coolant Level

Check the coolant in the recovery tank. Add coolant as required refer to the vehicle operator manual for more
information on the coolant reserve tank

NOTE: The engine manufacturer and the fuel system supplier DO NOT recommend the use of “stop leak”
additives to temporarily repair leaks. This stop leak can cause slug build up in the regulator coolant line and
cause harm to the regulator.

If the radiator requires repair insure that radiator repair does not result in a significant loss of cooling capacity.
The engine manufacturer recommends the cooling system be filled with a 50/50 mixture of antifreeze and
water. The use of DexCool “Long Life” type coolant (orange) is required. The use of ethylene glycol based
coolant (green) may contribute to premature wear of seals and moving parts in the engine’s cooling system
ENGINE ELECTRICAL SYSTEM MAINTENANCE

The engine electrical system incorporates computers and micro processors to control the engine ignition,
fuel control, and emissions. Due to the sensitivity of the computers to good electrical connections periodic
inspection of the electrical wiring is necessary. When inspecting the electrical system use the following:

e Check and clean the battery terminal connections and insure the connections are tight

o Check the battery for any cracks or damage to the case

o Check the Positive and Negative battery cables for any corrosion build up, rubbing or chaffing, check
connection on the chassis to insure they are tight

o Check the entire engine wire harness for rubbing chaffing, cuts or damaged connections, repair if
necessary

o Check all wire harness connectors to insure they are fully seated and locked

e Check ignition coil and spark plug cables for hardening, cracking, chaffing, separation, split boot covers
and properly fitted

o Replace spark plugs at the proper intervals as prescribe in the recommended maintenance
o Check to make sure all electrical components are fitted securely

o Check the instrument panel to insure all warning lights are functioning, MIL, oil pressure and temperature
gauges are registering
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PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL MAINTENANCE SECTION 1-5
ENGINE CRANRKCASE OIL

To achieve proper engine performance and durability, it is important that you use only engine lubricating oils of
the correct quality in your engine. Proper quality oils also provide maximum efficiency for crankcase ventilation
systems. Use only oils displaying the American Petroleum Institute (API) “Starburst” Certification Mark ‘FOR
GASOLINE ENGINES’ on the container.

Gasoline engines that are converted to run on LPG or NG MUST use oils labeled ‘FOR GASOLINE ENGINES’
Do not use oils that are formulated for Diesel engines.

ENGINE OIL VISCOSITY SELECTION

Multi-Viscosity oils are recommended. SAE 10W-30 is recommended in climates that range from 0°F and
above. For climates that consistently fall below 0°F, SAE 5W-30 is recommended.

IMPORTANT:

Oils containing solid additives, non detergent oils, or low quality oils are not recommended by the
engine manufacturer.

USE OF SUPPLEMENTAL ADDITIVES

Oils recommended by the engine manufacturer already contain a balanced additive treatment. The use of
supplemental additives which are added to the engine oil by the owner is not necessary and may be harmful to
the engine. The engine manufacturer, fuel system supplier and the engine distributor do not review, approve or
recommend such products.

SYNTHETIC OILS

Synthetic oils have been available for use in industrial engines for a relatively long period of time. Synthetic oils
may offer advantages in cold temperature pumpability and high temperature oxidations resistance. However,
synthetic oils have not proven to provide operational or economic benefits over conventional petroleum-based
oils in industrial engines. Their use does not allow the extension of oil change intervals.

CHECKINGI/FILLING ENGINE OIL LEVEL

A CAUTION

AN OWERFILLED CRANKCASE[OIL LEWEL
OwER THE SPECIFIED FULL MARK] CAM
CAUSE OIL LEAK A FLUCTUATION OR
ODROF IMTHE OIL PRESSURE AND
ROCKER ARM"CLATTER" INTHE ENGINE.

IMPORTANT: Care must be taken when checking the engine oil level. Oil level must be maintained
between the “ADD” mark and “FULL” mark on the dipstick. To ensure that you are not getting a false
reading, make sure the following steps are taken to before check the oil level
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PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL MAINTENANCE SECTION 1-6

1. Stop the engine if in use
2. Allow sufficient time (approximately 5 minutes) for the oil to drain back into the oil pan

3. Remove the dipstick. Wipe with a clean cloth or paper towel and reinstall. Push the dipstick all the way
into the dipstick tube

4. Remove the dipstick and note the oil level

5. Oil level must be between the “FULL” and “ADD” marks

Figure 2
Engine Oil Dip Stick

6. If the oil level is below the “ADD” mark, proceed to Step 7 an 8 and reinstall the dipstick into the dipstick
tube

7. Remove the oil filter cap from the valve rocker arm cover
8. Add the required amount of oil to bring the level up to but not over “FULL” mark on the dipstick
9. Reinstall the oil fill cap to the valve rocker cover and wipe away any excess oil

CHANGING THE ENGINE OIL

IMPORTANT:

When changing the oil, always change the oil filter. Change oil when the engine is warm from operation
as the oils will flow freely and carry away more impurities.

To change the oil use the following steps
1. Start the engine and run until it reaches normal operating temperature
2. Stop the engine
3. Remove the drain plug and allow the oil to drain

4. Remove and discard the oil filter and its sealing ring
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PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL MAINTENANCE SECTION 1-7

5. Coat the sealing ring on the Tilter with clean engine oil and wipe the sealing surface on the Tiier
mounting surface to remove any dust, dirt and debris. Tighten the filter securely (follow the filter
manufacturers instructions). Do not over tighten.

6. Check the sealing ring on drain plug for any damage, replace if necessary, wipe the plug with a clean
rag, and wipe the sealing surface on the pan and reinstall the pan plug. Do not over tighten

7. Fill the crankcase with oil

8. Start the engine and check for oil leaks

9. Stop the engine and check the oil level to insure the oil level is at “FULL”

10. Dispose of the oil and filter in a safe manner.
FUEL SYSTEM INSPECTION AND MAINTENANCE
The propane fuel system installed on this industrial engine has been designed to meet the emission standards
applicable for the engine size for model year. To insure that the engine continues to meet the regulatory
requirements follow the recommended maintenance schedule contained within this section.
INSPECTION AND MAINTENANCE OF THE FUEL STORAGE CYLINDER
The fuel storage cylinder should be inspected daily or at the beginning of each shift for any external leaks,
external damage, adequate fuel supply and insure the manual service valve is open. Fuel storage cylinders
should always be securely mounted, inspect the securing straps for damage and that the securing devices are
closed and locked. Check to insure that the fuel storage cylinder is properly positioned in the locating pin in the
tank collar on all horizontally mounted tanks this will insure that the tank pressure relief device will always be in
the correct position to function if required.
When refueling or exchanging a cylinder check the quick fill valve for thread damage. Insure that the O-ring
seal is in place check the O-ring for cracks, separation or chunking; replace the O-ring if necessary before
refueling. Check the service line quick coupler for any thread damage. Check the coupler O-ring for cracks,

separation or chunking; replace the O-ring if necessary before refueling.

IMPORTANT: When refueling the cylinder, clean both the fill hose and the tank connector with a clean
cloth to remove any dust, dirt or debris to prevent contamination of the fuel system.

FUEL FILTER MAINTENANCE

The emissions certified fuel system utilizes inline fuel filters to remove dirt and debris from both the gasoline
and propane fuel systems. These filters require periodic maintenance refer to the recommended maintenance
schedule. When inspecting the fuel filters check the following:

e Check for any fuel leaks at the inlet and outlet fittings

o Check to make sure the filter is securely mounted

o Check for any external damage or distortion, if damaged replace the filter element

To replace the filters use the following steps:

()’ SPECTRUM |9 P S l

by IMPCO POWER SOLUTIONS, INC.




PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL MAINTENANCE SECTION 1-8

1. Move the equipment to a well ventilated area and insure there are no external ignition sources

2. On Propane units start the engine and close the manual valve on the cylinder and run the engine until
the engine runs out of fuel.

3. Remove and replace the fuel filter
4. Leak check the connections with a soapy solution or electronic leak detector

5. On Gasoline fuel pumps with integrated fuel filters or screens located in the tank follow the OEM
recommended procedures for pump removal

6. On externally mounted filters close the manual valve at the gasoline tank to prevent fuel from draining
from the tank.

7. Drain any excess fuel into an approved container and replace the filter

8. After replacing the filter start the engine and leak check all connections

A\ WARNING

AlwayswEAR PROTECTIWE EYEWEAR
AMD GLOWESWHEN PERFORMING
MAIMTEMANCE ON THE PROFPAME OR
GASOLIME FUEL SYSTEMS TO PREVEMT
SERIOUS INJURY. ALwiAY S PERFORM
PASINTENANCE PROCEDURES IN A WELL
WENTILATED AREA AND INSURETHAT
THERE ARE MO EXTERMNAL SOURCE OF
IGHITIOM

PROPANE ELECTRONIC PRESSURE REGULATOR (EPR) MAINTENANCE

The emission certified propane fuel system utilizes a specifically designed pressure regulator which reduces
the high pressure propane fuel to a lower pressure fuel which can be consumed in the engine. The EPR is
made up of two separate components a pressure regulator and an electronic control unit or voice coil. The
regulator is a two stage pressure regulator. The first stage or primary stage reduces the tank pressure to a
pressure of 6-34 kPa (1-5 PSI). The second stage portion of the regulator is controlled by the voice coil portion
of the regulator and regulates the amount of fuel to be delivered to the mixer.

The regulator portion of the EPR can be serviced with parts supplied by the OEM, refer to servicing the
pressure regulator in the Fuel System R&R section of this manual.

When inspecting the EPR check for the following items:
e Check for any fuel leaks at the inlet and outlet fittings

o Check for any fuel leaks at the connecting seams of the regulator body
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PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL MAINTENANCE SECTION 1-9
o Check the inlet'and ouflet coolant fittings at the regulator body

o Check the inlet and outlet coolant lines for hardening, cracking, chaffing or splits. If any of these
conditions exist replace the coolant lines

o Check the inlet and outlet coolant line hose clamps at each connection, tighten if necessary

e Check the CAN connection on the electronic control section to insure it is seated and locked

o Check to make sure the EPR assembly is securely mounted to the rubber isolators

e Check the rubber isolators for cracking, hardening or separation
GASOLINE FUEL PRESSURE & TEMPERATURE MANIFOLD
The emission certified gasoline system utilizes a pressure and temperature manifold assembly device which
allows the fuel pressure to be maintained at the injectors and returns any unused fuel back into the tank.
This device prevents large amounts of fuel from being returned to the tank which would cause the fuel to be
agitated. Excessively agitating fuel causes large amounts of vapor to be built up in the fuel tank. Therefore the
gasoline pressure and temperature manifold assembly is critical to preventing heavy vapor build up in the tank.
When inspecting the gasoline pressure and temperature manifold assembly check the following items:
o Check for any fuel leaks at the inlet and outlet fitting on the regulator
o Check the inlet and outlet hoses or fuel lines for any rubbing chaffing or external damage
e Check the electrical connection at the sensor to insure the connector is seated and locked
o Check to make sure the assembly is securely mounted
DRAINING OIL BUILD UP FROM THE PROPANE REGULATOR
During the course of normal operation oils or “heavy ends” may build inside the primary and secondary
chambers of the propane pressure regulator. These oils and heavy ends may be a result of poor fuel quality,
contamination of the fuel supply chain, or regional variation in the make up of the fuel. If the build up of the oil
is significant this can effect the operation of the fuel control system. IMPCO recommends the EPR be drained
at every engine oil change if contaminated or substandard fuel is suspected or known to have been used or in
use with the emission compliant fuel system. This is known as special maintenance, and failure to follow this
additional recommendation may not be used to deny a warranty claim.
Use the following procedure to drain the regulator:
IMPORTANT: For best results warm the engine to operating temperature before draining as this will
allow the oils to be liquid and flow freely from the regulator.

1. Move the equipment to a well ventilated area and insure there are no external ignition sources.

2. Start the engine and bring to operating temperature.

3. With the engine running close the manual tank valve and run the engine out of fuel.
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PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL MAINTENANCE SECTION 1-10

8.

9.

Switch the Key to the Off position once the engine stops.

Disconnect the electrical connection to the LPG fuel temperature sensor in the auxiliary fuel port of the
EPR.

Remove the retainer clip for the LPG fuel temperature sensor and remove the sensor from the regulator
body. It may be necessary to remove nuts from the bottom of the mounting isolators to tip EPR so that
all of the oil can be drained. Note: Have a small container ready to collect oil that will drain freely from
the regulator at this point.

Once all of the oil has been drained, reinstall the LPG fuel temperature sensor and reconnect the
electrical connector.

Re-open the fuel tank manual valve.

Start the engine and verify all connections.

10. Dispose of any oil in a safe and proper fashion.

Remove LPG Fuel Temp
Sensor and Drain Oil After
Engine has be Warmed

It may be necessary to
loosedn EPR from bracket
to tip it, so all il can be
drained.

AIR FUEL MIXER AND THROTTLE CONTROL DEVICE INSPECTION

The air fuel mixer component fitted to the emission certified engines have been specifically designed and
calibrated to meet the regulatory requirements applicable for the engine.

The mixer can be serviced using parts supplied by the OEM, refer to servicing the mixer in the Fuel System
R&R section of this manual.

When inspecting the mixer check for the following items:

e Check for any leaks at the inlet fitting
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PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL MAINTENANCE SECTION 1-11

o Check the air inlet connection to insure the clamp is tight and sealed

o Check the vapor hose from the regulator to the mixer for kinks, collapsing, cracks, splitting, chaffing or
loose connections, replace of any of these conditions are present

o Check the mixer mounting at the throttle control device to insure there are no vacuum leaks

o Check to make sure the mixer is securely attached

o Check the air cleaner element and replace if necessary

THROTTLE CONTROL INSPECTION

The throttle control device utilized on this industrial engine is an Electronic Throttle Control (ETC) device.
The ETC receives electrical signals and sends signals to the ECM. Therefore it is important that the electrical
connector be securely in place and locked.

In addition to controlling engine speed and load correction the ETC acts as the connecting mechanism
between the mixer and the manifold. Any vacuum leaks below the mixer can cause loss of fuel control when
operating on propane. Always insure that the throttle connecting screws are securely fastened.

When inspecting the throttle body check for the following items:

o Check the throttle body connections to the mixer and manifold or adaptors is securely attached

o Check for any vacuum leaks below the mixer

o Check the ETC electrical connections and insure they are fully seated and locked

GASOLINE FUEL RAIL AND INJECTORS

The dual fuel system utilizes both a propane fuel system and a base gasoline fuel system to operate. The
emission certified engine gasoline fuel system utilizes a port injection fuel system and a common rail for fuel
delivery.

When inspecting the gasoline injectors and fuel rails check for the following items

o Check the fuel supply hoses for cracking, chaffing, loose connections, or any external damage and replace
if any of these conditions exists

o Check the fuel rail to insure the rail is securely attached

o Check the injector for any leaks at the inlet or outlet points on the injector

e Check the each injector electrical connector to make sure the connector is fully seated and locked
EXHAUST SYSTEM AND CATALYTIC CONVERTOR INSPECTION AND MAINTENANCE

The exhaust system on this emission certified engine contains a Heated Exhaust Gas Sensor (HEGO) before
the catalyst as well as after the catalyst. The pre catalyst sensor is used to provide fuel correction information
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PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL MAINTENANCE SECTION 1-12

to the ECM. The Post Catalyst sensor provides input to the ECM as the effectiveness of the fuel control
system.

It is important to insure that the HEGO sensors are properly operating. As well visual inspection of the catalyst
can provide insight as to over fueling condition within the fuel system.

When inspecting the exhaust system check for the following:

Check the exhaust manifold connection to insure they are tight and no exhaust leaks are present
Check the exhaust pipe to manifold to insure the bolts are tight and the connection is sealed

Check the exhaust pipe for any external damage, holes or crushed pipes which may cause exhaust gas
flow restriction. Exhaust gas restriction generally cause the manifold and or exhaust pipes to turn blue.

Check to make sure the exhaust pipe is securely attached at all hangers and supports

Check the Catalyst to insure that the catalyst is securely attached at all hangers and supports
Check both the HEGO sensor electrical connections to insure they are fully seated and locked
Check for any HEGO wiring damage which may have been caused by heat or external interference

Check the tail pipe for any damage and that the opening is not crushed or restricting flow

by IMPCO
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Recommended Maintenance Schedule
GASOLINE AND LPG CERTIFIED ENGINE MAINTENANCE REQUIREMENTS
Install Interval Hours
Date | Daily | 200 | 400 1 800 | 1000 1 1250 1 1500 | 1750 | 2000

| General Maintenance Section
Visual check for leaks X
Check engine oil level X

Check coolant level X
Change engine oil and filter Every 150 hours or 120 days of operation

Check L PG/Gas system for leaks Prior to any service or maintenance activity

Inspect accessory drive belts X
Inspect electrical system
Inspect all vacuum lines and fitting

| Engine Coolant Section

Clean debris from radiator core Every 100 hours or 60 days of operation

Change coolant X
Inspect coolant hoses for cracks,
swelling or deterioration X X
Inspect Battery case for damage X
Check all electrical connectors X
Replace Spark Plug Wires
Replace Distributor Cap & Rotor X
Replace spark plug wires X
| Fuel System Maintenance
Replace fuel filter (Gas & LPG) X
Inspect lock off for leaks & closing
Check | PG/Gas regulator pressure

eak check | PG/Gas fuel lines
Inspect/Drain EPR-LPR for oll build

up.
Inspect LPR for coolant leaks Annually or every 2000 hours
Check air induction for leaks

Check manifold for vacuum leaks
Replace PCV Valve X

Check injector & rails for leaks X
Inspect air cleaner Every 200 hours, or every 100 hours in dusty environment

Replace filter element Every 400 hours, or every 200 hours in dusty environment
| Engine Exhaust System
Inspect exhaust manifold for leaks

Inspect exhaust piping for leaks
Inspect catalyst inlet and outlet
Check HEGO sensors connections

The maintenance schedule represents manufacturers recommended maintenance intervals to maintain
proper engine/equipment function. Specific state and federal regulations may require equipment operators
to conduct comprehensive engine/equipment inspections at more periodic intervals than those specified
above

<X X X

< X X

< PX XX

Every 150 hours or 120 days of operation

< X

< X X X
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Engine Identification Code / Engine Number

The engine identification code is embossed on the
flattened area (arrow) of the cylinder block on the
transmission side.

Checking and Adjustment Operations
Ribbed V-belt Tension, Check

Inspect
Ribbed V-belt tension is adjusted via automatic ribbed
V—belt tensioner.

Only the position of the movable ribbed V-belt
tensioner tensioning arm (1) can be checked. This
should lie between the stops (2).

If movable tensioner arm (1) for ribbed V-belt
tensioner is located at stop (2), replace ribbed V—belt
and ribbed V—belt tensioner — see operations “Ribbed
V-belt, Remove and Install” and “Ribbed V-belt
Tensioner, Remove and Install”.

Compression, Check

Remove, Disconnect
Engine at operating temperature (oil temperature 80

°C). /\i\l !" I i {~I_| 3 \l

Detach spark plug connectors and remove spark plugs

XN j B
with KM~194-E. . // / / / ,\‘ \
Detach wiring harness plug (1) from DIS ignition NP A m Hﬂﬂ =
module. & ¢z &(

P2
Open relay holder cover and pull fuel pump relay (2) o= -
out of base. O ®)
Inspect

. . G 3561
Use compression recorder with rubber cone and

a measuring range of up to 1750 kPa (250 PSI)
overpressure. Actuate starter for approx. 4 seconds
with throttle valve fully open — minimum engine speed
300 rpm. The pressure difference

between the individual cylinders should not exceed
100 kPa (14.5 PSI).
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Install, Connect

Insert fuel pump relay in base and close relay holder
cover.

Connect wiring harness plug to DIS ignition module.
Install spark plugs with KM—194-E into cylinder head
— tightening torque 25 Nm / 18 Ibf. ft.

Connect spark plug connectors.

Pressure Loss, Check
Engine at operating temperature (oil temperature 80
°C).

Remove, Disconnect

Detach spark plug connectors, remove spark plugs
with KM-194-E.

Remove fluid filler opening sealing cap, coolant
compensation tank sealing cap and oil dipstick.
Remove air cleaner housing with air intake cover.
Remove upper part of toothed belt cover — see
operation "Toothed Belt Cover — Upper Part, Remove
and Install”.

Adjust

Set piston of 1st cylinder to TDC position. To determine

TDC position — see operation ”Timing, Check”.

Install, Connect

Connect pressure loss tester to compressed air system
and calibrate.

Screw connector into spark plug bore of 1st cylinder
and connect pressure loss tester with connector
(observe manufacturer’s instructions).

Important!
The crankshaft is not permitted to rotate during the
test procedure.
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Inspect 1
Air outlet at: inlet or exhaust side, compensation tank /
and crankcase housing. Max. difference in pressure

between individual cylinders: 10%. The max. pres-sure
loss of a cylinder should not exceed 25%.

Check pressure loss at 3rd, 4th and 2nd cylinders
analogously. Bring piston of cylinder to be checked in
”ign. TDC” position, ignition sequence: 1-3—4-2. De-
termine ”ign. TDC” position by placing guide marks
on camshaft sprocket. Fur-ther

turn crankshaft 180° in engine rotational direction
(corresponds to 90° at camshaft sprocket) up to
camshaft sprocket guide mark and align toothed belt I,.'" [ C =
cover. Determine the ”ign. TDC” position for 4th and ' 2

2nd cylinders analogously. Turn crankshaft slowly

and uniformly.

i L1225

Install, Connect

Install upper part of toothed belt cover — see operation
”Toothed Belt Cover — Upper Part, Remove and
Install”.

Install air cleaner housing with air intake cover.
Install spark plugs in cylinder head using KM—194-E
— tightening torque 25 Nm / 18.5 1bf. ft.

Attach spark plug connector, fluid filler opening sealing
cap, coolant compensation tank sealing cap and oil
dipstick.

Oil Pressure, Check

Remove, Disconnect

Disconnect wiring harness plug (1) from oil pressure
switch, remove oil pressure switch (2) —place collecting
basin underneath.

Inspect

Check oil pressure with KM—498-B (3) and KM-135
(4). The oil pressure should be approx. 150 kPa (22 PSI)
at idling speed with an oil temperature of.80 °C.

Install, Connect

Attach oil pressure switch to oil pump with new seal
ring — tightening torque 30 Nm / 22 Ibf. ft.

Connect wiring harness plug to oil pressure switch.
Check engine oil level and correct if necessary.
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Timing, Check

Remove, Disconnect

Disconnect ground cable from battery.

Remove air cleaner housing with air intake cover.
Remove upper part of toothed belt cover — see
operation "Toothed Belt Cover — Upper Part, Remove
and Install”.

Inspect

At fastening bolt of toothed belt drive gear, turn
crankshaft in engine rotational direction to ”1st
cylinder TDC” (marking 2). At the same time, notches
(1) on camshaft pulley and rear toothed belt cover must
align. Turn crankshaft slowly and uniformly.

If the timing marks do not align — see operation
”Timing, Adjust”.

Install, Connect

Install upper part of toothed belt cover — see operation
”Toothed Belt Cover — Upper Part, Remove and
Install”.

Install air cleaner housing with air intake cover.
Connect ground cable to battery.

Timing, Adjust

Note:
Adjustment is carried out with the engine cold — at
room temperature.

Remove, Disconnect

Disconnect ground cable from battery.

Remove air cleaner housing with air intake cover.
Remove upper part of toothed belt cover — see
operation "Toothed Belt Cover — Upper Part, Remove
and Install”.

Remove ribbed V-belts — see operation “Ribbed
V-belts, Remove and Install”.

Remove ribbed V-belt tensioner — see operation
”Ribbed V-belt Tensioner, Remove and Install”.
Remove lower part of toothed belt cover — see
operation "Toothed Belt Cover — Lower Part, Remove
and Install”.
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Remove, Disconnect

Remove engine PCV vacuum hose (1) from camshaft
housing cover.

Remove wiring trough (2) from camshaft housing
cover.

Remove camshaft housing cover (3) from camshaft ?,L@ &
housing.

2

g

Adjust

Screw fastening bolt for toothed belt drive gear into
crankshaft and turn crankshaft in engine rotational
direction until pointer (4) on toothed belt drive gear is
flush with mark on oil pump housing.

Move toothed belt tension roller against spring force
upward until bore holes align. Fix toothed belt tension
roller in place with suitable drift (5). Mark running
direction (front edge) of toothed belt and remove
toothed belt.
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Adjust

Athex of camshaft, turn camshaft sprocket (short way)
to mark. Notch (2) on camshaft sprocket must align
with mark (1) on rear toothed belt cover.

Install, Connect

Attach toothed belt — ensure that tension side (I) is taut.
Note running direction of toothed belt.

Remove drift from toothed belt tension roller.

Adjust toothed belt tension — see operation ”Toothed
Belt Tension, Adjust”.

Install camshaft housing cover at camshaft housing
— tightening torque 8 Nm / 6 1bf. ft.

Attach wiring trough to camshaft housing — tightening
torque 8 Nm / 6 Ibf. ft.

Attach engine vacuum hose to camshaft housing
cover.

Remove, Disconnect
Remove fastening bolt from toothed belt drive gear.

Install, Disconnect

Install lower part of toothed belt cover — see operation
”Toothed Belt Cover — Lower Part, Remove and
Install”.

Install ribbed V—belt tensioner — see operation “Ribbed
V-belt Tensioner, Remove and Install”.

Install ribbed V—belt — see operation “Ribbed V-belt,
Remove and Install”.

Install upper part of toothed belt cover — see operation
”Toothed Belt Cover — Upper Part, Remove and
Install”.

Install air cleaner housing with air intake cover.
Connect ground cable to battery.
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Toothed Belt Tension, Check

Note:
Testing is performed with the engine cold — at room
temperature.

Remove, Disconnect

Disconnect ground cable from battery.

Remove air cleaner housing with air intake cover
Remove upper part of toothed belt cover — see
operation "Toothed Belt Cover — Upper Part, Remove
and Install”.

Remove ribbed V-belts — see operation "Ribbed
V-belts, Remove and Install”.

Remove ribbed V-belt tensioner — see operation
”Ribbed V-belt Tensioner, Remove and Install”.

Remove, Disconnect

Remove lower part of toothed belt cover — see
operation ”Toothed Belt Cover — Lower Part, Remove
and Install”.

Adjust

Screw fastening bolts of toothed belt drive gear into
crankshaft and turn crankshaft in engine rotational
direction until pointer (3) aligns with mark on oil
pump housing. At the same time, notch (2) on camshaft
pulley must be aligned with mark (1) on rear toothed
belt cover.

Inspect

The toothed belt tension is correctly adjusted when
the pointer (4) of the movable part of the toothed belt
tension roller aligns with notch (arrow).

Inspect
If the toothed belt tension is not correctly adjusted — see
operation Toothed Belt Tension, Adjust”.

Remove, Disconnect
Remove fastening bolt from toothed belt drive gear.
Install, Disconnect
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Install lower part of toothed belt cover — see operation
”Toothed Belt Cover — Lower Part, Remove and
Install”.

Install ribbed V—belt tensioner — see operation ’Ribbed
V-belt Tensioner, Remove and Install”.

Install ribbed V-belt — see operation ”Ribbed V—-belt,
Remove and Install”.

Install upper part of toothed belt cover — see operation
”Toothed Belt Cover — Upper Part, Remove and
Install”.

Install air cleaner housing with air intake cover.
Connect ground cable to battery.

Toothed Belt Tension, Adjust

Note:
Testing is performed with the engine cold — at room
temperature.

Remove, Disconnect

Remove air cleaner housing with air intake cover
Remove upper part of toothed belt cover — see
operation "Toothed Belt Cover — Upper Part, Remove
and Install”.

Remove ribbed V-belts — see operation "Ribbed
V-belts, Remove and Install”.

Remove ribbed V-belt tensioner — see operation
”Ribbed V-belt Tensioner, Remove and Install”.

Remove, Disconnect

Remove lower part of toothed belt cover — see
operation “Toothed Belt Cover — Lower Part, Remove
and Install”.

Adjust

Screw fastening bolt for toothed belt drive gear into
crankshaft and turn crankshaft in engine rotational
direction until pointer on toothed belt drive gear is
flush with mark on oil pump housing. At the same time,
notch on camshaft pulley must be flush with mark on
rear toothed belt cover.

Release fastening bolts for coolant pump. Tension
toothed belt by turning coolant pump in direction of
arrow (clockwise) with KM—421—A until pointer (1)
is at right stop.
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Adjust

Turn crankshaft two revolutions (720°) in engine
rotational direction, until timing marks align. Turn
crankshaft slowly and uniformly and do not change
position of coolant pump.

Reduce toothed belt tension by turning coolant pump
in direction of arrow with KM—421-A until pointer (1)
and notch (2) on toothed belt tension roller carrier plate
align. Set crankshaft another two revolutions (720°)
in engine rotational direction to mark ”Ist cylinder
ignition TDC” and check adjustment of toothed belt
tension roller. If marks do not align, repeat adjustment
procedure.

Tighten (Torque)
Coolant pump to cylinder block — tightening torque 8
Nm / 6 Ibf. ft.

Install, Connect

Remove fastening bolt from toothed belt drive
gear and install toothed belt cover, lower part — see
operation “Toothed Belt Cover, Lower Part, Remove
and Install”.

Install, Connect

Install ribbed V—belt tensioner — see operation “Ribbed
V-belt Tensioner, Remove and Install”.

Install ribbed V-belt — see operation “Ribbed V—belt,
Remove and Install”.

Install upper part of toothed belt cover — see operation
”Toothed Belt Cover — Upper Part, Remove and
Install”.

Install air cleaner housing with air intake cover.
Check cooling system for leaks.
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Toothed Belt Cover, Upper Part, Remove and Install

Remove, Disconnect

Remove air cleaner housing with air intake cover.
Remove fastening bolts (1) and remove upper part of
toothed belt cover from rear toothed belt cover.

Install, Connect

Attach upper part of toothed belt cover to rear toothed
belt cover — tightening torque 4 Nm / 3 1bf. ft.

Install air cleaner housing with air intake cover.
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Toothed Belt Cover, Lower Part, Remove and Install

Remove, Disconnect

Remove air cleaner housing with air intake cover.
Remove upper part of toothed belt cover — see
operation ”Toothed Belt Cover — Upper Part, Remove
and Install”.

Remove ribbed V-belts — see operation "Ribbed
V-belts, Remove and Install”.

Remove ribbed V-belt tensioner — see operation
”Ribbed V-belt Tensioner, Remove and Install”.
Lock drive disk or flywheel with KM-911 (1).
Detach crankshaft pulley/reluctor wheel (2) from
crankshaft.

Remove fastening bolts (3) and remove lower part of
toothed belt cover from rear toothed belt cover.

Install, Connect

Attach lower part of toothed belt cover to rear toothed
belt cover — tightening torque 4 Nm / 3 1bf. ft.
Attach crankshaft pulley/reluctor wheel with new
fastening bolt to crankshaft — tightening torque 95 Nm
/70 1bf. ft. +30° + 15°.

Remove Locking Tool KM-911.

Install ribbed V—-belt tensioner — see operation ”Ribbed
V-belt Tensioner, Remove and Install”.

Install ribbed V-belt — see operation "Ribbed V-belt,
Remove and Install”.

Install upper part of toothed belt cover — see operation
”Toothed Belt Cover — Upper Part, Remove and
Install”.

Install air cleaner housing with air intake cover.
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Toothed Belt, Remove and Install

Remove, Disconnect

Remove air cleaner housing with air intake cover.
Remove upper part of toothed belt cover — see
operation "Toothed Belt Cover — Upper Part, Remove
and Install”.

Remove ribbed V-belts — see operation “Ribbed
V-belts, Remove and Install”.

Remove ribbed V-belt tensioner — see operation
”Ribbed V-belt Tensioner, Remove and Install”.
Remove lower part of toothed belt cover — see
operation ”Toothed Belt Cover — Lower Part, Remove
and Install”.

Adjust

Screw fastening bolt for toothed belt drive gear into
crankshaft and turn crankshaft in engine rotational
direction until marks (2) on toothed belt drive gear
and oil pump housing are flush.

At the same time, notches (1) on camshaft pulley and
rear toothed belt cover must be flush.

Turn crankshaft slowly and smoothly.

Remove, Disconnect

Move toothed belt tension roller upward against spring
force until bore holes align. Fix toothed belt tension
roller in place with suitable drift (3).

Mark running direction (front edge) of the toothed belt
for identification and remove toothed belt.

Install, Connect

Check toothed belt for wear — replace if necessary.
Install toothed belt — ensure that tensioned side (I) is
taut.

Observe timing marks. Adjust toothed belt tension
— see operation “Toothed Belt Tension, Adjust”.

Install, Connect

Remove fastening bolt from toothed belt drive
gear and install toothed belt cover, lower part — see
operation “Toothed Belt Cover, Lower Part, Remove
and Install”.
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Install, Connect

Install ribbed V-belt tensioner — see operation ”Ribbed
V-belt Tensioner, Remove and Install”.

Install ribbed V-belt — see operation ”Ribbed V-belt,
Remove and Install”.

Install upper part of toothed belt cover — see operation
”Toothed Belt Cover — Upper Part, Remove and
Install”.

Install air cleaner housing with air intake cover.

Toothed Belt Tension Roller, Remove and Install

Remove, Disconnect

Remove air cleaner housing with air intake cover.
Remove upper part of toothed belt cover — see
operation "Toothed Belt Cover — Upper Part, Remove
and Install”.

Remove ribbed V-belts — see operation "Ribbed
V-belts, Remove and Install”.

Remove ribbed V-belt tensioner — see operation
”Ribbed V-belt Tensioner, Remove and Install”.
Remove lower part of toothed belt cover — see
operation ”Toothed Belt Cover — Lower Part, Remove
and Install”.

Remove toothed belt — see operation “Toothed Belt,
Remove and Install”.

Remove toothed belt tension roller (1) from oil

l
pump. L 4747

H
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Install, Connect

Install toothed belt tension roller — make sure that lug
(1) of toothed belt tension roller base plate engages in
groove (2) of oil pump.

Attach toothed belt tension roller to oil pump
— tightening torque 20 Nm / 15 Ibf. ft.

Install toothed belt — see operation "Toothed Belt,
Remove and Install”.

Install lower part of toothed belt cover — see operation
”Toothed Belt Cover — Lower Part, Remove and
Install”.

Install ribbed V—belt tensioner — see operation ’Ribbed
V-belt Tensioner, Remove and Install”.

Install, Connect

Install ribbed V-belt — see operation ”Ribbed V—belt,
Remove and Install”.

Install upper part of toothed belt cover — see operation
”Toothed Belt Cover — Upper Part, Remove and
Install”.

Install air cleaner housing with air intake cover.

Seal Ring in Front Camshaft Housing, Replace

Remove, Disconnect

Remove air cleaner housing with air intake cover.
Remove upper part of toothed belt cover — see
operation "Toothed Belt Cover — Upper Part, Remove
and Install”.

Remove ribbed V-belts — see operation "Ribbed
V-belts, Remove and Install”.

Remove ribbed V-belt tensioner — see operation
”Ribbed V-belt Tensioner, Remove and Install”.
Remove lower part of toothed belt cover — see
operation ”Toothed Belt Cover — Lower Part, Remove
and Install”.

Remove toothed belt — see operation “Toothed Belt,
Remove and Install”.
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Remove, Disconnect

Remove engine vent hose from camshaft housing
cover.

Detach wiring trough from camshaft housing cover.
Remove camshaft housing cover from camshaft
housing.

Remove camshaft sprocket (1) from camshaft — (hold
with open—ended wrench on hex of camshaft).

Edge out seal ring (2) with suitable tool.

Important!
Do not damage sealing surfaces.

Install, Connect

Lightly coat sealing lip of seal ring with silicon grease
(white). Press seal ring with KM—422 (3) in camshaft

housing — use bolt and washer of camshaft pulley.
. pulley ) ML E 1)

@

\Cm
Install, Connect

Attach camshaft sprocket to camshaft — hold with

open—ended wrench on hex of camshaft — tightening

torque 45 Nm / 33 Ibf. ft. f(;_]\

3

©
—

Install camshaft housing cover at camshaft housing G 3580

— tightening torque 8 Nm / 6 1bf. ft.

Attach engine vacuum hose to camshaft housing
cover.

Install toothed belt — see operation “Toothed Belt,
Remove and Install”.

Install lower part of toothed belt cover — see operation
”Toothed Belt Cover — Lower Part, Remove and
Install”.

Install ribbed V—belt tensioner — see operation “Ribbed
V-belt Tensioner, Remove and Install”.

Install ribbed V-belt — see operation “Ribbed V—belt,
Remove and Install”.

Install upper part of toothed belt cover — see operation
”Toothed Belt Cover — Upper Part, Remove and
Install”.

Install air cleaner housing with air intake cover.
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G 3586

Rear Toothed Belt Cover, Remove and Install

Remove, Disconnect

Remove air cleaner housing with air intake cover.
Remove upper part of toothed belt cover — see
operation "Toothed Belt Cover — Upper Part, Remove
and Install”.

Remove ribbed V-belts — see operation “Ribbed
V-belts, Remove and Install”.

Remove ribbed V-belt tensioner — see operation
”Ribbed V-belt Tensioner, Remove and Install”.
Remove lower part of toothed belt cover — see
operation ”Toothed Belt Cover — Lower Part, Remove
and Install”.

Remove toothed belt — see operation “Toothed Belt,
Remove and Install”.

Remove toothed belt tension roller — see operation
”Toothed Belt Tension Roller, Remove and Install”.
Remove toothed belt drive gear (2) from crankshatft.
Detach engine damping block support (1) from
cylinder block.
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Remove, Disconnect

. Remove engine vacuum hose (1) from
camshaft housing cover.
. Remove camshaft housing cover (3) from
camshaft housing.
. Remove camshaft sprocket — hold with
open—ended wrench on hex of camshaft. i@ O atae at e S ma®
. Unclip cable for crankshaft position E —
sensor from rear toothed belt cover. ( =
= =
. Remove rear toothed belt cover (arrows) o JEN_5 5 i oz

from oil pump and camshaft housing. ’\c’} (W
\ ~ —\ \3

Install, Connect

. Attach rear toothed belt cover to oil pump
and camshaft housing — tightening torque
6 Nm / 4 1bf. ft.

Install, Connect

Clip cable for crankshaft position sensor to rear toothed
belt cover — note cable routing.

Attach camshaft sprocket to camshaft — hold with
open—ended wrench on hex of camshaft — tightening
torque 45 Nm / 33 Ibf. ft.

Install camshaft housing cover at camshaft housing
— tightening torque 8 Nm / 6 Ibf. ft.

Attach engine vacuum hose to camshaft housing
cover.

Attach engine damping block support to cylinder block
— tightening torque 50 Nm / 37 Ibf. ft.

Slide toothed belt drive gear onto crankshaft journal
— note installation position.

Install toothed belt tension roller — see operation G 3581
”Toothed Belt Tension Roller, Remove and Install”.

Install toothed belt — see operation “Toothed Belt,

Remove and Install”.

Install lower part of toothed belt cover — see operation

”Toothed Belt Cover — Lower Part, Remove and

Install”.

Install, Connect

Install ribbed V—belt tensioner — see operation Ribbed
V-belt Tensioner, Remove and Install”.

Install ribbed V—belt — see operation ”Ribbed V—belt,
Remove and Install”.

Install upper part of toothed belt cover — see operation
”Toothed Belt Cover — Upper Part, Remove and
Install”.

Install air cleaner housing with air intake cover.
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Seal Ring in Rear Camshaft Housing, Replace

Remove, Disconnect
Remove DIS ignition module (1). Remove carrier plate
(2) from camshaft housing.

Clean
Clean sealing surfaces and remove gasket remnants.

Install, Connect

Coat seal ring (3) of carrier plate with silicone grease
(white) and attach carrier plate to camshaft housing
— tightening torque 12 Nm / 9 Ibf. ft.

Install DIS ignition module — tightening torque 12
Nm /9 Ibf. ft.
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Exhaust Manifold, Remove and Install

Remove, Disconnect

Disconnect spark plug wires from all spark plugs.
Remove exhaust manifold (5) and gasket from cylinder
head.

Clean
Clean sealing surfaces and remove gasket remnants.

Install, Connect
Attach exhaust manifold with new gasket and new
nuts to cylinder head — tightening torque 22 Nm / 16

Ibf. ft.
Connect spark plug wires.
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GMIGS178

Intake Manifold, Remove and Install

Important!

Fuel leak — observe safety regulations and national
legislation. Reduce fuel pressure with Pressure Tester
KM-J-34730-91 via testing port — collect escaping
fuel in suitable container.

Remove, Disconnect

Disconnect ground cable from battery.

Open coolant drain bolt — collect escaping coolant.
Drain cooling system.

Remove engine vent hoses and from camshaft housing
cover. Remove coolant hose from intake (1).
Remove air cleaner housing and air intake hose.
Remove fuel lines and harness from fuel injectors (2).
Remove intake manifold nuts (3).

Remove intake manifold and gasket (4).

Clean
Clean sealing surfaces and remove gasket remnants.

Install, Connect

Attach inlet manifold with new gasket to cylinder head
— tightening torque 22 Nm / 16 Ibf. ft.

Attach fuel lines.

Attach coolant hose to intake manifold.

Connect wiring harness plug to injectors.
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Install, Connect

Install air cleaner housing with air intake hose.
Attach engine vent hoses to camshaft housing cover.
Close coolant drain bolt. Connect ground cable to
battery.

Refill cooling system and purge air from system.

Camshaft and Cam Follower, Remove and Install
(Cylinder Head Installed)

Remove, Disconnect

Remove air cleaner housing with air intake cover.
Remove upper part of toothed belt cover — see
operation "Toothed Belt Cover — Upper Part, Remove
and Install”.

Remove ribbed V-belts — see operation “Ribbed
V-belts, Remove and Install”.

Remove ribbed V-belt tensioner — see operation
”Ribbed V-belt Tensioner, Remove and Install”.
Remove lower part of toothed belt cover — see
operation "Toothed Belt Cover — Lower Part, Remove
and Install”.
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Important!

Before dismantling the toothed belt — screw fastening
bolt for toothed belt drive gear into crankshaft and
move crankshaft in engine rotational direction by 60°
(dimension I) to before TDC mark.

Remove, Disconnect

Move toothed belt tension roller upward against spring
force until bore holes align. Fix toothed belt tension
roller in place with suitable drift (1).

Remove, Disconnect

Remove toothed belt from camshaft sprocket.
Remove camshaft sprocket — see operation ’Seal Ring
in Front Camshaft Housing, Replace”.

Remove DIS ignition module — see operation "DIS
Ignition Module, Remove and Install”.

Remove carrier plate from camshaft housing — see
operation ”Seal Ring in Rear Camshaft Housing,
Replace”.

Remove pressure plate (1) from camshaft housing.

Important!
Cover oil return bore holes in cylinder head during
assembly so thrust pieces cannot fall in.
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Remove, Disconnect

Attach Valve Lifter Depressor MKM—891 to camshaft
housing.

Uniformly compress all cam followers. Pull camshaft
(1) out of camshaft housing. Release valve lifter
depressor and remove from camshaft housing.
Remove cam followers and thrust pieces — lay aside
in installation position and note layout.

Inspect

Check all parts for damage and wear and replace if
necessary. When replacing camshaft all cam followers

| L) 1L 1 cing car |
N - / o7 must be replaced. Prior to installation ensure that
A 7] hméé crankshaft is 60° before TDC mark.
ol N
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\U Install, Connect

¢ Insert thrust pieces and cam followers —note installation
position and allocation.

Attach valve lifter depressor onto camshaft housing
and press down all cam followers uniformly. Coat

sliding surfaces with MoS2 lubricating paste (grey).

Insert camshaft in camshaft housing.

Install, Connect
Install pressure plate on camshaft housing — 8 Nm /
6 Ibf. ft.

Remove, Disconnect
Release tension in valve lifter depressor and remove
from camshaft housing.

Install, Connect

Attach carrier plate to camshaft housing — see operation
”Seal Ring in Rear Camshaft Housing, Replace”.
Attach DIS ignition module — see operation ”DIS
Ignition Module, Remove and Install”.

Install camshaft sprocket — see operation ”Seal Ring
in Front Camshaft Housing, Replace”.

Important!

Prior to installation of toothed belt, marks on toothed
belt drive gear and oil pump housing, as well as notches
on camshaft sprocket and rear toothed belt cover, must
align — see operation ”Timing, Adjust”.
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Install, Connect

Install toothed belt — see operation “Toothed Belt,
Remove and Install”.

Remove fastening bolt from toothed belt drive
gear and install toothed belt cover, lower part — see
operation ”Toothed Belt Cover, Lower Part, Remove
and Install”.

Install ribbed V—belt tensioner — see operation Ribbed
V-belt Tensioner, Remove and Install”.

Install ribbed V-belt — see operation “Ribbed V—belt,
Remove and Install”.

Install upper part of toothed belt cover — see operation
”Toothed Belt Cover — Upper Part, Remove and
Install”.

Install air cleaner housing with air intake cover.

Hydraulic Valve Lifter, Replace (Cylinder Head
Installed)

Remove, Disconnect

Remove air intake cover.

Detach engine vent hose from camshaft housing
cover.

Detach wiring trough from camshaft housing cover.
Remove camshaft housing cover from camshaft
housing.

Adjust

At fastening bolt of toothed belt drive gear, turn
crankshaft in engine rotational direction until cam
(1) of hydraulic valve lifter to be replaced assumes a
vertical position.

Remove, Disconnect

Place KM—-565—A (2) on camshaft housing and valve
head and tension valve spring. Remove cam follower
(3) from camshaft housing — note thrust piece. Remove
hydraulic valve lifter from camshaft housing.
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Install, Connect

Insert hydraulic valve lifter (1) in camshaft housing.
Coat sliding surfaces of the rocker arm with MoS2
lubricating paste (grey) and insert in camshaft housing
— note thrust piece.

Adjust

Adjustment of the hydraulic valve lifter is no longer
required, as pre—tensioning has been taken into account
in design.

Install, Connect

Release valve spring and remove KM—-565—A.

Install camshaft housing cover at camshaft housing
— tightening torque 8 Nm / 6 1bf. ft.

Attach wiring trough to camshaft housing cover
— tightening torque 8 Nm / 6 1bf. ft.

Attach engine bleeding hose to camshaft housing
cover.

Camshaft, Remove and Install (Cylinder Head
Removed)

Remove, Disconnect

Remove DIS ignition module — see operation "DIS
Ignition Module, Remove and Install”.

Remove carrier plate from camshaft housing — see
operation ’Seal Ring in Rear Camshaft Housing,
Replace”.

Remove pressure plate (1) from camshaft housing.
Remove camshaft from camshaft housing.

Edge front seal ring out of camshaft housing.

Clean
Clean sealing surfaces and remove gasket remnants.

Inspect

Check camshaft housing for damage and wear — see
operation ”Camshaft Housing for Plane Surface,
Check”. When replacing camshaft, always replace all
cam followers.
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Install, Connect

Coat sliding surfaces of the camshaft with MoS2
lubricating paste (grey), insert camshaft in camshaft
housing.

Install pressure plate on camshaft housing — 8 Nm /
6 Ibf. ft.

Lightly coat sealing lip of front seal ring with silicon
grease (white). Install new front seal ring with KM—422
in camshaft housing —use bolt and washer of camshaft
pulley.

Attach carrier plate to camshaft housing — see operation
”Seal Ring in Rear Camshaft Housing, Replace”.
Attach DIS ignition module — see operation ”DIS
Ignition Module, Remove and Install”.

Camshaft Housing, Replace

Remove, Disconnect

Remove air cleaner housing with air intake cover.
Remove upper part of toothed belt cover — see
operation ”Toothed Belt Cover — Upper Part, Remove
and Install”.

Remove ribbed V-belts — see operation "Ribbed
V-belts, Remove and Install”.

Remove ribbed V-belt tensioner — see operation
”Ribbed V-belt Tensioner, Remove and Install”.
Remove lower part of toothed belt cover — see
operation ”Toothed Belt Cover — Lower Part, Remove
and Install”.

Remove toothed belt — see operation “Toothed Belt,
Remove and Install”.

Remove toothed belt tension roller — see operation
”Toothed Belt Tension Roller, Remove and Install”.
Rear toothed belt cover — see operation ”Toothed Belt
Cover — Rear, Remove and Install”.

Detach or disconnect all wiring harness plugs, ground
connections and hose connections from intake manifold
”Intake Manifold, Remove and Install”.
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Remove, Disconnect

Remove cylinder head — see operation ’Cylinder Head,
Remove and Install”.

Remove DIS ignition module — see operation "DIS
Ignition Module, Remove and Install”.

Remove carrier plate — see operation ”Seal Ring in
Rear Camshaft Housing, Replace”.

Remove camshaft (1) — see operation “Camshaft,
Remove and Install (Cylinder Head Removed)”.

Clean
Clean sealing surfaces and bore holes and remove
sealant residues.

Inspect
Check camshaft housing (2) for plane surface — see

operation “Camshaft Housing for Plane Surface,
Check”.

Install, Connect

Install camshaft — see operation ”Camshaft, Remove
and Install (Cylinder Head Removed)”.

Install carrier plate — see operation ”Seal Ring in Rear
Camshaft Housing, Replace”.

Install DIS ignition module — see operation “DIS
Ignition Module, Remove and Install”.

Install cylinder head — see operation ”Cylinder Head,
Remove and Install”.

Attach or connect all wiring harness plugs, ground
connections and hose connections to intake manifold
— see operation “Intake Manifold, Remove and
Install”.

Install rear toothed belt cover — see operation ”Toothed
Belt Cover — Rear, Remove and Install”.

Install toothed belt tension roller — see operation
”Toothed Belt Tension Roller, Remove and Install”.
Install toothed belt — see operation "Toothed Belt,
Remove and Install”.

Install lower part of toothed belt cover — see operation
”Toothed Belt Cover — Lower Part, Remove and
Install”.

Install ribbed V—belt tensioner — see operation “Ribbed
V-belt Tensioner, Remove and Install”.
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Install, Connect

Install ribbed V-belt — see operation “Ribbed V—belt,
Remove and Install”.

Install upper part of toothed belt cover — see operation
”Toothed Belt Cover — Upper Part, Remove and
Install”.

Install air cleaner housing with air intake cover.

Camshaft Housing, Check for Plane Surface

Clean
Clean sealing surfaces and remove gasket remnants.

Inspect
Check sealing surfaces in length and width for E 5058
deformation and check for warping along the diagonals
— use straight edge. If deformed or warped, replace
camshaft housing.

Measure

Height of camshaft housing (sealing surface to sealing
surface).

Dimension I: 66.5 mm

Cylinder Head, Remove and Install

Important!
Remove cylinder head only with cold engine (room
temperature).

Remove, Disconnect

Detach battery ground cable.

Open coolant drain bolt — collect escaping coolant.
Remove air cleaner housing with air intake cover.
Remove engine vacuum hose (1) from camshaft
housing cover.

Remove upper part of toothed belt cover — see
operation ”Toothed Belt Cover — Upper Part, Remove
and Install”.

Remove ribbed V-belts — see operation "Ribbed
V-belts, Remove and Install”.

Detach alternator support (3) from alternator and intake
manifold. Release alternator from alternator shackle
(2) and swing alternator rearwards.
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Remove, Disconnect

Remove ribbed V-belt tensioner — see operation
”Ribbed V-belt Tensioner, Remove and Install”.
Remove lower part of toothed belt cover — see
operation "Toothed Belt Cover — Lower Part, Remove
and Install”.

Screw fastening bolt for toothed belt drive gear into
crankshaft and move crankshaft in engine rotational
direction by 90° (dimension I) to before TDC mark.

Remove, Disconnect

Detach or disconnect all wiring harness plugs,
ground connections and hose connections from intake
manifold — see operation “Intake Manifold, Remove
and Install”.

Detach wiring harness plug (1) from DIS ignition
module and expose wiring harness.

Detach wiring trough (2) from camshaft housing cover
and lay aside.

Detach engine vent hose (3) from camshaft housing
and engine vent flange and remove.

Remove coolant hose (6) from thermostat housing.
Disconnect spark plug connectors.



PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL BASE ENGINE SECTION 2-32

Remove, Disconnect

Move toothed belt tension roller upwards against
spring force until bore holes align. Fix toothed belt
tension roller in place with suitable drift (2).

Mark running direction (front edge) of the toothed belt
for identification and remove toothed belt.

Remove, Disconnect

Remove toothed belt tension roller (4) from oil
pump.

Remove toothed belt drive gear (3) from crankshatft.
Remove engine damping block main bracket (2) from
cylinder block.

Remove camshaft housing cover from camshaft
housing.

Remove camshaft sprocket (1) —hold with open—ended
wrench on hex of camshatft.
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Remove, Disconnect

Remove rear part of toothed belt cover (arrow) from
oil pump and camshaft housing.

Detach cylinder head bolts in sequence shown. Remove
camshaft housing from cylinder head. Remove cam
followers, thrust pieces and hydraulic valve lifter — note
location of each piece for reassembly in the same
location. Remove cylinder head and gasket from
cylinder block.

Clean
Clean sealing surfaces, bore holes and thread of
cylinder head bolts.

Inspect

Check cylinder head and cylinder block for plane
surface — see operations ”Cylinder Head, Check for
Plane Surface” and ”Cylinder Block, Check for Plane
Surface”.
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Install, Connect

Install cylinder head gasket — mark "OBEN/TOP” on
top and towards timing side of engine.

Place cylinder head on cylinder block. Insert hydraulic
valve lifters, thrust pieces and cam followers with
MoS2 paste (grey) — note allocation.

Apply a bead of surface sealant (green) to sealing
surfaces of cylinder head.

Place camshaft housing on cylinder head.

Tighten cylinder head bolts in order shown — use torque
wrench and KM—470-B.

Attach cylinder head and camshaft housing with new
cylinder head bolts to cylinder block — tightening
torque 25 Nm / 18 Ibf. ft. + 60° + 60° + 60°.

Attach rear toothed belt cover to oil pump and camshaft
housing — tightening torque 6 Nm / 4 Ibf. ft.

Install, Connect

Attach camshaft sprocket to camshaft — hold with
open—ended wrench on hex of camshaft — tightening
torque 45 Nm / 33 Ibf. ft.

Install camshaft housing cover at camshaft housing
— tightening torque 8 Nm / 6 1bf. ft.

Attach engine damping block support to cylinder block
— tightening torque 50 Nm / 37 1bf. ft.

Slide toothed belt drive gear onto crankshaft journal
— note installation position.

Attach toothed belt tension roller to oil pump
— tightening torque 20 Nm / 15 Ibf. ft.

Install toothed belt — ensure that tensioned side (I) is
taut.

Note timing marks! — see operation "Timing,
Adjust”.

Adjust toothed belt tension — see operation “Toothed
Belt Tension, Adjust”.

Attach engine damping block to right of side member
— tightening torque 35 Nm / 26 Ibf. ft.

Attach engine damping block bracket to auxiliary
engine damping blocks support — tightening torque
55 Nm/ 41 Ibf. ft.

L 1281
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Install, Connect

Install lower part of toothed belt cover — see
operation "Toothed Belt Cover — Lower Part,
Remove and Install”.

Install ribbed V—belt tensioner — see operation
"Ribbed V—-belt Tensioner, Remove and Install”.
Connect spark plug connectors to spark plugs.
Attach coolant hose to thermostat housing.
Attach engine vent hose to camshaft housing
and engine vent flange.

Install, Connect

Connect wiring harness plug to DIS ignition module
— note cable routing.

Attach engine vacuum hose to camshaft housing
cover.

Attach or connect all wiring harness plugs, ground
connections and hose connections to intake manifold
— see operation “Intake Manifold, Remove and
Install”.

Install, Connect

For version with hex bolts: Attach front exhaust pipe
with new gasket and bolts coated with assembly paste
(white) to exhaust manifold —

tightening torque 35 Nm / 26 Ibf. ft.

For version with hex nuts: Attach front exhaust pipe
with new gasket and new nuts to exhaust manifold
— tightening torque 45 Nm / 33 1bf. ft.

Install, Connect

Close coolant drain bolt.

Attach alternator to alternator shackle — tightening
torque 20 Nm / 15 Ibf. ft.

Attach alternator support to alternator and intake
manifold — tightening torque 20 Nm / 15 1bf. ft.
Install ribbed V—belt — see operation “Ribbed V-belt,
Remove and Install”.

Install upper part of toothed belt cover — see operation
”Toothed Belt Cover — Upper Part, Remove and
Install”.

Install air cleaner housing with air intake cover.
Connect ground cable to battery.
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Cylinder Head, Check for Plane Surface

Clean
Clean sealing surface and remove sealant remnants.

Inspect

Check length and width of cylinder head sealing
surfaces for deformation and diagonals for warpage
— use straight edge.

Important!

@
Resurfacing of the cylinder head is not permitted. 0
@L@_U &ogo ?o
Measure %) Q

Height of cylinder head (sealing surface to sealing
surface)
Dimension I: 95.90 to 96.10 mm
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Flywheel/Flexplate, Remove and Install

Remove, Disconnect

Hold flywheel with KM—652 (1) and remove from
crankshatft.

Install, Connect

Attach flywheel to crankshaft with new bolts
— tightening torque 35 Nm / 26 Ibf. ft. + 30° + 15°
— lock flywheel with KM—652 (2).
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Seal Ring — Rear Crankshaft, Replace

Remove, Disconnect

Remove flywheel — see operation “Flywheel, Remove
and Install”.

Edge out seal ring (1) with suitable tool. Do not damage
sealing surfaces.

Clean
Clean sealing surfaces and remove gasket remnants.

L=

Install, Connect

Coat sealing lip of new seal ring with silicon grease
(white) and position with sealed side on Protective
Sleeve KM—658-2 (2).

Connect protective sleeve with attached seal ring to
crankshaft journal and press in flush. Place Installer
Sleeve KM—658-1 (3) on Protective Sleeve
KM-658-2 (2) and drive in seal ring until it sits flush
in housing.

Install flywheel — see operation “Flywheel, Remove
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Piston with Con—rod, Remove and Install

Remove, Disconnect

Remove oil pan — see operation ”Oil pan, Remove
and Install”. Remove cylinder head — see operation
”Cylinder Head, Remove and Install”.

Remove oil intake tube (1) from oil pump and cylinder
block.

Important!

Mark order of con-rod bearing caps.

Remove con—rod bearing cap from con—rod.

The mating surfaces of the cod-rods and the con—rod
bearing caps form an individual fit and as a result must
not be damaged or replaced under any circumstances.
Do not lay con-rods and con—rod bearing caps on
mating surfaces in order to avoid damage.

Remove combustion residue from upper part of
cylinder bore.

F 4103



PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL BASE ENGINE SECTION 2-40

F 4104

Remove, Disconnect
Push piston with con—-rod upwards from cylinder
bore.

Clean

Inspect
Check all parts, clean and if necessary, replace. Replace
piston — see operation “Piston, Replace”.

Adjust

Before inserting con—rod journal of crankshaft, set to
BDC position and coat with engine oil.

Adjust piston ring gaps:

Oil scraper ring II: offset ring gaps of the steel band
rings each 25 to 50 mm to the left or right of gap in
intermediate ring. Piston rings I: offset ring gaps by
approx. 120°. Second piston ring with identification
”TOP” uppermost.
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Install, Connect
Coat piston rings with engine oil and compress with _—— {
piston ring pliers.

Push piston into cylinder bore with hammer handle.

Important!

Note installation position of piston and con—rod.
Arrow (1) on piston head points to engine timing
side, bead (2) on con—rod points to transmission side
of engine.
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Install, Connect

Note sequence of con—rod bearing caps.

Install con—rod bearing cap — bead (1) of con—rod
bearing caps points to transmission side.

Attach con—rod bearing cap to con—-rod with new bolts
— tightening torque 25 Nm / 18.5 Ibf. ft. + 30°.
Attach oil intake pipe (2) with new seal ring to oil
pump — 8 Nm / 6 Ibf. ft.1).

Attach oil intake manifold to cylinder block — tightening
torque 8 Nm / 6 Ibf. ft.

Install cylinder head — see operation ”Cylinder Head,
Remove and Install”.

Install oil pan — see operation ’Oil Pan, Remove and
Install”.

1) Recut thread before reuse and insert bolts with
screw locking compound (red). The installation time
including the torque check is max. 10 min.
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Piston Rings, Remove and Install

Remove, Disconnect

Remove piston with con—rod — see operation “Piston
with Con-rod, Remove and Install”.

Remove piston rings with piston ring pliers (1).

Clean
Clean piston ring grooves — use ground—down side of
old piston ring.

Inspect

Check piston ring gap with feeler gauge by inserting
piston ring at narrowest point of the cylinder bore.
Permissible ring gap:

Squared ring (2): 0.30-0.50 mm (0.011-0.020 in)
Tapered ring (3): 0.30 to 0.50 mm (0.011-0.020 in)
Oil scraper ring (4): 0.40 to 1.40 mm (0.015-0.055 in)

F 3822
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Inspect

Check piston ring vertical play with feeler gauge in
piston ring groove.

Permissible vertical play:

Squared ring (1): 0.02-0.04 mm (0.0008-0.0015 in)
Tapered ring (2): 0.04-0.06 mm (0.0015-0.002 in)
Oil scraper ring (3): 0.01-0.03 mm (0.0004-0.001 in)

Install, Connect

Insert piston rings with piston ring pliers and

identification "TOP” upwards in piston.

Piston ring positioning — piston rings (I) (rectangular

and tapered compression ring) offset 120°. Oil scraper

[ | 1 rings (II) — offset 25 to 50 mm to left and from right

C . 2 of gap in intermediate ring.

L : Install piston with con-rod — see operation “Piston
T 3 with Con—rod, Remove and Install”.

m /'

I F 3823



PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL BASE ENGINE SECTION 2-45

Con-rod Bearing, Replace

Remove, Disconnect

Remove oil pan — see operation ”Oil Pan, Remove
and Install”.

Remove oil intake tube (1) from oil pump and cylinder
block.

Important

Mark order of con-rod bearing caps.

Remove con—rod bearing cap from con—rod.

The mating surfaces of the cod-rods and the con—rod
bearing caps form an individual fit and as a result must
not be damaged or replaced under any circumstances.
Do not lay con-rods and con—rod bearing caps on
mating surfaces in order to avoid damage.

Press con—rod bearing out of con-rod and con-rod
bearing cap.

Clean
Con-rod bearing journals and con—rod bearing caps.

Insert, Connect

Insert new con—rod bearing shells with engine oil.
Note sequence of con—rod bearing caps. Con-rod
bearing caps —bead (1) of con—rod bearing caps points
to transmission side.

Attach con—rod bearing cap to con—rod with new bolts
— tightening torque 25 Nm / 18.5 Ibf. ft. + 30°.
Attach oil intake manifold to oil pump with new seal
ring — tightening torque 8§ Nm / 6 Ibf. ft.1).

Attach oil intake manifold to cylinder block — tightening
torque 8 Nm / 6 Ibf. ft.

Apply a bead of adhesive sealing compound (black) to
joints of oil pump and rear crankshaft bearing cap.
Install oil pan — see operation ’Oil Pan, Remove and
Install”.

1) Recut thread before reuse and insert bolts with
screw locking compound (red). The installation time
including the torque check is max. 10 min.
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Con-rod Bearing Clearance, Check (Determine
Bearing Clearance with
Plastigage)

Remove, Disconnect
Mark installation position (1) of con—rod bearing cap
—remove con—rod bearing cap from con—rod.

Important!

To prevent the strip from tearing when removing the
con—rod bearing cap, remove grease from the con—-rod
journal and lightly oil con—rod bearing shell. Do not
turn the crankshaft.

Measure
Route Plastigage (malleable plastic strip) over the
entire width of the con—rod bearing journal.

Torque-Angle Method

Con-rod bearing cap to con—rod — tightening torque
25 Nm/ 18 Ibf. ft. + 30°.

The bolts can be reused for checking the con—rod
bearing clearance.
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Measure

Remove con—rod bearing cap again. Compare width of
flattened plastic thread (arrow) with measuring scale.
Permissible con-rod bearing clearance: 0.019-0.071
mm (0.0007-0.003 in)

Note:
When reading the value, do not confuse millimeters
and inches on the measuring scale.

Install, Connect

Clean con-rod bearing journal and con—rod bearing
shell and lubricate lightly.

Con-rod bearing cap to con-rod — note installation
position of the con—rod bearing cap.

Attach con—rod bearing cap to con—-rod with new bolts
— tightening torque 25 Nm / 18.5 Ibf. ft. + 30°.

Con-rod Bearing Clearance, Check (Determine
Bearing Clearance with Micrometer and Inside
Micrometer)

Note:
Con-rod and crankshaft are removed.

Install, Connect

Con-rod bearing cap with con—rod bearing shell to
con—rod — tightening torque 25 Nm / 18 Ibf. ft. +
30°.

The bolts can be reused for checking the con—rod
bearing clearance.

Install, Connect
Formula for calculating the average con—rod bearing

diameter: I+ 11+ 111
——
Example:
1 42.738 mm
II 42.732 mm
111 +42.741 mm
128211 mm /3 =42.737 mm

The average con—rod bearing diameter is 42.737
mm.
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Measure

The con—rod bearing journal diameter is measured with
a micrometer at points [ and II and then calculated.
Formula for calculating the average con—rod bearing

journal diameter: I+10
2
Example:
I 42.729 mm
II + 42.725 mm

85.454 mm /2 =42.727 mm
The average con—rod bearing journal diameter is
42.727 mm.
The con—rod bearing clearance is calculated from the
difference in diameter between the con—rod bearing
bore and the con-rod bearing journal.

Example:
Avg. con—rod bearing dia. 42.737 mm
Avg. con—rod bearing journal dia. - 42.727 mm

0.010 mm

Permissible con-rod bearing clearance: 0.019-0.071
mm (0.0007-0.003 in)

Piston, Replace

Note:

Pushing out of the piston pin is not permitted. If the
piston, the piston pin or the con—rod defective, all
above—mentioned parts must be replaced.

Remove, Disconnect
Remove piston with con-rod (1) — see operation
”Piston with Con—rod, Remove and Install”.

Install, Connect

Coat con—rod eye and upper part of the con—rod shaft
with thermocolor pencil. The green coloring turns
black when the required assembly temperature is
reached. The colored mark (arrow) is not permitted
to discolor over the entire length, but only up to the
start of the con—rod shaft. Heat new con—rod at upper
con—rod eye with heater plate. Assembly temperature:
280 °C /536 °F to max. 320 °C / 608 °F.
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Important!
Installation position: Bead (arrow) on con—rod points
to flattened area (arrow) of the piston pin eye.

Note:
Firmly seated piston pin cannot be pressed further.
Perform assembly quickly.

Assemble
Con-rod (1), piston pin, piston (2).

Slide new piston pin to stop in piston with guide @ gl
drift. %
Install, Connect \ \

Install piston with con—rod — see operation “Piston
with Con-rod, Remove and Install”.
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Crankshaft, Remove and Install

Remove, Disconnect

Remove engine — see operation “Engine, Remove and
Install”.

Mount engine with Adapter KM—412—-10—-A on
Assembly Stands KM—412.

Remove oil pump — see operation ’Oil Pump, Remove
and Install”.

Lock flywheel or drive disc with KM—652 (1) and
remove from crankshaft.

Important!

Mark order of con—rod bearing caps. Remove con-rod
bearing cap from conrod.

The mating surfaces of the cod-rods and the con-rod
bearing caps form an individual fit and as a result must
not be damaged or replaced under any circumstances.
Do not lay con-rods and con—rod bearing caps on
mating surfaces in order to avoid damage.
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Remove, Disconnect

Identify sequence of crankshaft bearing caps. Remove
crankshaft bearing cap from cylinder block.

Remove crankshaft from cylinder block.

Clean
Clean all parts.

Inspect
Check crankshaft — see operation ”Crankshaft,
Check”.

®

o
pIN@==cm=

Install, Connect

Coat new bearing shells with engine oil and insert
in cylinder block and bearing cap. Insert crankshaft
carefully in cylinder block. Seat of crankshaft can be
corrected by lightly tapping on crankshaft webs (1)
with rubber hammer.

Install, Connect
Apply a bead of adhesive sealing compound (black)

to grooves of rear crankshaft bearing cap. Install
crankshaft and con—rod bearing cap.
Note marks and installation position.

Torque — Angle Method

Crankshaft bearing cap to cylinder block — 50 Nm /37
Ibf. ft +45° +15°1)2).

Con-rod bearing cap to con—rod — 25 Nm / 18.51bf.
ft. + 30°1)

Install, Connect

Install crankshaft rear seal ring — see operation ”Seal
Ring, Crankshaft, Rear Replace”.

Lock flywheel with KM—652. Flywheel with new bolts
to crankshaft — tightening torque 35 Nm / 26 Ibf. ft. +
30°+ 15°. Install oil pump — see operation ”Oil Pump,
Remove and Install”. Remove engine from Overhaul
Stand KM—-412 and remove Adapter KM—-412-10
from engine. Install engine — see operation “Engine,
Remove and Install”.

1) Use new bolts.

2) After assembly of bearing cap, press in adhesive
sealing compound (black) from above again until
adhesive sealing compound (black) escapes from the
joints.

E 5096
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Crankshaft, Check
Crankshaft End Clearance, Check

Measure

Attach Dial Gauge MKM-571-B with dial gauge
bracket to one face of cylinder block and position
probe of dial gauge on crankshaft. Slide crankshaft
in longitudinal direction. Permissible crankshaft
longitudinal play: 0.100-0.202 mm (0.004-0.008 in)

Crankshaft Out—of—round, Check

Inspect

Remove crankshaft bearing cap.

Attach Dial Gauge MKM-571-B with dial gauge
bracket to cylinder block. Apply probe of the Dial
Gauge MKM-571-B to crankshaft bearing journal.
Turn crankshaft uniformly. Max. perm. out—of—round:
0.03 mm (0.001 in).

Crankshaft bearing cap with new bolts to cylinder
block — 50 Nm /37 Ibf. ft. + 45° + 15°.

Crankshaft Bearing Play, Check (Determine Bearing
Play with Plastigage)

Inspect
Bearing play — crankshaft bearing cap removed.

Important!

To prevent thread from tearing when removing con—rod
bearing cap, remove grease from con-rod journal
and lightly oil con—rod bearing shell. Do not turn
crankshaft.

Measure

With “Plastigage” (deformable plastic thread).

Cut thread to bearing width and lay axially between
crankshaft journal and bearing shell (arrow). Install
crankshaft bearing cap with torque — tightening torque
50 Nm /37 Ibf. ft. + 45° + 15°.

Note:
The bolts can be reused for checking crankshaft bearing
clearance.
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Remove, Disconnect
Remove crankshaft bearing cap.

Measure

Compare width of flattened plastic thread (arrow) with
measuring scale.

””Plastigage” is available for various measuring
ranges.

Perm. crankshaft bearing play: 0.015-0.041 mm
(0.0005-0.005 in).

Torque — Angle Method

Attach crankshaft bearing cap to cylinder block with
new bolts — 50 Nm / 37 Ibf. ft. + 45° + 15°.

(/”\
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Crankshaft Bearing Clearance, Check (Determine
Crankshaft Bearing Clearance Using External
Micrometer and Inside Micrometer)

The crankshaft is removed.

Install, Connect

Install crankshaft bearing cap with crankshaft bearing
shell at cylinder block — tightening torque 50 Nm / 37
Ibf. ft. + 45° + 15°. To check the crankshaft bearing
play, bolt can be reused.

Measure
The average crankshaft bearing diameter is determined
using an inside micrometer at points I, II and III and
then calculated.
Formula for calculating the average crankshaft bearing
diameter: [+11+ 11

3

Example:
1 54.972 mm
11 54.981 mm
I +54.984 mm
164.937 mm /3 = 54.979 mm

The average crankshaft bearing diameter is 54.979
mm.
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Measure

The crankshaft journal diameter is measured
with a micrometer at points | and |l and then
calculated.

Formula for calculating the average crankshaft bearing

journal diameter: [+11I L
2

Example:

I 54.962 mm

II + 54.964 mm

109.926 mm /2 = 54.963 mm

The average crankshaft journal diameter is
54.963 mm.

The crankshaft clearance is calculated from the
difference in diameter between the crankshaft
bearing bore and crankshaft journal.

Example:

Average crankshaft bearing dia. 54.979 mm

Average crankshaft journal dia. — 54.963 mm
0.016 mm

Permissible crankshaft bearing play: 0.015-
0.041 mm (0.0005-0.0015 in)

Cylinder Block, Check for Plane Surface

Clean
Clean sealing surface and remove sealant remnants.

Inspect

Check sealing surfaces in length and width for
deformation and check for warping along the diagonals
— use straight edge.
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Oil Circuit
Oil Filter, Replace

Remove, Disconnect
Remove oil filter with KM—726—A (1) —place collecting
basin underneath.

Install, Connect
Coat seal ring of new oil filter lightly with engine oil
and attach to cylinder block — tightening torque 15
Nm /11 Ibf. ft.

Inspect
Check engine oil level and correct if necessary.

Bypass Valve, Replace

Remove, Disconnect

II::S;:Z?OH filter — see operation ”Oil Filter, /g&\i\’/ )))’ L\(@% K)\
———

Using tap (1) (M10 — 3rd speed) cut thread in bypass )
valve, screw in M10 bolt and remove bypass valve
from seat.

Install, Connect \ ( F‘
|
\

=

Drive in bypass valve up to stop using drift (j approx.
15 mm).
Install oil filter — see operation “’QOil Filter, Replace”.

Inspect S N §
Check engine oil level and correct if necessary. ’Q;/:,///////N\

Seal Ring — Oil Pump, Replace
Front Seal Ring — Crankshaft, Replace

Remove, Disconnect

Remove air cleaner housing with air intake cover.
Remove upper part of toothed belt cover — see
operation "Toothed Belt Cover — Upper Part, Remove
and Install”.

Remove ribbed V-belts — see operation “Ribbed
V-belts, Remove and Install”.

Remove ribbed V-belt tensioner — see operation
”Ribbed V-belt Tensioner, Remove and Install”.
Remove lower part of toothed belt cover — see
operation "Toothed Belt Cover — Lower Part, Remove
and Install”.
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Important!

Before dismantling the toothed belt — screw fastening
bolt for toothed belt drive gear into crankshaft and
move crankshaft in engine rotational direction by 60°
(dimension I) to before TDC mark.

Remove, Disconnect

Remove toothed belt — see operation "Toothed Belt,
Remove and Install”.

Remove fastening bolt from toothed belt drive gear and
pull toothed belt drive gear from crankshaft.

Edge out crankshaft seal ring (1) with suitable tool.

Important!
Do not damage sealing surfaces.
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Install, Connect

Slide Protective Sleeve KM—417 (1) onto crankshaft
journal. Lightly coat sealing lip of the new seal ring
with silicon grease (white) and slide over the protective
sleeve onto crankshaft journal.

Remove, Disconnect
Remove protective sleeve of KM—417 from crank
journal.

Install, Connect

Press seal ring with KM—417 (3) in oil pump — use bolt
(2) and washer (4) of toothed belt drive gear.

Slide toothed belt drive gear onto crankshaft.

Install toothed belt — see operation “Toothed Belt,
Remove and Install”.

Install, Connect

Install lower part of toothed belt cover — see operation
”Toothed Belt Cover — Lower Part, Remove and
Install”.

Install ribbed V—belt tensioner — see operation “Ribbed
V-belt Tensioner, Remove and Install”.

Install ribbed V—-belt — see operation “Ribbed V—belt,
Remove and Install”.

Install upper part of toothed belt cover — see operation
”Toothed Belt Cover — Upper Part, Remove and
Install”.

Install air cleaner housing with air intake cover.

2

] \ ——— —

3 G 3602



PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL BASE ENGINE SECTION 2-58

E 3026

Oil Pan, Remove and Install

Remove

Open oil drain bolt — place collecting basin
underneath.

Remove fastening bolts (1) from transmission
housing.

Remove oil pan from cylinder block and oil pump.

Clean
Clean sealing surfaces and remove gasket remnants.

Install, Connect

Apply a bead of adhesive sealing compound around oil
pan sealing flange. Install oil pan to oil pump, cylinder
block. Attach oil drain bolt to oil pan with new seal
ring — tightening torque 55 Nm / 40.6 1bf. ft.

Important!

Installation sequence:

1. Tighten all bolts loosely.

2. Tighten bolts on cylinder block and oil pump
— tightening torque 10 Nm / 7.5 1bf. ft.1).

3. Tighten bolts on transmission housing — tightening
torque 40 Nm / 29.5 1bf. ft.

1) Recut thread before reuse and insert bolts with
screw locking compound (red). The installation time
including the torque check is max. 10 min.



PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL BASE ENGINE SECTION 2-59

Install, Connect

For version with hex bolts — tightening torque 35 Nm
/26 Ibf. ft.1).

For version with hex nuts — tightening torque 45 Nm
/ 33 Ibf. ft.2).

Fill engine oil up to "MAX?” at dipstick.

1) Insert bolts with mounting paste (white).
2) Use new nut(s).

Oil Pump, Remove and Install

Important!
Prior to removing toothed belt — set crankshaft to
approx. 60° (dimension I) before TDC mark.

Remove, Disconnect

Remove oil pan — see operation ”Oil Pan, Remove
and Install”.

Remove air cleaner housing with air intake cover.
Remove upper part of toothed belt cover — see
operation “Toothed Belt Cover — Upper Part, Remove
and Install”.

Remove ribbed V-belts — see operation "Ribbed
V-belts, Remove and Install”. G 3635
Remove ribbed V-belt tensioner — see operation
”Ribbed V-belt Tensioner, Remove and Install”.
Remove lower part of toothed belt cover — see
operation ”Toothed Belt Cover — Lower Part, Remove
and Install”.
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Remove, Disconnect

Remove toothed belt — see operation "Toothed Belt,
Remove and Install”.

Remove toothed belt tension roller — see operation
”Toothed Belt Tension Roller, Remove and Install”.
Rear toothed belt cover — see operation "Toothed Belt
Cover — Rear, Remove and Install”.

Remove oil intake tube (1) from oil pump and cylinder
block.

Disconnect wiring harness plug (2) from oil pressure
switch.

Remove crankshaft position sensor bolt (3).

Detach oil pump (4) from cylinder block.

Edge seal ring (5) out of oil pump.

Clean
Clean sealing surfaces and remove gasket remnants.
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Install, Connect

Attach oil pump with new seal (1) to cylinder block
— tightening torque 10 Nm / 7 Ibf. ft.

Slide Protective Sleeve KM—417 onto crankshaft
journal.

Lightly coat sealing lip of the new seal ring with silicon
grease (white) and slide over the protective sleeve onto
crankshaft journal.

Remove, Disconnect
Remove protective sleeve from crankshaft journal.

Install, Connect
Press seal ring with KM—417 (3) in oil pump — use bolt
(2) and washer (4) of toothed belt drive gear.

Install, Connect

Connect wiring harness plug to oil pressure switch.
Attach crankshaft position sensor oil intake manifold
to oil pump with new seal ring — tightening torque 8
Nm / 6 Ibf. ft.1).

Attach oil intake manifold to cylinder block — tightening
torque 8 Nm / 6 Ibf. ft.

Install rear toothed belt cover — see operation ”Toothed
Belt Cover — Rear, Remove and Install”.

Install toothed belt tension roller — see operation
”Toothed Belt Tension Roller, Remove and Install”.
Install toothed belt — see operation “Toothed Belt,
Remove and Install”.

Install lower part of toothed belt cover — see operation
”Toothed Belt Cover — Lower Part, Remove and
Install”.

Install ribbed V—belt tensioner — see operation “Ribbed
V-belt Tensioner, Remove and Install”.

Install ribbed V—-belt — see operation “Ribbed V—belt,
Remove and Install”.

Install upper part of toothed belt cover — see operation
”Toothed Belt Cover — Upper Part, Remove and
Install”.

Install air cleaner housing with air intake cover.
Install oil pan — see operation ’Oil Pan, Remove and
Install”.

1) Recut thread before reuse and insert bolts with
screw locking compound (red). The installation time
including the torque check is max. 10 min.
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Oil Pump, Check

Remove, Disconnect

Remove oil pan — see operation ”Oil Pan, Remove
and Install”.

Remove air cleaner housing with air intake cover.
Remove upper part of toothed belt cover — see
operation "Toothed Belt Cover — Upper Part, Remove
and Install”.

Remove ribbed V-belts — see operation "Ribbed
V-belts, Remove and Install”.

Remove ribbed V-belt tensioner — see operation
”Ribbed V-belt Tensioner, Remove and Install”.
Remove lower part of toothed belt cover — see
operation ”Toothed Belt Cover — Lower Part, Remove
and Install”.

Remove toothed belt — see operation “Toothed Belt,
Remove and Install”.

Remove toothed belt tension roller — see operation
”Toothed Belt Tension Roller, Remove and Install”.
Rear toothed belt cover — see operation “Toothed Belt
Cover — Rear, Remove and Install”.

Remove, Disconnect

Remove oil pump — see operation ”Oil Pump, Remove
and Install”.

Remove safety valve (1) and oil pump cover (2) from
oil pump.

Inspect

Check gap of gear pair with feeler gauge (4) and
straight edge (3). Dimension — 0.08-0.15 mm (0.003-
0.005 in). Check oil pump, oil pump cover and safety
valve for signs of wear.

Install, Connect

Oil pump cover to oil pump Attach — tightening torque
6 Nm / 4 Ibf. ft. safety valve with new seal ring in oil
pump Install — tightening torque 50 Nm / 37 Ibf. ft.
Install oil pump — see operation ”Oil Pump, Remove
and Install”.
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Install, Connect

Install rear toothed belt cover — see operation ”Toothed
Belt Cover — Rear, Remove and Install”.

Install toothed belt tension roller — see operation
”Toothed Belt Tension Roller, Remove and Install”.
Install toothed belt — see operation “Toothed Belt,
Remove and Install”.

Install lower part of toothed belt cover — see operation
”Toothed Belt Cover — Lower Part, Remove and
Install”.

Install ribbed V—belt tensioner — see operation Ribbed
V-belt Tensioner, Remove and Install”.

Install ribbed V—-belt — see operation “Ribbed V—-belt,
Remove and Install”.

Install upper part of toothed belt cover — see operation
”Toothed Belt Cover — Upper Part, Remove and

Install”.

Install air cleaner housing with air intake cover.
Install oil pan — see operation ”Oil Pan, Remove and
Install”.

Safety Valve, Remove and Install

Remove, Disconnect
Remove closure plug (1) from oil pump —remove seal
ring, spring, piston from oil pump.

Install, Connect

Insert piston (2) — ensure installation position is correct.
Insert spring (3) in oil pump. Attach closure plug (5)
to oil pump with new seal ring (4) — tightening torque
50 Nm /37 Ibf. ft.
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Oil Intake Pipe, Remove and Install

Remove, Disconnect

Remove oil pan — see operation ”Oil Pan, Remove
and Install”.

Remove oil intake tube (1) from oil pump and cylinder
block.

Install, Connect

Attach oil intake manifold to oil pump with new seal
ring — tightening torque 8 Nm / 6 Ibf. ft.1).

Attach oil intake manifold to cylinder block — tightening
torque 8 Nm / 6 1bf. ft.

Install oil pan — see operation ”Oil Pan, Remove and
Install”.

1) Recut thread before reuse and insert bolts with
screw locking compound (red). The installation time
including the torque check is

max. 10 min.

Oil Baffle Plate, Remove and Install

Remove, Disconnect

Remove oil pan — see operation ”Oil Pan, Remove
and Install”.

Remove oil baffle plate (1).

Install, Connect

Attach oil baffle plate to oil pan — tightening torque 8
Nm / 6 Ibf. ft.

Install oil pan — see operation ”Oil Pan, Remove and
Install”.
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Oil Pressure Switch, Remove and Install

1 2 \
Remove, Disconnect \ \\ f

Detach wiring harness plug (1) from oil pressure \

switch. \\ f

Disconnect oil pressure switch (2) from oil pump a\\‘ \. $

— place collection pan underneath. \\\\&/ ) e.‘- "

Install, Connect \\\\\g" / AN

Attach oil pressure switch to oil pump with new seal N

ring — tightening torque 30 Nm / 22 Ibf. ft. 9 | Do/ = {

Connect wiring harness plug to oil pressure switch. D

Inspect N N

Check engine oil level and correct if necessary. A\ R
% RQ
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Oil Dipstick Guide Tube, Remove and Install

Remove, Disconnect
Withdraw oil dipstick guide tube (1) from cylinder 0
block. B

7

=0
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N

Install, Connect

Push new seal ring (2) onto oil dipstick guide tube and
lightly coat with engine oil.

Insert oil dipstick guide tube up to stop in cylinder
block.

35
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Thermostat, Remove and Install

Remove, Disconnect

Open coolant drain bolt — collect escaping coolant.
Remove coolant hose from thermostat housing.
Remove air cleaner housing with air intake cover.
Remove upper part of toothed belt cover — see
operation "Toothed Belt Cover — Upper Part, Remove
and Install”.

Remove ribbed V-belts — see operation "Ribbed
V-belts, Remove and Install”.

Remove ribbed V-belt tensioner — see operation
”Ribbed V-belt Tensioner, Remove and Install”.
Remove lower part of toothed belt cover — see
operation ”Toothed Belt Cover — Lower Part, Remove
and Install”.

Remove toothed belt — see operation “Toothed Belt,
Remove and Install”.

Remove toothed belt tension roller — see operation
”Toothed Belt Tension Roller, Remove and Install”.
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Remove, Disconnect

Rear toothed belt cover — see operation "Toothed Belt
Cover — Rear, Remove and Install”.

Remove thermostat housing (1) from cylinder head.
Remove thermostat (2) from cylinder head.

Clean
Clean sealing surfaces and remove gasket remnants.

Install, Connect

Install thermostat (2) into cylinder head with new seal
ring.

Attach thermostat housing to cylinder head — 10 Nm
/7 1bf. ft.

Install, Connect

Install rear toothed belt cover — see operation ”Toothed
Belt Cover — Rear, Remove and Install”.

Install toothed belt tension roller — see operation
”Toothed Belt Tension Roller, Remove and Install”.
Install toothed belt — see operation “Toothed Belt,

Remove and Install”. ) @
Install lower part of toothed belt cover — see operation ‘ R U’?\?Q 51

”Toothed Belt Cover — Lower Part, Remove and
Install”.

Install ribbed V—belt tensioner — see operation “Ribbed
V-belt Tensioner, Remove and Install”.

Install ribbed V—-belt — see operation “Ribbed V—belt,
Remove and Install”.

Install upper part of toothed belt cover — see operation
”Toothed Belt Cover — Upper Part, Remove and
Install”.

Install air cleaner housing with air intake cover.
Attach coolant hose to thermostat housing.

Close coolant drain bolt.
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G 3613

Coolant Pump, Remove and Install

Remove, Disconnect

Open coolant drain bolt — collect escaping coolant.
Remove air cleaner housing with air intake cover.
Remove upper part of toothed belt cover — see
operation "Toothed Belt Cover — Upper Part, Remove
and Install”.

Remove ribbed V-belts — see operation “Ribbed
V-belts, Remove and Install”.

Remove ribbed V-belt tensioner — see operation
”Ribbed V-belt Tensioner, Remove and Install”.
Remove lower part of toothed belt cover — see
operation ”Toothed Belt Cover — Lower Part, Remove
and Install”.

Remove toothed belt — see operation “Toothed Belt,
Remove and Install”.

Remove toothed belt tension roller — see operation
”Toothed Belt Tension Roller, Remove and Install”.

Remove, Disconnect

Remove rear toothed belt cover — see operation “Rear
Toothed Belt Cover, Remove and Install”. Remove
fastening bolts (3) from coolant pump and remove
coolant pump.

Clean
Remove gasket remnants and clean sealing surfaces.

Install, Connect

Before installing coolant pump, coat sealing surface
(4) with silicon grease (white).

Attach coolant pump with new seal ring to cylinder
block — tightening torque 8 Nm / 6 1bf. ft.

Mark (1) on cylinder block must align with mark (2)
on coolant pump.

Install rear toothed belt cover — see operation ”Toothed
Belt Cover — Rear, Remove and Install”.
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Install, Connect

Install toothed belt tension roller — see operation
”Toothed Belt Tension Roller, Remove and Install”.
Install toothed belt — see operation “Toothed Belt,
Remove and Install”.

Install lower part of toothed belt cover — see operation
”Toothed Belt Cover — Lower Part, Remove and
Install”.

Install ribbed V—belt tensioner — see operation Ribbed
V-belt Tensioner, Remove and Install”.

Install ribbed V-belt — see operation “Ribbed V—-belt,
Remove and Install”.

Install upper part of toothed belt cover — see operation
”Toothed Belt Cover — Upper Part, Remove and
Install”.

Install air cleaner housing with air intake cover.
Close coolant drain bolt.

Inspect
Top up cooling system.

Coolant Pipe, Remove and Install

Note:
For a clearer representation, illustration L 1286 shows
the coolant pipe on removed engine.

Remove, Disconnect

Remove air intake cover with air intake hose.
Remove lower coolant hose (1) from radiator — place
collection pan underneath.

Release coolant hose (3) and detach from heater core.
Remove coolant hose (5) from coolant compensation
tank and coolant hose (2) from coolant pump
connection.

Remove all requisite cable ties and clips from coolant
pipe.

Detach or disconnect knock sensor wiring harness plug
and odometer sensor — expose wiring harness.
Remove fastening bolt (4) and remove coolant pipe.
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Install, Connect

Insert coolant pipe and attach to transmission
— tightening torque 60 Nm / 44 1bf. ft.

Connect knock sensor wiring harness plug and
odometer sensor — note cable routing.

Attach coolant hoses to coolant pump connection,
coolant compensation tank and radiator — ensure
correct hose positioning and seating.

Attach and lock coolant hose to heater core.

Attach cable ties and clips at original point.

Install air intake cover with air intake hose.

Inspect

Top up cooling system — see operations “Cooling
System, Top Up and Bleed” and ”Cooling System,
Check for Leaks”.
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Engine Compartment Survey (Continued)
1. Injectors

2. Intake manifold pressure sensor

3. DIS ignition module

4. Intake air temperature sensor
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Fuel Injector/Rail Remove

Remove, Disconnect

Detach fuel line (2) from fuel distributor pipe (5) and
unclip from bracket (3).

Remove fuel distributor pipe fastening bolts (4) and
pull fuel distributor pipe with injectors from intake
manifold.

Remove each injector (1) from fuel distributor pipe
remove spring clip (6).

Fuel Injector/Rail Install

Install, Connect

Insert injector in fuel distributor pipe with new seal
rings — secure with spring clip.

Insert fuel distributor pipe with injectors in intake
manifold and attach to intake manifold with fastening
bolts — tightening torque 4 Nm / 3 1bf. ft.

Install, Connect

Attach fuel line to fuel distributor pipe and clip in
bracket.

Connect wiring harness plugs to injectors and
route wiring harness.
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Crankshaft Position Sensor, Remove and Install

Remove, Disconnect

Remove air cleaner housing with air intake cov-
er. Disconnect wiring harness plug for crank-
shaft pulse pickup (1). Remove cable for crank-
shaft pulse pickup (2) from the rear toothed belt
cover. Remove crankshaft position sensor (3)
from bracket.

Install, Connect

Attach crankshaft position sensor to bracket

— 8 Nm /6 Ibf. ft. Insert crankshaft pulse pickup
cable in rear toothed belt cover. Connect wir-
ing harness plug for crankshaft position sensor
— ensure that cable routing is correct.

Install air cleaner housing with air intake cover.

Inspect

Check gap between crankshaft position sensor
and reluctor ring — see operation "Gap between
Crankshaft Position Sensor and Reluctor Ring.
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Reference Gap Between Crankshaft Pulse Pickup
and Increment Disc, Check

Measure

Measure distance between crankshaft position
sensor and reluctor ring with feeler gauge.
Nominal value: 1,0 +/-0.7 mm.

With incorrect gap — replace bracket for crank-
shaft position sensor.

()
Tighten (Torque)
Crankshaft position sensor bracket to oil pump
housing — 10 Nm / 7 Ibf. ft.
G 3621
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Special Service Tools

KM-135 KM-194-E

KM-301 KM-340-1-F

KM-348

&

L2223
KM-135 Adapter To mill, rework valve seats
To measure engine oil pressure in conjunction with
KM-498-B KM-348 Spring Compressor

To compress valve springs, cylinder head removed
KM-194-E Spark Plug Key

To remove and install spark plugs, A/F 16 mm

KM-301 Gauge Bar
To check piston projection
KM-340-1-F Cutter Set
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l

Special Service Tools (Continued)

KM-352 KM-412

KM-412-10

i
e

KM-419 KM-421-A

!

G 3692
KM-352 Installer KM-417 Assembly Sleeves
To install valve stem sealing To press crankshaft seal ring into oil pump housing
KM-412 Engine Overhaul Stand KM-419 Distance Gauge
To hold removed engine To check valve stem projection
KM—-412-10 Adapter KM-421-A Adjusting Wrench

To hold engine in conjunction with KM—412 To adjust toothed belt tension
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Special Service Tools (Continued)

KM-422 KM-427

QD =

KM-470-B

KM-471

KM-565-A
L 3757

KM-422 Installer KM-471 Adapter
To press seal ring in camshaft housing To check pressurized cooling system in conjunction

with cooling system tester
KM—427 Remover / Installer
To install guide pins into engine block KM-498-B Oil pressure gauge

To check engine oil pressure in conjunction with
KM-470-B Angular Torque Wrench KM-135

To tighten cylinder head bolts
KM-565—-A Remover / Installer
To remove and install rocker arms and valve play
compensator
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Special Service Tools (Continued)

MKM-571-B

MKM-588-A

MKM-596-A

S

SleEELEREE
3008858800080

@
ey
a
CD (

o

%
)
%

MKM-610

L 2224

MKM-571-B Dial Gauge
To measure piston projection

MKM-588—A Pressure Gauge
To check fuel pressure

MKM-596—A Temperature Gauge
To measure oil temperature, exhaust gas special test
(German AU)

MKM-604-D Torx Bit and Socket Set
To remove/install Torx bolts

KM-609 Electronic Kit I
Diagnosis of electric and electronic systems

MKM-610 Torque Wrench, 1/2”
Range 30 — 130 Nm /22 — 96 Ib. ft.
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Special Service Tools (Continued)

MKM-611 KM-634

KM-652 KM-658 ‘

KM-664 MKM-667 ( ‘
/ 0005 an 1

MKM-611 Torque Wrench, 3/8” To install crankshaft rear seal ring
Range 10 — 60 Nm /7 — 44 Ib. ft.

o

L 2225

KM-664 Reamer Set 7 mm
KM-634 Remover / Installer Valve guide ream (j 7 mm)
To remove/install piston pin

MKM-667 Pressure and Vacuum Pump
KM-652 Flywheel Holder To check for leaks in vacuum unit
To lock flywheel/drive disc
KM-658 Installer
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Special Service Tools (Continued)

MKM-669 KM-726-A
KM-796-A KM-834
J
KM-840
—{
\ .
L 6747
MKM-669 Torque Wrench, 1/2” KM-834-A Remover / Installer
Range 50 — 300 Nm /37 — 221 Ibf. ft. To remove and install heat sleeves
KM-726—-A Oil Filter Wrench KM-840 Remover
To remove/install the oil filter To remove valve stem seal

KM-796—A Remover
To open quick fittings for fuel lines
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Special Service Tools (Continued)

MKM-889 MKM-891
—) )
e P=
= pmn= =0

(

KM-2355

L 4750
MKM-889 Automatic Valve Spring Lever
To remove/install the valve stem seals (cylinder head KM-2355 Socket Wrench T55
installed) To loosen/tighten cylinder head bolts

MKM-891 Valve Lifter Depressor
To remove/install camshaft (cylinder head installed)

KM-904 Base Frame
To remove and install various vehicle components

with additional adapters
KM-911 Flywheel Holder

To lock flywheel/drive disc
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Special Service Tools (Continued)

KM-2355 KM-6000

KM-6001-A KM-6179

L 4749

KM-6000 Centering Tool KM-6179 Remover / Installer
To remove and install front axle in conjunction with ~ To remove and install oxygen sensor
KM-904

KM-J-34730-91 Pressure Tester
KM-6001-A Engine Mount To check fuel pressure
To align engine to body in conjunction with KM—
6173

KM-6173 Engine Mount
To support engine on front axle body in conjunction
with KM-6001-A
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Sealants, Lubricants and Locking Compounds

Dezzription Applicstons Catzle oue Mumber Fart number
Surace seakant lf;r;.ér.:l To install camshaft 1803170 ¢ 9) 542 114
hicusing
Adhesie sealing corme | To install il pan 2l 1503538 03485 287
pound (bleclk) purmp and Sthorank-
shaft besring cap
M S > — lubricating E.as*te Luhrin:ati.r.';.g paste for 1245558 a3 318324

(arey)

by rauliz walve liftar,
camfallower snd canr
shaft

_ (rec

..................

Lecking compaunred for
adhesion of sorewcon-
inections

I ztallatio m of oxygen
SES0T

To install heat shizld
slesves and front ex-
hzust pip=(belts

ey Wut—purpose greass | 1948 605 92 E12 38
for alterrator, starter,
etz
Technical Data
Specifications
Enzine £15 5E
i E'}':ii.r.'ld"_-rﬂ.ll]&};fﬁlﬁ .................... Sk gl e s
Pl of valves 5
Capé&it}- .................... R e
Boredizmeatar min T
stroke Nl 21.5
Powar cutput KW S rpim 5275400
'Tﬁml.le .................... T e e
:'E;'::-mp FESTION L mmmm—— 3G
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Cylinder Head

[lustration

1 Cylinder head height

2 Installation height of valve guide
3 Installation height of valve

4 Valve seat width in cylinder head
5 Valve seat angle in cylinder head
6 Valve stem diameter

7 Valve seat angle at valve

8 Valve length

9 Valve head — diameter
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Cylinder Head (Continued)

Enzine 1.4L0
Clinclzr head herght 7 i agai=9sq0
Valie seat wicth in cylinderhead 1 i
Intzke valve mm 1.3-1.58
Exhzuat valvs mim 1.5-1.8
Valezest andle in ovlinder head oo
Nalve guds inside diameter
' Standard zize FrifT 7.033—7.050
Choersize(2.07E) FrirT TA105-T71Z25
Choersize (2182 FrirT TA52-7.220
Length ofwahvegude
Intake valve aalaal 45 5
Exhzlst valve A 45 5
nstallation height of valve guide FriFT g§as8s—5iZ5
;jliristallatir::-n height of valves FriFT 13.75-14.35
Enzine i

Walwe length
Stancard zze

Intzke valwe (G N 121.65 =101 .95

Exhzuat vabke (M) I 12115 —-101 .85
Chersize(2.075)

Intake valwe (G K1) FritT 101.26—-101 5&

Exhzust valve (GR K1) rim 122.76—101 48
Choersize (2152

Intake valwe (G KE A 121 .25—-101 88

Exhzust vales iGM KZ2) FriFTi 12075 —-101 45

Walez stem
Stancard sze

Intzke valvs (GRM) Frirm §.998-7.012

Exhaust vabe (G M) i 5975 —5.392
Choersize (2.075)

Intake wabee (GMKT) FriFm 70737087

Exhzust valee (G M) i 7.063 -7 .057
Crrersize (2152

Intzke walea (GM B2 it 71458 -7 152

Exhzust vabe (G0 K20 FrirT 7125 -7.142

........
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Cylinder Head (Continued)

Enzine E 1.50
e :
Intake valve . mm 2.018—D.082
Exhzustvahe C mm 3 HEE 578
Spd Ll R = o mRS = e
e — e
Intake vahve T G s
Exhaust valve T 31.3
T R e
Vabsaratator L m hmmm———
Intake valve it
..... Exhaust vale —
En Jine 1.50
Carmshaft
Camlift :
Imtake i 9.0%
Exhazust FriFTY 5.8
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Crank Drive, Cylinder Block
[lustration

1 Main Bearing Journals

2 Con-rod bearing journal

3 Main Bearing Journals (Guide Bearing)
4 Crankshaft color code

5 Bearing shell color code

6 Bearing shell identification
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Crank Drive, Cylinder Block (Continued)

‘En aine ' 1.5L
{Crankshaft dimensions P S B Color code
nals
1-—5
........ S o ST e i
(alyg! G4 920- 54 297 areEsnh
Urdersize (2.251 i 54 730-54.747 brewn ! blue
it 54.730-564747 areen’ blue
Urdlersze (2.52] i 54 432—-54. 435 brewn S white
m 54 4532— 54 495 gresn’whit=
........................... i s
jourrzl
1—4
Stancard size P 4397142887 -
Underzze(0.25) I 42 721 -42 737 blu=
Urderzsze (0.5} M 42 471- 42 4587 white
.............................. e e
Journal =3
fguidebezring)
R p— R SE e
Urdlersze (0.20) T 25 800-25 262 -
Urdersze(0.42) I 25 400-25.452
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Crank Drive, Cylinder Block (Continued)

éEn;inc— 1.5L
{Crankshatt bearing Lewer crankshaft Besring shell
Hq 245 Color code | Thikness Cocle
g : G 400
Romssis S g e e e
i graen $1.995—2.001 21N
Urdersze (02687 i brown (blue 13174-2120 205
mm | agrzenfblus 12123-2126 ¢ 22z
Urderszefn.sy mm brown!white | 2.235—2.245 223B
i | oareend white | 2.245-2281 2258
............................... S e T
Standard zize i brown 1.995-9 095 221 M
i grzen $1.995—2.001 21N
Urdersze (2.25) i brown S blue (3174=-27120 f3-)-)
| i arzen blus  2123-2126 | 22
. Urdersze 13.50) mm  ibownlwhite [2236-2245 1 233H

mm | areend white (2345—-2281 ¢ 233B
Parrmcrankshaft bzaring clesran:= w0 CHBTES S5
Fzrm. crenkshatt =nd cleamnce mm i g
Parm. cut—ot—round L 333
Enzine 1.6L
E"If'rﬁ'r"i'[:':'é'ﬁéif't“bearing T —— T B Ul
(guide bearingy i Colorcode | Thikness T ods

G422
- e L | ce crE e v
L mm | green 1.995-2.001 | 236N
| Sr— N e S I:nrawn e e ot
; P mm azendblus  |2120-2126 | 2034
= Vi ey i o e el e &

mm | greenfwhite [2.245-2281 1 207B
.................................................... ey R TR
A e s s el e ——

mm graer 18062001 | 225N
........................ N S e el e e

m arzen blus [ 2122-2126 23R
"""""" Underszefdes “mm | brownlwhite | 3335-305487 T 80FR T

i areend white | 2.245-2.281 : 237 B
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Crank Drive, Cylinder Block (Continued)

Enzane 1.5L0
Fwide main besring purnsls (ouidei CCalor code | Width Cods
‘bearing) : :
Standard ske FrirT reR— P DB SRD— 25320 -
brzen
Underzize (2.25) T brown! blue | 22 2360-26.120 =
FritT areend blusz :
T A e T o
white
mim | green’ white _
‘En aine 1.5L
BT T Lewarcon—red bearing shell
: Color cods Thizkness Cods
G 98E.3
st e gz s e & s
T Undersze (3.25] o blue 161351 622 aaEA T
Undersze (D53 MM white i F3e—1.747 2548
.................... s T i
............ Ey s _— . T A =
"""""" Undersze (3.253 T biue 1.615-1.522 2EEA T
Urdersize (2,820 FritT white 1.736—1.747 2538
Parmzon—odpay rmm o 20180071
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Crank Drive, Cylinder Block (Continued)
lustration

1 Index — identification of cylinder bore

2 Cylinder bore

3 Double bevelled ring with spiral-type expander

4 Tapered compression ring or double trapezoidal
ring

5 Rectangular compression ring

6 Piston diameter
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Crank Drive, Cylinder Block (Continued)

Cylinderbors
Standard sizz ;
Inclex 5 L om TH.OTE-THO8E
Indlex 39 mm 78.986-75.995
Indlex 0o mm T8.395-79.005
|rclex 01 i F9.005~78.015
Inclex 02 o omm FI.015-79.025
Dersize!
Inclex THIE nim | TA4G5-T0.4TE

Standard sz= :
Indlex g L 78,955 79,965
Indlex 39 L mm 78.265-78.975
Inclex 02 L mm TH.ATE-TH.9358
Inclex o1 mm TE.I5E-TH.O9E
Indlex 02 mm 78.995-79.008

Dversize :
Inclex THIE L 7344570465

o e e e ] g e A

Fistonclesranz= Efomm 2.01=-0.03

1) After reboring the old irclex must be imalidated and the new sversizing index nust be embossed.
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Crank Drive, Cylinder Block (Continued)

............

Engine 1.5L
R SRR e LS L e
Fectan aular comprassion ring
Height FriFm 1.20
Gap FrirT 0.30-052
Vertical play mm 0.02—2.04
Tapered comprazsion ring :
Height FriFm 1.53
Gap FrirT 0.30-0563
Vertical play i O.04— D04
Cil szrapar ring :
Height mm 3.02
Gap SN 0D42—-142
YVertical play Frm 0.01—2.03
R T Tl e g

17 Armngs gap of upper oil scmper ring 25 to 52 mim 2ffzet 1o the left and gap 2f the bwar ring
£5 te 20 mim offset to the right relative to the 3ap of the lower intermechiate ring.

En aine 1.4L
i
Lenath FriFT 5E
Dizmeter P omm i 17.997—-18.020
Bearing shrunkin con—r ool
iClearance
it piston Pomm 2.208=2.012
i o h—red Frirm 3

Engine Management

Enzine ] Bl

?DEEI g I_S:lt!':' % rrrrrrn e r.'ﬂus.t EC_S ...................
lgnitin sequence 1-3-4-2

T T . - — FLRSLDSY
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Recommended Torque Values

gy
.é.{art,;.r tr;,m{ra,-,aﬁ-;iéaiﬂn ......................... 4:' .......
Starterto cylindar block i =
Exhzust manfold to ovlinder head 20 2)
Eé:msha;tusenm .r:;aE«tE:ni i I:n:nl’.c"’.c;:n -:ar‘n;l:uaft hlit-l...l.;:iﬂg ........... 15 .......
DIS I ;nit.i;n I-.'lcduiet-:- -:amﬁi'uai:‘.cmh-:suair;a !:arrie"t: ............... 3 .......
:i:}l'lurbttle I;-;d'-,-tr:a irl';ltl;’-df:e S5 EI lllllll
pre Esuré..l.:.iate t,::",;amshaﬂ i u..;ing ....................... 5 .......

1) Use new bolts.
2) Use new nut(s).
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Recommended Torque Values (Continued)

M
Itil':r'namic oil levelconteltesil pan L
I make madbidieeylinder head =
Alternster to akemater support —
:'f"-.ltemat-:.-r e —
:rr“arssmsas.icﬂ bepilidoy Belle ™ =
Alternator suppettto oylinder bhek =
.En;én.:- dermping blesk support tocylinder I:u%{:t.l:m 52
Crankshaf pesition sensor bracket to 2l purmp i
I..“.ﬂ rng harmess bracket to intake marito e
1) Recut thread before reuse and insert bolts with screw locking compound (red). The install tion

time including the torque check is max. 10 min.
2) Use new nut(s).
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Recommended Torque Values (Continued)

Mim
.I-:ul.;..'-.ar toothed beltcover 2 camshaft housing s
.I-:ul.;ar tocthed beltcovar fo o1l purmp 2nd camshaft housing s
Heat shield to 2xbhaust manifald 8
IIE;-:ankch:-lft position s2nsor o bracket : 5
;ELiiey-’Féelu:tc—-r g b toothed belt drive gear P A5+ 30 "+ 18 g
1) Use new bolts.
............................................................................................................... e
l_ﬂJ.rmgtr.:.ugh s i :
‘.,'_5,3|H.3;:¢.;-;,3r SrR—— Eugpbg’t ............................................................ =
Khnock senaorto oylindar block 22
Fuel distribuior tube to intske mariold i 4
F,E;wpmaﬂd e Thmdﬂﬁawegmma ................................ ...... o
Cgbmpun,r S e e S e e e :
CJEMI:,,I:,H e e — =
. .3}|,,-,.j ._:rt.b.:,{ ................................................ _j ;. .....................
T taamgcaptﬂ:}amder e . +45+151
EQWQE!-; oSt fGE‘{hawmm“ﬁ ............................................ 4 ;. .....................

1) Use new bolts.
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Recommended Torque Values (Continued)

......................................................................... ey
e fa—
S hGu:mg . |ru3,ng .............................. ==
éCamshaﬁ sprockst to camshaft 45

e B e =
.Egl.il.i";;reggure g p._“-.,l: ........................................ e
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Recommended Torque Values (Continued)

M
Dil filtzr fooll pump 5
Dil pump o ayvlinder bleck 1
D:I ourE cower fo il pump 5
Oil intaks mipe to oil pump gl
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I:I.I pan to transmission o
"Dil eaniooilpump 00 1a1)
"Dil pante cylindsr tosk 1a1)
..;Zc'n—ri::-:j Bosliir s bawinenad = 264307
1) Recut thread before reuse and insert bolts with screw locking compound (red). The installa

tion time including the torque check is max. 10 min.
2) Use new nut(s).
3) Use new bolts.
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BASE ENGINE SECTION 2-99

Recommended Torque Values (Continued)
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1) Use new bolts.

2) Insert bolts with mounting paste (white).

3) Use new nut(s).
............................................................................................. Nm
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EC';,-Iir'u:ier hiead and camshaft housin o to ovlinder block

1) Insert new bolt with screw locking compound (red).
2) Use new bolts.

5 #6074+ 80 +60° 4



PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL  DUAL FUEL DESCRIPTION OF OPERATION 3-1

PSI 1.6L PFI
FUEL SYSTEM
DESCRIPTION OF OPERATION

Table Of Contents

Description Page
Typical Fuel System SchematiC.............coiiiiiiiii e 3-2
Dual Fuel System OVEIVIEW.........ccooiiiiiie et 3-3
e C IS (o] = o [T - | ST 3-3
I C RS- Vo= I TP 3-4
U1 B 1= PSSP 3-4
EIeCtroniC FUEI LOCK.... ..o 3-4
Electronic Pressure Regulator (EPR)..........ooouiiiiii e 3-5
Low Pressure RegUIALON............. oo 3-5
1Y 13 = 3-6
Electronic Throttle Control (ETC).... oo 3-6
Three-Way Catalytic MUFFIEr.......... oo 3-7
Engine Control Module (ECM)...........ue e 3-8
Heated Exhaust Gas Oxygen Sensor (HEGO)..........cccoooiiiiiiiiieee e 3-9
Gasoline Fuel Storage TanK............ooo oo 3-10
GasoliNg FUEBI PUMP..... .ot 3-10
Gasoline Fuel Pressure & Temperature Manifold...............cccoooiiiiiiiiiiiiieeeeeeeee, 3-10
Fuel INJector Rall............oo oo 3-11
U 1Y I [T 1 (o] 3-11

by IMPCO POWER SOLUTIONS, INC.

()’ SPECTRUM |9 P S l



PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL DUAL FUEL DESCRIPTION OF OPERATION 3-2

DESCRIPTION AND OPERATION OF THE FUEL SYSTEMS

IMPCO SPECTRUMLPG AND MPFIDUAL FUEL 5YSTEM
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Figure 1 - Typical IMPCO Dual Fuel System Schematic
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FOECSYSTEM

The IMPCO fuel system is designed to offer the operator the ability to operate the vehicle on either gasoline or
LPG by positioning a selector switch in the operator’s platform. When the operator places the selector switch
in the gasoline mode the gasoline fuel pump is energized when the operator places the ignition key in the, key
ON engine off (KOEO) or the key ON engine run (KOER) modes. While in the gasoline mode the LPG fuel
lock-off is isolated and will not energize. In addition the gasoline injector circuit is enabled and injector pulses
are provided to each injector and the ECM calibration for gasoline is also enabled. When the operator selects
the LPG mode the Low Pressure LPG lock-off is energized when the operator places the ignition key in the
(KOEO) or the (KOER) modes and fuel from the LPG tank flows to the Electronic Pressure Regulator (EPR).
During the (KOEO) or the (KOER) the EPR receives and electronic signal to position the secondary lever for
the start or run positions and when the engine begins to crank the mixer air valve will rise and fuel will begin
flowing to engine. During this mode the gasoline fuel pump is isolated and will not be activated during the
(KOEO) or the (KOER) modes. The primary components of the gasoline dual fuel system are the gasoline
fuel storage tank, electric fuel pump and filter, fuel supply line, injector rail and injectors and the fuel pressure
regulator. The primary components of the LPG dual fuel system are the LPG fuel storage tank, in-fuel filter,
LPG Low Pressure lock-off, Electronic Pressure Regulator (EPR) and the fuel mixer module. The LPG fuel
system operates at pressures which range from 355.60 mm (14.0 inches) of water column up to 21.5 BAR (312

psi).

Components which are shared by both systems include the Electronic Throttle Control (ETC), Three Way
Catalytic (TWC) converter and the ECM. The ECM contains a dual calibration one which controls the gasoline
fuel system during gasoline operation and a calibration which controls the LPG fuel system during LPG
operation. The block diagram above Figure 1 identifies the major components identified in this section and the
placement, pressure and circuit relationship to the ECM.

LPG FUEL TANK

Propane is stored in the fuel tank as a liquid. The approximate pressure of the fuel in the tank is 16.5 bar (240
psi) when the tank is full at an ambient temperature of 27° C (81°F). The boiling point, (temperature at which
the liquid fuel becomes vapor) is approximately -40° C (-40° F). When the fuel changes from liquid to vapor
the fuel expands and creates pressure inside the tank. When the tank service valve is opened the pressure
inside the tank forces the liquid fuel out though the pick up tube located near the bottom of the fuel cylinder.
Because the Propane is stored under pressure the tank is equipped with a safety valves which are normally
set at 25.8 bar (375 psi) to prevent tank rupture due to over-pressurization of the cylinder. The service valve
mounted in the end of the cylinder controls the flow of fuel from the tank. By turning the handle to its “open”
position, fuel flows out of the tank and into the service line. The service valve is also equipped with a safety
feature called an “excess flow check valve”. This feature reduces the flow from the service valve in the event
of a rupture of the fuel line or any down stream component.

Liquid Pressure

Vapor
Withdraw
Tube

80%
Limitor

Tube ! /

Fuel Level Liquid /
Float Withdrawal
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SERVICE LINE

Propane flows from the fuel tank to the electric lock via the service line. The service line is connected to

the tank utilizing a quick coupler. The other end of the service line is connected to a “bulkhead connector”
mounted on the equipment sheet metal. This bulkhead connector allows for a safe means of passing

through the equipment’s engine compartment sheet metal and into the engine compartment. If a bulkhead
connector is used a pressure relief device is mounted in the service line or the connector itself to prevent over
pressurization of the service line. The service line is made of high pressure hose with special material or
possibly tubing which is friendly to the LPG fuel and should always be replaced with an OEM supplied part.

FUEL FILTER

Propane fuel like all other motor fuels is subject to contamination from outside sources. Refueling of the
equipment’s tank and removal of the tank from the equipment can inadvertently introduce dirt and other
foreign matter into the fuel system. It is therefore necessary to filter the fuel prior to entering the fuel system
components down stream of the tank. An inline fuel filter has been installed in the fuel system to remove the
dirt and foreign matter from the fuel. The inline filter is replaceable as a unit only. Maintenance of the filter
is critical to proper operation of the fuel system and should be replaced as defined in the Recommended
Maintenance Schedule. In severe operating condition more frequent replacement of the filter may be
necessary.

| |

—

Figure 3
Inline Fuel Filter

ELECTRIC LOCK OFF

The Electric Lock Off device is an integrated assembly. The electric lock assembly is a 12 volt normally closed
valve. The solenoid is mounted to the valve body. When energized the solenoid opens the valve and allows
the Propane fuel to flow through the device. The valve opens during cranking and run cycles of the engine.
The lock off supply voltage is controlled by the engine control module (ECM).

Figure 4

m P S l Electric Fuel Lock Off \3 SPECTRUM
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EPRASSEVMBLY

The EPR assembly is a combination Low Pressure Regulator and a Voice Coil Assembly. The Voice coil
is an electronic actuator which is controlled by an internal microprocessor. The microprocessor provides
output data to the ECM and receives input data over a CAN BUS connection. The internal microprocessor
receives electrical signals from the Fuel Pressure Sensor FPS and the Fuel Temperature Pressure FTP
and communicates the data to the ECM. The ECM uses the FPS and FTP data to calculate the location
of the secondary lever in the LPR and sends that data back to the EPR via the CAN BUS. The internal
microprocessor in the EPR will than output a signal, which causes the voice coil to move and position the

secondary lever to the correct location.
EPR Assembly LPG Fuel Inlet

Figure 5 Pressure Regulator Portion
EPR Assembly

Fuel Passage and Secondary
Pressure Test Port

Primary Pressure Test Port

LOW PRESSURE REGULATOR (LPR)

The LPR is a combination vaporizer, pressure regulating device. The LPR is a negative pressure two stage
regulator that is normally closed when the engine is not running. When the engine is cranking or running a
partial vacuum is created in the fuel line which connects the regulator to the mixer. This partial vacuum opens
the regulator permitting fuel to flow to the mixer.

Propane fuel enters the primary port of the LPR and passes through the primary jet and into the primary/
exchanger chamber. As the propane passes through the heat exchanger the fuel expands and creates
pressure inside the chamber. The pressure rises as the fuel expands when the pressure rises above 10.34
kpa (1.5 psi), sufficient pressure is exerted on the primary diaphragm to cause the diaphragm plate to pivot and
press against the primary valve pin thus closing off the flow of fuel. This action causes the flow of fuel into the
regulator to be regulated.

When the engine is cranking, sufficient vacuum will be introduce into the secondary chamber from the mixer
drawing the secondary diaphragm down onto the spring loaded lever and opening the secondary valve
allowing vaporized fuel to pass to the mixer. This mechanical action in conjunction with the EPR reactions
causes the downward action on the secondary lever causing it to open wider allowing more fuel to flow to the
mixer.

Fuel Inlet

Low Pressure
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AIR FUEL MIXER

The air valve mixer is an air-fuel metering device and is completely self-contained. The mixer is an air valve
design, utilizing a relatively constant pressure drop to draw fuel into the mixer from cranking to full load. The
mixer is mounted in the air stream ahead of the throttle control device.

When the engine begins to crank it draws in air with the air valve covering the inlet, negative pressure begins
to build. This negative pressure signal is communicated to the top of the air valve chamber through 4 vacuum
ports in the air valve assembly. A pressure/force imbalance begins to build across the air valve diaphragm
between the air valve vacuum chamber and the atmospheric pressure below the diaphragm. The air valve
vacuum spring is calibrated to generate from 101.6 mm (4.0 inches) of water column at start to as high as
355.60 mm (14.0 inches) of water column at full throttle. The vacuum being created is referred to as Air Valve
Vacuum (AVV). As the air valve vacuum reaches 101.6mm (4.0 inches) of water column, the air valve begins
to lift against the air valve spring. The amount of AVV generated is a direct result of the throttle position. At
low engine speed the air valve vacuum is low and the air valve position is low thus creating a small venturi

for the fuel to flow. As the engine speed increase the AVV increases and the air valve is lifted higher thus
creating a much larger venturi. This air valve vacuum is communicated from the mixer venture to the LPR
secondary chamber via the low pressure fuel supply hose. As the AVV increases in the secondary chamber
the secondary diaphragm is drawn further down forcing the secondary valve lever to open wider.

Tamper
Resistant Idle ~_
Screw

Mounting to
the Throttle
Body

Figure 6
Air Fuel Mixer

ELECTRONIC THROTTLE CONTROL (ETC)

Engine speed and load control is maintained by an ETC device. Speed and load control are determined by the
ECM. Defaults programmed into the ECM software and throttle position sensors allow the ECM to maintain
safe operating control over the engine. The Electronic Throttle Control device or “throttle body assembly” is
connected to the intake manifold of the engine. The electronic throttle control device utilizes an electric motor
connected to the throttle shaft. When the engine is running electrical signals are sent from the equipment
controls to the engine ECM when the operator depresses an equipment function switch. The ECM then sends
an electrical signal to the motor on the electronic throttle control to increase or decrease the angle of the
throttle blade thus increasing or decreasing the air/fuel flow to the engine.

POWER SOLUTIONS, INC. by IMPCO
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The electronic throttle control device also incorporates two internal Throttle Position Sensors (TPS) which
provide output signals to the ECM as to the location of the throttle shaft and blade. The TPS information is
used by the ECM to correct for speed and load control as well as emission control.

Figure 8
ETC throttle control device

THREE-WAY CATALYTIC MUFFLER

The emission certified engine has been designed and calibrated to meet the emission standards in effect for
2006. To help meet the emission requirements the vehicle has been equipped with a Three Way Catalytic
(TWC) muffler. The catalyst muffler is a three way catalyst, sound damping and spark arresting unit. Besides
controlling the noise created from the combustion process, and preventing sparks from escaping from

the exhaust system the most important function is treating the exhaust gases which are created from the
combustion process. The three-way catalyst consists of a honeycomb coated with a mixture of platinum,
palladium, and rhodium. The hot gases flow through the catalyst sections where an oxidation and reduction
reactions take place. These chemical reactions reduce the amount of CO, HC and NOX in the engines
exhaust. The Exhaust gas then flows through the outlet.

Figure 9
Three way catalytic converter

()’ SPECTRUM P s l
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ENGINE CONTROL MODULE

To obtain maximum effect from the catalyst and accurate control of the air fuel ratio the emission certified
engine is equipped with an onboard computer or Engine Control Unit (ECM). The ECM is a 32 bit controller
which receives in-put data from sensors fitted to the engine and fuel system and then out-puts various signals
to control engine operation.

One specific function of the controller is to maintain “closed loop fuel control”. Closed loop fuel control is
accomplished when the exhaust gas oxygen sensor (HEGO) mounted in the exhaust system sends a voltage
signal to the controller. The controller then calculates any correction that may need to be made to the air fuel
ratio. The controller then out-puts signals to the EPR to correct the amount of fuel being supplied to the mixer.
At the same time the ECM may correct the throttle blade position to correct speed and load of the engine.

The controller also performs diagnostic functions on the fuel system and notifies the operator of malfunctions
by turning on a Malfunction Indicator Light (MIL) mounted in the dash. Malfunctions in the system are
identified by a Diagnostic Code number. In addition to notifying the operator of the malfunction in the system
the controller also stores the information about the malfunction in its memory. A technician can than utilize a
computerized diagnostic tool to retrieve the stored diagnostic code and by using the diagnostic charts in this
manual determine the cause of the malfunction. In the event a technician does not have the computerized
diagnostic tool the MIL light can be used to identify the diagnostic code. By following specific steps the
technician can activate the “blink” feature and count the number of blinks to determine the diagnostic code
number to locate the fault in the system.

ENG\NT;PTMEMP = 7 —+THROTTLE COMTROL
0lL PRESSURE — _’ngs:z?éngl hr:FGROL
AR TEMP — ECU
—»aURILARY OUTPUTS
iR =y WOICE GO IL CONTROL
Ry _: j———FUEL TEMP.
e {— FUELPRES.
THROTTLE POS—» W

EPR

Figure 10
LPG Engine Control Unit (ECM)

Figure 11

ECM Assembl
Psi y ()’ SPECTRUM
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The fuel system equipped on your vehicle there are two, Heated Exhaust Gas Oxygen Sensor (HEGO). The
pre-catalyst HEGO is mounted in the exhaust system downstream of the engine. The pre-catalyst HEGO is
used to measure the amount of oxygen present in the exhaust stream and communicate that to the ECM via
an electrical signal. The amount of oxygen present in the exhaust stream indicates whether the fuel air ratio is
to rich or to lean. If the HEGO sensor signal indicates that the exhaust stream is to rich the ECM will decrease
or lean the fuel mixture during engine operation, if the mixture is to lean the ECM will richen the mixture. The
ECM continuously monitors the HEGO sensor output if a rich or lean condition is present for an extended
period of time and the ECM cannot correct the condition the ECM will set a diagnostic code and turn on the
MIL light in the dash.

The second HEGO is the Post-catalyst monitoring sensor. The sensor is mounted in the exhaust system after
the catalyst. The Post-catalyst HEGO measure the amount of oxygen in the exhaust system after the catalyst
treatment has been completed. The Post-catalyst sends the electronic signal to the ECM. If the ECM detects
that the catalytic action in the muffler is not sufficient and fuel correction cannot correct the malfunction the MIL
light is illuminated in the dash and a DTC code will be set.

A\ CAUTION

THE HEATED EXHAUST GAS OXYGEN
SENSOR IS AHD EMISSICON CONTROL
OEYICE. IF THE HEGO FAILS TO OFERATE |
REFLACEWITH AND OEM REFLACEMENT
FART.THEHEGO SEMSOR IS SENSITIVE
TOSILICONE OR SILICONE BASED
FRODUCT AWND BEC OME CONT AMINAT ED.
ANMDID USING SILICONE SEALERS OR
HOSESTREATED WITH SILICONE
LUBRICANTS IN THE AIR ST REAM OR
FUEL LINES

Figure 12
Heated Exhaust Gas Oxygen Sensor (HEGQO)
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GASOLINE MULTI POINT FUEL INJECTION SYSTEM (MPFI)

The primary components of the Gasoline Multi Point Fuel Injection (MPFI) fuel system are the gasoline fuel tank, electric
fuel pump, fuel pressure and temperature sensor manifold, fuel filter and fuel rail.

GASOLINE FUEL STORAGE TANK

The gasoline fuel storage tank location may very on equipment applications. The fuel tank may be integrated into the
chassis frame or may be a stand alone vessel mounted on the equipment. For precise location for the equipment applica-
tion refer to the OEMs vehicle manual.

GASOLINE FUEL PUMP

The Gasoline is stored as a liquid in the fuel tank and in drawn into the fuel system by a 12 volt electric fuel pump.
Depending on the vehicle application the fuel pump may be mounted in the fuel tank or as a stand alone component. In
either case the fuel pump will receive a signal from the ECM at Key On to prime the fuel system for approximately 2 sec-
onds prior to start. Priming of the fuel system provides for a quicker start, when the engine begins to crank. Consult the
OEM for the location of the fuel pump.

GASOLINE PRESSURE AND TEMPERATURE SENSOR MANIFOLD

This engine is equipped with a fuel injector rail that does not have a pressure regulator or a return circuit to the fuel tank.
Fuel pressure for this engine is regulated by the engine’s ECM. The ECM receives fuel pressure and temperature feed-
back from the gasoline fuel sensor manifold and uses this information to control the ground side of the fuel pump. Fuel
pressure is regulated by the ECM pulse width modulating (PWM) the fuel pump. The fuel pressure and temperature sen-
sor manifold has a return or “bleed” circuit that is comprised of a .020” orifice and a 6 psi check valve that connects back
to the equipment fuel tank. This circuit is used to bleed off any vapor that develops in the line and returns a small amount
of fuel to the tank. The fuel comes from the fuel tank and passes through the fuel pump. Fuel exits the fuel pump, pass-
es through the filter and then enters the fuel pressure and temperature manifold assembly. Fuel flows through the feed
circuit and is delivered to the fuel injector rail. Fuel that enters the bleed circuits through the by-pass valve in the manifold
is returned to the fuel tank.

J

Return/Bleed Port Gasoline Fuel Pres- o 5 &
sure and Temperature :
Man|f0|d Assembly Fuel Feed Circuit >

FUEL FILTER

After the fuel is drawn into the fuel pump, the fuel flows through the gasoline fuel filter. The fuel filter will trap small par-
ticles. The fuel passes through the filter to remove debris which prevents the fuel pressure and temperature manifold
and fuel injectors from becoming damaged. Maintenance of the fuel filter is required as indicated in the Recommended
Maintenance Schedule. A more frequent replacement of the filter may be required if the equipment operates in a dusty or
dirty environment.

P s l ()’ SPECTRUM
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FUEL INJECTOR RAIL

The fuel flows from the fuel pressure and temperature manifold assembly to the fuel injector rail where the fuel is deliv-
ered to the fuel injectors. The 1.6L engine uses a closed-end returnless type fuel rail as shown below.

1.6L Closed-End Fuel Injector Rail

= |
Ol

| INN o P

FUEL INJECTOR

=

1 o o
1 1 A

The fuel supply is maintained on the top of the injector from the injector rail. The injector is fed a “pulse” signal through
the wire harness which causes the injector to open. During regular operating conditions the ECM controls the opening
and duration of opening of the injector. During lower RPM operation the injector signals or “pulses” are less frequent then
when the engine is operating at higher RPMs. The certified engine has been calibrated to deliver the precise amount of

fuel for optimum performance and emission control.
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PSI 1.6L PFI
FUEL SYSTEM REMOVE & REPLACE SECTION
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REPAIR INSTRUCTIONS

PROPANE FUEL SYSTEM PRESSURE RELIEF

CAUTION: The propane fuel system operates at pressures up to 21.5 BAR (312 psi). To minimize the risk of fire
and personal injury, relieve the propane fuel system pressure (where applicable) before servicing the propane fuel
system components.

To relieve propane fuel system pressure:

1. Close the manual shut-off valve (MSV) on the propane fuel tank.
2. Start and run the vehicle until the engine stalls.

3. Turn the ignition switch OFF.

Important
e Residual vapor pressure will be present in the fuel system. Ensure the work area is well ventilated before disconnecting
any fuel line.

PROPANE FUEL SYSTEM LEAK TEST

CAUTION: Never use an open flame of any type to check for propane fuel system leaks.

Always inspect the propane fuel system for leaks after performing service. Check for leaks at the fittings of the serviced
or replaced component. Use a commercially available liquid leak detector or an electronic leak detector. When using both
methods, use the electronic leak detector first to avoid contamination by the liquid leak detector.

Figure 1
Filter Lock Assembly

Electric Lock O Solenoid 3
Elmcirical conpecion
-

4 Fuel Ouflet

Mouniing Plate — Mouniting Plate to Housig Sealing O-fing
b el —
Housing Seal F —

- Fitear

Filter Magnat LN |
Filter Housing .
- Fust Iriet

Snal Filler Housing Io ball b o—

- Filler heusing Retaiing Bas

PROPANE FUEL FILTER REPLACEMENT FOR FILTER LOCK-OFF
(FIGURE 1)

Removal Procedure

1.Relieve the propane fuel system pressure. Refer to Propane Fuel System Pressure Relief.
2. Disconnect the negative battery cable.
3. Slow loosen the Filter housing retaining bolt and retain.

9 P S l (5 SPECTRUM
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Pull the filter housing down from the Electric lock off assembly
Locate Filter magnet and retain

Remove the filter from the housing

Remove and discard the housing seal

© N~

Remove and discard the retaining bolt seal.
9. Remove and discard mounting plate to lock off O-ring seal
Installation Procedure

* Important: Be sure to reinstall the filter magnet into the housing before installing new seal

Install the mounting plate to lock off O-ring seal
Install the retaining bolt seal
Install the housing seal
Drop the magnet into the bottom of the filter housing
Install the filter into the housing
Install the retaining bolt into the filter housing
Install the filter up to the bottom of the electric lock off
Tighten the filter retain bolt to specification

Tighten

© N O RN~

12 Nm (106 in Ibs).

9. Open manual shut-off valve.

Start the vehicle and leak check the propane fuel system at each serviced fitting Refer to Propane Fuel System Leak
Test..

EPR Assembly LPG Fuel Inlet

Fuel Passage and Secondary
Pressure Test Port

Primary Pressure Test Port

FIGURE 2
EPR Assembly

ELECTRONIC PRESSURE REGULATOR (EPR) ASSEMBLY REPLACEMENT
(FIGURE 2)

()’ SPECTRUM 1 P s l
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The EPR assembly is a made up of two separate components. The Voice Coil Section is not serviceable and can only be
replaced as an assembly. The pressure regulator section is serviceable and will be detailed in this section.

EPR Assembly Removal Procedure

1. Relieve the propane fuel system pressure. Refer to Propane Fuel System Pressure Relief.

2. Disconnect the negative battery cable.

3. Slowly remove the fuel inlet fitting at the Electric Lock Off

NOTE: Residual vapor pressure will be present in the fuel system.

Disconnect the electrical connector to the Electric Lock off

Remove the Electric Lock Off from the regulator

Remove the lock pin from the vapor fitting on the regulator housing and remove the fitting and hose and retain the pin
Remove the lock pin from the pressure sensor on the regulator housing and remove the Sensor and retain the pin
Using a clamp pliers pinch off the hoses on the coolant lines to the regulator

Remove the lock pin from both the water fittings on the regulator housing and remove the fittings and hoses and retain
the pin

10. Disconnect the EPR electrical connector

11. Remove the (3) three nuts from the EPR isolators and the EPR mounting bracket

12. Remove the EPR from the bracket

13. Remove the (3) three mounting isolators

©oxoNO O

Installation Procedure

Important

e Do not use Teflon tape on any fuel fitting. Use a liquid pipe thread sealant when installing fittings.
e Check all the O-rings on the vapor and water fittings for any damage replace if necessary

e Lube all the O-rings with an O-ring lube before installing.

1. Install the three (3) rubber isolators to the bottom of the EPR

2. Install the EPR assembly to the bracket and tighten the retaining nuts

NOTE: Do not over tighten the isolators and cause a separation of the isolators

3. Install the fuel temperature sensor into the regulator opening and lock in place with the locking pin, connect the
electrical connector

4. Insert the fuel vapor line and fitting into the regulator port and lock in place with the locking pin

5. Install both the water hoses and fittings into the regulator and lock in place with the locking pin remove the clamp

pliers from the hoses

Install the electric lock off into the regulator inlet and tighten into proper location, connect the electrical connector

Connect the fuel supply line and tighten until fully seated

8. Connect the EPR electrical connector

No
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Y. Openthe manual valve
10. Start the vehicle and leak check the propane fuel system at each serviced fitting Refer to Propane Fuel System Leak
Test. Make sure the cooling system is purged of any air that may have become trapped during this procedure.

Fuel Inlet

Low Pressure

/Section
N
\

Coolant
Passage ~_

Secondary
Outlet ports Coolant
\ Passage
Secondary 2
Lever and 5
Spring f __ Secondary
\ Outlet ports

Figure 3
Pressure Regulator Section
Pressure Regulator Section Removal

1. Remove the EPR refer to EPR Removal Procedure
Remove the six (6) regulator to EPR Actuator screws using the special tool and separate the regulator from the
actuator.

EPR Diaphram b/
d

LA 2 7 Low Pressure Regulator Separated from EPR Actuator
Use Care With O-Ring i - — R —— w—

IMPORTANT: DO NOT REMOVE THE SECONDARY DIAPHRAGM RETAINING PLATE AND DIAPHRAGM THIS WILL
VOID THE WARRANTY OF THE ACTUATOR SECTION.

Installation Procedure
1. Install the regulator to the actuator section using the six (6) retaining screws and tighten to specification.
Tighten

8 Nm (70 in Ibs).
2. Install the EPR refer to EPR Installation

TEMPERATURE MANIFOLD ABSOLUTE PRESSURE (TMAP) SENSOR
(Figure 4)

Removal Procedure

1. Disconnect the TMAP electrical connector
() seEctrum PPSI
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2. Remove the two retaining bolts
3. Remove the TMAP

TMAP Sesnor

Installation Procedure
e Apply a small amount of O-ring lubricant before installation

1. Install in reverse order
2. Tighten retaining bolts
Tighten
7 Nu (62 Ib-in)
3. Start the vehicle

1.6L Mixer & Throttle
Assembly

Figure 4
TMAP Sensor & Electronic Throttle Control (ETC)

ELECTRONIC THROTTLE CONTROL REPLACEMENT
(FIGURE 4)

Removal Procedure

Disconnect the negative battery cable.

Remove the air intake duct.

Release the hose clamp on the vapor fuel line and remove the vapor hose

Disconnect the TMAP electrical connector

Disconnect the electronic throttle control device connector

Remove the manifold to throttle body adapter bolts and remove the throttle body mixer assembly
Pull the throttle body assembly from the adapter

Remove electronic throttle control device

Remove the O-rings gasket and discard

©OoNOO~ON =

Installation Procedure

Important
« Lightly Lubricate the both the O-rings of the throttle control device to adapter

1. Install the O-ring (32501097) on throttle body. Press it down to the bottom of the surface.

SLIDE O-RING ON HERE

BPS
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2. Install the two quad seals (33000599). Install one seal at a time to insure the seal does not roll. The seal must sit flat
on the throttle body.

INSTALL TWO QUAD CUT SEALS ON THROTTLE BODY

THESE SEALS CAN NOT BE ROLLED!!!
MAKE SURE THEY SIT FLAT
T

3. Attach mixer and throttle body together. The two parts do not bolt together; they will be secured when you mount it on
the intake. Notice the orientation of the air inlet and throttle body cover.

MIXER ATTACHES

TO THROTTLE

4. Place gasket on intake manifold and attach mixer/throttle assembly to manifold.

Bosch ETC

Adapter

Quad Rings
Gasket Here & O-Rings Here

Figure 4A
Mixer Assembly

MIXER REPLACEMENT
(FIGURE 4A)

1. Remove the Throttle control device Refer to Electronic Throttle Body Replacement

QSPECTRUM Ps l

by IMPCO POWER SOLUTIONS, INC.



PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL FUEL SYSTEM R&R SECTION 4-8

2. Remove the four (4) bolts to the throttle control device to mixer adapter bolts
3. Remove and discard the mixer to adapter gasket.

Installation Procedure

Important
e Cover Throttle body adapter opening to prevent debris from entering engine until reassembly

1. Install Mixer to adapter gasket onto the mixer
2. Install the mixer to the throttle control device to mixer adapter and secure with the 4 retaining screws

Tighten
9 Nem (80 Ib-in)

3. Install Throttle body Refer to Electronic Throttle Control Device Replacement
4. Start the engine and leak check all fittings and connections

COOLANT HOSE REPLACEMENT

1. Drain the coolant
2. Using a hose clamp pliers disconnect both hose clamps on each hose
3. Remove the hose from each of the fittings

NOTE: Use hose material and lengths specified by the OEM

Install the hose clamps to each hose and set the clamp back on each hose to make installation easier

Fit the hose to the fittings

Secure by positioning each of the clamps

Refill the cooling system. Start the engine and run until warm. Note: It may be necessary to remove trapped air
form the vaporizer cooling circuit. Make sure system is purged of all air. Stop engine and readjust coolant level if
necessary.

oo o s

VAPOR HOSE REPLACEMENT

1. Using a hose clamp pliers disconnect both hose clamps
2. Remove the vapor hose form each fitting

Installation Procedure

Important
* Vapor supply hose is specifically designed, DO NOT use hose material or length other than the OEM specified
parts

Install hose clamps and set back on each hose
Reinstall the vapor hose to each fitting

Reset clamps

Start engine and check for leaks

o0 kAw

ENGINE CONTROL MODULE REPLACEMENT

1. Disconnect Negative battery cable
2. Remove controller from mounting bracket
3. Push connector lock back to unlock connector

9 P S l (5 SPECTRUM
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Z—Unplug controller and remove

Installation Procedure

Important
e Controller is calibrated for each engine verify you have the correct controller

Plug connector into controller

Push lock into place

Mount controller into mounting bracket

Reconnect the battery cable

9. Install Diagnostic service tool

10. Start engine

11. Check for any DTC codes and clear

12. Verify engine is in closed loop and no MIL lights are present

® N O

HEATED EXHAUST GAS OXYGEN SENSOR REPLACEMENT

1. Disconnect Negative battery cable
2. Disconnect the O2 sensor electrical connector
3. Using a O2 Sensor socket remove the O2 Sensor and discard

Installation Procedure

Important
* Before install the O2 sensor lubricate threads with anti-seize compound GM P/N 5613695 or equivalent.
Avoid getting compound on the sensor tip

4. Install O2 sensor
Tighten
41 Nem (30 Ib-ft)
5. Start engine
6. Check forany DTC codes and clear
7. Verify engine is in closed loop and no MIL lights are present

THREE WAY CATALYTIC CONVERTER MUFFLER REPLACEMENT

1. Remove the TWC muffler using the OEM end product processes
2. Remove the post catalyst O2 sensor from the catalyst muffler

Installation Procedure

Important
* The Three Way Catalytic converter is specifically designed to meet the emission control of the certified
engine. Use only the OEM specified parts

Install the TWC muffler using the OEM end product processes
Install post catalyst O2 sensor

Inspect and replace any gaskets and/or sealing rings as necessary
Start engine

Check for any DTC codes and clear

Verify engine is in closed loop and no MIL lights are present

()’ SPECTRUM 1 P S l
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LPG Fuel System Diagnosis

EPR Assembly LPG Fuel Inlet

Bosch ETC

Quad Rings ==
Gasket Here & O-Rings Here

Fuel Passage and Secondary
Pressure Test Port

Primary Pressure Test Port

Fuel System Description

To maintain fuel and emission control on the LPG fuel system the Engine Control Units (ECM) relies on numer-
ous engine sensor and output data from the Electronic Pressure Regulator (EPR). The ECM will then deter-
mine the target fuel calibration and command the EPR to reposition the voice cail to the proper position which,
subsequently reposition the secondary lever in the pressure regulator to maintain proper control. The EPR and
ECM will continue to communicate back and forth during normal operation.

In the event that the EPR fails to communicate or the Communications Area Network (CAN) cable fails to trans-
mit data the regulator will operate in an open loop configuration. As the air valve vacuum in the mixer venturi is
communicated to the secondary chamber of the regulator the secondary diaphragm will be drawn in a down-
wards motion. This downward motion will cause the secondary lever to open thus allowing more fuel to enter
the mixer.

In the (LPR) the fuel is vaporized and the pressure reduced in two stages. The first stage reduces the pres-
sure to approximately 6.8 to 20.6 kPa (1.0 to 3.0 psi). The second stage reduces the pressure to approximately
negative 1.5” of water column.

The fuel is then drawn from the secondary chamber of the LPR by the vacuum generated by air flowing through
the mixer. This vacuum signal is also used to generate lift for the mixer air valve. This vacuum signal is most
commonly referred to as air valve vacuum. In the mixer, the fuel mixes with the air entering the engine. This air/
fuel mixture is then drawn into the engine for combustion.

9 P S l (5 SPECTRUM
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Diagnostic Aids

This procedure is intended to diagnose a vehicle operating on LPG. If the vehicle will not continue to run on
LPG, refer to Hard Start for preliminary checks. Before proceeding with this procedure, verify that the vehicle
has a sufficient quantity of fuel and that liquid fuel is being delivered to the LPR. Also, ensure that the manual
shut off valve on the LPG tank is fully opened and that the excess flow valve has not been activated.

Tools Required:

e 7/16 Open end wrench (for test port plugs)

e DVOM (GM J 39200, Fluke 88 or equivalent).
o 12 volt test light

Diagnostic Scan Tool
e Diagnostic Display tool.

Pressure Gauges

e PSI Test Kit 101542

e Water Column Gauge / Manometer (GM 7333-6 or equivalent).
e 0-10 PSI Gauge

Test Description
The numbers below refer to step numbers on the diagnostic table.

5. This step determines if the LPR requires replacement

6. This step determines if the problems are in the mechanical side of the Pressure Regulator or the Electronic
Voice Coll

10. This step determines if the Mixer requires replacement

14. This step determines if the Lock Off requires replacement

17. This step determines if the Fuel Filter requires replacement.

()’ SPECTRUM 1 P S l
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LPG Fuel System Diagnosis

Action

Value(s)

Yes

No

Step
1

Were you referred to this procedure by a DTC
diagnostic chart?

Go to Step 3

Go to Step 2

Perform the On Board Diagnostic (OBD) System
Check.

Are any DTCs present in the ECM?

Go to the
applicable DTC
Table

Go to Step 3

Verify that the LPG fuel tank has a minimum of 1/4
tank of fuel, that the manual valve is open and the
tank quick connect is fully engaged

Go to Step 4

Does the vehicle have fuel?
1. Connect a water column gauge or a

manometer to the secondary test port of the
low pressure regulator (LPR).

2. Start the engine and allow it to reach operating
temperature.

Does the engine start and run?

Go to Step 5

Go to Step 8

With the engine idling, observe the pressure
reading for the LPR secondary pressure.

Is the fuel pressure within the specified range?

-5" to
-2.5" w.c

Go to Step 25

Go to Step 6

Disconnect the EPR electrical connectors.
Note: This action will cause a DTC to be
set by the ECM
2. With the engine idling observe the

pressure reading on the secondary test

port.

-5"to
-2.5" w.c

Go to Fuel
Control System
Diagnosis

Go to Step 7

Is the fuel pressure WITHIN the specified range?
1. Inspect the air inftake stream between the mixer

assembly and the throttle body for leaks.

2. Inspect the fuel hose connection between
the LPR and mixer assembly for damage or
leakage.

3. Inspect any vacuum hoses for leaks

Was a problem found and corrected?

Go to Step 26

Go to Step 22

1. Connect a water column gauge or a
manometer to the secondary test port of the
low pressure regulator (LPR).

2. Crank the engine and observe the pressure
reading for the LPR secondary pressure.

Does the fuel pressure indicate a vacuum is
present?

Go to Step 12

Go to Step 9

BMPSI
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Step Action Value(s) Yes No
1. Remove Air induction hose to the mixer
2. Observe the air valve for movement while the
engine is cranking.
Note: Movement of the air valve will be minimal at o
9 cranking speeds.
Does the air valve move when the engine is Go to Step 11 Go to Step 10
cranked?
1. Inspect the air intake stream to the mix-
10 er assembly and the throttle body for
vacuum leaks. _
2. Inspect the vacuum hoses from the mix-
er for proper connection and condition.
Go to Step 26 Go to Step 24
Was a problem found and repaired?
Inspect the fuel hose connection between the LPR
1 and the mixer assembly for damage or leakage.
Was a problem found and repaired? B Go to Step 26 Go to Step 12
1. Connect a 0-10 psi gauge to the primary test
12 port of the low pressure regulator (LPR).
2. Crank the engine and observe the pressure
reading for the LPR primary pressure.
1- 3 PSI
Is the fuel pressure ABOVE the specified Go to Step 22 | Go to Step 13
value? _
1. Turn OFF the ignition.
2. Disconnect the LPL connector.
3. Install a test light between the pins of the LPL
13 connector. o
4. Crank the engine. The test light should
illuminate.
Go to Step 14 Go to Step 16
Does the test light illuminate?
Using a DVOM, check the resistance of the Tow
14 pressure lock-off (LPL).
120-16Q
Is the resistance within the specified range? Goto Step 15 | Go to Step 23
1. Turn the ignition OFF.
2. Close the manual shut-off valve on the LPG
tank.
15
CAUTION: When disconnecting LPG fuel lines, lig- L
uid LPG may be present. Perform this step in a well
ventilated area.
3. Loosen the fuel inlet hose fitting at the inlet of
the LPL.
Was fuel present when the fitting was loosened? Go to Step 23 Go to Step 17

BMPSI
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Step

Action

Value(s) Yes No

16

1. Turn OFF the ignition.

2. Connect the test light to chassis ground and
probe pin A of the LPL connector.

3. Crank the engine. The test light should
illuminate.

Does the test light illuminate?

Go to Step 20 Go to Step 21

17

1. Remove the LPG fuel filter / LPL.
2. Remove the filter from the LPL.

3. Empty the contents of the inlet side of the LPG
fuel filter onto a clean surface.

4. Inspect the contents of the LPG fuel filter for an
excessive amount of foreign material or water.
If necessary, locate and repair the source of
contamination.

5. Verify the LPG fuel filter is not restricted or
plugged.

Was a problem found?

Go to Step 19 Go to Step 18

18

The fuel supply system or hoses are
plugged or restricted, locate and repair the
problem.

|s the action complete?

Go to Step 26

19

Replace the fuel filter. Refer to Fuel Filter
Replacement.

|s the action complete?

Go to Step 26

20

Repair the open in the lock-off ground cir-
cuit.

Is the action complete?

Go to Step 26

21

Repair the open in the lock-off power cir-
cuit.

|s the action complete?

Go to Step 26

22

Replace the low pressure regulator (LPR). Refer to
Low Pressure Regulator Replacement.

Is the action complete?

Go to Step 26

23

Replace the lock-off. Refer to Lock-off
Replacement.

Is the action complete?

24

Replace the mixer assembly. Refer to Fuel Mixer
Replacement.

Is the action complete?

Go to Step 26

Go to Step 26

BMPSI
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Step Action Value(s) Yes No
The fuel supply system is operating normally, if a
failure of the control solenoids is suspected. Refer
to Fuel Control System Diagnosis.
25
1. Install the test plug in the LPR second- o System OK o
ary chamber.
2. If you were sent to this routine by an-
other diagnostic chart, return to the pre-
vious diagnostic procedure.
Is the action complete?
1. Disconnect all'test equipment
2. Install the primary and secondary test port plugs.
3. Start the engine.
26 4. Using SNOOP® or equivalent, leak check the o System OK o
test port plugs.
Is the action complete?

by IMPCO POWER SOLUTIONS, INC.
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Gasoline Fuel System Diagnosis

1.6L Closed-End Fuel Injector Rail

Bleed/Return
Circuit

Fuel Feed Circuit

Gasoline Fuel System Description

This engine is equipped with a fuel injector rail that does not have a pressure regulator. Fuel pressure for this engine is
regulated by the engine’s ECM controlling the fuel pump via pulse width modulation. The ECM receives fuel pressure
and temperature feedback from the gasoline fuel sensor manifold and uses this information to control the ground side of
the fuel pump. Fuel pressure is regulated by the ECM pulse width modulating (PWM) the fuel pump. The fuel pressure
and temperature sensor manifold has a return or “bleed” circuit that is comprised of a .020” orifice and a 6 psi check
valve that connects back to the equipment fuel tank. This circuit is used to bleed off any vapor that develops in the line
and returns a small amount of fuel to the tank. The fuel comes from the fuel tank and passes through the inline fuel
pump. Fuel exits the fuel pump, passes through the filter and then enters the fuel pressure and temperature manifold
assembly. Fuel flows through the feed circuit and is delivered to the fuel injector rail. Fuel that enters the bleed circuits
through the by-pass valve in the manifold is returned to the fuel tank.

PS[ QSPECTRUM
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Gasoline Fuel System Diagnosis

Step Action Value(s) Yes No
1 Were you referred to this procedure by a DTC .
diagnostic chart? Go to Step 3 Go to Step 2
Perform the On Board Diagnostic (OBD) System
2 Check. o Go to the
applicable DTC
Are any DTCs present in the ECM? Table Go to Step 3
Verify that the Gasoline fuel tank has a minimum of
3 1/4 tank of fuel, L L
Does the vehicle have fuel? Go to Step 4
1. Connect the Diagnostic Display tool to view
gasoline fuel pressure feedback or connect a
fuel pressure gauge into the fuel system.
4 2. Ignition “ON” fuel pump will run. Crank engine 55 +/- 5 psi
for several seconds.
3. Note the pressure
4. Turn ignition off pressure may vary slightly then Go to Step ?? Go to Step 5
hold steady
Is pressure within specified values
5 Is the pressure less than the specified value 55 +/- 5 psi Go to Step 6 Go to Step 9
1. Check for restricted fuel filter. Replace if
6 necessary. Go to Step ? Go to Step 7
2. Check for fuel line leak somewhere in system
3. Check for restricted fuel supply line from pump
Was a problem found?
7 Replace the fuel pump.
Go to Step Go to Step 8
Was a problem found?
Replace the Fuel Pressure and Temperature Consult with
8 Manifold Assembly Go to Step the Equipment
Mfq. for fuel
Was a problem found? tank and line
diagnosis

BMPSI
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Is pressure higher than the specified value?

Go to Step 11 Go to Step ?

Check for a restriction in the fuel return line
between the Fuel Pressure and Temperature

M Sensor Manifold Assembly and the equipment fuel
tank Go to Step ? Go to Step 8
Was a problem found?
1. Check for restricted fuel filter

12 2. Check for restricted fuel supply line from pump

Was a problem found?
Go to Step 13 Go to Step 13

1. Disconnect all test equipment
13 2. Start the engine. System OK
3. Verify engine is in closed loop and no MIL is on.

Is the action complete?
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Symptom Diagnosis

Important Preliminary Checks

__Checks _ ] ] ] Action ] ]
Before Using This Section Before using this section, you should have performed On Board Diagnostic

Check and determined that:

1. The Control Module and MIL (Malfunction Indicator Lamp) are
operating correctly.

2. There are no Diagnostic Trouble Codes (DTCs) stored, ora DTC
exists but without a 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 that may save
valuable time

LPG Fuel System Check 1. Verify the customer complaint.
2. Locate the correct symptom table.
3. Check the items indicated under that symptom.
4. Operate the vehicle under the conditions the symptom occurs. Verify

HEGO switching between lean and rich.
IMPORTANT!
Normal HEGO switching indicates the LPG fuel system is in closed

pand QE&[BIII]? correctly at that time
Visual and Physical Checks ° Check all ECM system fuses and circuit breakers.

e Check the ECM ground for being clean, tight and in its proper location.

e Check the vacuum hoses for splits, kinks and proper connections.
e Check thoroughly for any type of leak or restriction.

e Check for air leaks at all the mounting areas of the intake manifold
sealing surfaces.

e Check for proper installation of the mixer module assembly.
e Check for air leaks at the mixer assembly.
e Check the ignition wires for the following conditions:
— Cracking
— Hardness
— Proper routing
— Carbon tracking
e Check the wiring for the following items:
— Proper connections, pinches or cuts.

e The following symptom tables contain groups of possible causes for each
symptom. 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

by IMPCO POWER SOLUTIONS, INC.
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Intermittent

?Hegkﬁ [ Action
: The problem may or may not turn ON the Malfunction Indicator Lamp (MIL) or store a Diagnostic Trouble

Code (DTC)
Preliminary Checks o Refer to Important Preliminary Checks.
e Do not use the DTC tables. If a fault is an intermittent, the use of the DTC
tables may result in the replacement of good parts
Faulty Electrical Connections or e Faulty electrical connections or wiring can cause most intermittent problems.
Wiring

e Check the suspected circuit for the following conditions:
— Faulty fuse or circuit breaker
—  Connectors poorly mated
— Terminals not fully seated in the connector (backed out)
—  Terminals not properly formed or damaged
— Terminal to wires poorly connected
— Terminal tension insufficient.

e  Carefully remove all the connector terminals in the problem circuit in order
to ensure the proper contact tension. If necessary, replace all the connector
terminals in the problem circuit in order to ensure the proper contact tension.

e Checking for poor terminal to wire connections requires removing the

terminal from the connector body
Operational Test If a visual and physical check does not locate the cause of the problem, drive the

vehicle with a scan tool. When the problem occurs, an abnormal voltage or scan

reading indicates the problem may be in that circuit
Intermittent Malfunction Indicator The following components can cause intermittent MIL and no DTC(s):

Lamp (MIL)

o Adefective relay, Control Module driven solenoid, or a switch that can cause
electrical system interference. Normally, the problem will occur when the
faulty component is operating.

e The improper installation of electrical devices, such as lights, 2-way radios,
electric motors, etc.

e The ignition secondary voltage shorted to a ground.

e The Malfunction Indicator Lamp (MIL) circuit or the Diagnostic Test Terminal
intermittently shorted to ground.

The Control Module grounds
Loss of DTC Memory To check for the loss of the DTC Memory:

1. Disconnect the TMAP sensor.
2. ldle the engine until the Malfunction Indicator Lamp illuminates.

The ECM should store a TMAP DTC. The TMAP DTC should remain in the
memory when the ignition is turned OFF. If the TMAP DTC does not store and
remain, the ECM is faulty.

Additional Checks
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No Start
Checks Action
EEINITION: The engine cranks CK but does not start
reliminary Checks Refer to Important Preliminary Checks
Control Médule Checks e [fascan tool is available:

e Check for proper communication with both the ECM

e Check the fuse in the ECM battery power circuit. Refer to Engine
Controls Schematics.

e Check battery power, ignition power and ground circuits to the ECM.
Refer to Engine Control Schematics. Verify voltage and/or continuity for
each circuit.

Sensor Checks e Check the TMAP sensor.
e Check the Magnetic pickup sensor (RPM).

Fuel System Checks Important: A closed LPG manual fuel shut off valve will create a no start
condition.

e Check for air intake system leakage between the mixer and the throttle
body.

e Verify proper operation of the low pressure lock-off solenoids.

e Check the fuel system pressures. Refer to the LPG Fuel System
Diagnosis.

e Check for proper mixer air valve operation.

Ignition System Checks Note: LPG being a gaseous fuel requires higher secondary ignition system
voltages for the equivalent gasoline operating conditions.

e Check for the proper ignition voltage output with J 26792 or the
equivalent.

e Verify that the spark plugs are correct for use with LPG (PSI 93206675)
o Check the spark plugs for the following conditions:

—  Wet plugs

— Cracks

- Wear

— Improper gap

— Burned electrodes

— Heavy deposits
e Check for bare or shorted ignition wires.

e Check for loose ignition coil connections at the coil

by IMPCO POWER SOLUTIONS, INC.
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PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL Fuel SYSTEM DIAGNOSIS SECTION 5- 14

Chec 8 ction
Engine Mechanical Checks Important: The LPG Fuel system works on a fumigation principle of fuel

introduction and is more sensitive to intake manifold leakage than the
gasoline fuel supply system.

e Check for the following:
- Vacuum leaks
- Improper valve timing
- Low compression
- Bent pushrods
- Worn rocker arms
- Broken or weak valve springs

- Worn camshaft lobes.
Exhaust System Checks e Check the exhaust system for a possible restriction:

— Inspect the exhaust system for damaged or collapsed pipes

— Inspect the muffler for signs of heat distress or for possible
internal failure.

e Check for possible plugged catalytic converter. Refer to Restricted
Exhaust System Diagnosis

POWER SOLUTIONS, INC. by IMPCO

9 P S l (5 SPECTRUM



PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL FUEL SYSTEM DIAGNOSIS 5- 15

Hard Start

Qli]ﬁcks Action
e engine cranks OK but does not start for a long time. The engine does eventually run, or may

start but immediately dies
Preliminary Checks o Refer to Important Preliminary Checks.

o Make sure the vehicle’s operator is using the correct starting procedure
Sensor Checks e Check the Engine Coolant Temperature sensor with the scan

tool. Compare the engine coolant temperature with the ambient air
temperature on a cold engine. IF the coolant temperature reading is
more than 5 degrees greater or less than the ambient air temperature
on a cold engine, check for high resistance in the coolant sensor circuit.
Refer to DTC 111

e Check the Crankshaft Position (CKP) sensor.

Check the Throttle position (TPS) sensor
Fuel System Checks Important A closed LPG manual fuél shut off valve will create an extended

crank OR no start condition.

o \Verify the excess flow valve in the LPG manual shut-off valve is not
tripped.

e Check mixer module assembly for proper installation and leakage.
e Verify proper operation of the low pressure lock-off solenoids.
e Verify proper operation of the EPR

o Check for air intake system leakage between the mixer and the throttle
body.

e Check the fuel system pressures. Refer to the Fuel System Diagnosis.

Ignition System Checks Note: LPG being a gaseous fuel requires higher secondary ignition system
voltages for the equivalent gasoline operating conditions.

e Check for the proper ignition voltage output with J 26792 or the
equivalent.

o Verify that the spark plugs are correct for use with LPG (PSI 93206675)
e Check the spark plugs for the following conditions:

—  Wet plugs

— Cracks

- Wear

— Improper gap

— Burned electrodes

— Heavy deposits
e Check for bare or shorted ignition wires.
o Check for moisture in the distributor cap if applicable.
e Check for loose ignition coil connections.
Important:

1. If the engine starts but then immediately stalls, Check the Crankshaft
Position (CKP).

2. Check for improper gap, debris or faulty connections

()’ SPECTRUM 1 P S l
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PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL Fuel SYSTEM DIAGNOSIS SECTION 5- 16

Chec 8 ction
Engine Mechanical Checks Important: The LPG Fuel system works on a fumigation principle of fuel
introduction and is more sensitive to intake manifold leakage than the
gasoline fuel supply system.
e Check for the following:
- Vacuum leaks
- Improper valve timing
- Low compression
- Bent pushrods
- Worn rocker arms
- Broken or weak valve springs
- Worn camshaft lobes. Ref
o Check the intake and exhauyst manifo|ds for cgstjng flash
Exhaust System Checks e Check the exhaust system for a possible restriction:
— Inspect the exhaust system for damaged or collapsed pipes
— Inspect the muffler for signs of heat distress or for possible
internal failure.
e Check for possible plugged catalytic converter. Refer to Restricted
Exhaust System Diagnosis or Exhaust System in the GM Base Engine
Service Manual
Additional Checks °

POWER SOLUTIONS, INC. by IMPCO
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PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL FUEL SYSTEM DIAGNOSIS 5- 17

Cuts Out, Misses

r hard acceleration for the fuel sta

Q/Pegks [ Action

: Asurging or jerking that follows engine speed, usually more pronounced as the engine load
increases which is not normally felt above 1500 RPM. The exhaust has a steady spitting sound at idle, low speed,
ation that can cause the engine to cut-out

reliminary Checks

Refer o Imporfant Preliminary Checks.

gnition System Checks

o Start the engine.

e Wet down the secondary ignition system with water from a spray bottle,
and look/listen for arcing or misfiring as you apply water.

e Check for proper ignition output voltage with spark tester J 26792.
e Check for a cylinder misfire.
e  Verify that the spark plugs are correct for use with LPG (PSI 93206675)

e Remove the spark plugs in these cylinders and check for the following
conditions:

Insulation cracks

Wear

Improper gap

Burned electrodes

Heavy deposits

Visually/Physically inspect the secondary ignition for the following:
Ignition wires for arcing, cross-firing and proper routing

[gnition cails for cracks oy carbon tracking

Engine Mechanical Checks

D Perform a cylinder compression check.
e Check the engine for the following:

e Check the intake and exhaust manifold passages for casting flash

- Improper valve timing

- Bent pushrods

- Worn rocker arms

- Worn camshaft lobes.

- Broken or weak valve springs.

Fuel System Checks

o Check the fuel system - plugged fuel filter, low fuel pressure, etc. Refer to
LPG Fuel System Diagnosis.

e Check the condition of the wiring to the low pressure lock-off solenoid.

Additional Check

Check for Electromagnetic Interference (EMI).

EMI on the reference circuit can cause a missing condition.
Monitoring the engine RPM with a scan tool can detect an EMI.

A sudden increase in the RPM with little change in the actual engine
RPM, indicates EMI is present.

If the problem exists, check the routing of the secondary wires and
the ground circuit

()’ SPECTRUM
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PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL Fuel SYSTEM DIAGNOSIS SECTION 5- 18
Hesitation, Sag, Stumble

Qq]egks [ Actjon
: The vehicle has a momentary lack of response when depressing the accelerator. The condition can

ccur at any vehicle speed. The condition may cause the engine to stall if it's severe enough
reliminary Checks Refer to Important Preliminary Checks
uel System Checks e Check the fuel pressure. Refer to LPG Fuel System Diagnosis.

e Check for low fuel pressure during a moderate or full throttle acceleration.
If the fuel pressure drops below specification, there is possibly a faulty
low pressure regulator or a restriction in the fuel system.

e Check the Manifold Absolute Pressure (MAP) sensor response and
accuracy.

e Check LPL electrical connection
e Check the mixer air valve for sticking or binding.
e Check the mixer module assembly for proper installation and leakage.

Check the EPR electrical connections

Ignition System Checks Note LPG being a gaseous fuel requires higher secondary ignition system
voltages for the equivalent gasoline operating conditions. If a problem is
reported on LPG and not gasoline, do not discount the possibility of a LPG
only ignition system failure and test the system accordingly.

e Check for the proper ignition voltage output with J 26792 or the
equivalent.

e Verify that the spark plugs are correct for use with LPG (PSI 93206675)
e Check for faulty spark plug wires
e Check for fouled spark plugs.

Additional Check e  Check for manifold vacuum or air induction system leaks
e Check the generator output voltage.

POWER SOLUTIONS, INC. by IMPCO
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PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL FUEL SYSTEM DIAGNOSIS 5- 19

Backfire
Checks [ Action
EEINITION: The fuel ignites in the intake manifold, or in the exhaust system, making a loud popping noise
reliminary Check o Refer to Important Preliminary Checks
gnition System Checks Important!

LPG, being a gaseous fuel, requires higher secondary ignition system
voltages for the equivalent gasoline operating conditions. The ignition
system must be maintained in peak condition to prevent backfire.

o Check for the proper ignition coil output voltage using the spark tester
J26792 or the equivalent.

e Check the spark plug wires by connecting an ohmmeter to the ends of
each wire in question. If the meter reads over 30,000 ohms, replace the
wires.

e Check the connection at each ignition coil.
e Check for deteriorated spark plug wire insulation.

e Check the spark plugs. The correct spark plugs for LPG are (PSI
93206675)

e Remove the plugs and inspect them for the following conditions:
—  Wet plugs
— Cracks
- Wear
— Improper gap
— Burned electrodes
— Heavy deposits

Engine Mechanical Check Important!

The LPG Fuel system works on a fumigation principle of fuel
introduction and is more sensitive to intake manifold leakage than a
gasoline fuel supply system.

e Check the engine for the following:
- Improper valve timing
- Engine compression
- Manifold vacuum leaks
- Intake manifold gaskets
- Sticking or leaking valves
- Exhaust system leakage

e Check the intake and exhaust system for casting flash or other

restrictions
Fuel System Checks o Perform a fuel system diagnosis. Refer to [ PG Fuel System Diagnosis

()’ SPECTRUM 1 P S l
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PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL Fuel SYSTEM DIAGNOSIS SECTION 5- 20
Lack of Power, Sluggishness, or Sponginess

Ql;ngcks I Action

: The engine delivers less than expected power. There is little or no increase in speed when partially
applying the accelerator pedal

Preliminary Checks o Refer to Important Preliminary Checks.

o Refer to the LPG Fuel system OBD System Check

e Compare the customer’s vehicle with a similar unit. Make sure the
customer has an actual problem. Do not compare the power output of the
vehicle operating on LPG to a vehicle operating on gasoline as the fuels
do have different drive feel characteristics

e Remove the air filter and check for dirt or restriction.

e Check the vehicle transmission Refer to the OEM transmission

diagnostics
Fuel System Checks o Check for a restricted fuel filter, contaminated fuel, or improper fuel

pressure. Refer to LPG Fuel System Diagnosis.

e Check for the proper ignition output voltage with the spark tester J 26792
or the equivalent.

e Check for proper installation of the mixer module assembly.

e Check all air inlet ducts for condition and proper installation.

e Check for fuel leaks between the LPR and the mixer.

o Verify that the LPG tank manual shut-off valve is fully open.

o \Verify that liquid fuel (not vapor) is being delivered to the LPR.

Sensor Checks o Check the Heated Exhaust Gas Oxygen Sensor (HEGO) for
contamination and performance. Check for proper operation of the MAP
sensor.

o Check for proper operation of the TPS sensor

Exhaust System Checks o Check the exhaust system for a possible restriction:

— Inspect the exhaust system for damaged or collapsed pipes

— Inspect the muffler for signs of heat distress or for possible
internal failure.

— Check for possible plugged catalytic converter.

Engine Mechanical Check Check the engine for the following:

e Engine compression

e Valve timing

e Improper or worn camshaft. Refer to Engine Mechanical in the Service

Manual
Additional Check e Check the ECM grounds for being clean, tight, and in their proper
locations.

e Check the generator output voltage.

e |If all procedures have been completed and no malfunction has been
found, review and inspect the following items:

e Visually and physically, inspect all electrical connections within the
suspected circuit and/or systems.

e Check the scan tool data

9 P S l (5 SPECTRUM
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PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL FUEL SYSTEM DIAGNOSIS 5- 21

Poor Fuel Economy

_UEFI'N'ITIUNTQPﬁ'gFgconomy, as m<|aasured by refueling records, is nohceﬁ?tﬂ??ower than expecied. Also, the
economy is noticeably lower than it was on this vehicle at one time, as previously shown by an by refueling
rPer(gl)lgglsnary Checks o Refer to Important Preliminary Checks.

o Check the air cleaner element (filter) for dirt or being plugged.
e Visually (Physically) check the vacuum hoses for splits, kinks, and proper
connections.
e Check the operators driving habits for the following items:
- Is there excessive idling or stop and go driving?
- Are the tires at the correct air pressure?
- Are excessively heavy loads being carried?
- Is their often rapid acceleration?
e Suggest to the owner to fill the fuel tank and to recheck the fuel economy.
e Suggest that a different operator use the equipment and record the
Fuel System Checks ° E?ﬁgclztlf the LPR fuel pressure. Refer to LPG Fuel System Diagnosis.
Sensor Checks : 8?38‘& Rg fl%er%g\é?;?mgo'\agenal%alg %\bsolute Pressure (TMAP) sensor,
Ignition System Checks o Verify that the spark plugs are correct for use with LPG (PS1 93206675)
e Check the spark plugs. Remove the plugs and inspect them for the
following conditions:
—  Wet plugs
— Cracks
- Wear
— Improper gap
— Burned electrodes
— Heavy deposits
e Check the ignition wires for the following items:
— Cracking
— Hardness
Cooling System Checks D 6heglzciggrecr?gqRgﬁﬂce)?r?wostat for always being open or for the wrong heat
Additional Check ° E?Q&:ek the transmission shift pattern. Refer to the OEM Transmission
Controls section the Service Manual.
o Check for dragging brakes

()’ SPECTRUM 1 P S l
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PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL Fuel SYSTEM DIAGNOSIS SECTION 5- 22
Rough, Unstable, or Incorrect Idle, Stalling

ﬁhgﬁ!ss I Action
: The engine runs unevenly at idle. If severe enough, the engine or vehicle may shake. The

engine idle speed may vary in RPM. Either condition may be severe enough to stall the engine
Preliminary Check o Refer to Important Preliminary Checks
Sensor Checks e Check for silicon contamination from fuel or improperly used sealant. The

sensor will have a white powdery coating. The sensor will result in a high
but false signal voltage (rich exhaust indication). The ECM will reduce
the amount of fuel delivered to the engine causing a severe driveability
problem.

e Check the Heated Exhaust Gas Oxygen Sensor (HEGO) performance:

e Check the Temperature Manifold Absolute Pressure (TMAP) sensor

response and accuracy
Fuel System Checks e Check for rich or lean Symptom that causes the condition. Drive the vehicle

at the speed of the complaint. Monitoring the oxygen sensors will help
identify the problem.

e Check for a sticking mixer air valve.
e Verify proper operation of the EPR.

e Perform a cylinder compression test. Refer to Engine Mechanical in the
Service Manual.

e Check the LPR fuel pressure. Refer to the LPG Fuel System Diagnosis.

e Check mixer module assembly for proper installation and connection
Ignition System Checks e Check for the proper ignition output voltage using the spark tester J26792

or the equivalent.
e Verify that the spark plugs are correct for use with LPG (PSI 93206675)

e Check the spark plugs. Remove the plugs and inspect them for the
following conditions:

—  Wet plugs

— Cracks

- Wear

— Improper gap

— Burned electrodes
— Blistered insulators
— Heavy deposits

e Check the spark plug wires by connecting an ohmmeter to the ends of each

wire in question, If the meter reads over 30,000 ohms, replace the wires
Additional Checks Important: The LPG Fuel system works on a fumigation principle of fuel

introduction and is more sensitive to intake manifold leakage than the gasoline
fuel supply system.

e Check for vacuum leaks. Vacuum leaks can cause a higher than normal idle
and low throttle angle control command.

e Check the ECM grounds for being clean, tight, and in their proper locations.

e Check the battery cables and ground straps. They should be clean and
secure. Erratic voltage may cause all sensor readings to be skewed
resulting in poor idle quality

9 P S l (5 SPECTRUM
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FUEL SYSTEM DIAGNOSIS 5- 23

Action

Engine |V|ecHan|cai Check

Check the engine for the following:

Broken motor mounts
Improper valve timing

Low compression

Bent pushrods

Worn rocker arms

Broken or weak valve springs
Worn camshaft lobes

9
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PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL Fuel SYSTEM DIAGNOSIS SECTION 5- 24
Surges/Chuggles

Ql;ngcks I Action
: 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 e Refer to Important Preliminary Checks.

e Be sure the driver understands the Torque Converter Clutch operation
Sensor Checks Check the Heated Exhaust Gas Oxvagen Sensor (HEGO) performance
Fuel System Checks Check for Rich or Lean symptom that causes the condition. Drive the

vehicle at the speed of the complaint. Monitoring the oxygen sensors will
help identify the problem.

e Check the fuel pressure while the condition exists. Refer to LPG Fuel
System Diagnosis.

e Verify proper fuel control solenoid operation.
e Verify that the LPG manual shut-off valve is fully open.

_ o Check the in-line fuel filter for restrictions
Ignition System Checks e Check for the proper ignition output voltage using the spark tester J26792

or the equivalent.
o \Verify that the spark plugs are correct for use with LPG (PSI 93206675)

e Check the spark plugs. Remove the plugs and inspect them for the
following conditions:

—  Wet plugs

— Cracks

- Wear

— Improper gap

— Burned electrodes
— Heavy deposits

— _ Check the Crankshaft Position (CKP) sensor
Additional Check e Check the ECM grounds for being clean, tight, and in their proper

locations.

e Check the generator output voltage.
e Check the vacuum hoses for kinks or leaks.
e Check Transmission

9 P S l (5 SPECTRUM
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PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL

ELECTRICAL SECTION 6-2

ON-VEHICLE SERVICE WIRE HARNESS
REPAIR
The ECM/PCM harness electrically connects the ECM/

PCM to the various solenoids, electrically and sensors in
vehicle engine and passenger compartment.

Wire harnesses should be replaced with proper part num-
ber harnesses. When signal wires are spliced, into a har-
ness, use wire with high temperature insulation only.

With the low current and voltage levels found in the system,
it is important that the best possible bond at all wire splices
be made by soldering the splices, as shown in Figure 3-20.

Molded on connectors require complete replacement of the
connector. This means splicing a new connector assembly
into the harness.

Refer to Figure 1 for wiring diagrams.

CONNECTORS AND TERMINALS

Use care when probing a connector or replacing terminals
in them. It is possible to short between opposite terminals.
If this happens to the wrong terminal pair, it is possible to

damage certain components. Always use jumper wires be-

TWISTED/SHIELDED CABLE
DRAIN WIRE

OUTER JACKET

4

1. REMOVE OUTER JACKET.
2. UNWRAP ALUMINUM/MYLAR TAPE. DO NOT

through the Weather-Pack seals. Use tachometer adapter

J 35812, or equivalent, which provides an easy hook up of
the tach. lead. The connector test adapter kit J 35616, or
equivalent, contains an assortment of flexible connectors,
used to probe terminals during diagnosis. Fuse remover and
test tool BT 8616, or equivalent, is used for removing a fuse
and to adapt fuse holder, with a meter, for diagnosis.

When diagnosing, 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 correct the open
circuit condition. This should always be considered, when
an open circuit, or failed sensor is indicated. Intermittent
problems may, also, be caused by oxidized or loose con-
nections.

Before making a connector repair, be certain of the type of
connector. Weather-Pack and Compact Three connectors
look similar, but are serviced differently.

Figure 1

TWISTED LEADS

> STK

1. LOCATE DAMAGED WIRE.
2. REMOVE INSULATION AS REQUIRED.

-

3. UNTWIST CONDUCTORS. STRIP INSULATION AS

REMOVE MYLAR.

SPLICE AND SOLDER

— —y

-

 —

3. SPLICE TWO WIRE TOGETHER USING SPLICE
CLIPS AND ROSIN CORE SOLDER.

NECESSARY.
jDRAIH WIRE

T

4. SPLICE WIRES USING SPLICE CLIPS AND ROSIN CORE
SOLDER. WRAP EACH SPLICE TO INSULATE.

5. WRAP WITH MYLAR AND DRAIN (UNINSULATED) WIRE.

T I —

6. TAPE OVER WHOLE BUNDLE TO SECURE AS BEFORE.

BMPSI

POWER SOLUTIONS, INC.

1)

4. COVER SPLICE WITH TAPE TO INSULATE
FROM OTHER WIRES.

S. RETWIST AS BEFORE AND TAPE WITH
ELECTRICAL TAPE AND HOLD IN PLA

SPECTRUM

by IMPCO

9



PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL ELECTRICAL SECTION 6-3

Micro-Pack

Refer to Figure 2 and repair procedure for replacement
of a :Micro-Pack terminal.

Metri-Pack

Some connectors use terminals called Metri-Pack
Series 150. (Figure 3). ‘These may be used at the cool-
ant sensor, as well as TBI units.

They are also called “Pull-To-Seat” terminals, because,
to install a terminal on a wire, the wire is first inserted
through the seal (5) and connector (4). The terminal is
then crimped on the wire and the terminal pulled back

into the connector to seat it in place. (1] casLE [3] LOCKING TANG
[2] TeRMINAL  [4] TOOL J33095/BT8234-A

To remove a terminal:
1. Slide the seal back on the wire.

2. Insert tool (3) BT-8518, or J 35689, or equivalent,
as shown in insert “A” and “B,” to release the termi-
nal locking tab (2).

FIGURE 2 MICRO_PACK CONNECTOR

3. Push the wire and terminal out through the connec-
tor.

If reusing the terminal, reshape the locking tang (2).

1
[
|
|
|
|
|
|
|
|
|
[

J

= e e e -

w__—
1. METRI-PACK SERIES 3. TOOLJ35689 ORBT-8446
150 FEMALE TERMINAL 4. CONNECTORBODY
2. LOCKING TANG 5. SEAL

FIGURE 2 METR-PACK SERIES 150 TERMINAL REMOVAL

by IMPCO POWER SOLUTIONS, INC.
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PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL ELECTRICAL SECTION 6-4

Weather-Pack

A Weather-Pack connector can be identified by a rubber seal,

at the rear of the connector. This connector, which is used in the 1. OPEN SECONDARY LOCK HINGE ON CONNECTOR

. . . . . FEMALE L\.: MALE
engine compartment, protects against moisture and dirt, which  CONNECTOR _ CONNECTOR
could create oxidation and deposits on the terminals. This pro- '
tection is important, because of the very low voltage and current
levels found in the electronic system. e

SECONDARY
Repair of a Weather-Pack terminal is shown in Figure 4. Use LOCK HINGE
tool J 28742, or BT8234-A to remove the pin and sleeve termi- 2. REMOVE TERMINAL USING TOOL
nals. ‘ ‘ PUSH TO
RELEASE

If removal is attempted with an ordinary pick, there is a good
chance that the terminal will be bent, or deformed. Unlike stan- TERMINAL  TOOL J-28742/BT8234-A
dard blade type terminals, these terminals cannot be straight- 3. CUT WIRE IMMEDIATELY BEHIND CABLE SEAL

ened once they are bent. ﬁ:ﬁ
ﬁ' WIRE

Make certain that the connectors are properly seated and all of SEAL
the sealing rings in place, when connecting Ieags. The hinge 2 REPLACE TERMINAL
type flap provides a backup, or secondary locking feature for the A. SLIP NEW SEAL ONTO WIRE.

i iabili B. STRIP 5 mm (.2") OF INSULATION FROM WIRE.
connector. They are used to improve the connector reliability by C. CRIMP TERMINAL OVER WIRE AND SEAL

retaining the terminals, if the small terminal lock tangs are not
positioned properly. %SEAL

Weather-Pack connections cannot be replaced with standard

connections. Instructions are provided with Weather-Pack con- 5. PUSH TERMINAL AND CONNECTOR AND
. ENGAGE LOCKING TANGS.

nector and terminal packages. 6. CLOSE SECONDARY LOCK HINGE

75 3542-6E

FIGURE 4 WEATHER PACK TERMINAL REPAIR
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ELECTRICAL SECTION 6-5

ECM Header Connector Pin-Out

GCP 298 waAY CONMMECTOR
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FPRUMP =24 TOMSEHACH 18
ALY PWME RECIR __.__'.——EE_EIH.E&ELLD_M_E—
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ECM Header Connector Terminal Identification
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PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL ELECTRICAL SECTION 6-6

Customer Interface Connector Pin-Out

__ PINK/DK GREEN 16 S , 12V RELAYED POWER s —
___ TAN/DK GREEN 18 R, AUXANA PD1 PED_15326868 CONN
__ RED/BIACK1B/P VS- PED_15304707 TERM
_ REDMHITE 18/ N VvS+ PED_12191153 SEAL
_ TAN/BIACKI8| M. AUXDIG3
_ TAN/REDIB|L . AUXDIG2
__ GRAY/DKBLUE 18] K. GOV SELECT 1
GRAY/ORANGE 18 J . GOV SELECT 2
__ DKBLUE/YELLOW{8 H  AUXANA PU{
___YELLOW/DKBLUE 1§ G. AUXANA PU2 CO1 O
TAN 1B [ F ~ AUX PWM 2
_  BIACK16|E  GROUND
—  GRAYMHEI D. TACH
__ BROWNMHITE16C . AUXPWM5
__ WHITE/BROWN 16 B . AUX PWM 5 RECIRC
[ A UNUSED

VEHICLE INTERFACE CONNECTORS

LT GREEN/PURPIE 18 S = 5V EXT 2 (FPP2 ONLY) CONNECTOR 1

_ LTGREEN/BIACK 18 R | g\/ﬁr\l};I'N 2 PED_15326863 CONN
= PED_12191818 TERM
BLUE/PINK 18 | N g\‘}"é;{% PED_12191153 SEAL
LT GREEN/RED 1§ M
__ BLACK/T GREEN 1§ L. 5VRTN 1
__ DK BLUE/ORANGE 18 K. FPP1
___ PURPLE/YELLOW 18J = FPP2/IVS
___ TAN/BROWN 18 H .= FUEL SELECT (AUX DIG 1
__ GREEN/YELLOW18G . MIL
__ LTBLUE/PINK16[ F . START COMMAND
_ DKBLUEIB|E . AUXPWMA
_ PINK/YELLOW 16/ D . FUEL PUMP +
__ BIACKRED16[ C . FUEL PUMP-
PURPLE 16| B . ALT EXCITE
PINKI8 [ A VSW
___ BLACK/AT GREEN 1B 1. ANARTN
—MREEMBEMii—L g\éf}iF DIAGNOSTIC CONNECTOR
DK GREEN 1S
— ORANGE18 4 PCRX EPC_1F1T-14A624-AA-004 CONN
| 5 UNUSED GTS_0330-930009 TERM (18-20)
16 UNUSED GTS_0330- 940001 TERMéM 16)

_ BLUE/PINK 18| 7. CAN1 + EPCTEQDB-14A
~ BIUEMHITE 18 8 GAN{. EPC_F5AB- 14A666 AA CAP

Diagnostic Connector
Terminal ldentification

|9 P S l \) SPECTRUM
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PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL ELECTRICAL SECTION 6-7

Engine Wire Harness Fuse and Relay Center Layout

Fuse Block Diagram

o J )

e | el STARTER
= | 5 RELAY
o or W o o
:I EMPTY vsw o
5 20
FUuEL PUHP JGRITLON
LT EFR STARTER
BO AMP 1 O 1 5
% 7
R o

(5 SPECTRUM 1 P s l
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PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL

ELECTRICAL SECTION 6-8

Engine Wiring Schematic - Part A

GCP 9@ WAY CONNECTOR

0 25 0009 CONNECTOR
607 LOCKING CAM

008 COvE

(466 TERMINAL (coLD)

DI GREEN/ORANGE 18

pen_
PED” 13160486 LOCK.

(GAS JLINE SENSOR INTEF FACE

;
e G002

BED_ 12162197 CONNECTOR (GRAV)

PEDZ 13132675 TERMINA

BUACK/LT GREEN 18 6
LPG TEMPE TURE

003 ¢

PED_ 12052641 CONNECTOR
13628074 TERMINAL

C004
Benons SN 0
ety . OCKOFF

PED_ 12160825 CONNECTOR
Peo 12177150 TERM (GOLD)
Peo. 12089675 WIRE SEAL

C005

uck/wnTE

BuACK/AT GREEN

DK GREEN/ORANGE

[TWIST WIRES 70 TURNS(363 DEG)/FOOT FULL LENGTT

JOSCH KOWPAKT 1 928 403 738 CONN
528 498 060 TERMINAL,

C007.

n
s
i

BOSCH_TMAP
ST WiRES 1

OIL PRESSURE SENSOR

2176800 CONNECT OF

Buck 16

PED_
PEDT 12048074 TERMINAL

srowe s (@)

PEDT 12048086 SEAL
PED 12176801 LOCK

NoCr eLLow 1
SPK COIL 14| ELLOW 18
i )
s
CO001 ,.5- 25
3 Pl e

CFRT) AU ANA US|

R oY) SV BT 2
¢ > SR

sz couee 001 2
A

1

TWIST WIRES 10 TURNS(36@ DEG)/FOOT FULL LENGTH

IGNITION COIL

PRR/OK GREERTE.

puRPLE/WHITE 18 Jj=l CQNl eron

: S o
MIIE/PURPLE 10 v _9z71ra—1 TERM
P, T N

Mk

i

WHIEAT LU 18 88
ORI

s

BOSCH THROTTLE 0025

PINK/OI GREEN 16

BLUEAWHITE 18

WHTEE

5
o 22 o a [
9 e SR ST
(FRF) AUX AND PUO DK GREEN 18 T
8 —Ghancr 18
" I
1 f
¢ seomie t
e e
pts] A0 T G e
— N3
R
W i
s
NS W
STt e/t
77 T —
s
203 R A —
£oon 3 wine/aLack 1a
e . BROWN/WHIE1S
B iR
P RS o
4 A o
oo 1ol e
P
e 717 —
—nicv
aux o RG] I
phideo gD
. T
A% bwnsa |88 QEBLUETE
(saarer) A Pt T
AP 1-967618-1 CONNEGTOR
e Ry
AE-8858es 1 e
arowuT B 18 smownT B 18
T T G
eruc/ox green 18 1  orecson oreen 18 ]

INJECTOR 44

C028

INJECTOR #3

C029

INJECTOR 42

C030

INJECTOR #1

C031
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PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL ELECTRICAL SECTION 6-9

D E [ F [ G H
[ REVISIONS
. - RE\./ DESCRIPTION APPROVAL | DATE
Engine Wiring Schematit—FPart B MO | EEZ
HANGE INJECTOR WIRING TO BATCH FIRE/MOVE GCP PIN 32
2 &ELLOW/RED TO PIN 33 JLs 3/20/2006
1
50| peo_ 121sa825 connector suecwne [ GO 1 ||
2177180 TERu GOL0) P 174257-2 o
P 3 casse Lok 1o [Ato-iaatsa-t Toas (19 aauoe
- e[| [ e 006
00 oK cReEwoRmNGE 18 |, | AP 17428877 Lock
2
260_ 12162193 comnccToR
Rt
BOSCH KOMPAKT 1 928 463 736 CONN
CO007 ‘HEEEm e E
! - BUACK/LT GREEN 18 8
ks 008
| vt wites 10 TURNS 380 o5Gy/Foor FuuL enens —————— pucson aneen 16 |5 12v meunveo powen 2
H S ' Sl s e 5 e
2 I 567 Tom
H e S 3918 T
FA/AACE T Koo 3
e T AX DS -
STiKaE e Tk oo Seiicr
wesason  (S()()Q LA T et 010
76800 CONNEC Jf (ECLOW/DICRLUET1A TG~ AUX ANA P2 C
. — T
o0 TERA ST e
76801 Look oG [ A
SeTE SR T A bunt £ e
= s
T
VEHICLE INTERFACE CONNECTORS
3
CONNECTOR 1
1 wrosgeweumeie i | S sy e 2 (reez onn)
1 HSRARTE T oe0_ 12320883 conn
Bt e o o BED 13151813 A
et Y SR Y
o m o )
ST T B
s R
TSRS T FUeL seiecT (wx 06 1)
EEAR OV TG L C011
I TFRGPAIE TS i cowmano
DT T AP
T ERRATO A TD™ ULy poMe +
TWIT WIRES 10 TURNS(380 DEG)/FODT FULL LENGTH T ST I —
> N i Sl T w
CQ14 wumwe
2 O) erouno
e /oK areen 18
P [4 e
CO;LR5TE R s A DIAGNOSTIC CONNECTOR
SOLENGC D BANGETA -4 DRveco
1 5 Useo 4
4””"{—'5—(:@ o rG. 1 St - b e
CRANK SENSOR BED™ 12120400 TERM (14-16 AWC
A L e C016
> WHITE 16 3@ = a7
Cow __momi
LT BLUE/PINK 18 86 STARTER RELAY
[uee—ap
NOTES:
F4 1) ALL WIRE MUST BE SAE J1128 TXL TYPE
BIC/DI GREEN 16 /DI GREEN 16 F1 2) HARNESS TO BE LABELED WITH ECI PART # AND REVISION LEVEL
15A EINKZTAN 18 INC1E 3) ALL CONVOLUTE MUST BE FLAME RETARDANT POLYPROPYLENE
IGNITION 5A
P /oK creen 16 Vsw
pre/T g 8 as VS
- RED:E ;2 MAXI-FUSE
JL/W;?(ERRELAY (Ot Co1
Toun v o e (Ole—gifi—
—
asn 10 —k N O ALTERNATOR + |
PINK/YELLOW 16 ATT
R e P s €024
c 1515887 Femvina -
— s mrarh e C020/C021 y G
3 N Ve FUEL PUMP RELAY Reote A
g | SRS 022 o
% e
! ALTERNATOR —
= C026
,_nmu.umL\A_I - N )
1o o _
GROUND
FUEL PUVP Cc023
This drawing is the property Tit- 6
of EControls Inc.and is subject GM 1.6L BI-FUEL W/GCP
to return upon request, and is
not to be copied or reproduced e Number Rev
without permission. Al rights
reserved. D | E1737000 2
Date: 1/15/2006 [ orown By: 4. Sutton
ECONTROLS INC. o orzaeh [sheet 1 of 1
D 3 F G [ H
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PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL ELECTRICAL SECTION 6-10

Diagnostic Service Tool Installation Instructions

Before installing the DST software, please be sure your computer meets the minimum system requirements.
Supported operating systems are:

Windows XP

Windows 2000

Windows 98SE (Second Edition)

Minimum processor speed:
Pentium Il 450 MHz

Minimum RAM requirement:

Windows XP 256 MB
Windows 2000 128 MB
Windows 98SE 128 MB

* At least one available RS232 serial or USB port.
* USB Driver does not support Windows 98SE (Second Edition)

9 P S l (5 SPECTRUM

POWER SOLUTIONS, INC. by IMPCO



PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL ELECTRICAL SECTION 6-11

== KINGSTON {F:)
File Edit ‘“iew Favorites Tools  Help

@Back v @ - l_ﬁ; | p Search H:‘ Folders | v

Address I‘a-' F:i,

e Dy Document
File and Folder Tasks == OsT g Rich Text Format
= 1 KB
i} Make a new Folder

@ Publish this Folder ko the %
Web

»

=7 share this Folder

»

Other Places

g My Cormputer
B My Docunenks
\g Mebwork Places

Details
KINGSTON {F:)
Removable Disk
Filz System: FATIZ

e Open the DST folder

J File Edit View Fawvorites Toaols Help

J daBack = = - | fChsearch [ Folders < #History ||E+ LZ x w |
| J Address I[:I DaT

LT (a &=

o Latest GCP_Di  LISE Driver

DST splay
R

Select an itern bo view ks
descripkion,

See also:
My Docurnents

My Metwork Places
My Computer

e Open the Latest GCP_Display folder

\") SPECTRUM P 5 l

by IMPCO POWER SOLUTIONS, INC.




PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL ELECTRICAL SECTION 6-12

& Latest_GCP_Display

J File ~Edit Wiew Favorites Tools  Help

Back + = - | @Search L, Folders @History |% L x @ | E~

|
J.ﬁ.ddress II:I Latest_GCP_Display
=] T 5 &

DistFile GCP Display instmsi instmsivy sty

Late si_GCP_DispIay

Type: Application
Size: 68,0 KE

Select an ikem to view its
description,

See also:

My Documents

My Metwork Places
Iy Computer

o Double click on “setup.exe” (application file) to start the windows installer. If a previous version of
the GCP software is installed, the uninstaller will remove the previous version and exit. You will be
required to start the installer again to install the new version.

i'é GLCP Display Setup =10} =l

A

Welcome to the GCP Display
Installation Wizard

c3

It iz strongly recommended that you exit all "Windows programs
before running this setup progaram.

Click Cancel to quit the getup program. then close any programs
wou have running. Click Mest to continue the installation,

WARMIMG: This program iz protected by copyright law and
international treaties.

Unautharized repraduction ar distribution of thiz program, ar any
portion of it, may result in gevere civil and crminal penalties, and
will be prozecuted to the mazimum extent possible under law.

< Back | Mext » I Cancel I

e Click next to continue

POWER SOLUTIONS, INC. by IMPCO
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PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL ELECTRICAL SECTION 6-13

i GCP Display Setup 9 =101 x|

Destination Folder /
Select a folder where the application will be installed.
[ 18]

The installation wizard will install the files for GCF Display in the following folder.

To install into a different folder, click the Browse button, and select another folder.

“r'ou can choose not ta install GCP Display by clicking Cancel ta exit the installation
wizard

" Destination Folder

C:AGCP_Dish Browse | ‘

< Back I Mext » I Cancel
[

e Click next to continue

5 HD Display Setup ] I [ 4|
Ready to Install the Application A
Click Mex=t ta begin installation

[ 1=¥5)

Click the Back button to reenter the installation information or click Cancel to exit
the wizard.

< Back Cancel

e Click next to continue

i'.§- GCP Display Setup 5 =10 =]
GCP Display has been
- successfully installed.

Click the Finizh button to exit this installation

< Back I Finizh I Eance! I

I

e Click the “finish” box to complete the installation.

\") SPECTRUM ﬂ P S l
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Windows Update

@ Accessories

Priograrms
@ Makional Instruments

Docurnents

& edis_saplot

Setkings
Search

Help

I;QStart

Once installed, the software can be accessed from
Start Menu — Programs — GCP Display — GCP Displ

J m a I‘_;ﬂ |J (=Local Disk {i:)

Installing the USB Adapter Driver

ay

If your computer does not have an RS232 serial port, you will need to install the USB adapter driver. The

installation of this driver is similar to the GCP display.

= KINGSTON (F:)

File  Edit  Wiew Favorites  Tools  Help

@Back & @ - lf | pSearch |71 Folders

Address Ihal F:i

Yy Daocument
File and Folder Tasks

1KE
J Mske a new Folder

@ Publish this folder to the
weh

=2 share this folder

Other Places

g My Computer
B My Documents
\‘g Metwork Places

Details

KINGSTON (F:)
Removable Disk

File Systerm: FATIZ

Open the DST folder

BMPSI

POWER SOLUTIONS, INC.

Rich Text Format
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J File Edit ‘Miew Favorites Tools  Help

{aBack = = - | Qhsearch [ Folders ¢ #History | FEgr A

ClosT

Address

|
|

3

i Latest GCP_Di
splay

Select an item to view its
description,

See also;

My Documents

My Metwork Places
My Camputer

*  Open the “USB Driver” folder

&0 USB Driver

J File Edit View Favorites Tools Help

3

USE Driver

R

J FBack + = - | Qisearch [y Folders (4History ||E 0 xwm | E-
|

Address II:I |ISE Driver
= e |
& &

Lt L

e instmsi instmsiv

USB Driver

License  NI-5
Agreement

Select an item ko view its
description,

See also:
MMy Documents

My Mebwork Places
My Camputer

C SPECTRUM

by IMPCO

Type: Application
Size: 39.0 KB
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PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL ELECTRICAL SECTION 6-16

e Double click on “setup.exe” (application file) and follow the on screen prompts.

Password Login

Figure 1 shows the password dialog box, which is displayed when a software session begins. Login can be
accomplished in two ways.

1. Enter an ‘All S/N Password’ which is applicable to all ECMs of a given original equipment manufacture
(OEM).

2. Enter a ‘Single S/N Password’ and corresponding serial number for a single ECM. A Single Serial
Number password is only applicable for the specific ECM serial number it applies to, and is useful for
authorizing service personnel to make changes or view information for a single ECM for which they
would otherwise not have access to.

In most instances the top “all” serial number boxes should be used for password entry. In this case, do not
check the single serial number box. Each password is a 16-character alpha-numeric string specific to each
customer and determines which pages and variables are visible through the software. Passwords are assigned
to an OEM by PSI and may change periodically. Check the “save password” box to automatically retain the
password for future use.

Enter Password | x|

. L - TREE - L - L
Pazsword: I I I I

Clear Password I
sl e ] [+ Single Serial Number Access

Serial Number: [1234

oK ¥ iSave passwaord and SiN; Cluit

Figure 1: Populated Password Dialog Box

Password Dialog Box Functions

e Clear Password Button- Erases the current password from the password field

o Paste Password Button- Allows the user to copy a 16-character string from any word processor and paste
the string in the password field

e Single Serial Number Access Checkbox- Tells the software that the password is applicable for single serial
number access

e Serial Number Field- Only applicable when Single Serial Number Access Checkbox is checked. The entry
field must be populated for the 6-digit serial number for which the Single Serial Number Access password

|9 P s l ()’ SPECTRUM
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PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL ELECTRICAL SECTION 6-17

applies (NOTE: Leading zeros included in the serial number are not required).

e Save Password and S/N Checkbox- Retains the password, and serial number (if applicable) for the next
software session.

Should an invalid password be entered, the error prompt shown in figure (2) willbe  displayed
and the software will not load. This prompt signifies the following:

» The All S/N password is invalid
+ The Single S/N password is incorrect for the Single Serial Number entered
* An All S/N password is entered for Single Serial Number use

» The Single Serial Number password is valid, however, the Single Serial Number Access Checkbox
is not checked

x

Password is invalid! Exiting. ..

Figure 2: Password Error Prompt
If the Single S/N password entered is correct for the software but does not match the entered S/N of the targeted
ECM, the prompt in Figure 3 will be displayed.

[E———————= Incorrect Serial Number!

The serial number of the connected module
does not agree with the serial number for which
vou enterred a password on program start.

Hit the exit key below to quit the program, or
connect to the correct module to continue.

Paz=word Verified S/N I{I
Connected Module S/N Iﬂ

Exit Program |

Figure 3: Incorrect Serial Number Message

Figure 4 shows the communication status if a valid software password is entered when attempting to connect
to an ECM with a different key. In this instance the software will load but will not connect to the target (ECM).

EDIS ECI Serial Communications i =101 x|

Eile Page Flash CommPort Plotflog Help

‘ * Gauges ‘ EControls, Inc.

Mot Connected Control and hairameniatbn Speciasls

Mot authorized to connect to this target...

Mot authorized to connect to this target... ‘

Figure 4: Not Authorized to Connect Message

()’ SPECTRUM 1 P S l
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PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL ELECTRICAL SECTION 6-18

In the event you receive this error message call your OEM support group for more information.

Connecting the PC to the Engine Control System

A laptop computer is the required tool for performing proper diagnostic testing of the engine control and fuel
system. A laptop computer, with the system diagnostic cable and diagnostic software, is used to read and clear
Diagnostic Trouble codes. It is also used to monitor sensor and actuator values. The DST software also performs
several special tests.

° Connect the system diagnostic cable to the RS232 port on the back of the computer. If you do not have
a RS232 port, use the USB to RS232 adapter supplied in the IMPCO ITK test kit. Be sure to install the
USB driver to enable the USB adapter for use with your computer.

° Connect the diagnostic cable to the DLC (diagnostic link connector) labeled C016 in the electrical
schematic. The DLC is located on the engine harness. The new 8 pin DLC requires the use of the 4 to 8
pin adapter included in the late model ITK test kits.

° Turn the computer ON.

o Start Windows.

o From the start menu select Programs — GCP Display — GCP Display and enter password
° Place the ignition key in the ON position.

EDIS ECI Serial Communications

File Page Flash CommPort  Plokflog  Help

o ool e,

Connected at 19200 bps =

|9 P s l ()’ SPECTRUM
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Within several seconds the system Gauge screen should now appear and a green banner in the upper left
hand will read “Connected”.

DST Service Screens
Gauge Screen
Provides system data in large easy to read displays. Displays ECM configuration information for the ECM
software, hardware, serial numbers and calibration dates.

EDIS ECI Serial Communications

Fle Page Flash CommPort Pltlog Help

!! Gauges Efcmm m Connected at 19200 bps | M
Cotol and bwireniation Speciaisls s

e Coolant Temperature|  Intake Air Temperature Systam Vanablas . @
Marifold Pressure| 250- 250- Engine Speed [ omm
- ZCH}. 200- 200- Min Govemor Setpaint [~ 1200 rpm
150 250 150~ 150~ Max Govemor Setpoint [~ 4000 Pm
100- 100- Cumert govemortarget [ 1200 mm
53: 53: Puise widih [ om0 ms
: 50-3 -3 EGO1 0265 vol:
o pen i e T o I
System State|
Foot Pedal Fostion|  Throttls Postion Fun Mode s
Battery Voltage ﬁi gi Power Mode e |
100 200 60- 60- Fuel Type Propane
i i v = Fuel Cortrol Mode [ Open Loop
" 1o e Govemorswichstate [ None
m s -2 - Qil pressure state W
Active govemartyps [ T
o= Max e e ey
Customer Configuration information Soiftware and Hardware Information
Cust hardware part number [None Softwaremodsl | 5993395X  Hardwaremodel | 17610001
Cust emissions cal name [MGCP_PSI_3P0-4_MPI_BIJLG_027.mot Intial cal model | 9999993  Manufacture date | 8192005
Cust govemor cal name [Govemor cal description naacaldste [T72005  Seierumber [ 08
Cust govemorcaldete. [ 0308 Curert cal model [ S000000A  Hour meter 1051 hours
Curertcaldate | 1062005  Cumuatvestats [ 19 stais
Engine part number | 35933995¢59
Engine serial number  [9939999939 Emissions Calibration Checksum SC5ATD63B
Displacement | 30 L G [ Total Calibration Checksum SE45782BA
Spark systemtype [Distributor
Fimng Order [7-[3-[& -[2 -[x -[% -[x -[X

S gop_cal [Read-Only] GCP Display » U EYRIEY & o8 2l B 1LIBPM

Multi Engine Page
The multi engine page provides a convenient way to access system voltages and sensor inputs for multiple
engine installations. It also includes system status on power derate modes.
This screen has limited use for single engine applications.

()’ SPECTRUM P s l
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EDIS ECI Serial Communications
Fle Page Flash CommPort Plotlog Help

MufﬁEng EECW” E m Connected at 19200 bps ] Toggle Page - F9 =
m : Cont snd nstrmanition Specidis 2z
Muti-Engine Operation| @ MIL Mult-Engine CAN Communication Status Mult-Engine Derate Coordination
B [aem bizssl |l | Saiea | Bn e Mult-engine derate coordination _ Disabled |
Pexioll frenwn [ 002 psa Eommedien — : : Wh e e e o =
Barometic Pressre | 1440 psia Sync mods None None None None Wiis o deasbsosas  PEE
Coolant Temperaturs ]—-m& = Derate Status [} o o 0
Cylinder Head Temp l—mﬁ‘ F Speed target/actual [1] [] [] 0 mm Derate 1
Manifold Temperature ,m F FPP target/actual o a ] 0% Mutti-engine Derste 1
ntzke Ar Temperature [ 200 F MAP target/actual 00 00 00 00 psia
ECT ,_40 J_M J_—M ,_ 30 F Derate 2
Sparkc Advance 80 °BTDC Ol pressure 0 0 0 D psig Multi-engine Derate 2
Pulse width 00 ms
= = = e Low rev limit
Vbt [ 115 vois Mult-Engine Gauge Driver Synchronization e,
v [ 117 volts ECT muti-engine gauge sync Disabled ¥}
ECT gauge sync deadband 20 degF
Mult-Engine Configuration OilP muti-engine gauge sync Disabled ¥ Ll
Multi-engine selection  Master / Single ¥ 0P gauge sync deadband 200 psig
MU s ot LEE il ECT gauge sync'd display value  OiP gauge syned display value
- - — 150 200 5p 100 qi5p
Muft-Engine Speed Synchronization 100 250 i 200
Multi-=rgine speed sync Disablzd bl g 2
Sync command Nore [~ 260 degF [ 0 peig
Sync state iofﬂlne
MES idle defta inttiate
MES phase-in defta
MES phase-in value
MES gain selection
MES Kp
MES Ki
MES Kd

al [Read-Only] s> 11:20 PM

Test Screen
Provides diagnostic information voltages and sensor outputs and includes diagnostic engine tools such as
spark and injector kill controls. Please note that not all features are available for all applications. Disabled item
menus are grayed out or rendered inoperative

EDIS ECI Serial Communications

Fle Page Flash CommPort Plotlog Help

Tests Ecw” ! m Connected at 18200 bps I | Toagle Page - F3 =
m : Emﬂmm £
User Tests| @ ML System States | Monitored Diiver Status | Throttle /IAC Variables
—— =D Run Mode [ Stopped AC electrical status oK FPP mmr.nand 00
SRR [t ke Power Mode [ Standoy Power relay slectical status  [Openlosd FPP postion [ oo %
et e [t o Fuel Type = | Sat ey ccticalsatus [Open oad FPP1 voltage T010 vals
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Spark Kill
The spark kill mode allows the technician to disable the ignition on individual cylinders. If the Spark Kill
diagnostic mode is selected with the engine running below 1000 RPM, the minimum throttle command will lock
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into the position 1t was In when the test mode was entered. IT the Spark System Test mode IS selected with
the engine running above 1000 RPM, the throttle will continue to operate normally. Disabling Ignition Outputs
to disable the ignition system for an individual cylinder, use the mouse to highlight the “Spark Kill” button and
select the desired coil. The spark output can be re-enabled by using the mouse to highlight the “Spark Kill”
button and selecting “Normal”. If the engine is running below 1000 RPM, the spark output will stay disabled
for 15 seconds and then re-set. If the engine is running above 1000 RPM, the spark output will stay disabled
for 5 seconds and then re-set. This test mode has a timeout of 10 minutes. Record the rpm drop related to
each spark output disabled. The Spark outputs are arranged in the order which the engine fires, not by cylinder
number.

Injector Kill

The Injector Kill mode is used to disable individual fuel injectors. If the Injector Kill mode is selected with the
engine running below 1000 RPM, the minimum throttle command will lock into the position it was in when the
test mode was entered. If the Injector Kill mode is selected with the engine running above 1000 RPM, the
throttle will continue to operate normally. To disable an injector, use the mouse to select the desired injector.
The word “Normal” will change to the Injector you have selected. The injector driver can be re-enabled by
selecting again. If the engine is running below 1000 RPM, the injector driver will stay disabled for 15 seconds
and then re-set. If the engine is running above 1000 RPM, the injector driver will stay disabled for 5 seconds
and then re-set. Record the change in rpm while each driver is disabled.

DBW Test Mode

The DBW (Drive by Wire) test mode allows the technician to control the throttle directly with the foot pedal

or throttle input and is used during the diagnostic routines specified for FPP and TPS for systems that use
DBW control. FPP position displays the current position of the foot pedal as a percentage. FPP volts display
the voltage which the ECM is reading from the FPP sensor. TPS Command displays the commanded throttle
position expressed as a percentage, which is being sent to the throttle. TPS Position is the actual percent of
throttle opening being sent to the ECM from the throttle. TPS volts display the actual TPS signal voltage the
ECM is receiving from the throttle. To select this test mode the engine must be off and the key must be in the
ON position

External Power Test
The external power test manually activates relays (relay power, fuel pump, and drive-by wire power)

controlled by the ECM while the engine is in the “Stopped” or “Running” states. Reverts to normal operation if
“Automatic” state is selected or ignition voltage is cycled from high to low.
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< EDIS ECI Serial Communications

Fle Page Flash CommPort Plotjlog Help
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Faults Page

Stores DTC codes that may have occurred in the past (Historic Faults) or current set codes (Active Faults).
Includes useful system voltages and senor readings used while working with the fuel and emission trouble
shooting charts. Shows power derate mode status. To erase a historic DTC code, double click on the code with
the left mouse button. Then choose to “erase all codes” or only selected codes in the pop up box.

Plot/Log Menu Functions

The Plot/Log menu allows the user to graphically plot or numerically log variables that have been tagged
for plotting/logging. To plot or log variables, a tag must be assigned to each variable of interest. A variable
is tagged for plotting/logging through a single right-mouse click in the variable’s vicinity. Once a variable
has been tagged for plotting/logging it is highlighted in green. Figure 5 shows an example of variables that
have been tagged. A maximum of twenty (20) variables may be tagged for logging and a maximum of ten
(10) variables may be tagged for plotting. The maximum achievable sample frequency/minimum period is
dependent on the number of variables tagged.
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EDIS ECI Serial Communications

File Page Flash CommPort Plotflog Help
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Figure 5: Tagged Variables for Plot/Log
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Once the variables have been tagged as highlighted by the green color fill, select the “Plot/Log”
function in the top menu bar as shown below in figure 6.

EDIS ECI Serial Communications

Elle Page Flash Comm Port | Plot/Log Help
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Figure 6

. Select “Plot Tags” to open the snapshot window
Other functions available from the Plot/Log menu include:
. Clear Tags: Releases all plot/log variables.
. Plot Tags (Ctrl + P, or P): Graphically plot all tagged variables.
. Load Plot Setup: Loads and tags variables for plotting/logging that have been stored in a plot file (.plt).
. Log Tags (Ctrl + L): Numerically log all variables that have been tagged for plotting/logging

Once the Plot Tags menu item has been selected, tagged variables are graphically plotted in a strip chart
interface. An example of a plot is shown in Figure 7. Capabilities of the plotter are outlined in Table 1.

_getza\f%%umn— gave plotted data g|splayed in the plot to a comma-separated value

file (CSV) on the PC hard drive. Format must not be altered if the
Load function is to be used.

Snapshot Button Convert the plot into a snapshot that may be panned, zoomed,
scrolled, and saved

Close Button Close the DST Plot interface

Load Setup Button Load tags from a previously saved plot (.plt) file to allow for similar
plots and logs to be generated

Load Plot Button Load a previously saved plot from the PC into the DST Plot interface

Variable Selector Menu Selects the active variable for axis scaling

POWER SOLUTIONS, INC. by IMPCO
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Single Shot Acquisition
Checkbox*

When checked, this does not allow the plot to scroll past the ' 11me
Interval’ thereby preserving plotted data for post-processing.

Exclusive Serial Use
Checkbox*

When checked, this allows exclusive serial communication for the
plot variables. Other variables on the active page are not updated.

Min'Y Value Field*

Specify the minimum Y-axis scaling for the active variable

Max Y Value Field*

Specify the maximum Y-axis scaling for the active variable

Sample Interval (ms) Field*

Define the sample period for recording and display Frequency (hz.)
= 1000/Sample Interval (ms)

Time Interval (s) Field®

Defines the total sample acquisition time for the plot.

*Accessible only when plotter is not running.

Table 1
St =1/ x|
— | — I I rpm .............................................. = T T ey
[~ single Shot Acquisition
Close | Load Setup | Load Plat | e Serial Use Max ¥ Value gEUUU.UU Time Inerval (s} §|1u.uu
Irpm Ir.‘AP IEC_ IPni_crr-:I |tc:_T0rque
5000-
4000-
3000-
g
2000-
1000-

time ()

Figure 7 DST Plot

* Click on the start button to start the DST plot function.
* Click on the variable selector button to view selected sensors
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s L=
Load | rom M Jrom Juap delta 2
Save Min v W Cursor | 51.65 | 152.1 |-100.485
Close | Max ¥ &5000.00 cursor | 1003 | 13.85 =

Jrom [map Ject Jphi_comd Jtc_Torque

Jtc_Phi |

rpim

time (s)

Figure 8: DST Plot Snapshot

* Click on the “Save” button to save the snapshot as a file.

To replay the saved file, open the edis_saplot program from the windows start menu.

Windows Update

@ ArCcessoties

e, »
Proararns L4
@ Mational Inskruments  *
Docurents ¥ (53 P Display 3
@ Startup s
Settings L4
E Internet Explorer
Search » |‘.$| Outlook Express

Im GoP Display
@ Screenshot 99,2

Fl b & GCP Display

Run...

Shut Down. ..
Eﬁtart | ) & =3 |J

e Start Menu — Programs — GCP Display — edis_saplot
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DST Plot Interface Functions

A graphic tool incorporated in the plotter is the snapshot function. This function allows data collected in a plot
to be transferred into a second window for quick graphical post-processing. The snapshot allows the user to
zoom in/out, pan left/right, and move cursors along the signal traces to measure the variable values in virtual
real-time. An example of a snapshot is shown in Figure 8. Any CSV file in plot format (.plt) may be loaded into
the snapshot. Table 2 outlines the available hot key functions of the snapshot screen.

Snapshot Hot Key Functions

Command

Function

<Single, left-click on trace>

Snap closest cursor to data

<Ctrl + Up/Down Arrows>

Move/pan plot along y axis

<Ctrl + Left/Right Arrows>

Move/pan plot along t axis

<Ctrl+Shift + Up/Down Arrows>

Zoom plot in and out in y axis

<Ctrl+Shift + Left/Right Arrows>

Zoom plot in and out in t axis

<Ctrl + Home>

Resize plot to default settings

<Ctrl + Page Up>

Zoom out by 10%

<Ctrl + Page Down>

Zoom in by 10%

<Page Up> Toggle to previous cursor
<Page Down> Toggle to next cursor
<Left/Right Arrow> Follow selected data along trace

<Up/Down Arrow>

Follow selected data along trace

<Shift + Left/Right Arrow>

Move 10 points along trace

<Shift + Up/Down Arrow>

Move 10 points along trace

<Home>

Go to first visible point on current plot

<End>

Advance to last visible point on current plot

<Shift + Up/Down Arrow>

Toggle between traces/variables
Table 2

DST Logger

Another data capture function incorporated in the software is the DST logger. This tool serves as a PC data
logger for any variable available in the ECM through the interface software. Figure 9 shows the interface
display for configuring the DST Log. The interface allows the user to create the file’s filename, set the sample
rate for acquisition, set the time interval for sampling, and display the progress of acquisition. A maximum

of twenty (20) variables may be tagged for the log. The amount of data stored is only limited by available PC
RAM. The resulting text file may then be viewed by any standard Windows text editor/reader program. To
create a log file select the “Log Tags” in the drop down menu as shown in figure 6.

EDis Log

x|

Log File: [edis.log

Sampling Interval (m=s) Z|30.00

Pru.grm I—

0

20

Browse |

Time Inerval (2} 10.00

I
40 60 a0 100

CH:I»S:EI

Figure 9: DST Log Interface
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Malfunction Indicator Lamp (MIL)

The engine control system has built-in diagnostics for system trouble shooting. The system has a dash mounted
malfunction indicator lamp (MIL) that provides indications of an emissions related problem. Most engine control
system related problems that affect emissions or driveability of the vehicle will set a (DTC) diagnostic trouble
code and illuminate the Malfunction Indicator Lamp.

The MIL serves as notification to the operator of a problem related to the emission control system so the driver
can arrange for service as soon as possible. It will also display DTC’s that have been stored due to a system
malfunction.

The MIL should illuminate when the key is in the on position and the engine is not running. This feature verifies
that the lamp is in proper working order. If the lamp does not illuminate with the vehicle key on/engine off, repair
it as soon as possible. Once the engine is in start or run mode, the MIL should turn off. If the lamp remains on
while the engine is in the start or run mode a diagnostic trouble code may be set.

Diagnostic Trouble Codes (DTC)

Diagnostic Trouble Codes are set when the ECM (Electronic Control Module) runs a diagnostic self test and the
test fails. When a DTC is set, the ECM will illuminate the MIL on the instrument panel and also save the DTC
in memory. The ECM will continue to run the self test. If the system continues to fail the test, the lamp will stay
illuminated and the DTC is stored as an active DTC. If the self test runs and passes, the DTC will be stored as
historic DTC. All DTC’s are stored as historic faults until they are cleared. Most DTC’s will automatically clear
from memory if the DTC does not reset within 50 to 100 consecutive engine run cycles.

While a Diagnostic Trouble Code is current for a sensor, the ECM may assign a default “limp home” value and
use that value in its control algorithms. All of the system diagnostic self-tests run continuously during normal
vehicle operation.

The Diagnostic Trouble Codes can be read by using either the MIL lamp or a laptop computer. Diagnostic Trouble
Codes can be cleared from memory with a laptop computer, or by turning the ignition key to the OFF position and
removing the ECM power fuse (F2) for 15 seconds.

If more than one DTC is detected, start the diagnostic repair with the lowest DTC number set. Diagnose each
problem to correction unless directed to do otherwise by the diagnostic chart. The DTC’s are numbered in order
of importance. Having DTC 112 and DTC122 both concerning the oxygen sensor, it is possible that by repairing
DTC 112 first, the problem causing the DTC 122 may also be corrected.

Diagnostic test charts contained in this manual refer to the DST to be connected and in the “System Data Mode”.
This simply means that the DST is connected and communicating with the PC. In some instances the chart will
call out a special test mode. An example of this would be instructions for the DST to be connected and in the
DBW (drive by wire) mode. Always be sure to follow the special instructions to avoid a false diagnosis of fuel
system components.

DLC Communication Error

The ECM 5 volt reference circuit powers the diagnostic link cable. In the event that the 5 volt reference signal
is open or shorted to ground, you will not be able to connect to the system. If you are unable to connect, follow
the quick checks listed below:
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Be sure you are using the correct password and latest software for the system you are connecting to.

Check the ECM system power and ground circuits. Refer to DTC 562 for the power schematic. Also check for
+12 volts switched power at ECM pin 45 with the ignition key on.

Check for power at the DLC connector for + 5 volts between pin 1 (BLK /LT GRN) and pin 2
(LT GRN RED) with the ignition key in the on position.

You may still be able to retrieve a code using the blink code function if none of the above recommendations
prove useful. In the event of a 5 volt reference signal malfunction, DTC 642 or DTC 643 should set. If you find
one of these codes using the blink code function, follow the DTC diagnostic chart recommendations for that
specific DTC.

Blink Code Function

Although the DST is considered a required tool to access the DTC codes, codes may be retrieved without a
laptop computer using the blink code function. To enable this function follow the steps below:

° Jumper pins 1 and 4 at the DLC connector C016.

o Turn the ignition key to the on position

° The system will now enter the self diagnostic blink code mode. Be ready with pen and paper to write
down any codes that may be stored.

° The ECM will flash the MIL indicator with a pause between represented numbers that represent DTC
codes. The sequence starts with code 1654. Code 1654 confirms the system has entered the blink
code mode. The ECM will flash code 1654 (3) times before displaying the actual DTC code that may be
set.

Example:
One short blink (pause) six short blinks (pause) five short blinks (pause) four short blinks.

e Ifno DTC codes are found, the ECM will continue to flash 1654 only. This means no stored DTC codes
were found.

Intermittent Problems

Intermittent fuel system problems can prove to be the most challenging to repair. It is most important to
remember when looking to find the cause of these problems, to operate the system in the condition when and
where the problem occurs. An example of this would be, if the DST showed a lean fuel mixture at full load, one
of the first things to look at would be the fuel pressure. The fuel pressure would need to be monitored while
the machine is operating at full load, not at idle because the leaning effect does not occur at idle. Electrical
problems should be treated the same way. One excellent tool for finding intermittent electrical problems is the
DST plot/log function. Set up the plot for the code that sets. An example of this would be if an intermittent IAT
code set, tag the IAT voltage and watch the plot. While watching the plot, agitate the electrical wire connection
at the sensor and ECM connector. The resolution of the plot screen is such that you will be able to see any
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unstable voltages that you would otherwise not see with a standard DVOM.

Caution should be used when pressure washing the under hood of any electrical system. Avoid direct pressure
spray on the system electrical connectors. They are splash proof, but if water is sprayed directly at the
connector moisture can become trapped behind the connector seal and cause serious system problems.

Extra care must be taken when probing electrical pins and terminals. Do not bend or spread these terminals as
this can also be a source of intermittent problems cause by improper handling of these connectors.
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DTC 118 ECT High Voltage - SPN/FMI 110:3......cooiiiicciie e 7-35
DTC 121 TPS 1 Lower Than TPS 2 - SPN/FMI 571:1. ..o 7-38
DTC 122 TPS 1 Signal Low Voltage - SPN/FMI 51:4......ccoooiiiiiiieeeeeeee, 7-41
DTC 123 TPS 1 Signal High Voltage - SPN/FMI 51:3.......coiiii e 7-44
DTC 127 IAT Higher Than Expected 2 - SPN/FMI 105:0..........ccooiiiiiiiiiiiiiieieee 7-47
DTC 129 BP Low Pressure - SPN/FMI108:1 ... 7-49
DTC 134 EGO 1 Open/Inactive - SPN/FMI 724:10........ccooviiiiiiieiiieeeeeie e 7-51
DTC 154 EGO 2 Open/Inactive - SPN/FMI 520208:10........cccovvvieiiiiiiieeiiiieeeeiieeeee, 7-54
DTC 171 Adaptive Learn High Gasoline - SPN/FMI 520200:0..........cccceevvveeeeinnnnnnnnn. 7-57
DTC 172 Adaptive Learn Low Gasoline - SPN/FMI 520200:1.........ccooveeiiiiieeeinnnnn... 7-60
DTC 182 Gasoline Temperature Sensor Low Voltage - SPN/FMI 174:4.................. 7-62
DTC 183 Gasoline Temperature Sensor High Voltage - SPN/FMI 174:3.................. 7-65
DTC 187 LPG Fuel Temperature Low Voltage - SPN/FMI 5202404....................... 7-68
DTC 188 LPG Fuel Temperature High Voltage - SPN/FMI 520240:3...................... 7-71
DTC 217 ECT Higher Than Expected 2 - SPN/FMI 110:0........ccooiiiiiiiiiiiieiee 7-74
DTC 219 Max Govern Speed Override - SPN/FMI 51515, 7-76
DTC 221 TPS 1 Higher Than TPS 2 - SPN/FMI 51:0.....ccuvviiiiiiiiiiieeee e 7-78
DTC 222 TPS 2 Signal Low Voltage - SPN/FMI 520251:4.........c.cccooviiiiiiiiiieiiien. 7-81
DTC 223 TPS 2 Signal High Voltage - SPN/FMI 520251:3........ccoovviiiiiiiiiiiieeeeennn. 7-83

by IMPCO POWER SOLUTIONS, INC.

6 SPECTRUM 1 P s l



PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL DIAGNOSTIC TROUBLE CODES 7-2

Table Of Contents

Description Page
DTC 336 Crank Sync Noise - SPN/FMI B36:2.........cccccooviiiiiiiiiiiiieeeeeeeeeee e 7-86
DTC 337 Crank Loss - SPN/FMI B36:4...........uoiiiiiiiieieieeeeeeee e 7-89
DTC 420 Gasoline Catalyst Monitor - SPN/FMI 520211:10........cooviiiiiiiiiieeee, 7-92
DTC 524 Qil Pressure Low - SPN/FMI 100:1.....coorimiii e 7-93
DTC 562 System Voltage Low - SPN/FMI 168:17......coovuiiiiiiiiii e 7-96
DTC 563 System Voltage High - SPN/FMI 168:15........ccooviiiiiiiiiiiieeeeee e, 7-98
DTC 601 Flash Checksum Invalid - SPN/FMI 628:13........ccooviiiiiiiiiiiieeeeeee 7-100
DTC 604 RAM Failure - SPN/FMI B30:12......cccoi e 7-102
DTC 606 COP Failure - SPN/FMI 629:31.......cooricieee e, 7-104
DTC 642 External 5V Reference Low - SPN/FMI 1079:4.........ccooviiiiiiiiiiiiiiieeen, 7-106
DTC 643 External 5V Reference High - SPN/FMI 1079:3.......ccccooviiiiiiiiiiiiiee 7-109
DTC 685 Power Relay Open - SPN/FMI 1485:5.........coiiiiiieeeeeeee e, 7-111
DTC 686 Power Relay Shorted - SPN/FMI 1485:4..........coovvniiiiiiiiii e, 7-114
DTC 687 Power Relay Short to Power - SPN/FMI 1485:3.........ccooeiiiiiiiiiieiiein, 7-116
DTC 1111 Fuel Rev Limit - SPN/FMI 515:16.......cccooiiiiiicciee e 7-119
DTC 1112 Spark Rev Limit - SPN/FMI 515:0......cccoiiiiiiiiiiceeee e 7-121
DTC 1151 Closed Loop Multiplier High LPG - SPN/FMI 520206:0......................... 7-123
DTC 1152 Closed Loop Multiplier Low LPG - SPN/FMI 520206:1............cceeeeeenes 7-125
DTC 1155 Closed Loop Multiplier High Gasoline - SPN/FMI 520204.0.................. 7-127
DTC 1156 Closed Loop Multiplier Low Gasoline - SPN/FMI 520204:1................... 7-130
DTC 1161 Adaptive Learn High LPG - SPN/FMI 520202:0.........cccvvvvviiiieiiiiiieeen. 7-132
DTC 1162 Adaptive Learn Low LPG - SPN/FMI 520202:1.........cooiiiiiiiiiiieeeeeeeinn. 7-135
DTC 1165 LPG Catalyst Monitor - SPN/FMI 520213:10.......cccciiiiiiiiiiieeeeeeeiin 7-138
DTC 1171 LPG Pressure Higher Than Expected - SPN/FMI 520260:0................... 7-139
DTC 1172 LPG Pressure Lower Than Expected - SPN/FMI 520260:1................... 7-141
DTC 1173 EPR Comm Lost - SPN/FMI 520260:31........ccoovmimiiiiiieeeeeeeeeeeeeeeiies 7-143
DTC 1174 EPR Voltage Supply High - SPN/FMI 520260:3.........cccceeeeiieeiiiieeiinnnnns 7-147
DTC 1175 EPR Voltage Supply Low - SPN/FMI 520260:4............cooeveviiiiieeeeeennns 7-149
DTC 1176 EPR Internal Actuator Fault - SPN/FMI 520260:12...........ccooeivviiiinnnne. 7-152
DTC 1177 EPR Internal Circuitry Fault - SPN/FMI 520260:12...........cccooevvvviiinnnne. 7-154
DTC 1178 EPR Internal Comm Fault - SPN/FMI 520260:12..........ccoovvviiiiiiiiieeennns 7-156
DTC1612 RTI 1 Loss - SPN/FMI 829:31.....iiiiiiiieeeeeeee e 7-158
DTC 1613 RTI 2 Loss - SPN/FMI 629:31.....iiiiiieeeeeeeee e 7-160
DTC 1614 RTI 3 Loss - SPN/FMI 629:31.....oiiiiiieeeeeeee e 7-162
DTC 1615 A/D LosSs - SPN/FMI 629:31......co ot 7-164
DTC 1616 Invalid Interrupt - SPN/FMI 629:31......coiiiiiiiiiicee e 7-166
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DTC 1626 CAN Tx Failure - SPN/FMI 639:12. .. .o 7-168
DTC 1627 Can Rx Failure - SPN/FMI 639:12. ... 7-171
DTC 1628 CAN Address Conflict Failure - SPN/FMI 639:13.......cooviiiniiiiieeee, 7-174
DTC 2111 Unable to Reach Lower TPS - SPN/FMI 51:7 ..o, 7-176
DTC 2112 Unable to Reach Higher TPS - SPN/FMI 51:7.....cooriiiiiiiiiiiiiee e 7-179
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PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL DIAGNOSTIC TROUBLE CODES 7-4

1.6L DTC Code to SPN:FMI Code Cross Reference

DTC Code Description SPN Code FMI Code DTC Code Description SPN Code FMI Code

16 Crank Never Synced at Start 636 8 604 RAM Failure 630 12
91 Fuel Pump Low Voltage 94 4 606 COP Failure 629 31
92 Fuel Pump High Voltage 94 3 642 External 5V Reference Low 1079 4
107 MAP Low Voltage 106 4 643 External 5V Reference High 1079 3
108 MAP High Pressure 106 16 685 Power Relay Open 1485 5
111 IAT Higher Than Expected 1 105 15 686 Power Relay Shorted 1485 4
112 IAT Low Voltage 105 4 687 Power Relay Short to Power 1485 3
113 IAT High Voltage 105 3 1111 Fuel Rev Limit 515 16
116 ECT Higher Than Expected 1 110 15 1112 Sparl Rev Limit 515 0
117 ECT Low Voltage 110 4 1151 Closed Loop Multiplier High LPG 520206 0
118 ECT High Voltage 110 3 1152 Closed Loop Multiplier Low LPG 520206 1
121 TPS 1 Lower Than TPS 2 51 1 1155 Closed Loop Multiplier High Gasoline 520204 0
122 TPS 1 Signal Voltage Low 51 4 1156 Closed Loop Multiplier Low Gasoline 520204 1
123 TPS 1 Signal Voltage High 51 3 1161 Adaptive Learn High LPG 520202 0
127 TAT Higher Than Expected 2 105 0 1162 Adaptive Learn Low LPG 520202 1
129 BP Low Pressure 108 1 1165 LPG Cat Monitor 520213 10
134 EGO 1 Open/Inactive 724 10 1171 LPG Pressure Higher Than Expected 520260 0
154 EGO 2 Open/Inactive 520208 10 1172 LPG Pressure Lower Than Expected 520260 1
171 Adaptive Learn High Gasoline 520200 0 173 EPR Comm Lost 520260 31
172 Adaptive Learn Low Gasoline 520200 1 1174 EPR Voltage Supply High 520260 3
182 Fuel Temp Gasoline Low Voltage 174 4 1175 EPR Voltage Supply Low 520260 4
183 Fuel Temp Gasoline High Voltage 174 3 1176 EPR Internal Actuator Fault 520260 12
187 Fuel Temp LPG Low Voltage 520240 4 1177 EPR Internal Circuitry Fault 520260 12
188 Fuel Temp LPG High Voltage 520240 3 1178 EPR Internal Comm Fault 520260 12
217 ECT Higher Than Expected 2 110 0 1612 RTI 1 loss 629 31
219 Max Govern Speed Override 515 15 1613 RTI 2 Loss 629 31
221 TPS 2 Signal Voltage Low 51 0 1614 RTI 3 Loss 629 31
222 TPS 2 Signal Low Voltage 520251 4 1615 A/D Loss 629 31
223 TPS 2 Signal High Voltage 520251 3 1616 Invalid Interupt 629 31
336 Crank Sync Noise 636 2 1626 CAN Tx Failure 639 12
337 Crank Loss 636 4 1627 CAN Rx Failure 639 12
420 Gasoline Cat Monitor 520211 10 1628 CAN Address Conflict Failure 639 13
524 Oil Pressure Low 100 1 2111 Unable to Reach Lower TPS 51 7
562 System Voltage Low 168 17 2112 Unable to Reach Higher TPS 51 7
563 System Voltage High 168 15 2229 BP Pressure High 108 0
601 Flash Checksum Invalid 628 13

|9 P S l Y SPECTRUM
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PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL DIAGNOSTIC TROUBLE CODES 7-5

OBD System Check/ MIL (Malfunction Indicator Lamp)

ECM

Co11

ML

e GRMMEL

+12 volts in startand run —
Ground

Circuit Description

The Spectrum Fuel system is equipped with OBD (On-Board Diagnostics). The system has a dash mounted MIL
(Malfunction Indicator Lamp) for the indication of system problems. Engine control system problems that affect exhaust
emissions of the vehicle will set a DTC (Diagnostic Trouble Code). The ECM will then provide a path to ground and
illuminate the MIL.

The MIL serves as notification of an emissions related problem. The MIL also has the ability to flash DTC codes in what
is referred to the blink code mode. It will display DTC’s that have been stored due to a system malfunction. The following
DTC charts in this manual will instruct the technician to perform the OBD system check. This simply means to verify the
operation of the MIL. The lamp should illuminate when the key is in the ON position, and the engine is not running. This
feature verifies that the lamp is in proper working order. If the lamp does not come on with the vehicle key on/engine off,
repair it as soon as possible. Once the engine is in start or run mode, the lamp should go off. If the lamp stays on while
the engine is in the start or run mode, a current diagnostic trouble code may be set or a problem may exist with the MIL
electrical wiring.

by IMPCO POWER SOLUTIONS, INC.
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PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL

DIAGNOSTIC TROUBLE CODES 7-6

OBD System Check
V.

Step e KeyON EngmeA(S:lt:II(-')n _megutﬁep 2 | Go to"é(t)ep [(€)]
1 Does the MIL illuminate?
o Start the engine MIL is working | Go to Step (10)
2 e Does the MIL lamp turn off? properly. OBD
System Check
i is complete i
e Key ON engine OFF Go to Step (4) | Repair MIL
e Check for voltage between MIL power source voltage source.
3 and engine ground Refer to OEM
Do you have voltage? body and
chassis wiring
diagrams
Replace MIL Tamp Gotostep (1) | Goto Step (5)
4 Did that solve the problem?
o Key OFF Go to Step (6) | Go to Step (8)
e Disconnect ECM wire harness connector
5 C001
e Using a DVOM check for continuity between
MIL side of connector C011 and ECM pin 80
Do you have continuity? i
e Inspect the MIL lamp socket, connector CO11 Repair the Go to Step (7)
6 and ECM pin 80 for damage, corrosion or circuit as
contamination necessary.
Did you find a problem? Refer to
Wiring Repairs
in Engine
Electrical
e Replace ECM Go to Step (1) -
7 Is the replacement complete?
e Back probe both MIL and ECM side of Go to Step (9) Repair open
terminal G in connector C011 circuit in
8 e Using a DVOM check for continuity through connector
connector CO11 €022
Do you have continuity?

e Inspect the MIL Tamp socket, connector CO11 Repair the Repair the
and ECM terminal 80 for damage, corrosion damaged wire harness
or contamination socket or open circuit

9 Did you find a problem? terminal as as necessary.
required. Refer to
Refer to Wiring Repairs
Wiring Repairs in Engine
in Engine Electrical.
Electrical
Active DTC (Diagnostic trouble code) is stored in - -
10 | memory. Proceed with DTC diagnosis. If no active
DTC is found in ECM memory return to this page
Step (11)

BMPSI

POWER SOLUTIONS, INC.

by IMPCO

()’ SPECTRUM



PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL

DIAGNOSTIC TROUBLE CODES 7-7

| Step Action V. ) Y No
o Key OFF aluels Repair the Go to Step (7)
e Disconnect ECM wire harness connector shorted to
C001 ground circuit

11

e Using a DVOM check for continuity between

ECM terminal 80 and battery voltage Referto
o Wiring Repairs
e Do you have continuity? . .
in Engine
Electrical

as necessary.

9
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DIAGNOSTIC TROUBLE CODES 7-8

DTC 16-Never Crank Synced At Start SPN/FMI 636:8

coiv

CKP
Sensor

Crankshaft

1 PPLAWHT

WHT/PPL

ECM
Crank +
21
Crank -
22

3 [——!

Conditions for setting the DTC

Crankshaft Position sensor
Check Condition- Engine cranking

MIL Command-ON

Circuit Description

Fault Condition- Cranking RPM above 90 and more than 4 cranking revolutions without sync

The CKP (crankshaft position sensor) is a magnetic transducer mounted on the engine block adjacent to a pulse wheel
located on the crankshaft. It determines crankshaft position by monitoring the pulse wheel. The Crankshaft Position sensor
is used to measure engine RPM and its signal is used to synchronize the ignition and fuel systems. This fault will set one or

more crank re-sync occur within 800 ms.

BMPSI
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DIAGNOSTIC TROUBLE CODES 7-9

DTC 16- Never Crank Synced At Start SPN/FMI 636:8

_S_LFD Did you perform the oﬁ%%%ﬁtmm) Go tng'tsep () Go t%l%)BD
System Check
Section
2 e Check to be sure that the ECM ground Go to Step (3) | Repair the
terminals C014 and C023 are clean and tight. circuit as
Are terminals C014 and C023 clean and tight? necessary.
Refer to
Wiring Repairs
in Engine
Electrical
3 o Key OFF Over .5 volts | Goto Step (4) | Go to Step (11)
e Disconnect the CKP sensor connector C017
e Using a DVOM check for voltage output
directly from pins 1 & 2 from the CKP sensor
while cranking the engine
e Do vou have voltage output? ]
4 e Key OFF ' Go to Step (5) Repair the
e Disconnect ECM connector C001 circuit as
e Using a DVOM check for continuity between CKP necessary.
connector pin 1 and ECM connector pin 21 _Referto
- Wiring Repairs
¢ Do you have continuity between them? . .
in Engine
Electrical
5 e Using a DVOM check for continuity between CKP Go to Step (6) Repair the
connector pin 2 and ECM connector pin 22 circuit as
Do you have continuity between them? necessary.
Refer to
Wiring Repairs
in Engine
i ] Electrical
6 e Inspect the CKP connector CO17 pins for damage, Repair the Go to Step (7)
corrosion or contamination circuit as
Did you find a problem? necessary.
Refer to
Wiring Repairs
in Engine
Electrical
7 e Inspect the ECM connector C001 pins 21 and 22 Repair the Go to step (8)
for damage, corrosion or contamination circuit as
Did you find a problem? necessary.
Refer to
Wiring Repairs
in Engine
i _ Electrical
8 e Using a DVOM check for continuity between ECM Repair the Go to Step (10)
connector pins 21 and 22 to engine ground shorted circuit
Do you have continuity? as necessary.
Refer to
Wiring Repairs
in Engine
Electrical
9 o Replace CKP sensor Go to Step (12) -
Is the replacement complete?
10 e Replace ECM Go to Step (12) -
o |s the replacement complete?

9
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PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL DIAGNOSTIC TROUBLE CODES 7-10

_S’?D o Key OFF Action . ) Regeﬁrsthe Go to"éct)ep (9)
e Inspect the pulse wheel and CKP sensor component
for mechanical damage, corrosion or as necessary.
contamination. Refer to _
Did you find a problem? Engine Repairs
in Engine
Section
12 e Remove all test equipment except the DST. System OK Go to OBD
e Connect any disconnected components, fuses, System Check
etc.
e Using the DST clear DTC information from the
ECM.

e Turn the ignition OFF and wait 30 seconds.

e Start the engine and operate the vehicle to full
operating temperature

e Observe the MIL

e Observe engine performance and driveability

e After operating the engine within the test
parameters of DTC-16 check for any stored
codes.

Does the engine operate normally with no stored

codes?
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DTC 91-Gasoline Fuel Pressure Sensor Low Voltage SPN/FMI 94:4

1 o BLKILT GREM | 20 ||sensor Ground
LM Temp Signal
LT GRMIWHT
' ik Gl i i
3 || ¢ [LTSRNRED 19 5 Volts
YWHTILT GRM Fressure Signal
4 HD 54 d
ECM

Conditions for Setting the DTC

Gasoline fuel pressure sensor voltage

Fuel pressure sensor voltage less than .2v for 1s

MIL-On for active fault and for 2 seconds after active fault
Adaptive-disabled for the remainder of key cycle

Circuit Description

Note: The fuel pressure and temperature sensor is wired via Equipment Manufacturer supplied harness jumper.
The terminals A, B, C, D & 19, 20, 48, 54 are engine wiring harness terminals at the fuel sensor interface
connector C002 and the ECM header connector CO01. You may need to consult additional wiring information
supplied by the OEM. The fuel pump pressure sensor voltage is read at less than .2v. This indicates abnormally
low fuel pressure or a low voltage fault from the sensor or circuit.
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DIAGNOSTIC TROUBLE CODES 7-12

DTC 91- Gasoline Fuel Pressure Sensor Low Voltage SPNIFMI 94:4

Step Action Value(s) Yes
1 Did you perform the On-Board (OBD) System - Go to Step (2) Go to OBD
Check? System Check
Section
2 Go to Step (3) | Intermittent
e Key On, Engine running. problem
e DST (Diagnostic Scan Tool) connected in Goto
System Data Mode Inter.mlttent
section
Using a DVOM, check for voltage at connector
C002 terminal D by back probing to ground. Is
voltage 0.2v or less with the engine idling?
o Key OFF Go to Step (4) | Go to step (8)
3 e Disconnect the gasoline fuel pressure sensor
jumper harness connector C002 from the
engine wiring harness
e KeyOn
e Using a DVOM, check for voltage between
connector C002 terminal C and ground.
Is voltage 4.5 volts or greater?
4 e Inspect fuel pressure and temperature Repair the Go to step (5)
sensor connector and pins for corrosion, circuit as
contamination or mechanical damage. Check necessary.
for opens or shorts in OEM supplied jumper Refer to
harness to sensor Wiring
Any problems found? Repairs
in Engine
Electrical i
5 o Key OFF Go to Step (6) Repair the
e Disconnect ECM connector C001 circuit as
e  Check for continuity between gasoline necessary.
pressure sensor connector terminal D and Refer to
ECM pin 54. Wiring
- Repairs
Do you have continuity between them? . .
in Engine
Electrical
6 o Check for continuity between fuel pressure Go to step (7) Repair the
sensor connector terminal C and ECM pin 19 circuit as
necessary.
Do you have continuity between them? Refer to
Wiring
Repairs
in Engine
Electrical

BMPSI
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DIAGNOSTIC TROUBLE CODES 7-13

Step Action Value(s) Yes No
K o Check for continuity between fuel pressure Go to step Repair the
sensor connector terminal A and ECM pin 20 (11) circuit as
necessary.
Do you have continuity between them? Refer to
Wiring
Repairs
in Engine
Electrical.
8 o Key Off Go to Step (9) Repair the
e Disconnect ECM header connector C001 circuit as
e Check for continuity between pressure necessary.
sensor connector C002 terminal C and ECM Refer to
connector terminal 19. Wiring
Repairs
o in Engine
Do you have continuity? Electrical
9 e Inspect ECM and gasoline pressure Repair the Go to Step
sensor connector (C002) terminals for circuit as (10)
corrosion, contamination or mechanical necessary.
damage Refer to
Any problems found? Wiring
Repairs
in Engine
Electrical
10 o Replace ECM. Refer to ECM replacement Go to step -
in the Engine Controls Section. (12)
Is the replacement complete?
11 e Replace fuel pressure and temperature Go to step -
sensor (12)
Is the replacement complete?
12 [ e Remove all test equipment except the DST. System OK Go to OBD
e Connect any disconnected components, System Check
fuses, etc.
e Using the DST clear DTC information from the
ECM.
e Turn the ignition OFF and wait 30 seconds.
e Start the engine and operate the vehicle to full
operating temperature
e Observe the MIL
Observe engine performance and driveability
After operating the engine within the test
parameters of DTC-91 check for any stored
codes.
Does the engine operate normally with no stored
codes?
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DTC 92-Gasoline Fuel Pressure Sensor High Voltage SPN/FMI 94:3

1 o BLKILT GRM | 2 ||[Sensor Ground
Temp Signal
> He LT GRMMHT | 4 R
3 || ¢ [LTSRNRED 19 5 Volts
il B WHTILT GRM =4 Fressure Signal
ECM

Conditions for Setting the DTC

Gasoline fuel pressure sensor voltage

Fuel pressure sensor voltage greater than 4.8v for 1s
MIL-On for active fault and for 2 seconds after active fault
Adaptive-disabled for the remainder of key cycle

Circuit Description

Note: The fuel pressure and temperature sensor is wired via Equipment Manufacturer supplied harness jumper.
The terminals A, B, C, D & 19, 20, 48, 54 are engine wiring harness terminals at the fuel sensor interface
connector C002 and the ECM header connector CO01. You may need to consult additional wiring information
supplied by the OEM. The fuel pressure sensor voltage is read at greater than 4.8v. This indicates abnormally
high fuel pressure or a high voltage fault from the sensor or circuit.
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DIAGNOSTIC TROUBLE CODES 7-15

DTC 92- Gasoline Fuel Pressure Sensor High Voltage SPN/FMI'94:3"

Step Action Value(s) Yes No
1 Did you perform the On-Board (OBD) System - Go to Step (2) Go to OBD
Check? System Check
Section
2 Go to Step (3) | Intermittent
e Key On, Engine running. problem
e DST (Diagnostic Scan Tool) connected in Goto
System Data Mode Inter.mlttent
section
Using a DVOM, check for voltage at connector
C002 terminal D by back probing to ground. Is
voltage 4.8v or higher with the engine idling?
o Key OFF Go to Step (4) | Go to step (8)
3 e Disconnect the gasoline fuel pressure sensor
jumper harness connector C002 from the
engine wiring harness
e KeyOn
e Using a DVOM, check for voltage between
connector C002 terminals C and A.
Is voltage 4.5 volts or greater?
4 e Inspect fuel pressure and temperature Repair the Go to step (5)
sensor connector and pins for corrosion, circuit as
contamination or mechanical damage. Check necessary.
for opens or shorts in OEM supplied jumper Refer to
harness to sensor Wiring
Any problems found? Repairs
in Engine
Elecfrical
5 o Key OFF Go to Step (6) Repair the
e Disconnect ECM connector CO01 circuit as
e Check for continuity between gasoline necessary.
pressure sensor connector terminal D and Refer to
ECM pin 54. Wiring
Do you have continuity between them? .Repalirs
in Engine
_ Electrical
6 e Check for continuity between fuel pressure Go to step (7) Repair the
sensor connector terminal C and ECM pin 19 circuit as
necessary.
Do you have continuity between them? Refer to
Wiring
Repairs
in Engine
Electrical
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e Connect any disconnected components,
fuses, etc.

e Using the DST clear DTC information from the
ECM.

e Turn the ignition OFF and wait 30 seconds.

e Start the engine and operate the vehicle to full
operating temperature

e Observe the MIL
Observe engine performance and driveability
After operating the engine within the test
parameters of DTC-92 check for any stored
codes.

Does the engine operate normally with no stored

codes?

Step Action Value(s) Yes No
7 e Check for continuity between fuel pressure Go to step Repair the
sensor connector terminal A and ECM pin 20 (11) circuit as
necessary.
Do you have continuity between them? Refer to
Wiring
Repairs
in Engine
Electrical.
8 o Key Off Go to Step (9) Repair the
e Disconnect ECM header connector C001 circuit as
e Check for continuity between pressure necessary.
sensor connector C002 terminal A and ECM Refer to
connector terminal 20. Wiring
Repairs
o in Engine
Do you have continuity? . . Electrical
9 e Inspect ECM and gasoline pressure Repair the Go to Step
sensor connector (C002) terminals for circuit as (10)
corrosion, contamination or mechanical necessary.
damage Refer to
Any problems found? Wiring
Repairs
in Engine
Electrical
10 o Replace ECM. Refer to ECM replacement Go to step -
in the Engine Controls Section. (12)
Is the replacement complete?
11 e Replace fuel pressure and temperature Go to step -
sensor (12)
Is the replacement complete?
12 | e Remove all test equipment except the DST. System OK Go to OBD

System Check

BMPSI
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DTC 107- MAP Low Voltage SPN/FMI 106:4

S

BLHLT GRN 20 | Sensor Ground
AT Signal
VELIGR Y ag A SET
LT GRM/RED - 5 olts
LT GRN = MA P Signal
ECM

Conditions for Setting the DTC

Manifold Absolute Pressure Sensor

MIL-ON

Circuit Description

Check Condition-Engine cranking or running
Fault Condition-MAP voltage less than 0.05 with throttle position greater than 2% and engine RPM less than 7000.

Adaptive-Disabled for the remainder of key on cycle
Fueling is based on RPM and TPS Limp-Home Condition during this fault.

The Manifold Absolute Pressure sensor is a pressure transducer connected to the intake manifold. It is used to
measure the pressure of air in the manifold prior to induction. The pressure reading is used in conjunction with other
inputs to estimate the airflow rate to the engine, which determines the fuel flow rate. This fault will set when the MAP
reading is lower than the sensor should normally produce. When this fault is set the Adaptive Learn will be disabled for
the remainder of the key on cycle and the MIL will be on.
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PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL DIAGNOSTIC TROUBLE CODES 7-18

DTC 107- MAP Low Voltage SPN/FMI 106:4

Step Action Value(s) Yes No
1 Did you perform the On-Board (OBD) System - Go to Step (2) Go to OBD
Check? System Check
Section
2 Go to Step (3) | Intermittent
e Key On, Engine running. problem
e DST (Diagnostic Scan Tool) connected in Goto _
System Data Mode Inter.mlttent
section
Does DST display MAP voltage of 0.05 or less
with the engine idling?
o Key OFF Go to Step (4) | Go to step (8)
3 e Disconnect the TMAP sensor connector C007
from the wiring harness
e Jump the 5 volt reference pin 3 and MAP
signal circuit pin 4 together
e KeyON
Does the DST display MAP voltage of 4.5 volts or
greater?
4 e Inspect TMAP connector and pins for Repair the Go to step (5)
corrosion, contamination or mechanical circuit as
damage necessary.
Any problems found? Refer to
Wiring
Repairs
in Engine
Elecfrical
5 o Key OFF Go to Step (6) Repair the
e Disconnect ECM connector CO01 circuit as
e  Check for continuity between TMAP sensor hecessary.
connector signal pin 4 and ECM MAP signal _Referto
. Wiring Repairs
pin 7. in Engine
Do you have continuity between them? Electrical.
6 e Check for continuity between TMAP sensor Go to step (7) Repair the
connector 5 volt supply signal pin 3 and ECM circuit as
5 volt supply pin 19 necessary.
Do you have continuity between them? Refer to
Wiring Repairs
in Engine
Electrical.

9 P S l (5 SPECTRUM
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PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL DIAGNOSTIC TROUBLE CODES 7-19

Step Action Value(s) Yes No
7 e Check for continuity between TMAP sensor Go to step Repair the
connector ground pin 1 and ECM sensor (17) circuit as
ground pin 20 necessary.
Do you have continuity between them? Refer to
Wiring Repairs
in Engine
i . i Electrical
8 e Probe MAP connector signal circuit pin 4 with Go to Step (9) | Go to step (13)
a test light connected to battery voltage
Does the DST display MAP voltage of 4.0 or
greater?
9 o Key OFF Go to step Repair the
o Disconnect ECM connector (10) circuit as
o  Check for continuity between TMAP sensor necessary.
connector pin 3 and ECM 5 volt reference pin _Referto
19. Wiring Repairs
Do you have continuity between them? g;?ﬁég?
10 | e Check for continuity between TMAP sensor Repair the Go to Step
connector 5 volt reference pin 3 and engine circuit as (11)
ground necessary.
Do you have continuity? Refer to
Wiring
Repairs
in Engine
Electrical
11 e Inspect ECM and TMAP wire harness Repair the Go to Step
connector and terminals for corrosion, circuit as (16)
contamination or mechanical damage necessary.
Any problems found? Refer to
Wiring
Repairs
in Engine
Electrical
12 o Replace ECM. Refer to ECM replacement Go to step -
in the Engine Controls Section. (17)
Is the replacement complete?
13 [ e Disconnect ECM connector Go to Step Repair the
e Check for continuity between TMAP sensor (14) circuit as
connector signal circuit pin 4 and ECM signal necessary.
pin 7 Refer to
Do you have continuity between them? Wiring Repairs
in Engine
Electrical.
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PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL DIAGNOSTIC TROUBLE CODES 7-20

[ Step Action Value(s) Yes No
14 | e Check for continuity between TMAP sensor Repair the Go to step (15)
connector signal pin 4 and engine ground circuit as
Do you have continuity? necessary.
Refer to
Wiring
Repairs
in Engine
Electrical
15 e Inspect ECM connector and wire harness Repair the Go to Step
connector terminals for corrosion, circuit as (16)
contamination or mechanical damage necessary.
Any problems found? Refer to
Wiring
Repairs
in Engine
Electrical
16 e Replace ECM. Refer to ECM replacement Go to Step -
in the Engine Controls Section. (18)

Is the replacement complete?

17 o Replace TMAP sensor Go to step -
Is the replacement complete? (18)
18 | e Remove all test equipment except the DST. System OK Go to OBD
e Connect any disconnected components, System Check
fuses, etc.
e Using the DST clear DTC information from the
ECM.

Turn the ignition OFF and wait 30 seconds.
Start the engine and operate the vehicle to full
operating temperature

e Observe the MIL

e Observe engine performance and driveability

e After operating the engine within the test
parameters of DTC-107 check for any stored
codes.

Does the engine operate normally with no stored

codes?

POWER SOLUTIONS, INC. by IMPCO
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PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL

DIAGNOSTIC TROUBLE CODES 7-21

DTC 108-MAP High Pressure SPN/FMI 106:16

BLKLT GRM 20 | Sensor Ground
W AT Signal
Y VELIGR Y ag A SET
LT GRN/RED - 5 olts
LT GRN = MAF Signal
ECM

Conditions for Setting the DTC

Circuit

Barometric pressure check

Check condition-engine running and greater than 1800 RPM

Fault Condition-MAP greater than 16 psia withTPS less than 10% and RPM greater than 1800

MIL-On for active fault and for 4 seconds after active fault

Adaptive-disabled for the remainder of key cycle

Description

The MAP (Manifold Absolute Pressure) is estimated from the TMAP sensor. The MAP pressure value is used for
fuel, airflow and spark calculations. This fault will set in the event the MAP value is greater than 16 psia when the

TPS is less than 10% with engine speed greater than 1800.

9
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PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL

DIAGNOSTIC TROUBLE CODES 7-22

DTC 108 MAP High Pressure SPN/FMI 106:16

St1en Did you perform the On Board (OBD) System - mngsep 2) Go to OBD
Check? System Check
Section

2 Go to step (3) [ Intermittent

e Key On, Engine running at full operating problem
temperature. Go to

e DST (Diagnostic Scan Tool) connected in Intermittent
System Data Mode section
Does DST display MAP pressure of 17.0 psia or
greater with the engine running above 1800 RPM?
o Key OFF Gotostep (4) | Go to step (6)

3 e Disconnect the TMAP sensor connector C007

e Key ON

Does the DST display MAP pressure less than 0.05

?SlaProbe TMAP connector ground pin T with a test Gotostep (5) | Go to step (8)
light connected to battery voltage.

4 Does the test light come on?

5 e Check TMAP mechanical vacuum connection for Go to step (6) Go to Step
correct mounting or possible damage causing (10)
leakage.

Is the TMAP sensor mechanical connection Ok?
o Key OFF Go to step (7) Repair the

6 |e Disconnect ECM connector and inspect circuit as
terminals for damage corrosion or contamination. necessary.
Is the connection Ok? Refer to

Wiring Repairs
in Engine
Electrical
7 Replace TMAP sensor. Is the repair complete? -
Go to step (11)

8 e Disconnect ECM connector and check for Go to step (9) Repair the
continuity between TMAP connector sensor circuit as
ground pin 1 and ECM sensor ground pin 20. necessary.

Do you have continuity between them? Refer to
Wiring Repairs
in Engine
i Electrical
9 Replace ECM. Refer to ECM replacement in the Go to step (11) -
Engine Controls Section.
Is the replacement complete? i
10 o Correct TMAP mechanical connection System OK Go to OBD
System Check
Has the TMAP mechanical connection problem been
corrected?

BMPSI
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PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL DIAGNOSTIC TROUBLE CODES 7-23

TC 111-IAT Higher Than Expected 1 SPN/FMI 105:15

1 B 20 LSensor Ground
LM | 1T Signal
YEL/GRY
T 2 H FAaAEYT
3 LT GR MR ED - 5%/ 0lte
LT GRM :
i 7 MAF Signal
ECM

Conditions for Setting the DTC

¢ Intake Air Temperature

e Check Condition-Engine Running

¢ Fault Condition-Intake Air Temperature greater than 200 degrees F. and engine RPM greater than 1000 for more than
60 seconds

e MIL-On

e Adaptive-Disabled during active fault

e Power Derate (Level 1)

Circuit Description

The TMAP is a combined IAT (Intake Air Temperature) and MAP (Manifold Absolute Pressure) sensor. A temperature
sensitive resistor is used in the TMAP located in the intake manifold of the engine. It is used to monitor incoming air
temperature, and the output in conjunction with other sensors is used to determine the airflow to the engine. The ECM
provides a voltage divider circuit so that when the air is cool, the signal reads higher voltage, and lower when warm.
The IAT is a calculated value based mainly on the IAT sensor at high airflow, and influenced more by the ECT (Engine
Coolant Temperature) at low airflow. This fault will set if the Intake Air Temperature is greater than 200 degrees F. and
engine rpm is greater than 1000 for more than 60 seconds. Power derate level one will be enforced during this fault
limiting the maximum throttle position t050%.

Diagnostic Aid
* This fault will set when inlet air is much hotter than normal. The most common cause of high inlet air temperature is a

problem with the inlet air system. Ensure that the air inlet is not obstructed, modified or damaged.
* Inspect the air inlet system for cracks or breaks that may allow unwanted under hood air in to the air inlet system.
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PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL DIAGNOSTIC TROUBLE CODES 7-24

DTC 111-IAT Higher Than Expected 1 SPN/FMI 105:15

This fault will set when inlet air is much hotter than normal. The most common cause of high inlet air temperature is a
problem with the inlet air system. Ensure that the air inlet is not obstructed, modified or damaged.

e Inspect the air inlet system for cracks or breaks that may allow unwanted under hood air in to the air inlet
system

e Use the chart below to check resistance accross pins 1 and 2 at TMAP sensor and compare resistance to air
temperature.

e If none of the above can be found, Follow the diagnostic steps for DTC
112-IAT Low Voltage

Temp Ohms

(°F)

248 110
239 125
221 162
203 214
185 284
167 383
149 522
131 721
104 1,200

77 2,063

50 3,791

23 7,419

-4 15,614
-22 26,854
-31 35,763

-40 48,153

POWER SOLUTIONS, INC. by IMPCO
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PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL

DIAGNOSTIC TROUBLE CODES 7-25

TC 112-IAT Low Voltage SPN/FMI 105:4

~rvaa

BLKAT GRN 20 | Sensor Ground
AT Signal
YELIGRY g AT
LT GRM/EED 19 5% alts
LT GRM 7 MAF Signal
ECM

Conditions for Setting the DTC

Intake Air Temperature

Circuit Description

Check Condition Engine Cranking or Running
Fault Condition-IAT Sensor Voltage less than 0.05 for greater than 1 second
MIL-On during active fault and for 2 seconds after active fault
Adaptive-Disabled during active fault

The TMAP is a combined IAT (Intake Air Temperature) and MAP (Manifold Absolute Pressure) sensor. A
temperature sensitive resistor is used in the TMAP located in the intake manifold of the engine. It is used to
monitor incoming air temperature, and the output in conjunction with other sensors is used to determine the
airflow to the engine. The ECM provides a voltage divider circuit so that when the air is cool, the signal reads

higher voltage, and lower when warm.

The IAT is a calculated value based mainly on the IAT sensor at high airflow, and influenced more by the ECT
(Engine Coolant Temperature) at low airflow. This fault will set if the signal voltage is less than 0.05 volts for 1
second anytime the engine is cranking or running. The ECM will use the default value for the IAT sensor in the

event of this fault.
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PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL

DIAGNOSTIC TROUBLE CODES 7-26

DTC 112- IAT VOLTAGE LOW SPN/FMI 105:4

Step Action Value(s) Yeg No
1 Did you perform the On-Board (OBD) System _ Go to Step Go to OBD
Check? (2) System
Check
Section
2 Gotostep [ Intermittent
e KeyOn (3) problem
e DST (Diagnostic Scan Tool) connected in Goto
Intermittent
System Data Mode :
section
Does DST display IAT voltage of 0.05 or less?
o Key Go to step Go to step
3 e Disconnect the TMAP sensor connector (4) (5)
coo7
e Key ON
Does the DST display IAT voltage of 4.9 volts
or greater?
4 e Replace TMAP sensor. Go to Step _
Is the replacement complete? 9)
o Key OFF Repair the Go to step
5 | e Disconnect ECM wire harness connector L circuit as (6)
C001 necessary.
e Check for continuity between TMAP sensor Refer to
connector ground pin 1 and TMAP sensor Wiring
connector signal pin 2 'Repairs
Do you have continuity between them? IIEnI Engme
ectrical
6 e  Check for continuity between TMAP Go to step
sensor connector signal circuit pin 2 . Repair the (7)
and engine ground. circuit as
Do you have continuity? necessary.
Refer to
Wiring
Repairs
in Engine
Electrical.
7 e Replace ECM. Refer to ECM Go to step _

replacement in the Engine Controls
Section.

Is the replacement complete?

(8)

BMPSI
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PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL

DIAGNOSTIC TROUBLE CODES 7-27

e Using the DST clear DTC information from
the ECM.

Turn the ignition OFF and wait 30 seconds.

Start the engine and operate the vehicle to
full operating temperature
Observe the MIL
Observe engine performance and
driveability
e After operating the engine within the test
parameters of DTC-112 check for any
stored codes.
Does the engine operate normally with no
stored codes?

gtgn Action Value(s) Yes No
e Remove all test equipment except the DST. System OK Go to OBD
e Connect any disconnected components, System
fuses, etc. Check
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PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL

DIAGNOSTIC TROUBLE CODES 7-28

DTC 113-IAT High Voltage SPN/FMI 105:3

BLKLT GRM 20 [ Sensor Ground
LM 1A T Signal
LV VELIGR ¥ ag AT
LT GRM/RED 19 5 % olts
LT GRHN = MAP Signal
ECM

Conditions for Setting the DTC

Intake Air Temperature
Check Condition-Engine Running

Circuit Description

Fault Condition-IAT Sensor Voltage greater than 4.95 for more than 1 second
MIL-On during active fault and for 2 seconds after active fault
Adaptive-Disabled during active fault

The TMAP is a combined IAT (Intake Air Temperature) and MAP (Manifold Absolute Pressure) sensor. A
temperature sensitive resistor is used in the TMAP located in the intake manifold of the engine. It is used to
monitor incoming air temperature, and the output in conjunction with other sensors is used to determine the
airflow to the engine. The ECM provides a voltage divider circuit so that when the air is cool, the signal reads

higher voltage, and lower when warm.

The IAT is a calculated value based mainly on the IAT sensor at high airflow, and influenced more by the ECT
(Engine Coolant Temperature) at low airflow. This fault will set if the signal voltage is greater than 4.95 volts for
more than 1 second anytime the engine is running. The ECM will use a default value for the IAT sensor in the

event of this fault.

BMPSI
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PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL

DIAGNOSTIC TROUBLE CODES 7-29

DTC 113- IAT VOLTAGE HIGH SPN/FMI 105:3

Step ] Action Value(s) Yes No
1 Did you perform the On-Board (OBD) System Check? - Go to Step (2) Go to OBD
System Check
Section
2 Go to step (3) [ Intermittent
e KeyOn problem
e DST (Diagnostic Scan Tool) connected in Goto _
System Data Mode Interlmlttent
Does DST display IAT voltage of 4.95 or greater? section
o Key Go to step (9) Go to step (4)
3 e Disconnect the TMAP sensor connector C007
and jump pins 1 and 2 together
e KeyOn
Does the DST display IAT voltage of 0.1 volts or less?
o Key OFF Go to Step (7) | Go to Step (6)
e Jumper TMAP sensor connector signal pin 2 to
4 engine ground
e Key ON
e Does DST display IAT voltage of 0.1 volts or
?
5 Rep%gcs:z TMAP sensor. Go to Step (11) _
Is the replacement complete?
o Key OFF ' Go to step (10) Repair the
6 |e Disconnectthe ECM wire harness connector - circuit as
C001. necessary.
e Check for continuity between TMAP sensor _Referto
connector signal pin 2 and ECM IAT signal pin 39 Wiring Repairs
- in Engine
Do you have continuity between them? Electrical
7 e Check for continuity between TMAP sensor Repair the
connector ground circuit pin 1 and ECM o Go to step (10) | circuit as
sensor ground circuit pin 20 necessary.

Do you have continuity between them? Refer to
Wiring Repairs
in Engine
Electrical

8 e Replace ECM. _ Go to step (11) _
Refer to ECM replacement in the Engine Controls
Section.

Is the replacement complete?

9 e Re-check wire harness and TMAP sensor Repair the Go to Step (5)
connector for damage corrosion or contamination circuit as

Any problems found? necessary.

Refer to
Wiring Repairs
in Engine
Electrical

BMPSI
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PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL DIAGNOSTIC TROUBLE CODES 7-30

[ Step Action Value(s) Yes No
e Re-check wire harness and TMAP sensor Repalir the Go to Step (8)
10 connectors for damage corrosion or circuit as
contamination necessary.
Any problems found? Refer to
Wiring Repairs
in Engine
Electrical
11 e Remove all test equipment except the DST. System OK Go to OBD
e Connect any disconnected components, fuses, System Check
etc.
e Using the DST clear DTC information from the
ECM.

e Turn the ignition OFF and wait 30 seconds.

e Start the engine and operate the vehicle to full
operating temperature

e Observe the MIL

e Observe engine performance and driveability

e After operating the engine within the test
parameters of DTC-113 check for any stored
codes.

Does the engine operate normally with no stored

codes?

POWER SOLUTIONS, INC. by IMPCO
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PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL DIAGNOSTIC TROUBLE CODES 7-31

DTC 116-ECT Higher Than Expected 1 SPN/FMI 110:15

Signal
M i TANAHT 40 /\/\/ij
g BLKILT GRMN - Sensar Ground
ECM

Conditions for Setting the DTC

Engine Coolant Temperature
Check Condition-Engine Running

e Fault Condition-Engine Coolant Temperature reading or estimate greater than 215 degrees F. for greater than 5
seconds

e MIL-On

e Power derate (level 1)

e Adaptive-Disabled during active fault

Circuit Description

The ECT (Engine Coolant Temperature) sensor is a temperature sensitive resistor located in the engine coolant. sensor
that is located in the coolant passage. The ECT is used for engine airflow calculation, fuel enrichment, ignition timing
control and to enable certain other temperature dependant operations. This code set is designed to help prevent engine
damage from overheating. The ECM provides a voltage divider circuit so when the sensor reading is cool the sensor
reads higher voltage, and lower when warm. This fault will set when the coolant exceeds 225 degrees F. for more than
5 seconds with the engine speed over 600 rpm. Power derate level one will be enforced during this fault limiting the maximum
throttle position to 50%.

by IMPCO POWER SOLUTIONS, INC.
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PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL DIAGNOSTIC TROUBLE CODES 7-32

DTC 116- ECT HIGHER THAN EXPECTED 1 SPN/FMI 110:15

Step Value(s) Igs No
1 Did you perform the On-goarg (OBD) System Check? - o to Step (2) Go to OBD

System Check

Section
2 e KeyOn Go to Step (3) | Intermittent
e DST (Diagnostic Scan Tool) connected in problem
System Data Mode Goto
e Warm Engine to normal operating temperature, Inte(mlttent
then run the engine above 1200 rpm for at least section
60 seconds
Does DST display ECT temperature of 225 degrees
F. or greater with the engine running over 1200 rpm?
3 o Verify with a temperature gauge that the Repair Cooling | Go to step (4)

engine coolant is over 225 degrees F. system.

Does the temperature gauge indicate 225 degrees F.

or greater?
4 Verify ECT circuit function. Follow diagnostic test - -

procedure for DTC117 ECT Low Voltage

ﬁ
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PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL

DIAGNOSTIC TROUBLE CODES 7-33

DTC 117-ECT Low Voltage SPN/FMI 110:4

Signal
- BLEILT GRM - Sensar Ground

ECM

Conditions for Setting the DTC

Engine Coolant Temperature

Check Condition-Engine Running

Fault Condition- ECT sensor voltage less than 0.05

MIL-On during active fault and for 2 seconds after active fault
Adaptive-Disabled during active fault

Circuit Description

The ECT (Engine Coolant Temperature) sensor is a temperature sensitive resistor located in the engine coolant passage.
It is used for the engine airflow calculation, gasoline cold enrichment and to enable other temperature dependant features.
The ECM provides a voltage divider circuit so that when the coolant is cool, the signal reads higher voltage, and lower
when warm. This fault will set if the signal voltage is less than 0.05 volts anytime the engine is running. The ECM will use

a default value for the ECT sensor in the event of this fault.

Temp Ohms

(°F)

242 101
231.9 121
211.6 175
201.4 209
181.9 302
163.1 434
144.9 625
127.4 901
102.4 1,556

78.9 2,689

49.9 5,576
23.5 11,562
-5.7 28,770
-21.7 49,715
-30.8 71,589
-40 99,301

Q SPECTRUM

by IMPCO

BMPSI

POWER SOLUTIONS, INC.




PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL

DIAGNOSTIC TROUBLE CODES 7-34

DTC 117- ECT VOLTAGE LOW SPN/FMI 110:4

e Connect any disconnected components, fuses,
etc.

e Using the DST clear DTC information from the
ECM.

e Turn the ignition OFF and wait 30 seconds.

Start the engine and operate the vehicle to full

operating temperature

Observe the MIL

Observe engine performance and driveability
After operating the engine within the test
parameters of DTC-117 check for any stored
codes.

Does the engine operate normally with no stored
codes?

_S_Heo Did you perform the On%ﬁmﬂ_%) Go tng'tsep )] Go tr(‘)l%)BD
System Check
Section
2 Go to step (3) [ Intermittent
e KeyOn problem
e DST (Diagnostic Scan Tool) connected in Go to _
e System Data Mode Intetr_mlttent
Does DST display ECT voltage of 0.05 or less? section
o Key Off Go to step (4) Go to step (5)
3 e Disconnect the ECT wire harness connector
e KeyON
Does the DST display ECT voltage of 4.9 volts or
greater?
4 Replace ECT sensor. Go to Step (8) _
Is the replacement complete?
o Key Repair the Go to step (6)
5 | e Disconnect ECM wire harness connector o circuit as
e Check for continuity between ECT sensor necessary.
connector signal pin A and ECT sensor ground _Referto
pin B erlng Rgpalrs
Do you have continuity between them? IIEnIeEcrt]rgiJ(I:r:Ia
6 e Check for continuity between ECT sensor Go to step (7)
connector signal circuit pin A and engine ground. _ Repair the
Do you have continuity? circuit as
necessary.
Refer to
Wiring Repairs
in Engine
Electrical.
7 Replace ECM. Refer to ECM replacement in the _ Go to step (8) _
Engine Controls Section.
Is the replacement complete?
8 e Remove all test equipment except the DST. System OK Go to OBD

System Check
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PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL

DIAGNOSTIC TROUBLE CODES 7-35

DTC 118-ECTHigh Voltage SPN/FMI 110:3

Signal

TARAHT

40

BLKILT GRM

/\/\/m-uL

Sensor Ground

20

ECM

Conditions for Setting the DTC
e Engine Coolant Temperature
Check Condition-Engine Running

MIL-On during active fault and for 2 seconds after active fault
Adaptive-Disabled during active fault

Circuit Description

Fault Condition-ECT sensor voltage exceeds 4.95 volts for greater than 1 second

The ECT (Engine Coolant Temperature) sensor is a temperature sensitive resistor located in the engine coolant passage.
It is used for the engine airflow calculation, gasoline cold enrichment and to enable other temperature dependant features.
The ECM provides a voltage divider circuit so that when the coolant is cool, the signal reads higher voltage, and lower when
warm. This fault will set if the signal voltage is greater than 4.95 volts for one second anytime the engine is running. The

ECM will use a default value for the ECT sensor in the event of this fault.

Temp Ohms

(°F)

2424 101
231.9 131
211.6 175
201.4 209
181.9 302
163.1 434
144.9 625
127.4 901
102.4 1,556

78.9 2,689

49.9 5,576

23.5 11,562

-5.7 28,770
-21.2 49,715
-30.8 71,589
-40.0 99,301

Q SPECTRUM
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PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL

DIAGNOSTIC TROUBLE CODES 7-36

DTC 118- ECT VOLTAGE HIGH SPN/FMI 110:3

_S_Heo Did you perform the On%ﬁmﬂ_%) Go tngfsep 2) Go tr(‘)l%)BD
System Check
Section
2 Go to step (3) Intermittent
e KeyOn problem
e DST (Diagnostic Scan Tool) connected in System Go to
Data Mode Intermittent
Does DST display ECT voltage of 4.95 or greater? section
o Key Off Gotostep (4) | Goto Step (8)
3 e Disconnect the ECT sensor connector C008 and
Jump terminals A and B together
e KeyOn
Does the DST display ECT voltage of 0.05 volts or
?
4 IoessUsmg a DVOM check the resistance between the See Go to step (6) Go to step (5)
two terminals of the ECT sensor and compare the resistance
resistance reading to the chart chart vs.
Is the resistance value correct? temperature
in the DTC
118 circuit
description
5 e Replace ECT sensor Go to step (14) -
Is the replacement complete?
6 e Inspect the ECT wire harness connector terminals Repair the Go to step (7)
A and B for damage, corrosion or contamination circuit as
Did you find a problem? necessary.
Refer to
Wiring Repairs
in Engine
Electrical i
7 o Key OFF Repair the Intermittent
e Disconnect ECM wire harness connector C001 circuit as problem
e Inspect ECM connector pins 20 and 40 for necessary. Go to
damage corrosion or contamination Refer to Intermittent
e Did you find a problem? Wiring Repairs | section
in Engine
Electrical
8 o Jumper the ECT signal pin A at the ECT Go to step (9) | Go to step (12)
connector to engine ground
Does DST display ECT voltage of 0.05 or less?
9 e Key OFF Go to step (10) Repair the
e Disconnect ECM wire harness connector circuit as
e Using a DVOM check for continuity between ECT necessary.
sensor ground pin B and ECM connector pin 20 ~Referto
- Wiring Repairs
Do you have continuity between them? . .
in Engine
Electrical
10 e Inspect ECM connector pins 20 and 40 for Repair the Go to Step (11)
damage, corrosion or contamination circuit as
necessary.
Did you find a problem? Refer to
Wiring Repairs
in Engine
Electrical

BMPSI
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PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL

DIAGNOSTIC TROUBLE CODES 7-37

etc.

e Using the DST clear DTC information from the
ECM.

e Turn the ignition OFF and wait 30 seconds.

e Start the engine and operate the vehicle to full
operating temperature

¢ Observe the MIL
Observe engine performance and driveability
After operating the engine within the test
parameters of DTC-118 check for any stored
codes.

Does the engine operate normally with no stored

codes?

7%&0 e Replace ECM Actlon Valle(s) Go togfésp (14) N_o
Is the replacement complete? i
12 e Key OFF Go to step (13) | Repair the
e Disconnect ECM wire harness connector circuit as
e Using A DVOM check for continuity between necessary.
ECT connector signal pin A and ECM connector Refer to
terminal 40 Wiring Repairs
Do you have continuity between them? in Engine
Electrical
13 e Inspect ECM connector pins 20 and 40 for Repair the Go to Step (11)
damage, corrosion or contamination circuit as
Did you find a problem? necessary.
Refer to
Wiring Repairs
in Engine
i Electrical
e Remove all test equipment except the DST. System OK Go to OBD
14 e Connect any disconnected components, fuses, System Check

BMPSI
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DTC 121-TPS 1 Lower Than TPS 2 SPN/FMI 51:1

Elezdronic Throttle ECEA
PMEAUHT
a =2 Dan 4
Moo
1 ToHAORH 0 o ey -
[ <.
TP= - 6 PPLLT BLU = TPES 1 Sigeal
BLELTG RN
J o m SepFrorGoand
TFEl v 5 LT LD BLY . TPS 2 Sial
LTG EN/RELD S Wole
'F_'_,-F’r—ﬂ = 13
coS

Conditions for Setting the DTC

Throttle Position Sensor 1 & 2

Check Condition-Key On

Fault Condition-TPS 1 20% lower than TPS 2
MIL-On for remainder of key on cycle

Power Derate 1

Circuit description

There are two Throttle Position Sensors located within the throttle which use variable resistors to determine signal voltage
based on throttle plate position. TPS 1 will read low voltage when closed and TPS 2 will read high voltage when closed.
The TPS 1 and TPS 2 percentages are calculated from these voltages. Although the voltages are different, the calculated
values for the throttle position percentages should be very close to the same. The TPS values are used by the ECM to
determine if the throttle is opening as commanded.

This fault will set if TPS 1 is 20% (or more) lower than TPS 2. At this point the throttle is considered to be out of
specification, or there is a problem with the TPS signal circuit. Power derate 1 will be enforced limiting the throttle to 50%
maximum. Low rev limit and forced idle will also be enforced during this fault.
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DIAGNOSTIC TROUBLE CODES 7-39

DTC 121 TPS 1 Lower Than TPS 2 SPN/FMI 51:1

Step . Action Value(s) Yes No
1 Did you perform the On-Board (OBD) System Check? - Go to Step (2) Go to OBD
System Check
Section
2 o Key ON, Engine OFF Go to Step (3) | Intermittent
e DST (Diagnostic Scan Tool) connected in problem
System Data Mode Goto
Does the DST display more than a 20% difference Inter.mlttent
between TPS 1 and TPS 2 voltage? section

3 o Key OFF Go to Step (5) | Go to Step (4)

¢ Disconnect electronic throttle connector C025

e KeyON

e Change DST mode to DBW (drive by wire) test
mode

Is the voltage for TPS 1 less than 0.1 volts?

4 e Key OFF Repair the Go to Step (9)
e Disconnect ECM wiring harness connector C001 TPS 1 circuit
o KeyON shorted to
e Using a DVOM check for voltage between ECM voltage as

connector TPS 1 signal pin 5 and engine ground necessary.
Refer to
Do you have voltage? Wiring Repairs
in Engine
Electrical

5 e Jump TPS 1 signal pin 6 to the 5 volt reference Goto Step (6) | Go to Step (8)

pin 3 at connector C025
Does DST display TPS 1 voltage over 4.95 volts

6 e Inspect wire ferminals at throttle connector for Repair the Go to Step (7)

damage corrosion or contamination circuit as

Any problems found? necessary.
Refer to

Wiring Repairs
in Engine
Electrical
7 e Replace the electronic Throttle Go to Step (12) -
Is the replacement complete?

8 o Key OFF Go to Step (9) Repair the
e Disconnect ECM wire harness connector C001 open circuit
e Using a DVOM check for continuity between as necessary.

throttle connector TPS 1 signal pin 6 and ECM ~Referto
connector TPS 1 signal pin5 Wiring Repairs
Do you have continuity between them? E;ng;?

9 e Using a DVOM check for continuity between Go to Step (10) Repair the
throttle connector signal ground pin 2 and ECM open circuit
connector signal ground pin 20 as necessary.

Do you have continuity between them? Refer to
Wiring Repairs

in Engine

Electrical
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[ Step Action Value(s) Yes No
10 e Inspect ECM connector terminals for damage Repalir the Go to Step (11)
corrosion or contamination. circuit as
Any problems found? necessary.
Refer to
Wiring Repairs
in Engine
Electrical
11 e Replace ECM Go to Step (12) -
Is the replacement complete?
12 e Remove all test equipment except the DST. System OK Go to OBD
e Connect any disconnected components, fuses, System Check
etc.
e Using the DST clear DTC information from the
ECM.

e Turn the ignition OFF and wait 30 seconds.

e Start the engine and operate the vehicle to full
operating temperature

e Observe the MIL
Observe engine performance and driveability
After operating the engine within the test
parameters of DTC-121 check for any stored
codes.

Does the engine operate normally with no stored

codes?
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DTC 122-TPS 1 Signal Voltage Low_ SPN/EMI 51:4

Elactronic Throttl= ECH
PMEAUHT
g2 DA 4
A chor

TaNORN = OB -
T[T PP LALT BLU = TPS 1 Sigaal
T BLEALTG RN | Sa gy or G oed
| v LT BLumikc ALy [ TFS 2 SKual

LT RM/FRED S Wole

co2s

Conditions for Setting the DTC

Throttle Position Sensor 1

Check Condition-Cranking or Running

Fault Condition-TPS sensor voltage less than 0.20 for more than .50 seconds
MIL-On during active fault

Power Derate 1

Circuit Description

There are 2 Throttle Position Sensors located within the throttle which use variable resistors to determine signal
voltage based on throttle plate position. TPS1 will read lower voltage when closed and TPS2 will read higher
voltage when closed. The TPS1 and TPS2 percentages are calculated from these voltages. Although the voltages
are different, the calculated values for the throttle position percentages should be very close to the same. The TPS
values are used by the ECM to determine if the throttle is opening as commanded. The TPS is not serviceable and
in the event of a failure the electronic throttle assembly must be replaced.

This fault will set if the TPS 1 voltage is less than 0.20 volts for more than .50 seconds. The MIL command in ON
and power derate level 1 will be enforced limiting maximum throttle to 50%.
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DIAGNOSTIC TROUBLE CODES 7-42

DTC 122 TPS 1 Signal Voltage Low

SPN/FMI 51:4

Step Action Value(s) Yes No
1 Did you perform the On-Board (OBD) System Check? - Go to Step (2) Go to OBD
System Check
] Section

2 e Key ON, Engine OFF Go to Step (4) | Go to Step (3)

e DST (Diagnostic Scan Tool) connected in

DBW (Drive by Wire) throttle test mode
Does the DST display TPS 1 voltage of 0.20 volts or
less with the throttle closed?

3 o Slowly depress Foot Pedal while observing TPS 1 Go to Step (4) | Intermittent

voltage problem
Does TPS 1 voltage ever fall below 0.20 volts? Goto
Intermittent
section

4 o Key OFF Go to Step (7) Go to Step (5)
e Disconnect the electronic throttle connector C025
e Jump the 5 volt reference circuit pin 3 and TPS

1 signal circuit pin 6 together at the throttle
connector
e Key ON
Does DST display TPS 1voltage of 4.0 volts or
greater? ]

5 e Key OFF Goto Step (6) Repair the
e Disconnect ECM wire harness connector C001 circuit as
Using a DVOM check continuity between TPS 1 necessary.
connector C025 signal pin 6 and ECM connector TPS _Referto
1 signal pin 5 W|!”|ng R(_apalrs
Do have continuity between them? I Engine

Electrical

6 e Replace ECM Go to Step (9) -

Is the replacement complete?
7 e Inspect the throttle wire harness connector Repair the Go to Step (8)
terminals for damage, corrosion or contamination circuit as
Did you find a problem? necessary.
Refer to
Wiring Repairs
in Engine
Electrical

8 e Replace the electronic throttle Go to Step (9) -

[s the replacement complete?
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Step Action Value(s) Yes No
9 Remove all test equipment except the DST. System OK Go to OBD
Connect any disconnected components, fuses, System Check
etc.
e Using the DST clear DTC information from the
ECM.

e Turn the ignition OFF and wait 30 seconds.

e Start the engine and operate the vehicle to full
operating temperature

e Observe the MIL
Observe engine performance and driveability
After operating the engine within the test
parameters of DTC-122 check for any stored
codes.

Does the engine operate normally with no stored

codes?
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DTC 123-TPS 1 Signal Voltage High SPN/FMI 51:3

Elegdronic Throttle ECEA
3 FMEAUHT o DALY +
Aol
1 ToNAORMN = oA -
[
TP= - 5 PPLLT HLU = TPS 1 Sigeal
BLEALTG RN
J o m Se yEof G oied
e LT BLUM K BLU
TFEl L 5 - TFSESIEIEII
LT RM/FRED S Vol
e

Conditions for Setting the DTC

Throttle Position Sensor 1

Check Condition-Cranking or Running

Fault Condition-TPS sensor voltage exceeds 4.80 volts for more than .50 seconds
MIL-On during active fault

Power derate level 1

Circuit Description

There are 2 Throttle Position Sensors located within the throttle which use variable resistors to determine signal
voltage based on throttle plate position. TPS1 will read lower voltage when closed and TPS2 will read higher
voltage when closed. The TPS1 and TPS2 percentages are calculated from these voltages. Although the voltages
are different, the calculated values for the throttle position percentages should be very close to the same.

The TPS values are used by the ECM to determine if the throttle is opening as commanded. The TPS is not
serviceable and in the event of a failure the electronic throttle assembly must be replaced.

This fault will set if the TPS 1 voltage exceeds 4.80 volts for more than .50 seconds. The MIL command in ON and
power derate level 1 will be enforced limiting maximum throttle to 50%.
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DIAGNOSTIC TROUBLE CODES 7-45

DTC 123 TPS 1 Signal Voltage High SPN/FMI 51:3
i [ Value(s) |

Step Q?IIQE No
1 Did you perform the On-Boar ystem Check? - o to Step (2) Go to OBD
System Check
Section
2 e Key ON, Engine OFF Go to Step (4) | Go to Step (3)
DST (Diagnostic Scan Tool) connected
Does the DST display TPS 1 voltage of 4.8 volts or
greater with the throttle closed? i i
3 e Slowly depress Foot Pedal while observing TPS 1 Go to Step (4) | Intermittent
voltage problem
Does TPS 1 voltage ever exceed 4.8 volts? Go to
Intermittent
section
4 o Key OFF Goto Step (7) | Goto Step (5)
e Disconnect electronic throttle connector C025
e Key ON
Does DST display TPS 1 voltage less than 0.2 volts? i
5 e Key OFF Repair the Go to Step (6)
e Disconnect ECM wire harness connector C001 circuit as
o KeyON necessary.
; Refer to
e Using a DVOM check for voltage between TPS . .
. ; . Wiring Repairs
1 signal at the ECM connector pin 5 and engine in Engine
ground Electrical.
Do you have voltage?
6 e 'Replace ECM Go to Step (11) -
Is the replacement complete?
7 e Back probe sensor ground circuit at the ECM Go to Step (8) | Go to Step (10)
side of the wire harness pin 20 with a test light
connected to battery voltage
Does the test light come on? i i
8 e Inspect the electronic throttle connector terminals Repair the Go to Step (9)
for damage, corrosion or contamination circuit as
Did you find a problem? necessary.
Refer to
Wiring Repairs
in Engine
Electrical
9 o Replace the electronic throttle Go to Step (11) -
Is the replacement complete? i
10 e Key OFF Go to Step (6) | Repair the
e Disconnect ECM connector C001 circuit as
e Using a DVOM check for continuity between the necessary.
electronic throttle connector C025 sensor ground Referto
pin 2 and ECM connector TPS 1 sensor ground Wiring Repairs
pin 20 in Engine
Do have continuity between them? Electrical.
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[ Step Action Value(s) Yes No
11 e Remove all test equipment except the DST. System OK Go to OBD
e Connect any disconnected components, fuses, System Check
etc.
e Using the DST clear DTC information from the
ECM.

e Turn the ignition OFF and wait 30 seconds.

e Start the engine and operate the vehicle to full
operating temperature

e Observe the MIL

e Observe engine performance and driveability

e After operating the engine within the test
parameters of DTC-123 check for any stored
codes.

Does the engine operate normally with no stored

codes?
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DIAGNOSTIC TROUBLE CODES 7-47

DTC 127-IAT Higher Than Expected 2 SPN/FMI 105:0

BLELTGRN 20 | Sensor Ground
LM AT Signal
v YELIGR Y a5 AL ET
LT GRN/RED 15 5 olts
LT GRN - MAP Signal
ECM

Conditions for Setting the DTC

e |ntake Air Temperature
e Check Condition-Engine Running

e Fault Condition-Intake Air Temperature greater than 210 degrees F. for more than
120 seconds with engine speed greater than 1000 RPM

e MIL-On for active fault and for 15 seconds after active fault

e Engine Shut Down

Circuit Description

The TMAP is a combined IAT (Intake Air Temperature) and MAP (Manifold Absolute Pressure) sensor. A
temperature sensitive resistor is used in the TMAP located in the intake manifold of the engine. It is used to
monitor incoming air temperature, and the output in conjunction with other sensors is used to determine the
airflow to the engine. The ECM provides a voltage divider circuit so that when the air is cool, the signal reads

higher voltage, and lower when warm.

This fault will set if the Intake Air Temperature is greater than 210 degrees F. for more than 120 seconds with
engine RPM greater than 1000. The MIL light command is on during this active fault and the engine will shut

down.
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DIAGNOSTIC TROUBLE CODES 7-48

DTC 127-IAT Higher Than Expected 2 SPN/FMI 105:0

Diagnostic Aid

This fault will set when inlet air is much hotter than normal. The most common cause of high inlet air temperature is
a problem with the inlet air system. Ensure that the air inlet is not obstructed, modified or damaged.

e Inspect the air inlet system for cracks or breaks that may allow unwanted under hood air in to the air inlet

system

e Use the chart below to check resistance accross pins 1 and 2 at TMAP sensor and compare resistance to air

temperature.

e If none of the above can be found, follow the diagnostic steps for

DTC 112-IAT Low Voltage.

Temp Ohms
(°F)
248 110
239 125
221 162
203 214
185 284
167 383
149 522
131 721
104 1,200
77 2,063
50 3,791
23 7,419
-4 15,614
-22 26,854
-31 35,763
-40

BMPSI
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DIAGNOSTIC TROUBLE CODES 7-49

DTC 129-BP Low Pressure SPN/FMI 1081

1 e il 20 | Zensor Ground
W IAT Signal
L " VELIGR Y a0 S
q LT GRM/RED - £\ olte
4 L1 SRl = AP Signal
ECM

Conditions for Setting the DTC

Circuit

Barometric pressure check
Check condition-engine off and key on
Fault Condition-BP less than 8.3 PSIA

MIL-On for active fault and for 2 seconds after active fault

Adaptive-disabled for the remainder of key cycle

Description

The BP (Barometric Pressure) is estimated from the TMAP sensor. The barometric pressure value is used for fuel
and airflow calculations. This fault sets in the event the BP value is out of the normal operating range.

9

SPECTRUM

by IMPCO

BMPSI

POWER SOLUTIONS, INC.




PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL

DIAGNOSTIC TROUBLE CODES 7-50

DTC 129- BP Low Pressure SPN/FMI 108:1

e Connect any disconnected components, fuses,
etc.

e Using the DST clear DTC information from the
ECM.
Turn the ignition OFF and wait 30 seconds.
Start the engine and operate the vehicle to full
operating temperature

o Observe the MIL

e Observe engine performance and driveability

o After operating the engine within the test
parameters of DTC-129 check for any stored
codes.

Does the engine operate normally with no stored

codes?

_s't‘FD Action Value(s) Y No
Did you perform the On-Board (OBD) System Check? - Go to Step (2) Go to OBD
System Check
Section
2 Go to step (3) Intermittent
e KeyOn problem
e DST (Diagnostic Scan Tool) connected in Goto
Intermittent
o System Data Mode .
section
Does DST display MAP pressure of 8.3 PSIA or less?
3 o Replace TMAP sensor. Go to Step (4) -
Is the repair complete?
4 e Remove all test equipment except the DST. System Ok Go to OBD

System Check

BMPSI
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DTC 134-EGO T Open/Lazy SPN/FMI724:10

EGO 1

DIAGNOSTIC TROUBLE CODES 7-51

BEL/AT GRMN

Signal Ground

San=or

Ok GRRORM

EGO 1 Signal

BLEANWHT

EGO 1 Heater Ground

i H eater

PHEJDOE GRM

To System Poner Relay

ECM

Conditions for Setting the DTC

e Heated Oxygen Sensor

Check condition- Engine running
Fault condition- EGO 1 cold persistently more than 120 seconds
MIL- On during active fault and for 1 second after active fault
Adaptive- Disabled during active fault
Closed Loop- Disabled during active fault

Circuit Description

The EGO 1 sensor is used to determine if the fuel flow to the engine is correct by measuring the oxygen content
in the exhaust gas. The ECM uses this information to correct the fuel flow with the Closed Loop multiplier and the

Adaptive multiplier.

This fault will set if EGO 1 is cold, non-responsive, or inactive for more than 120 seconds.
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DIAGNOSTIC TROUBLE CODES 7-52

DTC 134-EGO 1 Open/Inactive SPN/FMI 724:10

Step Action Value(s) Yes No
1 Did you perform the On-Board (OBD) System Check? - Go to step (2) Go to OBD
System Check
Section
2 Go to Step (3) | Intermittent
e Key ON, Engine Running problem. See
o DST (Diagnostic Scan Tool) connected in Electrical
Section
System Data Mode .
_ ) Intermittent
e Run engine to full operating temperature and Electrical
then idle for a minimum of 2 minutes Diagnosis
Does DST display EGO 1 voltage fixed between 0.4
and 0.5 volts after at least 2 minutes of idle run time?
3 o Key OFF Go to step (8) | Go To Step (4)
e Disconnect EGO 1 connector C006
e Key ON
e Using a DVOM check for voltage between
EGO 1 connector pins B and D
(Check must be made within 30 seconds or before
power relay shuts down)
Do you have voltage?
o Key OFF System Go to step (5) | Repair system
4 e Using a DVOM check for voltage between Voltage power relay
EGO 1 connector pin B and engine ground open circuit
e KeyON
(Check must be made within 30 seconds or before
power relay shuts down)
Do you have voltage?
5 e Disconnect ECM connector C001 Go to step (6) Repair open
e Using a DVOM check for continuity between heater ground
EGO 1 connector pin D and ECM connector circuit
pin 72
Do you have continuity? i
6 e Inspect wire harness connector C006 pins A Correct the Go to step (7)
and D and C001 pins 1 and 72 for damage, problem as
corrosion or contamination required see
Did You find a problem? Electrical
Section wire
harness repair
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DIAGNOSTIC TROUBLE CODES 7-53

e Connect any disconnected components, fuses,
etc.

e Using the DST clear DTC information from the
ECM.

e Turn the ignition OFF and wait 30 seconds.

e Start the engine and operate the vehicle to full
operating temperature

e Observe the MIL
Observe engine performance and driveability
After operating the engine within the test
parameters of DTC-134 check for any stored
codes.

Does the engine operate normally with no stored

codes?

Step Action Value(s) Yes No
7 e Replace ECM Go to step (11) -
Is the replacement complete?
8 o Key OFF Go to step (9) Repair open
e Disconnect ECM wire harness connector EGO 1 circuit
C001
e Using a DVOM check for continuity between
EGO 1 pin A and ECM connector pin 1
Do you have continuity?
9 e Using a DVOM check for continuity between Go to step (10) | Repair open
EGO 1 pin C and ECM connector pin 20 EGO 1 signal
ground
Do you have continuity?
10 e Replace EGO 1 sensor Go to step (11) -
Is the replacement complete?
11 o Remove all test equipment except the DST. System Ok Go to OBD

System Check
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DTC 154-EGO 2 Open/Inactive SPN/FMI 520208:10

EGO 2
) - A BELAT GRR =0 Signal Ground
Sernsor
o DK GRMAWHT = EGO z Signal
o BLEMTEL =3 EGO 2 Heater Ground

Heater
c PHESDE GRRN

To System Pamer Rel ay

ECM

Conditions for Setting the DTC

e Heated Oxygen Sensor

Check condition- Engine running

Fault condition- EGO 2 cold persistently more than 120 seconds
MIL- On during active fault and for 2 second after active fault
Adaptive- Disabled during active fault

Closed Loop- Disabled during active fault

Circuit Description

The EGO 2 sensor is used to monitor the efficiency of the catalytic converter. The ECM compares the EGO 1 and
EGO 2 voltage signals to determine this. This fault will set if EGO 2 is cold, non-responsive, or inactive for more
than 120 seconds.
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DIAGNOSTIC TROUBLE CODES 7-55

DTC 154-EGO 2 Open/Inactive SPN/FMI 520208:10

Step Action Value(s) Yes No
1 Did you perform the On-Board (OBD) System Check? - Go to step (2) Go to OBD
System Check
Section
2 Go to Step (3) | Intermittent
e Key ON, Engine Running problem. See
o DST (Diagnostic Scan Tool) connected in Electrical
Section
System Data Mode .
) ) Intermittent
e Run engine to full operating temperature and Electrical
then idle for a minimum of 2 minutes Diagnosis
Does DST display EGO 2 voltage fixed between 0.4
and 0.5 volts after at least 2 minutes of idle run time?
3 o Key OFF Go to step (8) | Go To Step (4)
e Disconnect EGO 2 connector C005
o Key ON
e Using a DVOM check for voltage between
EGO 2 connector pins C and D
(Check must be made within 30 seconds or before
power relay shuts down)
Do you have voltage?
o Key OFF System Go to step (6) | Repair system
4 e Using a DVOM check for voltage between Voltage power relay
EGO 2 connector pin C and engine ground open circuit
e KeyON
(Check must be made within 30 seconds or before
power relay shuts down)
Do you have voltage?
5 e Disconnect ECM connector CO01 Go to step (6) Repair open
e Using a DVOM check for continuity between heater ground
EGO 2 connector pin D and ECM connector circuit
pin 73
Do you have continuity? i
6 e Inspect wire harness connector C005 pins C Correct the Go to step (7)
and D and C001 pins 2 and 73 for damage, problem as
corrosion or contamination required see
Did You find a problem? Electrical
Section wire
harness repair
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DIAGNOSTIC TROUBLE CODES 7-56

e Connect any disconnected components, fuses,
etc.

e Using the DST clear DTC information from the
ECM.

e Turn the ignition OFF and wait 30 seconds.

e Start the engine and operate the vehicle to full
operating temperature

Observe the MIL
Observe engine performance and driveability
e After operating the engine within the test
parameters of DTC-154 check for any stored
codes.
Does the engine operate normally with no stored
codes?

[ Step Action Value(s) Yes No
7 e Replace ECM Go to step (11) -
Is the replacement complete?
8 o Key OFF Go to step (9) Repair open
e Disconnect ECM wire harness connector EGO 2 circuit
C001
e Using a DVOM check for continuity between
EGO 2 connector pin B and ECM connector
pin 2
Do you have continuity?
9 e Using a DVOM check for continuity between Go to step (10) | Repair open
EGO 2 pin A and ECM connector pin 20 EGO 2 signal
ground
Do you have continuity?
10 e Replace EGO 2 sensor Go to step (11) -
Is the replacement complete?
11 o Remove all test equipment except the DST. System Ok Go to OBD

System Check
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DTC 171-Adaptive Learn High Gasoline SPN/FMI 520200:0

EGO 1
Signal Ground
= o BHLIT GRERM 20 =]
Sensor
o Dk GRMAORM 1 EGO 1 Signal
g BLKEAHT 72 E GO 1 Heater Ground

Heater
FHEDH GRIM
A

Tao Sy sterm Fower Relay

ECM

Conditions for Setting the DTC

e Heated Oxygen Sensor
e Functional Fault-Adaptive multiplier out of range (greater than 30%)
e MIL-On during active adaptive limit condition

Circuit Description

The EGO 1 sensor is used to determine if the fuel flow to the engine is correct by measuring the oxygen content in the
exhaust gas. The ECM uses this information to correct the fuel flow with the Closed Loop multiplier and the Adaptive
multiplier. This fault sets if the Adaptive multiplier exceeds the limits of normal operation.

Diagnostic Aid

Check for other DTC codes that may be set. Correct those starting with the lowest code set number before proceeding
with the diagnostic chart.

Oxygen Sensor Wire Heated Oxygen sensor wires may be mis-routed and contacting the exhaust manifold.

Vacuum Leaks Large vacuum leaks and crankcase leaks can cause a lean exhaust condition at especially at light load.
Injectors System will be lean if an injector driver or driver circuit fails open. The system will also be lean if an injector fails
in a closed manner or is dirty.

Fuel Pressure Low fuel pressure, faulty fuel injector or damaged fuel pump assembly can cause the fuel system to run
lean

Exhaust Leaks If there is an exhaust leak, outside air can be pulled into the exhaust and past the 02 sensor causing a
false lean condition.

Fuel Quality Contaminated or spoiled fuel can cause the fuel system to be lean.

Ground Problem Check ECM grounds.
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PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL

DIAGNOSTIC TROUBLE CODES 7-58

DTC 171 Adaptive Learn High Gasoline SPN/FMI 520200:0

_S_Hen Action Value(s) Yg_s No
e Perform the On-Board (OBD) System Check? Go to Step (3) | Go to Step (2)
Are any other DTCs present?
2 Visually and physically check the following items: Go to Step (8) | Go to Step (4)
e The air intake duct for being collapsed or restricted
e The air filter for being plugged
e The EGO 1 sensor installed securely and the
wire leads not contacting the exhaust manifold or
ignition wires
e ECM grounds must be clean and tight. Refer to
Engine Electrical Power and Ground Distribution
e Fuel System Diagnostics. Refer to Fuel System
Diagnostics
Was a repair made?
3 e Diagnose any other DTC codes before Go to Step (8) | Go to step (4)
proceeding with this chart. Always repair
existing codes starting with the lowest
numerical code set first.
Have any other DTC codes been detected, diagnosed
and repajred? i
4 e  Disconnect EGO1 connector C006 System Go to Step (5) | Repair the
e Using a DVOM check for voltage between voltage circuit as
EGO 1 connector pins Aand B necessary.
o KeyON Rgfer to
Wiring Repairs
in Engine
(CHECK MUST BE MADE WITHIN 30 SECONDS Electrical.
OR BEFORE POWER RELAY SHUTS DOWN)
Do you have voltage?
5 o Key OFF Repair the Go to Step (6)
o Disconnect EGO 1 sensor wire harness shorted circuit
connector C006 as necessary.
. . Refer to
e Disconnect ECM wire harness connector C001 Wiri .
iring Repairs
¢ KeyON in Engine
e Using a high impedance DVOM check for Electrical.
continuity between EGO 1 connector signal pin C
and engine ground
Do you have continuity?
6 e "Using a high impedance DVOM check for Repair the Go to Step (7)
continuity between EGO 1 connector signal ground shorted circuit
pin D and EGO 1 signal pin C as necessary.
e Do you have continuity? Refer to
Wiring Repairs
in Engine
Electrical
7 o Replace EGO 1 sensor Go to Step (8) -
Is the replacement complete?

BMPSI
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PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL DIAGNOSTIC TROUBLE CODES 7-59

Step Action Value(s) Yes No
8 o Remove all test equipment except the DST. System OK Go to OBD
Connect any disconnected components, fuses, etc. System Check
Using the DST clear DTC information from the
ECM.

Turn the ignition OFF and wait 30 seconds.
Start the engine and operate the vehicle to full
operating temperature
Observe the MIL
Observe engine performance and driveability
e After operating the engine within the test
parameters of DTC-171 check for any stored
codes.
Does the engine operate normally with no stored
codes?
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PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL DIAGNOSTIC TROUBLE CODES 7-60

DTC 172-Adaptive Learn Low Gasoline SPN/FMI 520200:1

EGO 1
Signal Ground
- = o BELAT GRERM 20 =]
Sensar
c Dk GR R AOR B 1 EZ2 1 Signal
g BLEAMYHT 72 E GO 1 Heater Ground

Heater
PR DR GR R
A

To Sy stem Power Relay

ECM

Conditions for Setting the DTC

e Heated Oxygen Sensor
e Functional Fault-Adaptive multiplier out of range (at limit of -30%)
e MIL-On during active adaptive limit condition

Circuit Description

The EGO 1 sensor is used to determine if the fuel flow to the engine is correct by measuring the oxygen content in the
exhaust gas. The ECM uses this information to correct the fuel flow with the Closed Loop multiplier and the Adaptive
multiplier. This fault sets if the Adaptive multiplier exceeds the limits of normal operation.

Diagnostic Aid

Check for other DTC codes that may be set. Correct those starting with the lowest code set number before proceeding with the
diagnostic chart

Fuel System The system will be rich if an injector fails in an open manner. High fuel pressure due to a faulty fuel regulator or obstructed
fuel return line will cause the system to run rich.

lgnition noise open or poor ground circuit to or in the ignition system or ECM may cause EMI (Electromagnetic interference). This
noise could be interpreted by the ECM as ignition pulses, and the sensed RPM becomes higher than the actual speed. The ECM then
delivers too much fuel, causing the system to go rich.

TMAP Sensor A higher manifold pressure than normal can cause the system to go rich. Temporarily disconnecting the MAP Sensor will
allow the ECM to set a default value for MAP.

IAT Sensor Check for a shifted sensor that could cause the ECM to sense lower than actual temperature of incoming air. This can
cause a rich exhaust condition.

ECT Sensor Check for a skewed sensor that could cause the ECM to sense engine temperature cooler than it actually is. This could
also cause a rich exhaust condition.

PPSI (5 SPECTRUM

POWER SOLUTIONS, INC. by IMPCO



PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL

DIAGNOSTIC TROUBLE CODES 7-61

DTC 172 Ada ptlve Learn Low Gasollne SPN/FMI 520200 1

St1en e Perform the On-Board OBD) System Check? Go to gtep (3) | Goto Step (2)
Are any other DTCs present?
2 Visually and physically check the following items: Go to Step (6) | Go to Step (4)
e The air intake duct for being collapsed or restricted
e The air filter for being plugged
e The EGO 1 sensor installed securely and the
wire leads not contacting the exhaust manifold or
ignition wires
e ECM grounds for being clean and tight. Refer to
Engine Electrical Power and Ground Distribution
e Fuel System Diagnostics. Refer to Fuel System
Diagnostics
Was g repair made? i
3 e Diagnose any other DTC codes before proceeding Go to Step (6) | Go to step (4)
with this chart.
Have any other DTC codes been detected, diagnosed
and repaired? i
4 o Key OFF Repair the Go to Step (5)
e Disconnect EGO 1 sensor wire harness connector circuit as
e Disconnect ECM wire harness connector C001 necessary.
« KeyON Referto
X Wiring Repairs
e Using a DVOM check for voltage at EGO 1 in Engine
connector C006 signal pin C and engine ground Electrical.
Do you have voltage?
5 e 'Replace EGO™ sensor Go to Step (6) -
Is the replacement complete?
6 e Remove all test equipment except the DST. System OK Go to OBD
e Connect any disconnected components, fuses, etc. System Check
e Using the DST clear DTC information from the
ECM.
e Turn the ignition OFF and wait 30 seconds.
e Start the engine and operate the vehicle to full
operating temperature
e Observe the MIL
e Observe engine performance and driveability
o After operating the engine within the test
parameters of DTC-172 check for any stored
codes.
Does the engine operate normally with no stored
codes?
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PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL DIAGNOSTIC TROUBLE CODES 7-62

DTC 182-Gasoline Fuel Temperature Sensor Low Voltage
SPN/FMI 174:4

1 | a [BLWLTGRN | 30 |[Sensor Ground
W Temg Signal
LT GREAVHT
“— 2 n B 48 = A TET
3 || o [LTGRWRED [, g BRI
WIHT /LT GR Fressure Signal
4 HD 54 -
ECM

Conditions for Setting the DTC

e Gasoline fuel temperature sensor voltage
e Fuel temperature sensor voltage greater than 0.05v for 1s
e MIL-On for active fault and for 2 seconds after active fault

Circuit Description

Note: The fuel pressure and temperature sensor is wired via Equipment Manufacturer supplied harness jumper.
The terminals A, B, C, D & 19, 20, 48, 54 are engine wiring harness terminals at the fuel sensor interface
connector C002 and the ECM header connector CO01. You may need to consult additional wiring information
supplied by the OEM. The gasoline fuel temperature sensor voltage is read at less than 0.05v. This indicates a
low voltage fault from the sensor or circuit.

POWER SOLUTIONS, INC. by IMPCO
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PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL DIAGNOSTIC TROUBLE CODES 7-63

DTC 182- Gasoline Fuel Temperature Sensor Low Voltage
SPN/FMI 174:4

Step Action Value(s) Yes No
1 Did you perform the On-Board (OBD) System - Go to Step (2) Go to OBD
Check? System Check
Section
2 Go to Step (3) | Intermittent
o Key On, Engine running. problem
e DST (Diagnostic Scan Tool) connected in Go to _
System Data Mode Intermittent
e Check voltage for AUX _PU3 raw on the Raw section
Volts Page
Is voltage 0.050 volts or lower?
o Key OFF Go to Step (4) | Go to step (8)

3 e Disconnect the gasoline fuel pressure sensor
jumper harness connector C002 from the
engine wiring harness

e KeyOn

e Using a DVOM, check for voltage between
connector C002 terminal B and engine
ground.

Is voltage 4.95 volts or higher?

4 e Using a DVOM check for voltage between fuel Go to Step (5) | Go to Step (7)
pressure sensor connector C002 terminals A &
B.

Is voltage of 4.95 volts or higher

5 e Jumper fuel pressure sensor connector C002 GotoStep (6) | GotoStep7
terminals A & B together.

Is voltage for AUX_PU3 raw .050 volts or less?

6 e Inspect fuel pressure and temperature Repair the Go to step
sensor connector and pins for corrosion, circuit as (11)
contamination or mechanical damage. Check necessary.
for opens or shorts in OEM supplied jumper Refer to
harness to sensor Wiring

Any problems found? Repairs
in Engine
Elecirical
7 o Key OFF Go to Step (8) Repair the
o Disconnect ECM connector C001 circuit as
e Check for continuity between gasoline necessary.
pressure sensor connector terminal A and Refer to
ECM pin 20. Wiring
Do you have continuity between them? _Repallrs
in Engine
Electrical

BMPSI
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PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL

DIAGNOSTIC TROUBLE CODES 7-64

Step Action Value(s) Yes No
8 e Check for continuity between fuel pressure Go to step (9) Repair the
sensor connector terminal B and ECM pin 48 circuit as
necessary.
Do you have continuity between them? Refer to
Wiring
Repairs
in Engine
Electrical
9 e Inspect ECM and gasoline pressure Repair the Go to Step
sensor connector (C002) terminals for circuit as (10)
corrosion, contamination or mechanical necessary.
damage Refer to
Any problems found? Wiring
Repairs
in Engine
Electrical
10 e Replace ECM. Refer to ECM replacement Go to step -
in the Engine Controls Section. (12)
Is the replacement complete?
11 o Replace fuel pressure and temperature Go to step -
sensor (12)
Is the replacement complete?
12 [ e Remove all test equipment except the DST. System OK Go to OBD

e Connect any disconnected components,
fuses, etc.

e Using the DST clear DTC information from the
ECM.

e Turn the ignition OFF and wait 30 seconds.

e Start the engine and operate the vehicle to full
operating temperature

e Observe the MIL

e Observe engine performance and driveability

e After operating the engine within the test
parameters of DTC-91 check for any stored
codes.

Does the engine operate normally with no stored

codes?

System Check

BMPSI
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PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL DIAGNOSTIC TROUBLE CODES 7-65

DTC 183-Gasoline Fuel Temperature Sensor High Voitage
SPN/FMI 174:3

1 L n [|BLRATGRN |20 lISensor Ground
W Termp Signal
LT GRNAVHT
«— Z B 8 TNAAET
3 || ¢ |LTGRNRED [ g BRI
WIHT LT GR Fressure Signal
4 HD 54 -
ECM

Conditions for Setting the DTC

e Gasoline fuel temperature sensor voltage
e Fuel temperature sensor voltage greater than 4.95v for 1s
e MIL-On for active fault and for 2 seconds after active fault

Circuit Description

Note: The fuel pressure and temperature sensor is wired via Equipment Manufacturer supplied harness jumper.
The terminals A, B, C, D & 19, 20, 48, 54 are engine wiring harness terminals at the fuel sensor interface
connector C002 and the ECM header connector CO01. You may need to consult additional wiring information
supplied by the OEM. The fuel temperature sensor voltage is read at greater than 4.95v. This indicates a high
voltage fault from the sensor or circuit.
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PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL DIAGNOSTIC TROUBLE CODES 7-66

DTC 183- Gasoline Fuel Temperature Sensor High Voltage
SPN/FMI 174:3

Step Action Value(s) Yes No
1 Did you perform the On-Board (OBD) System - Go to Step (2) Go to OBD
Check? System Check
Section
2 Go to Step (3) | Intermittent
e Key On, Engine running. problem
e DST (Diagnostic Scan Tool) connected in Goto _
System Data Mode Intermittent
e Check voltage for AUX_PU3 raw on the Raw section
Volts Page
Is voltage 4.95 volts or higher?
o Key OFF Go to Step (4) | Go to step (8)

3 e Disconnect the gasoline fuel pressure sensor
jumper harness connector C002 from the
engine wiring harness

e KeyOn

e Using a DVOM, check for voltage between
connector C002 terminal B and engine
ground.

Is voltage 4.95 volts or higher?

4 e Using a DVOM check for voltage between fuel Go to Step (5) | Go to Step (7)
pressure sensor connector C002 terminals A &
B.

Is voltage of 4.95 volts or higher

5 e Jumper fuel pressure sensor connector C002 Go to Step (6) | Go to Step (7)
terminals A & B together.

Is voltage for AUX_PU3 raw .050 volts or less?

6 e Inspect fuel pressure and temperature Repair the Go to step
sensor connector and pins for corrosion, circuit as (11)
contamination or mechanical damage. Check necessary.
for opens or shorts in OEM supplied jumper Refer to
harness to sensor Wiring

Any problems found? Repairs
in Engine
Electrical

BMPSI
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PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL

DIAGNOSTIC TROUBLE CODES 7-67

e Connect any disconnected components,
fuses, etc.

e Using the DST clear DTC information from the
ECM.
Turn the ignition OFF and wait 30 seconds.
Start the engine and operate the vehicle to full
operating temperature

e Observe the MIL

e Observe engine performance and driveability

o After operating the engine within the test
parameters of DTC-91 check for any stored
codes.

Does the engine operate normally with no stored

codes?

Step Action Value(s) Yes No
7 o Key OFF Go to Step (8) Repair the
e Disconnect ECM connector C001 circuit as
e Check for continuity between gasoline necessary.
pressure sensor connector terminal A and Refer to
ECM pin 20. Wiring
Do you have continuity between them? _Repal_rs
in Engine
Electrical
8 e Check for continuity between fuel pressure Go to step (9) Repair the
sensor connector terminal B and ECM pin 48 circuit as
necessary.
Do you have continuity between them? Refer to
Wiring
Repairs
in Engine
Electrical
9 e Inspect ECM and gasoline pressure Repair the Go to Step
sensor connector (C002) terminals for circuit as (10)
corrosion, contamination or mechanical necessary.
damage Refer to
Any problems found? Wiring
Repairs
in Engine
Electrical
10 e Replace ECM. Refer to ECM replacement Go to step -
in the Engine Controls Section. (12)
Is the replacement complete?
11 e Replace fuel pressure and temperature Go to step -
sensor (12)
Is the replacement complete?
12 | e« Remove all test equipment except the DST. System OK Go to OBD

System Check
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PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL DIAGNOSTIC TROUBLE CODES 7-68

DTC 187-LPG Fuel Temperature Sensor Voltage Low
SPN/FEMI 520240:4

Signal
A WHTIRED | 44 /\/\/m
T
o BLKILT GRN_ | Sensor Ground
ECM

Temperature Sensor Resistance

Temperature Tolerance * 10%
Degrees F. Ohms
oy . -40 99318
Conditions for Setting the DTC 20 48300
0 24705
e Fuel Temperature ig 1733251;
e Check Condition-Engine Running
o 60 4259
e Fault Condition-FT sensor voltage less than 0.050 volts
. . : 70 3284
e MIL-On during active fault and for 2 seconds after active fault
: . . ) ) 80 2554
e Adaptive-Disabled during active fault and for the remainder of 100 1582
the key cycle 120 1008
140 660.6
160 444 1
170 367.3
180 305.5
190 255.4
200 214.6
220 153.7

Circuit Description

The FT (Fuel Temperature) sensor is a temperature sensitive resistor located near the fuel outlet of the electronic pressure
regulator. It is used to help determine fuel charge density for accurate fuel mixture control. The ECM provides a voltage
divider circuit so that when the sensor is cool the signal reads a higher voltage, and lower when warm. This fault will set if
the signal voltage is less than 0.050 volts anytime the engine is running.

POWER SOLUTIONS, INC. by IMPCO
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PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL

DIAGNOSTIC TROUBLE CODES 7-69

DTC 187- LPG Fuel Temperature Sensor Voltage Low
SPN/FMI 520240:4

_S'HQD Did you perform the On-Board (OBD) System Check? _ ) Go toY§'tsep (2) Go t?)loOBD
System Check
Section
2 Go to step (3) [ Intermittent
e KeyOn problem
e DST (Diagnostic Scan Tool) connected in Goto _
e System Data Mode Intetr.mlttent
Does DST display FT voltage of 0.050 or less? section
o Key Off Go to step (4) Go to step (5)
3 e Disconnect the FT wire harness connector C003
e Key ON
Does the DST display FT voltage of 4.9 volts or
greater?
4 Replace FT sensor. Go to Step (8) _
[s the replacement complete?
o Key OFF Repair the Go to step (6)
5 | e Disconnect ECM wire harness connector CO01 o shorted circuit
o  Check for continuity between FT sensor as Repairs
connector signal pin A and FT sensor ground pin in Engine
B Electrical.
Do you have continuity between them?
6 e Check for continuify between FT sensor Go to step (7)
connector signal circuit pin A and engine ground. _ Repair the
Do you have continuity? circuit as
necessary.
Refer to
Wiring Repairs
in Engine
Electrical.
7 Replace ECM. Refer to ECM replacement in the _ Go to step (8) _
Engine Controls Section.
Is the replacement complete?
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PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL DIAGNOSTIC TROUBLE CODES 7-70

[ Step Action Value(s) YeS No
e Remove all test equipment except the DST. System OK Go to OBD
e Connect any disconnected components, fuses, System Check
etc.
e Using the DST clear DTC information from the
ECM.

e Turn the ignition OFF and wait 30 seconds.
Start the engine and operate the vehicle to full
operating temperature

Observe the MIL

Observe engine performance and driveability
After operating the engine within the test
parameters of DTC-187 check for any stored
codes.

Does the engine operate normally with no stored
codes?

POWER SOLUTIONS, INC. by IMPCO
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PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL DIAGNOSTIC TROUBLE CODES 7-71

DTC 188-LPG Fuel Temperature Sensor Voltage High
SPN/FMI 520240:3

Signal
A WHTIRED | 44 /\/\/m
T
o BLKILT GRN_ | Sensor Ground
ECM

Temperature Sensor Resistance

Temperature Tolerance * 10%
Degrees F. Ohms
-40 99318
-20 48300
Conditions for Setting the DTC 0 24705
20 13214
40 7357
e Fuel Temperature 60 4259
e Check Condition-Engine Running 70 3284
e Fault Condition-FT sensor voltage exceeds 4.950 80 2554
e MIL-On during active fault and for 2 seconds after active fault 100 1582
e Adaptive-Disabled during active fault and for the remainder of 120 1008
the key cycle 140 660.6
160 444 1
170 367.3
180 305.5
190 255.4
200 214.6
220 153.7

Circuit Description

The FT (Fuel Temperature) sensor is a temperature sensitive resistor located near the fuel outlet of the electronic pressure
regulator. It is used to help determine fuel charge density for accurate fuel mixture control. The ECM provides a voltage
divider circuit so that when the sensor is cool the signal reads a higher voltage, and lower when warm. This fault will set if
the signal voltage is greater than 4.950 volts anytime the engine is running.
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PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL

DIAGNOSTIC TROUBLE CODES 7-72

DTC 188- FT Voltage High
SPN/FMI 520240:3

_S_Heo Did you perform the On%ﬁmﬂ_%) Go tng'tsep )] Go tr(‘)l%)BD
System Check
Section
2 Go to step (3) Intermittent
e KeyOn problem
e DST (Diagnostic Scan Tool) connected in System Goto
Data Mode Intermittent
Does DST display FT voltage of 4.95 or greater? section
o Key Off Gotostep (4) | Goto Step (8)
3 e Disconnect the FT sensor connector C003 and
jump connector terminals A and B together
e KeyOn
Does the DST display FT voltage of 0.05 volts or
?
4 IoessUsmg a DVOM check the resistance between the See Go to Step (6) Go to step (5)
two terminals of the FT sensor and compare the temperature
resistance reading to the chart VS.
Is the resistance value correct? resistance
chart in
the DTC
188 circuit
description
5 e Replace FT sensor Go to Step (14) -
Is the replacement complete? i i
6 e Inspect the FT sensor connector terminals for Repair the Go to Step (7)
damage, corrosion or contamination circuit as
Did you find a problem? necessary.
Refer to
Wiring Repairs
in Engine
Electrical
7 Key OFF Repair the Intermittent
Disconnect ECM wire harness connector circuit as problem
e Inspect ECM connector pins 20 and 41 for necessary. Goto
damage corrosion or contamination Refer to Intermittent
e Did you find a problem? Wiring Repairs section
in Engine
Electrical
8 e Jump the FT signal pin A at the FT connector Go to Step (9) | Go to Step (12)
C003 to engine ground
Does DST display FT voltage of 0.05 or less?
9 o Key OFF Go to Step (10) Repair the
e Disconnect ECM wire harness connector C001 circuit as
e Using a DVOM check for continuity between FT necessary.
sensor ground pin B and ECM connector pin 20 ~Referto
o Wiring Repairs
Do you have continuity between them? . .
in Engine
Electrical

BMPSI
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PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL

DIAGNOSTIC TROUBLE CODES 7-73

Step Action Value(s) Yes No
10 e Inspect ECM connector pins 20 and 41 for Repair the Go to Step (11)
damage, corrosion or contamination circuit as
necessary.
Did you find a problem? Refer to
Wiring Repairs
in Engine
Electrical
11 e Replace ECM Go to Step (14) -
Is the replacement complete? i
12 o Key Go to Step (13) | Repair the
e Disconnect ECM wire harness connector C001 circuit as
e Using a DVOM check for continuity between necessary.
FT connector signal pin A and ECM connector Refer to
terminal 41 Wiring Repairs
Do you have continuity between them? in Engine
Electrical
13 e Inspect ECM connector pins 20 and 41 for Repair the Go to Step (11)
damage, corrosion or contamination circuit as
Did you find a problem? necessary.
Refer to
Wiring Repairs
in Engine
i Electrical
e Remove all test equipment except the DST. System OK Go to OBD
14 e Connect any disconnected components, fuses, System Check
etc.
e Using the DST clear DTC information from the
ECM.
e Turn the ignition OFF and wait 30 seconds.
e Start the engine and operate the vehicle to full
operating temperature
[ ]
e Observe the MIL
e Observe engine performance and driveability
e After operating the engine within the test
parameters of DTC-188 check for any stored
codes.
Does the engine operate normally with no stored
codes?
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PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL

DIAGNOSTIC TROUBLE CODES 7-74

DTC 217-ECT Higher Than Expected 2 SPN/FMI 110:0

TARAHT

40

Signal

BLKILT GRM

/\/\/_muL

sensor Ground

20

ECM

Conditions for Setting the DTC

Engine Coolant Temperature
Check Condition-Engine Running

e Fault Condition-Engine Coolant temperature reading or estimate greater than 225 deg. F for more than 15

seconds with the engine speed greater than 600 rpm
e MIL-On
e Engine Shut Down

Circuit Description

The ECT (Engine Coolant Temperature) sensor is a temperature sensitive resistor located in the engine coolant
passage. The ECT is used for engine airflow calculation, fuel enrichment, ignition timing control and to enable
certain other temperature dependant operations. This code set is designed to help prevent engine damage from
overheating. The ECM provides a voltage divider circuit so when the sensor reading is cool the sensor reads
higher voltage, and lower when warm. This fault will set when the coolant exceeds 225 degrees F. for more than
15 seconds with the engine speed over 600 rpm. The engine will then shut down.

BMPSI
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PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL DIAGNOSTIC TROUBLE CODES 7-75

DTC 217 ECT Higher than expected 2 SPN/FMI 110:0
St1en Did you perform the On%%ﬁjmw?_mm!&%p ) Go trg%BD

System Check

Section
2 e KeyOn Go to Step (3) | Intermittent

e DST (Diagnostic Scan Tool) connected in problem

System Data Mode Go to _

e Operate the engine to attempt to recreate the Inter_mlttent
failure running the engine above 1000 rpm for at section
least 60 seconds

e Does DST display ECT temperature of 250
degrees F. or greater with the engine running
over 1000 rom, and then shut down?

3 o Verify with a temperature gauge that the engine Repair Cooling | Go to step (4)

coolant is over 250 degrees F. system.

Does the temperature gauge indicate 250 degrees F.

or greater?
4 Verity ECT circuit function. Follow diagnostic test - -

procedure for DTC-117 ECT Low Voltage

by IMPCO POWER SOLUTIONS, INC.
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PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL DIAGNOSTIC TROUBLE CODES 7-76
DTC 219-Max Govern Speed Override SPN/FMI 515:15

Elezdronic Throttle ECEA
PMEAUHT
a =2 Dan 4
Moo
1 ToHAORH 0 o ey -
[ <.
TP= - 6 PPLLT HLU = TPES 1 Sigeal
BLELTG RN
J o m SepFrorGoand
TFEl v 5 LT BLD HL LY . TPS 2 Sial
LTG EN/RELD S Wole
'F_'_,-F’r—ﬂ = 13
coS

Conditions for Setting the DTC

Max Govern Speed Override

Check Condition- Engine Running

Fault Condition- Engine RPM greater than 3300 for 2 seconds continuously
MIL- On during active fault

Circuit description

This fault will set anytime the engine RPM exceeds 3300 for 2 seconds or more  continuously. The MIL command
is ON during this active fault.

Diagnostic Aid

Always check for other stored DTC codes before using the following DTC chart for this code set. Repair any existing
codes starting with the lowest numerical code first.

POWER SOLUTIONS, INC. by IMPCO
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PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL

DIAGNOSTIC TROUBLE CODES 7-77

DTC 219- Max Govern Speed Override SPN/FMI 515:15

e Connect any disconnected components, fuses, etc.

e Using the DST clear DTC information from the
ECM.

e Turn the ignition OFF and wait 30 seconds.

e Start the engine and operate the vehicle to full
operating temperature

e Observe the MIL

e Observe engine performance and driveability

o After operating the engine within the test
parameters of DTC-219 check for any stored
codes.

Does the engine operate normally with no stored

codes?

ngo ] Action Value(s) Yg_s No
Did you perform the On-Board (OBD) System Check? - Go to Step (2) Go to OBD
System Check
Section
2 o Key ON, Engine OFF Go to Step (3) | Go to Step (4)
e DST connected
Are any other DTC codes present with DTC 2197
3 e Diagnose and repair any other DTC codes stored Go to step (4) -
before proceeding with this chart.
Have any other DTC codes been diagnosed and
repajred?
4 e Check the service part number on the ECM to Go to Step (6) | Go to Step 5
ensure the correct calibration is in use
Is the Service Part Number Correct?
5 e Replace ECM with correct service part number Go to Step (9) -
Is the replacement complete?
6 e Check the mechanical operation of the throttle Go to Step (8) | Go to Step (7)
Is the mechanical operation of the throttle OK?
7 e Correct mechanical operation of the throtile. Refer Go to step (9) -
to Engine & Component section
Has the mechanical operation of the throttle been
corrected?
8 e Check engine for large manifold vacuum leaks. Go to Step (9) | Go to OBD
Refer to Symptom Diagnostic section System Check
Did vou find and correct the vacuum leak? Section
9 o Remove all test equipment except the DST. System OK Go to OBD

System Check

BMPSI
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PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL

DIAGNOSTIC TROUBLE CODES 7-78

DTC 221-TPS 1 Higher Than TPS 2 SPN/FMI 51:0

Eledronic Throttl=e ECH
PMEAUHT
a2 DA 4+
T
ToaNDORMN o O -
L1.2] B PP LSLT BLU E TPS 1 :Sigaal
T BLEALTGRH m Sapfor G oned
J LT BLUM K BLU
-rrezl . = e TP 2 Siaaal
LTG EN/RED S Wohs
’}__,-f“’rf = 1

cozs

Conditions for Setting the DTC

Throttle Position Sensor 1 & 2

Check Condition-Key On

Fault Condition-TPS 1 20% higher than TPS2
MIL-On for remainder of key on cycle

Engine Shutdown

Circuit Description

There are two Throttle Position Sensors located within the throttle which use variable resistors to determine

signal voltage based on throttle plate position. TPS 1 will read lower voltage when closed and TPS 2 will read
higher voltage when closed. The TPS 1 and TPS 2 percentages are calculated from these voltages. Although the
voltages are different, the calculated values for the throttle position percentages should be very close to the same.
The TPS values are used by the ECM to determine if the throttle is opening as commanded. The TPS is not
serviceable and in the event of a failure the electronic throttle assembly must be replaced. This fault will set if TPS
1is 20% (or more) higher than TPS 2. At this point the throttle is considered to be out of specification, or there is
a problem with the TPS signal circuit. The MIL command is ON and Power derate 1 will be enforced limiting the
throttle to 50% maximum

BMPSI
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PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL

DIAGNOSTIC TROUBLE CODES 7-79

DTC 221 TPS 1 Higher Than TPS 2 SPN/FMI 51:0

Step Action Value(s) Yes No
1 Did you perform the On-Board (OBD) System Check? - Go to Step (2) Go to OBD
System Check
Section
2 e Key ON, Engine OFF Go to Step (3) | Intermittent
e DST (Diagnostic Scan Tool) connected in problem
System Data Mode Goto
Does the DST display more than a 20% difference Intermlttent
between TPS 1 and TPS 22 section

3 o Key OFF Go to Step (5) | Go to Step (4)

e Disconnect electronic throttle connector C025

e Key ON

e Change DST mode to DBW (drive by wire) test
mode

Is the voltage for TPS 1 less than 0.1 volts?

4 o Key OFF Repair the Go to Step (9)
e Disconnect ECM wiring harness connector C001 TPS 1 circuit
o KeyON shorted to
¢ Using a DVOM check for voltage between ECM voltage as

connector TPS 1 signal pin 5 and engine ground necessary.
Refer to
Do you have voltage? Wiring Repairs
in Engine
Electrical

5 e Jump TPS 1 signal pin 6 to the 5 volt reference Go to Step (6) | Go to Step (8)

pin 3 at connector C025
Does DST display TPS 1 voltage qver 4,95 volts
6 e Inspect wire ferminals at throttle connector for Repair the Go to Step (7)
damage corrosion or contamination circuit as
Any problems found? necessary.
Refer to
Wiring Repairs
in Engine
i Electrical
7 e Replace the electronic Throttle Go to Step (12) -
Is the replacement complete? i

8 o Key OFF Go to Step (9) Repair the
e Disconnect ECM wire harness connector C001 open circuit
o Using a DVOM check for continuity between as necessary.

throttle connector TPS 1 signal pin 6 and ECM _Referto
connector TPS 1 signal pin5 Wiring Repairs
Do you have continuity between them? IIEnIeEchcl;r:

9 e Using a DVOM check for continuity between Go to Step (10) Repair the
throttle connector signal ground pin 2 and ECM open circuit
connector signal ground pin 20 as necessary.

Do you have continuity between them? Refer to
Wiring Repairs

in Engine

Electrical

BMPSI
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PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL DIAGNOSTIC TROUBLE CODES 7-80

[ Step Action Value(s) Yes No
10 e Inspect ECM connector terminals for damage Repalir the Go to Step (11)
corrosion or contamination. circuit as
Any problems found? necessary.
Refer to
Wiring Repairs
in Engine
Electrical
11 e Replace ECM Go to Step (12) -
Is the replacement complete?
12 e Remove all test equipment except the DST. System OK Go to OBD
e Connect any disconnected components, fuses, System Check
etc.
e Using the DST clear DTC information from the
ECM.

e Turn the ignition OFF and wait 30 seconds.

e Start the engine and operate the vehicle to full
operating temperature

e Observe the MIL
Observe engine performance and driveability
After operating the engine within the test
parameters of DTC-221 check for any stored
codes.

Does the engine operate normally with no stored

codes?

POWER SOLUTIONS, INC. by IMPCO
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PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL DIAGNOSTIC TROUBLE CODES 7-81

DTC 222-TPS 2 Signal Voltage Low SPN/FMI 520251:4

Eledronic Throttle ECEA
a PMEAUUHT oo OHIN +
M cior
1 ToHAORH 0 o ey -
[
TP= - 5 PPLLT HLU = TPS 1 Sigeal

o BLEATGREN o Eor G oed

LT ALDE BLU TPS 2 Sigeal
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Conditions for Setting the DTC

Throttle Position Sensor 2

Check Condition-Cranking or Running

Fault Condition-TPS 2 sensor voltage less than 0.200 volts for more than .500 seconds
MIL-ON during active fault

Engine Shutdown

Circuit Description

There are 2 Throttle Position Sensors located within the throttle which use variable resistors to determine signal
voltage based on throttle plate position. TPS1 will read lower voltage when closed and TPS2 will read higher
voltage when closed. The TPS1 and TPS2 percentages are calculated from these voltages. Although the voltages
are different, the calculated values for the throttle position percentages should be very close to the same.

The TPS values are used by the ECM to determine if the throttle is opening as commanded. The TPS is not
serviceable and in the event of a failure the electronic throttle assembly must be replaced.

This fault will set if the TPS 2 voltage is less than 0.200 volts for more than .500 seconds. The MIL command is
ON and the engine will shutdown.

by IMPCO POWER SOLUTIONS, INC.
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PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL

DIAGNOSTIC TROUBLE CODES 7-82

DTC 222 TPS 2 Signal Voltage Low SPN/FMI 520251:4
_S_Heo Did you perform the On%ﬁmﬂ_% Goto g'sep )] Go tg OBD
System Check
] Section
2 e Key ON, Engine OFF Go to Step (4) | Go to Step (3)
e DST (Diagnostic Scan Tool) connected in
DBW (Drive by Wire) throttle test mode
Does the DST display TPS 2 voltage of 0.2 volts or
less with the throttle closed
3 e Slowly depress Foot Pedal while observing TPS 2 Go to Step (4) | Intermittent
voltage problem
Does TPS 2 voltage ever fall below 0.2 volts? Goto
Intermittent
section
4 o Key OFF Go to Step (7) Go to Step (5)
e Disconnect electronic throttle connector C025
e Jumper the 5 volt reference circuit pin 3 and
TPS 2 signal circuit pin 5 together at the throttle
connector
e Key ON
Does DST display TPS 2 voltage of 4.0 volts or
greater? ]
5 e Key OFF Goto Step (6) Repair the
e Disconnect ECM wire harness connector C001 circuit as
Using a DVOM check continuity between TPS 2 necessary.
connector signal pin 5 and ECM connector TPS 2 : Refer to .
i ] Wiring Repairs
Signal pin 6 in Engine
Do have continuity between them? Electrical
6 e Replace ECM Go to Step (9) -
Is the replacement complete?
7 e Inspect the electronic throttle wire harness Repair the Go to Step (8)
connector terminals for damage, corrosion or circuit as
contamination necessary.
Did you find a problem? Refer to
Wiring Repairs
in Engine
Electrical
8 e Replace the electronic throttle Go to Step (9) -
Is the replacement complete?
9 Remove all test equipment except the DST. System OK Go to OBD
e Connect any disconnected components, fuses, System Check
etc.
e Using the DST clear DTC information from the
ECM.
Turn the ignition OFF and wait 30 seconds.
Start the engine and operate the vehicle to full
operating temperature
Observe the MIL
Observe engine performance and driveability
o After operating the engine within the test
parameters of DTC-222 check for any stored
codes.
Does the engine operate normally with no stored
codes?
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PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL

DIAGNOSTIC TROUBLE CODES 7-83

DTC 223-TPS 2 Signal Voltage High SPN/FMI 520251:3

Elaectronic Throttl= ECHA
PMEANUHT
ga DA 4+
T
TaNORN = OB -
[ PP LLT HLU
1-"2_1 . 5 TFS‘ISEIE'
T BLEATEEMN o SaprorGoned
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LT RM/FRED S Vol
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Conditions for Setting the DTC

Throttle Position Sensor 2

Check Condition-Cranking or Running

Fault Condition-TPS 2 sensor exceeds 4.80 volts for more than .50 seconds
MIL-On during active fault

Engine Shutdown

Circuit Description

There are 2 Throttle Position Sensors located within the throttle which use variable resistors to determine signal
voltage based on throttle plate position. TPS1 will read lower voltage when closed and TPS2 will read higher
voltage when closed. The TPS1 and TPS2 percentages are calculated from these voltages. Although the voltages
are different, the calculated values for the throttle position percentages should be very close to the same.

The TPS values are used by the ECM to determine if the throttle is opening as commanded. The TPS is not
serviceable and in the event of a failure the electronic throttle assembly must be replaced.

This fault will set if the TPS 2 voltage is greater than 4.80 volts for more than .50 seconds. The MIL command is
ON and the engine will shutdown.
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PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL

DIAGNOSTIC TROUBLE CODES 7-84

DTC 223 TPS 2 Signal Voltage High SPN/FMI 520251:3

Stfb Value(s) Y No
Did you perform the On-goarg (OBD) System Check? - Go to g'tsep (2) Go to OBD
System Check
] Section
2 e Key ON, Engine OFF Go to Step (4) | Go to Step (3)
e DST (Diagnostic Scan Tool) connected in
DBW (Drive by Wire) throttle test mode
Does the DST display TPS 2 voltage of 4.8 volts or
greater with the throttle closed?
3 e Slowly depress Foot Pedal while observing TPS 2 Go to Step (4) | Intermittent
voltage problem
Does TPS 2 voltage ever exceed 4.8 volts? Go to
Intermittent
section
4 o Key OFF Go to Step (7) Go to Step (5)
e Disconnect electronic throttle connector C025
e Key ON
Does DST display TPS 2 voltage less than 0.2 volts?
5 o Key OFF Repair the Go to Step (6)
e Disconnect ECM wire harness connector C001 circuit as
e KeyON necessary.
; Refer to
e Using a DVOM check for voltage between Wirina Rebairs
electronic throttle connector TPS 2 signal pin 5 in gngir?e
and engine ground Electrical
Do you have voltage?
6 e "Replace ECM Go to Step (11) -
Is the replacement complete?
7 e Probe sensor ground circuit at the ECM side of Go to Step (8) | Go to Step (10)
the wire harness pin 20 with a test light connected
to battery voltage
Does the test light come on? i ]
8 e Inspect the electronic throttle wire harness Repair the Go to Step (9)
connector and terminals for damage, corrosion or circuit as
contamination necessary.
Did you find a problem? Refer to
Wiring Repairs
in Engine
Electrical
9 e Replace electronic throttle Go to Step (11) -
Is the replacement complete?
10 o Key OFF Go to Step (6) | Repair the
e Disconnect ECM connector CO01 circuit as
e Using a DVOM check for continuity between necessary.
throttle connector C025 sensor ground pin 2 and Referto
ECM connector sensor ground pin 20 ngng_Repalrs
Do have continuity between them? N Engine
Electrical

BMPSI
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PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL

DIAGNOSTIC TROUBLE CODES 7-85

Value(s)

Step
11

ction

Remove all test equipment except the DST.
Connect any disconnected components, fuses,
etc.

e Using the DST clear DTC information from the
ECM.

e Turn the ignition OFF and wait 30 seconds.

e Start the engine and operate the vehicle to full
operating temperature

e Observe the MIL
Observe engine performance and driveability
After operating the engine within the test
parameters of DTC-223 check for any stored
codes.

Does the engine operate normally with no stored

codes?

Yes No
System OK Go to OBD
System Check

9
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PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL

DIAGNOSTIC TROUBLE CODES 7-86

DTC 336-Crank Sync Noise SPN/FMI 636:2

ECM
coiv
1 |-PPLMWHT | 5, Crank +
Crankshaft ' sg.lj:or 2 WHTIPPL | 55 Crank -
3 ——

Conditions for setting the DTC

Crankshaft Position sensor

Check Condition- Engine cranking or running

Fault Condition- one or more invalid crank re-sync within 800 ms
MIL Command-ON

Circuit Description

The CKP (crankshaft position sensor) is a magnetic transducer mounted on the engine block adjacent to a pulse wheel
located on the crankshaft. It determines crankshaft position by monitoring the pulse wheel. The Crankshaft Position sensor
is used to measure engine RPM and its signal is used to synchronize the ignition and fuel systems. This fault will set one or

more crank re-sync occur within 800 ms.
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PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL

DIAGNOSTIC TROUBLE CODES 7-87

DTC 336- Crank Sync Noise SPN/FMI 636:2

[ Value(s) |
St1en Did you perform the On%%mmﬁ_ - WY&%p ) Go trg%BD
System Check
Section
2 e Check to be sure that the ECM ground Go to Step (3) | Repair the
terminals C014 and C023 are clean and tight. circuit as
Are terminals C014 and C023 clean and tight? necessary.
Refer to
Wiring Repairs
in Engine
Electrical
3 o Key OFF Over .5 volts | Goto Step (4) | Go to Step (11)
e Disconnect the CKP sensor connector C017
e Using a DVOM check for voltage output
directly from the CKP sensor while cranking
the engine
o Do vou have voltage output? ]
4 o Key OFF Go to Step (5) Repair the
e Disconnect ECM connector C001 circuit as
o Using a DVOM check for continuity between CKP necessary.
connector pin A and ECM connector pin 21 ~Referto
- Wiring Repairs
e Do you have continuity between them? . :
in Engine
Electrical
5 e Using a DVOM check for continuity between CKP Go to Step (6) Repair the
connector pin B and ECM connector pin 22 circuit as
Do you have continuity between them? necessary.
Refer to
Wiring Repairs
in Engine
Elecfrical
6 e Inspect the CKP connector C017 pins for damage, Repair the Go to Step (7)
corrosion or contamination circuit as
Did you find a problem? necessary.
Refer to
Wiring Repairs
in Engine
Electrical
7 e Inspect the ECM connector C001 pins 21 and 22 Repair the Go to step (8)
for damage, corrosion or contamination circuit as
Did you find a problem? necessary.
Refer to
Wiring Repairs
in Engine
Electrical
8 e Using a DVOM check for continuity between ECM Repair the Go to Step (10)
connector pins 21 and 22 to engine ground shorted circuit
Do you have continuity? as necessary.
Refer to
Wiring Repairs
in Engine
Electrical
9 e Replace CKP sensor Go to Step (12) -
[s the replacement complete?
10 e Replace EC Go to Step (12) -
e |s the replacement complete?
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PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL DIAGNOSTIC TROUBLE CODES 7-88
_S’?n Action Value(s)

Yes No
Repalir the Go to Step (9)
e Key OFF component
e Inspect the pulse wheel and CKP sensor for as necessary.

. . Refer to
mechanical damage, corrosion or . .
L Engine Repairs
contamination. ; .
. ) in Engine
Did you find a problem? Section
12 e Remove all test equipment except the DST. System OK Go to OBD
e Connect any disconnected components, fuses, System Check
etc.
e Using the DST clear DTC information from the
ECM.

e Turn the ignition OFF and wait 30 seconds.

e Start the engine and operate the vehicle to full
operating temperature

e Observe the MIL

e Observe engine performance and driveability

o After operating the engine within the test
parameters of DTC-336 check for any stored
codes.

Does the engine operate normally with no stored

codes?

POWER SOLUTIONS, INC. by IMPCO
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PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL

DIAGNOSTIC TROUBLE CODES 7-89

DTC 337-Crank Loss SPN/FMI 636:4

ECM
co1y
1 | _eRuwHT [ 5, Crank +
Crankshaft ' Sglljspnr 2 WHTIPPL | 55 Crank -
3 —"

Conditions for setting the DTC

Crankshaft Position sensor

Check Condition- Engine cranking or running

Fault Condition- Three or more cam pulses without crank activity
MIL Command-ON

Circuit Description

The CKP (crankshaft position sensor) is a magnetic transducer mounted on the engine block adjacent to a pulse wheel
located on the crankshaft. It determines crankshaft position by monitoring the pulse wheel. The Crankshaft Position sensor
is used to measure engine RPM and its signal is used to synchronize the ignition and fuel systems. This fault will set if three

or more cam pulse signals are present without any crankshaft signal.
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PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL

DIAGNOSTIC TROUBLE CODES 7-90

DTC 337- Crank Loss SPN/FMI 636:4

_S_Heo Did you perform the On%ﬁmﬂ_%) Go tng'tsep )] Go tr(‘)l%)BD
System Check
Section
2 e Check to be sure that the ECM ground Go to Step (3) | Repair the
terminals C014 and C023 are clean and tight. circuit as
Are terminals C014 and C023 clean and tight? necessary.
Refer to
Wiring Repairs
in Engine
Electrical
3 o Key OFF Over .5 volts | Goto Step (4) | Go to Step (11)
e Disconnect the CKP sensor connector C017
e Using a DVOM check for voltage output
directly from the CKP sensor while cranking
the engine
o Do vou have voltage output? i
4 o Key OFF Go to Step (5) Repalir the
e Disconnect ECM connector C001 circuit as
e Using a DVOM check for continuity between CKP necessary.
connector pin A and ECM connector pin 21 ~Referto
- Wiring Repairs
¢ Do you have continuity between them? . .
in Engine
Electrical
5 e Using a DVOM check for continuity between CKP Go to Step (6) Repair the
connector pin B and ECM connector pin 22 circuit as
Do you have continuity between them? necessary.
Refer to
Wiring Repairs
in Engine
i i Electrical
6 e Inspect the CKP connector CO17 pins for damage, Repair the Go to Step (7)
corrosion or contamination circuit as
Did you find a problem? necessary.
Refer to
Wiring Repairs
in Engine
Electrical
7 e Inspect the ECM connector C001 pins 21 and 22 Repair the Go to step (8)
for damage, corrosion or contamination circuit as
Did you find a problem? necessary.
Refer to
Wiring Repairs
in Engine
Electrical
8 e Using a DVOM check for continuity between ECM Repair the Go to Step (10)
connector pins 21 and 22 to engine ground shorted circuit
Do you have continuity? as necessary.
Refer to
Wiring Repairs
in Engine
Electrical
9 o Replace CKP sensor Go to Step (12) -
Is the replacement complete?
10 e Replace ECM Go to Step (12) -
o |s the replacement complete?
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PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL DIAGNOSTIC TROUBLE CODES 7-91

S%?D o Key OFF Actlon . ) RepYaelrsthe Go to"éct)ep (9)
e Inspect the pulse wheel and CKP sensor component
for mechanical damage, corrosion or as necessary.
contamination. Referto
Did you find a problem? Engine Repairs
in Engine
Section
12 e Remove all test equipment except the DST. System OK Go to OBD
e Connect any disconnected components, fuses, System Check
etc.
e Using the DST clear DTC information from the
ECM.

e Turn the ignition OFF and wait 30 seconds.

e Start the engine and operate the vehicle to full
operating temperature

e Observe the MIL

e Observe engine performance and driveability

o After operating the engine within the test
parameters of DTC-337 check for any stored
codes.

Does the engine operate normally with no stored

codes?
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PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL DIAGNOSTIC TROUBLE CODES 7-92

DTC 420 Gasoline Catalyst Monitor SPN/FMI 520211:10

I— EGO 1 Signal
A [
Sensoar Signal Ground
[ 20
EGO 1
EGO 1 Heater Ground
o 7=
i He ater
B
12 ECM
Signal Ground
e =0
Sensnr EGO 2 signal
5 = igna
EZOD 2
EGO 2 Heater Ground
c Fic]
i He ater
[}
125

Conditions for Setting the DTC

Catalyst Function

Check condition- Engine running

Fault condition- EGO 1 signal = EGO 2 signal for 100 updates
MIL- On during active fault and for 1 second after active fault
Adaptive- Disabled during active fault

Circuit Description

The ECM uses EGO 1 and EGO 2 sensor signals to diagnose problems with the catalyst muffler. When the
signals for EGO 1 & EGO 2 are similar it may indicate a problem with the catalyst.

Diagnostic Aids

Always diagnose any other troubles, stored along with DTC 420 first. Check for and eliminate any exhaust leaks
prior to replacing catalyst muffler. Look for exhaust leaks at the catalyst muffler inlet and tail pipes. Clear this
trouble code after repairing exhaust leaks, and recheck for code.

PPSI (5 SPECTRUM
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PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL

DIAGNOSTIC TROUBLE CODES 7-93

DTC 524-0il Pressure Low SPN/EMI 100:1

LT BLU 573

ECM
+ Svalts

Jil Pressure

;

To Qil Pressure
Switch

Violtage

Conditions for Setting the DTC
Engine Oil Pressure low
Fault Condition- closed circuit/voltage low less than 2.5 volts

MIL-On during active fault and for 3 seconds after active fault
Engine Shut Down

Circuit Description

Check Condition-Engine running for 30 seconds with RPM greater than 600

The Oil Pressure Switch is used to communicate a low oil pressure condition to the ECM. Engine damage can occur if the
engine is operated with low oil pressure. The ECM uses an analog voltage input with an internal 5 volt reference. If the oil
pressure circuit is grounded, the input voltage will be near zero. If it is open, the input will be near 5 volts. The switch is
normally closed. This fault will set if the switch remains closed with the engine running. The MIL command is ON and the
engine will shut down in the event of this fault to help prevent possible engine damage.
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PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL

DIAGNOSTIC TROUBLE CODES 7-94

DTC 524- Oil Pressure Low SPN/FMI 100:1

_s't‘FD Action Value(s) Y No
Did you perform the On-Board (OBD) System Check? - Go to Step (2) Go to OBD
System Check
Section
2 e Verify that the engine has oil pressure using a Go to Step (3) | Repair faulty
mechanical oil pressure gauge before proceeding Oiling System
with this chart. See Engine Specifications Section
1F.
Does the engine have oil pressure above 2 psi?
e Key On, Engine Running DST connected in Go to Step (4) | Intermittent
3 System Data Mode problem
e Clear DTC 524 Go to
e Warm the engine by idling until the ECT Intermittent
temperature is above 160 degrees F. and has section
been running for at least one minute
e Increase engine speed above 600 RPM
Does DTC 524 reset and cause the engine to shut
down?
o Key OFF Go to Step (6) | Go to Step (5)
e Disconnect oil pressure switch harness connector
4 C005
e Clear DTC 524
e Start engine, let idle for at least one minute with
ECT over 160 degrees F.
¢ Increase engine speed above 600 RPM
Does DTC 524 reset?
5 e Replace oil pressure switch Go to Step (9) -
Is the replacement complete?
o Key OFF Repair the Go to Step (7)
6 |e Disconnect ECM harness connector CO01 circuit as
e Using a DVOM check for continuity between oil necessary.
pressure switch connector LT GRN/BLK wire and _Referto
engine ground. Wiring Repairs
e Do you have continuity between them? IIEnIeEcrt]rsigcl;r:
7 e Inspect ECM connector pin 37 for damage Repair the Go to Step (8)
corrosion or contamination circuit as
Did you find a problem? necessary.
Refer to
Wiring Repairs
in Engine
Electrical
8 e Replace ECM Go to Step (9) -
e |s the replacement complete?
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PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL

DIAGNOSTIC TROUBLE CODES 7-95

Value(s)

Step
9

Action

o Remove all test equipment except the DST.

e Connect any disconnected components, fuses,
etc.

e Using the DST clear DTC information from the
ECM.

e Turn the ignition OFF and wait 30 seconds.

e Start the engine and operate the vehicle to full
operating temperature

e Observe the MIL

e Observe engine performance and driveability

e After operating the engine within the test
parameters of DTC-524 check for any stored
codes.

Does the engine operate normally with no stored

codes?

Ye No
System SK Go to OBD
System Check

9
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PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL DIAGNOSTIC TROUBLE CODES 7-96

DTC 562-System Voltage Low SPN/FMI 168:17

ECM
BLK Ag
GROUND
BLk a1
REOTAM &0
VBAT % REDITAN I

Conditions for Setting the DTC

System Voltage to ECM

Check Condition-Key on with engine speed greater than 1500 RPM

Fault Condition-Battery voltage at ECM less than 9.0 volts for more than 5 seconds
MIL-On for active fault and for 10 seconds after active fault

Adaptive-Disabled and for the for remainder of key ON cycle

Circuit Description

The battery voltage powers the ECM and must be measured to correctly operate injector drivers, fuel trim valves and
ignition coils. This fault will set if the ECM detects system voltage less than 9.0 for 5 seconds or longer while the alternator
should be charging. The adaptive learn is disabled during this fault for the remainder of the key cycle.

POWER SOLUTIONS, INC. by IMPCO
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PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL

DIAGNOSTIC TROUBLE CODES 7-97

DTC 562- System Voltage Low SPN/FMI 168:17

_3ij Action Value(s) Y No
Did you perform the On-Board (OBD) System Check? - Go to Step (2) Go to OBD
System Check
i Section
2 - Intermittent Go to Step (3)
e Key On, Engine Running problem
e DST (Diagnostic Scan Tool) connected in Go to Engine
Electrical
System Data Mode )
i Intermittent
Does DST display system voltage greater than 9.0 section
volts?
3 e Check battery condition - Go to Step (4) Replace
Is it QK? Battery
4 e Check charging system - Go to Step (5) Repair
Is it Ok? charging
System
5 o Check the voltage at ECM connector C0O01 pins - Repair ECM Go to Step (6)
60 and 79 Ground circuit.
e Measure voltage with DVOM between each pin Go to Power
and engine ground and Ground
section
Is the voltage greater than 9.0 volts? . .
in engine
Electrical
6 - Repair ECM Go to step (7)
e Check the voltage at ECM connector pins power circuit.
69 and 81 Go to Power
e Measure voltage with DVOM between each pin and Gr_ound
o section
and battery positive . .
5 in engine
Is the voltage greater than 9.0 volts” Electrical
7 Replace ECM - Go to Step (8) -
Is the replacement complete?
8 o Remove all test equipment except the DST. - System OK Go to OBD
e Connect any disconnected components, fuses, System Check
etc.
e Using the DST clear DTC information from the
ECM.
e Turn the ignition OFF and wait 30 seconds.
e Start the engine and operate the vehicle to full
operating temperature
e Observe the MIL
e Observe engine performance and driveability
e After operating the engine within the test
parameters of DTC-562 check for any stored
codes.
Does the engine operate normally with no stored
codes?

BMPSI

POWER SOLUTIONS, INC.
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PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL DIAGNOSTIC TROUBLE CODES 7-98

DTC 563-System Voltage High SPN/FMI 168:15

ECM
BLK e
GROUND
BLk a1
REDTAM &0
VBAT < REDITAN IE

Conditions for Setting the DTC

System Voltage to ECM

Check Condition-Cranking or Running

Fault Condition-System battery voltage at ECM greater than 18 volts for 3 seconds
MIL-On for active fault and for 5 seconds after active fault

Adaptive-Disabled for remainder of key cycle

Circuit Description

The battery voltage powers the ECM and must be measured to correctly operate injector drivers, trim valves and ignition
coils. This fault will set if the ECM detects voltage greater than 18 volts for 3 seconds or more anytime the engine is
cranking or running. The adaptive learn function is disabled during this fault and for the remainder of the key cycle. The
ECM will shut down with internal protection if the system voltage ever exceeds 26 volts.

POWER SOLUTIONS, INC. by IMPCO
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PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL

DIAGNOSTIC TROUBLE CODES 7-99

DTC 563- System Voltage High SPN/FMI168:15

e Connect any disconnected components, fuses,
etc.

e Using the DST clear DTC information from the
ECM.

e Turn the ignition OFF and wait 30 seconds.

e Start the engine and operate the vehicle to full
operating temperature

e Observe the MIL

e Observe engine performance and driveability

e After operating the engine within the test
parameters of DTC-563 check for any stored
codes.

Does the engine operate normally with no stored

codes?

_3ij Action Value(s) Y No
Did you perform the On-Board (OBD) System Check? - Go to Step (2) Go to OBD
System Check
Section
2 - Go To Step (3) [ Intermittent
e Key On, Engine Running problem .
e DST (Diagnostic Scan Tool) connected in Go to Engine
Electrical
System Data Mode Intermittent
e Run engine greater than 1500 rpm. section
Does DST display system voltage greater than 18
volts?
3 e Check voltage at battery terminals with DVOM - Go to Step (4) | Go to Step (5)
with engine speed greater than 1500 rpm
Is it greater than 18 volts?
4 e Repair the charging system - Go to Step (6) -
Has the charging system been repaired?
5 e Replace ECM Go to Step (6) -
Is the replacement complete?
6 e Remove all test equipment except the DST. - System OK Go to OBD

System Check

BMPSI
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PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL DIAGNOSTIC TROUBLE CODES 7-100

DTC 601-Flash Checksum Invalid SPN/FMI 628:13

ECM

M icroprocessor

Rarm

Flash

Conditions for Setting the DTC

Engine Control Module

Check Condition- Key on

Fault Condition- Internal microprocessor error

MIL- On

Adaptive- Disabled for the remainder of the key-ON cycle
Power Derate level 2

Circuit Description

The ECM has several internal checks that must be satisfied each time an instruction is executed. Several different things
can happen within the microprocessor that will cause this fault. The ECM will attempt to reset itself in the event this fault
is set. The MIL command is on and will remain on until the code is cleared using the DST. Power Derate level 2 will be
enforced limiting maximum throttle position to 20%.

POWER SOLUTIONS, INC. by IMPCO
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PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL

DTC 607- Flash Checksum Invalid SPN/FMI628:13

DIAGNOSTIC TROUBLE CODES 7-101

Connect any disconnected components, fuses,
etc.

Using the DST clear DTC information from the
ECM.

Turn the ignition OFF and wait 30 seconds.
Start the engine and operate the vehicle to full
operating temperature

Observe the MIL

Observe engine performance and driveability
After operating the engine within the test
parameters of DTC-601 check for any stored
codes.

Does the engine operate normally with no stored

Stfb i Value(s) Y No
Did you perform the On-goarg (OBD) System Check? - Go to g'tsep (2) Go to OBD
System Check
i i Section
2 e Key On, Engine Running Go to Step (3) | Intermittent
e DST (Diagnostic Scan Tool) connected in problem
System Data Mode Goto
e Clear system fault code Lr:atstrir;r:ttent
Does DTC 601 reset with the engine idling? i
3 e Check ECM power and ground circuifs Go to Step (4) Repair the
Are the power and ground circuits Ok? circuit as
necessary.
Refer to
Wiring Repairs
in Engine
Electrical
4 o Replace ECM Go to Step (5) -
Is the replacement complete?
5 e Remove all test equipment except the DST. System OK Go to OBD

System Check

codes?

BMPSI
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PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL DIAGNOSTIC TROUBLE CODES 7-102

DTC 604-RAM Failure SPN/FMI 630:12

ECM

M icroprocessor

Rarm

Flash

Conditions for Setting the DTC

Engine Control Module

Check Condition- Key on

Fault Condition- Internal microprocessor error

MIL- On

Adaptive- Disabled for the remainder of the key-ON cycle
Power Derate level 2

Circuit Description

The ECM has several internal checks that must be satisfied each time an instruction is executed. Several different things
can happen within the microprocessor that will cause this fault. The ECM will attempt to reset itself in the event this fault
is set. The MIL command is on and will remain on until the code is cleared using the DST. Power Derate level 2 will be
enforced limiting maximum throttle position to 20%.
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PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL

DIAGNOSTIC TROUBLE CODES 7-103

DTC 604- RAM Failure SPN/FMI 630:12

Connect any disconnected components, fuses,
etc.

Using the DST clear DTC information from the
ECM.

Turn the ignition OFF and wait 30 seconds.
Start the engine and operate the vehicle to full
operating temperature

Observe the MIL

Observe engine performance and driveability
After operating the engine within the test
parameters of DTC-604 check for any stored
codes.

Does the engine operate normally with no stored

Stfb [ Value(s) g_s No
Did you perform the On-goarg (OBD) System Check? - Go to Step (2) Go to OBD
System Check
. . Section
2 e Key On, Engine Running Go to Step (3) | Intermittent
e DST (Diagnostic Scan Tool) connected in problem
System Data Mode Goto
e Clear system fault code Lr:atstrir;r:ttent
Does DTC 604 reset with the engine idling? i
3 e Check ECM power and ground circuifs Go to Step (4) Repair the
Are the power and ground circuits Ok? circuit as
necessary.
Refer to
Wiring Repairs
in Engine
Electrical
4 o Replace ECM Go to Step (5) -
Is the replacement complete?
5 e Remove all test equipment except the DST. System OK Go to OBD

System Check

codes?

BMPSI
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PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL DIAGNOSTIC TROUBLE CODES 7-104

DTC 606-COP Failure SPN/FMI 629:31

ECM

Ml i roparoc essar

Fam

Flash

Conditions for Setting the DTC

Engine Control Module

Check Condition- Key on

Fault Condition- Internal microprocessor error

MIL- On

Adaptive- Disabled for the remainder of the key-ON cycle
Power Derate level 2

Circuit Description

The ECM has several internal checks that must be satisfied each time an instruction is executed. Several different things
can happen within the microprocessor that will cause this fault. The ECM will attempt to reset itself in the event this fault
is set. The MIL command is on and will remain on until the code is cleared using the DST. Power Derate level 2 will be
enforced limiting maximum throttle position to 20%.
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PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL DIAGNOSTIC TROUBLE CODES 7-105

DTC 606- COP Failure SPN/FMI 629:31

Connect any disconnected components, fuses,
etc.

Using the DST clear DTC information from the
ECM.

Turn the ignition OFF and wait 30 seconds.
Start the engine and operate the vehicle to full
operating temperature

Observe the MIL

Observe engine performance and driveability
After operating the engine within the test
parameters of DTC-606 check for any stored
codes.

Does the engine operate normally with no stored

Step Q?;tigg Value(s) I&s No
1 Did you perform the On-Boar ystem Check? - o to Step (2) Go to OBD
System Check
Section
e Key On, Engine Running Go to Step (3) | Intermittent
e DST (Diagnostic Scan Tool) connected in problem
System Data Mode Goto
e Clear system fault code Isnet(e::tl;r;\rl]ttent
Does DTC 606 reset with the engine idling?
e Check ECM power and ground circuits Go to Step (4) Repair the
Are the power and ground circuits Ok? circuit as
necessary.
Refer to
Wiring Repairs
in Engine
Electrical
e Replace ECM Go to Step (5) -
[s the replacement complete?
e Remove all test equipment except the DST. System OK Go to OBD

System Check

codes?

BMPSI
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PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL DIAGNOSTIC TROUBLE CODES 7-106

DTC 642-External 5 Volt Reference Low SPN/FMI 1079:4

LT GRN/EED
+ 5 alts

ECM

Conditions for Setting the DTC

External 5 volt reference

Check Condition-Cranking with battery voltage greater than 8 volts and engine running
Fault Condition-5 volt reference voltage lower than 4.6 volts for more than 1 second
MIL-On during active fault and for 2 seconds after active fault

Adaptive-Disabled during active fault

Circuit Description

The External 5 volt supply powers many of the sensors and other components of the fuel system. The accuracy of the

5 volt supply is very important to the accuracy of the powered sensors and fuel control by the ECM. The ECM is able to
determine if they are overloaded, shorted, or otherwise out of specification by monitoring the 5 volt supply. This fault will
set if the 5 volt reference is below 4.6 volts for one second. Adaptive Learn will be disabled during this fault
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PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL

DIAGNOSTIC TROUBLE CODES 7-107

DTC 642 E)_(ternal 5V Reference Low SPN/FMI 1079:4

St1en Did you perform the On%m%mwmﬁ%p 7] Go t%k())BD
System Check
. i Section
2 e Key ON, Engine Running Go to Step (3) | Intermittent
e DST (Diagnostic Scan Tool) connected in problem
System Fault Mode Goto
Does DST display DTC 6427 'S’:;'}?:te”t
3 o Key OFF Go to Step (5) | Go to Step (4)
e Disconnect ECM connector C001
e Using DVOM check for continuity between ECM 5
volt reference pin 19 and engine ground
Do you have continuity?
4 o Replace ECM Go to Step (7) -
Is the replacement complete? - i
5 e While monitoring DVOM for continuity between Go to Step (6) | Repair shorted
ECM 5 volt reference and engine ground wire harness
disconnect each sensor (below) one at a time to
find the shorted 5 volt reference. When continuity
to ground is lost the last sensor disconnected is
the area of suspicion. Inspect the 5 volt reference
supply wire leads for shorts before replacing the
sensor.
o IAT
e ECT
e TMAP
e Electronic Throttle
e Gasoline Sensor
e FPP
e TPS1
e TPS2
e Crankshaft Sensor
e Camshaft Sensor
While disconnecting each sensor one at a time did
you loose continuity?
6 e Replace Sensor Go to step (7) -
Is the replacement complete?

BMPSI
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PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL DIAGNOSTIC TROUBLE CODES 7-108

Step ction Value(s) Yes No
7 e Remove all test equipment except the DST. System OK Go to OBD
e Connect any disconnected components, fuses, System Check
etc.
e Using the DST clear DTC information from the
ECM.

e Turn the ignition OFF and wait 30 seconds.

e Start the engine and operate the vehicle to full
operating temperature

e Observe the MIL

e Observe engine performance and driveability

e After operating the engine within the test
parameters of DTC-642 check for any stored
codes.

Does the engine operate normally with no stored

codes?

9 P S l (5 SPECTRUM
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PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL

DIAGNOSTIC TROUBLE CODES 7-109

DTC 643-External 5 Volt Reference High SPN/FMI 1079:3

LT GRMIRED

19

hih)

Wolts

ECM

Conditions for Setting the DTC

External 5 volt reference

Adaptive-Disabled during active fault

Circuit Description

Check Condition-Cranking with battery voltage greater than 8 volts or engine running
Fault Condition-5 volt reference higher than 5.4 volts for more than 1 second
MIL-On during active fault and for 2 seconds after active fault

The External 5 volt supply powers many of the sensors and other components in the fuel system. The accuracy of the
5 volt supply is very important to the accuracy of the powered sensors and fuel control by the ECM. The ECM is able to
determine if they are overloaded, shorted, or otherwise out of specification by monitoring the 5volt supply. This fault will
set if the 5 volt reference is above 5.4 volts for more than one second. Adaptive Learn will be disabled during this fault
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PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL DIAGNOSTIC TROUBLE CODES 7-110

DTC 643 External 5 Volt Reference High SPN/FMI 1079:3

i ___Value(s) |
St1eo Did you perform the On%%ﬁjmwr - TWY&sep @) Go trg%BD
System Check
Section
2 e Key ON, Engine running Go to Step (3) | Intermittent
e DST (Diagnostic Scan Tool) connected in problem
System Data Mode Goto
Does DST display DTC 6437 L’l};‘;?:te”t
3 e Check all ECM ground connections Go to Step (4) Repair the
Refer to Engine electrical power and ground circuit as
distribution. necessary.
Are the ground connections Ok? _Referto
Wiring Repairs
in Engine
Electrical.
4 o Key OFF Repair the Go to Step (5)
e Disconnect ECM connector C001 circuit as
¢ KeyON necessary.
; Refer to
e Using DVOM check for Voltage between ECM . .
; . ; Wiring Repairs
harness wire pin 19 and engine ground in Engine
Do you have voltage? Electrical.
5 e Replace ECM Go to Step (6) -
Is the replacement complete?
6 e Remove all test equipment except the DST. System OK Go to OBD
e Connect any disconnected components, fuses, System Check
etc.
e Using the DST clear DTC information from the
ECM.
Turn the ignition OFF and wait 30 seconds.
Start the engine and operate the vehicle to full
operating temperature
Observe the MIL
Observe engine performance and driveability
e After operating the engine within the test
parameters of DTC-643 check for any stored
codes.
Does the vehicle engine normally with no stored
codes?

9 P S l (5 SPECTRUM
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PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL DIAGNOSTIC TROUBLE CODES 7-111

DTC 685-Relay Coil Open SPN/FMI 1485:5

FowerRelay

71 Relay Cartrol

> R

85
374 m

Call

Sl

|—> Fused Power (F2)

—®Battery + (G021
— Power R elay Qut

ECM

Conditions for Setting the DTC
e Power relay check

e Check Condition-Key ON
e Fault Condition- Relay coil open

Circuit Description

The power relay switches power out to various sensors, actuators and solenoids in the fuel system. This fault will
set if the ECM detects an open circuit on the relay control output.

Q SPECTRUM 1 P s l
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PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL

DIAGNOSTIC TROUBLE CODES 7-112

DTC 685 Relay Coil Open SPN/FMI 1485:5

St1en Did you perform the On- Board (OBD) System Check? a].u_.e(s.)__mY&%p @) Go t'g%BD
System Check
Section
e DST connected and in the system data mode Go to step (4) | Go to step (3)
2 e Key OFF
e Remove the power relay from the fuse block
e Using a DVOM check the resistance of the
relay coil between terminals 85 and 86
Is the resistance value less than 100 ohms?
o Replace the power relay Go to step (9) _
3 Is the replacement complete?
4 e Checkfuse F2"° Replace fuse Go to step (5)
s the fuse open? F2
5 e Disconnect ECM connector CO01 Go to step (6) Repair the
e Using a DVOM check for continuity between open circuit as
ECM pin 71 and fuse block cavity for relay required. See
terminal 85 wiring harness
Do you have continuity? repairs
6 e Remove fuse F2 Go to step (7) Repair the
e Using a DVOM check for continuity between open circuit as
fuse block cavity for relay terminal 86 and the required. See
power out of the F2 fuse holder wiring harness
Do you have continuity? repairs
7 e Check all system fuses. Go to step (9) Go to step (8)
e Check all relay placement positions in fuse
block.
e Run complete pin to pin checks on chassis
wiring to fuel system harness.
o See complete fuel system schematic for
further details
Did you find the problem?
e Replace the ECM Go to step (9) _
8 e s the replacement complete?

BMPSI
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PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL

DIAGNOSTIC TROUBLE CODES 7-113

Action

Value(s)

_S_tgb

e Remove all test equipment except the DST.

e Connect any disconnected components, fuses,
etc.

e Using the DST clear DTC information from the
ECM.
Turn the ignition OFF and wait 30 seconds.
Start the engine and operate the vehicle to full
operating temperature
Observe the MIL
Observe engine performance and driveability

o After operating the engine within the test
parameters of DTC-685 check for any stored
codes.

Does the engine operate normally with no stored

codes?

Yeg No
System OK Go to OBD
System Check

9
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PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL DIAGNOSTIC TROUBLE CODES 7-114

DTC 686-Relay Control Ground Short SPN/FMI 1485:4

Power Relay
o i 71 Felay Contral
B7A R
Call
BY O
0h

|—) Fused Power (F2)

—WHattar + (G023
— P ower Relay Out

ECM

Conditions for Setting the DTC
e Power relay ground control

e Check Condition-Key ON
e Fault Condition- Relay control shorted to ground

Circuit Description

The power relay switches power out to various sensors, actuators and solenoids in the fuel system. This fault will
set if the ECM detects a direct short to ground on the relay control output.
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PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL

DIAGNOSTIC TROUBLE CODES 7-115

DTC 686- Relay Control Ground Short SPN/FMI 1485:4

_s't‘FD Action Value(s) Y No
Did you perform the On-Board (OBD) System Check? - Go to Step (2) Go to OBD
System Check
Section
e Key On, DST connected in the System Data Go to Step (4) | Intermittent
3 mode problem
e Clear DTC 686 Go to
e Start the engine Intermittent
Does DTC 686 re-set? section
e Disconnect ECM connector C001 Go to step (5) Go to step (7)
e Using a DVOM check the resistance value
4 between ECM pin 71 and engine ground
Is the resistance less than 60 ohms? i
5 e Remove the power relay from the fuse block Repair the Go to step (6)
e Using a DVOM check the resistance value shorted to
again between ECM pin 71 and engine ground relay
ground control circuit
s the resistance less than 60 ohms? as necessary.
See wiring
harness repairs
o Replace the power relay Go to step (8) _
6 Is the replacement complete?
7 e Replace ECM ' Go to step (8) _
e |s the replacement complete?
8 e Remove all test equipment except the DST. System OK Go to OBD
e Connect any disconnected components, fuses, System Check
etc.
e Using the DST clear DTC information from the
ECM.
e Turn the ignition OFF and wait 30 seconds.
e Start the engine and operate the vehicle to full
operating temperature
e Observe the MIL
e Observe engine performance and driveability
e After operating the engine within the test
parameters of DTC-686 check for any stored
codes.
Does the engine operate normally with no stored
codes?

BMPSI
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PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL DIAGNOSTIC TROUBLE CODES 7-116

DTC 687-Relay Coil Short to Power SPN/FMI 1485:3
Fower Helay
o R i1 Relay Control
BTA a0 85
BF n call
86

|—> Fused Power (F2)

—®Battery + (G021
— Power R elay Qut

ECM

Conditions for Setting the DTC
e Power relay check

e Check Condition-Key ON
e Fault Condition- Relay coil shorted to power

Circuit Description

The power relay switches power out to various sensors, actuators and solenoids in the fuel system. This fault will
set if the ECM detects a short circuit to power on the relay control output.
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PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL DIAGNOSTIC TROUBLE CODES 7-117

DTC 687- Relay Coil Short to Power SPN/FMI 1435:3
St1en Did you perform the On%%mmwmﬁp @) Go t'g%BD

System Check

Section
e DST connected and in the system data mode Go to step (3) | Go to step (4)

2 o Key OFF
e Remove the power relay from the fuse block

e Using a DVOM check the resistance of the
relay coil between terminals 85 and 86

Is the resistance value less than 60 ochms?
o Replace the power relay Go to step (9)

3 Is the replacement complete?
4 e Using a DVOM check for continuity between Go to step (3) Go to step (5)

relay terminals 85 and 30

Do you have continuity between them? i
5 e Disconnect ECM wire harness connector System Repair the Go to step (6)

C001 battery short to power.

e Using a DVOM check for power between voltage See wiring
ECM pin 71 and engine ground with the key harness repair.
ON

Do you have power?
6 e Replace the power relay Go to step (7)

Is the replacement complete?
7 e Remove all test equipment except the DST. Go to step (8) Go to step (9)

e Connect any disconnected components, fuses,
etc.

e Using the DST clear DTC information from the
ECM.

e Turn the ignition OFF and wait 30 seconds.

e Start the engine and operate the vehicle to full
operating temperature

e Observe the MIL
Observe engine performance and driveability
After operating the engine within the test
parameters of DTC-687 check for any stored
codes.

Does DTC 687 still re-set?

o Replace the ECM Go to step (9)
8 e |s the replacement complete?

by IMPCO POWER SOLUTIONS, INC.
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PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL DIAGNOSTIC TROUBLE CODES 7-118

[ Step Action Value(s) Ye8 No
9 o Remove all test equipment except the DST. System OK Go to OBD
e Connect any disconnected components, fuses, System Check
etc.
e Using the DST clear DTC information from the
ECM.

e Turn the ignition OFF and wait 30 seconds.

e Start the engine and operate the vehicle to full
operating temperature

e Observe the MIL

e Observe engine performance and driveability

e After operating the engine within the test
parameters of DTC-687 check for any stored
codes.

Does the engine operate normally with no stored

codes?

POWER SOLUTIONS, INC. by IMPCO
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PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL

DIAGNOSTIC TROUBLE CODES 7-119

DTC 1111-Fuel Rev Limit SPN/FMI 515:16

Elactronic Throttl= ECH
FMEAUHT 5o O A +
Aol

TaNORN = OB -
T[T PP LALT BLU e TPS 1 Sigaal
T BLEALTG RN | Sa gy or G oed

‘J-- LT BLUM K BLU

-rn;zl - E TPS 2 Sigsal

LT RM/FRED S Vol

e

Conditions for Setting the DTC

Fuel Rev Limit

Check Condition- Engine Running

Fault Condition- Engine RPM greater than 3500 for 2 seconds continuously
MIL- On during active fault

Circuit Description

This fault will set anytime Engine RPM is greater than 3500 for 2 seconds continuously. When these conditions are met the
ECM cuts off fueling. This is to help prevent engine or equipment damage. The MIL will be on during this active fault.

Diagnostic Aid

Always check for other stored DTC codes before using the following DTC chart for this code set. Repair any existing codes
starting with the lowest numerical code first.
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PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL

DIAGNOSTIC TROUBLE CODES 7-120

DTC 1111-Fuel Rev Limit SPN/FMI 515:16

St1en Did you perform the On-%gtal%n(OBD) System Check? - - _Go—toxgute(‘ap (2) Go t'goOBD
System Check
Section
2 e Key ON, Engine OFF Go to Step (3) | Go to Step (4)
e DSTin Active Fault Mode
Are any other DTC codes present with DTC 11117?
3 e Diagnose and repair any other DTC codes before Go to step (4) -
proceeding with this chart.
Have any other DTC codes been diagnosed and
repajred?
4 e = Check the service part Number on the ECM to Go to Step (6) | Goto Step 5
ensure correct calibration is in use
Is the service part Number Correct?
5 e Replace ECM with the correct service part number Go to Step (9) -
Is the replacement complete?
6 e Check the mechanical operation of the throttle Go to Step (8) | Go to Step (7)
Is the mechanical operation of the throttle OK?
7 e Correct mechanical operation of the throttle. Refer Go to step (9) -
to Engine & Component section
Has the mechanical operation of the throttle been
corrected?
8 e Check engine for large manifold vacuum leaks. Go to Step (9) | Go to OBD
Refer to Fuel Systems symptom diagnostics System Check
Did vou find and correct the vacuum leak? Section
9 e Remove all test equipment except the DST. System OK Go to OBD
e Connect any disconnected components, fuses, etc. System Check
e Using the DST clear DTC information from the
ECM.
e Turn the ignition OFF and wait 30 seconds.
e Start the engine and operate the vehicle to full
operating temperature
e Observe the MIL
e Observe engine performance and driveability
e After operating the engine within the test
parameters of DTC-1111 check for any stored
codes.
Does the engine operate normally with no stored
codes?

BMPSI
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PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL DIAGNOSTIC TROUBLE CODES 7-121

DTC 1112-Spark Rev Limit SPN/FMI 515:0

Elect ronic Throttl= ECK
PMEAUHT
4 = DAL +
Moo
1 ToHAORH 0 o ey -
[ <
TP= _— 6 PPLLT BLU 5 TPS 1 5ige3al

BLEATGREN S pEor G oaed

LT BLD AL U TP 2 5103l

LT RMN/FRED S Wolr
'F_'_,-F’r—ﬂ = 13

cozs

Conditions for Setting the DTC

Spark Rev Limit

Check Condition- Engine running

Fault Condition- Engine RPM greater than 3700
MIL- On during active fault

Engine Shut Down

Circuit description
This fault will set anytime the engine RPM exceeds 3700. During this condition the ECM will shut off spark to the engine.

This is to help prevent engine or equipment damage. The MIL command is ON during this active fault and the engine will
shut down.

Diagnostic Aid

Always check for other stored DTC codes before using the following DTC chart for this code set. Repair any existing codes
starting with the lowest numerical code first.

by IMPCO POWER SOLUTIONS, INC.
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PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL DIAGNOSTIC TROUBLE CODES 7-122

DTC 1112 Spark Rev Limit SPN/FMI 515:0

Step Value(s) Igs No
1 Did you perform the On- Board (OBD) System Check? - o to Step (2) Go to OBD
System Check
Section
2 e Key ON, Engine OFF Go to Step (3) | Go to Step (4)

e DST connected
Are any other DTC codes present with DTC 1112?

3 e Diagnose any other DTC codes before proceeding Go to step (4) -
with this chart.
Have any other DTC codes been diagnosed and

repajred?
4 e = Check the service part number on the ECM to Go to Step (6) | Goto Step 5

ensure correct calibration is in use
Is the service part number Correct?

5 e Replace ECM with correct service part Number Go to Step (9) -
Is the replacement complete?

6 e Check the mechanical operation of the throttle Go to Step (8) | Go to Step (7)
Is the mechanical operation of the throttle OK?

7 e Correct mechanical operation of the throttle. Refer Go to step (9) -

to Engine & Component section
Has the mechanical operation of the throttle been

corrected?

8 e Check engine for large manifold vacuum Go to Step (9) | Go to OBD
leaks. Refer to Fuel Systems section Symptom System Check
Diagnostics Section

Did vou find and correct the vacuum leak?
9 e Remove all test equipment except the DST. System OK Go to OBD
e Connect any disconnected components, fuses, etc. System Check
e Using the DST clear DTC information from the
ECM.

e Turn the ignition OFF and wait 30 seconds.

e Start the engine and operate the vehicle to full
operating temperature

e Observe the MIL

e Observe engine performance and driveability

e After operating the engine within the test
parameters of DTC-1112 check for any stored
codes.

Does the engine operate normally with no stored

codes?

POWER SOLUTIONS, INC. by IMPCO
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PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL DIAGNOSTIC TROUBLE CODES 7-123

DTC 1151- Closed Loop Multiplier High LPG SPN/FMI 520206:0

E3EO 1
Signal Ground
- = O BHELSIT GREM 20 =]
sSensar
o Dbt GRM/ORET 1 EcO 1 Signal
= BL KAAHT 7 E GO 1 Heater Ground

Heater
E P MK fDH GR M
A

To By sterm Fower Relay

ECM

Conditions for Setting the DTC

Heated Oxygen Sensor

Check Condition- Engine running

Fault Condition- Closed Loop multiplier out of range (greater than 35%)
MIL- ON

Circuit description

The HO2S sensor is used to determine if the fuel flow to the engine is correct by measuring the oxygen content in the
exhaust gas. The ECM uses this information to correct the fuel flow with the Closed Loop multiplier and the adaptive
multiplier. This fault sets if the Closed Loop multiplier exceeds the limits of normal operation and cannot correctly modify
the fuel flow within its limits

Diagnostic Aid

Oxygen Sensor Wire Heated Oxygen sensor wires may be mis-routed and contacting the exhaust manifold.

Vacuum Leaks Large vacuum leaks and crankcase leaks can cause a lean exhaust condition at especially at light load.

Fuel Mixer System can be lean due to faulty EPR (Electronic Pressure Regulator) or faulty fuel mixer.

Fuel Pressure Low secondary fuel pressure, faulty EPR (Electronic Pressure Regulator) or contaminated fuel filter can cause fuel
the system to run lean. Perform LPG Fuel System Diagnosis Diagnosis (Section 5).

Exhaust Leaks If there is an exhaust leak, outside air can be pulled into the exhaust and past the 02 sensor causing a false lean
condition.

Fuel Quality Contaminated or spoiled fuel can cause the fuel system to be lean.

Ground Problem ECM grounds must be clean, tight and in the proper location.

(5 SPECTRUM 1 P s l
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PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL DIAGNOSTIC TROUBLE CODES 7-124

DTC 1151- Closed Loop Multiplier High LPG SPN/FMI 520206:0

[ Value(s) |
St1en Did you perform the On%%mmw - _mtgfép @) Go t'g%BD
System Check
Section
2 Go to step (3) | Intermittent
e Key On, Engine Running problem
e DST (Diagnostic Scan Tool) connected in Go to _
System Data Mode Intetrmlttent
e Run engine to full operating temperature and then section
idle for a minimum of 2 minutes
Does DST display EGO 1 voltage fixed below 0.35
volts after 2 minutes of idle run time?
3 o Key OFF Repair the Go to Step (4)
o Disconnect ECM connector C001 circuit as
o Disconnect EGO 1 wire harness connector C006 necessary.
e Using a high impedance DVOM check for ) Refer to .
A : . Wiring Repairs
continuity between EGO 1 connector signal pin C in Engine
and engine ground Electrical.
Do you_have continuity?
4 e Using a high impedance DVOM check for Repair the Go to Step (5)
continuity between EGO 1 connector signal pin C circuit as
and EGO 1 connector signal ground pin D necessary.
e Do you have continuity between them? Refer to
Wiring Repairs
in Engine
Electrical
5 o Refer to Diagnostic aids for DTC 1151 Go to Step (6)
Did vou check the diagnostic Aids for DTC 1151?
6 e Replace EGO 1 sensor Go to Step (7)
Is the replacement complete?
7 e Remove all test equipment except the DST. System OK Go to OBD
e Connect any disconnected components, fuses, System Check
etc.
e Using the DST clear DTC information from the
ECM.
e Turn the ignition OFF and wait 30 seconds.
o Start the engine and operate the vehicle to full
operating temperature
e Observe the MIL
Observe engine performance and driveability
After operating the engine within the test
parameters of DTC-1151 check for any stored
codes.
Does the engine operate normally with no stored
codes?
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PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL DIAGNOSTIC TROUBLE CODES 7-125

DTC 1152- Closed Loop Multiplier Low LPG SPN/FMI 520206:1

EGOC 1
- = o BHLT 3K 20 Signal Sround
Sensar
o DK GRMNIORM 1 E SO 1 Signal
o BLHANHT I3 E &2 1 Heater Ground

Heater
PHEDK GRM
A

To Sy stemn Power Relay

ECM

Conditions for Setting the DTC

e Heated Oxygen Sensor
e Functional Fault-Closed Loop multiplier out of range (at limit of -35%)
MIL Disabled

Circuit Description

The EGO 1 sensor is used to determine if the fuel flow to the engine is correct by measuring the oxygen content in the
exhaust gas. The ECM uses this information to correct the fuel flow with the Closed Loop multiplier and the adaptive
multiplier. This fault sets if the Closed Loop multiplier exceeds the limits of normal operation. When the multiplier cannot
correctly modify the fuel flow within its limits, it is limited at -35%.

Diagnostic Aid
Fuel System High secondary fuel pressure may cause the system to run rich. A worn fuel mixer, faulty EPR (Electronic

Pressure Regulator) may also cause the system to run rich. Perform LPG Fuel System Diagnosis Diagnosis (Section 5).

Fuel Quality A drastic variation in fuel quality (very high butane content) may cause the fuel system to run rich. Be sure
that the specified HD-5 or HD-10 motor fuel grade propane is used

Air Filter A plugged, damaged or modified air filter may cause the system to run rich.

by IMPCO POWER SOLUTIONS, INC.
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PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL

DIAGNOSTIC TROUBLE CODES 7-126

DTC 1152- Closed Loop Multiplier Low LPG SPN/FMI 520206:1

Step ] Action Value(s) Yes No
1 Did you perform the On-Board (OBD) System Check? - Go to Step (2) Go to OBD
System Check
Section
2 Go to step (3) [ Intermittent
e Key On, Engine Running problem
e DST (Diagnostic Scan Tool) connected in Go to _
System Data Mode Interlmlttent
, . section
e Run engine to full operating temperature and then
idle for a minimum of 2 minutes
Does DST display HO2S voltage fixed above 0.7 volts
after 2 minutes of idle run time?
o Key OFF Repair wire Refer to
3 | e Disconnect HO2S wire harness connector harmness Diagnostic Aids
e Disconnect ECM wiring harness connector shorted signal for DTC 1152
to voltage
e Key ON
. I Refer to
e Using a high impedance DVOM check for voltage L .
. . Wiring Repairs
between HO2S connector signal pin C and in Engine
engine ground Electrical.
Do vou have voltage?

BMPSI
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PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL

DIAGNOSTIC TROUBLE CODES 7-127

DTC 1155 -Closed Loop Multiplier High Gasoline SPN/FMI 520204:0

EGDO 1

BHLAT GRM

Signal Ground

- =

Sensor

Db R AORE R

EGO 1 Signal

BLHAYHT

T2

E GO 1 Heater Ground

Heater

P MK /DK GRM

To Sy stem Power Relay

Conditions for Setting the DTC

e Heated Oxygen Sensor

e Functional Fault-Closed Loop multiplier out of range (at limit of 35%)

MIL-On during active fault

Circuit Description

ECM

The HO2S sensor is used to determine if the fuel flow to the engine is correct by measuring the oxygen content in the
exhaust gas. The ECM uses this information to correct the fuel flow with the Closed Loop multiplier and the Adaptive
multiplier. This fault will set if the Closed Loop multiplier exceeds 35%. The MIL command is ON

Diagnostic Aid

Oxygen Sensor Wire Heated Oxygen sensor wires may be mis-routed and contacting the exhaust manifold.

Vacuum Leaks Large vacuum leaks and crankcase leaks can cause a lean exhaust condition at especially at light load.

Fuel Pressure Low fuel pressure, faulty fuel regulator or contaminated fuel filter can cause fuel the system to run lean

Exhaust Leaks If there is an exhaust leak, outside air can be pulled into the exhaust and past the 02 sensor causing a false lean

condition.

Fuel Quality Contaminated or spoiled fuel can cause the fuel system to be lean.

Ground Problem ECM grounds must be clean, tight and in the proper location.

(5 SPECTRUM
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PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL DIAGNOSTIC TROUBLE CODES 7-128

DTC 1155- Closed Loop Multiplier High Gasoline SPN/FMI 520204:0

_s't‘FD Action Value(s) Y No
Did you perform the On-Board (OBD) System Check? - Go to Step (2) Go to OBD
System Check
Section
2 Go to step (3) | Intermittent
e Key On, Engine Running problem
e DST (Diagnostic Scan Tool) connected in Goto _
System Data Mode Isrz;t((:atrir;rl]ttent
e Run engine to full operating temperature and then
idle for a minimum of 2 minutes
Does DST display EGO 1 voltage fixed below 0.35
volts after 2 minutes of idle run time?
3 o Key OFF Repair the Go to Step (4)
e Disconnect EGO 1 sensor connector C006 circuit as
e Disconnect ECM connector CO01 required
e Using a high impedance DVOM Check for Referto
continuity between EGO 1 connector signal pin C Wiring Repairs
and engine ground in Engine
- Electrical.
Do you_ have continuity?
4 e “Using a high impedance DVOM Check for Repair the Go to Step (5)
continuity between EGO 1 connector signal pin C circuit as
and EGO 1 sensor ground pin D required
Do you have continuity? Refer to
Wiring Repairs
in Engine
Electrical
5 o Refer to Diagnostic aids for DTC 1155 Go to Step (6) -
Did vou check the diagnostic Aids for DTC 1155%?
6 e Replace EGO 1 sénsor Go to Step (7) Refer to
Is the replacement complete? Diagnostic Aids
for DTC 1155

POWER SOLUTIONS, INC. by IMPCO
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PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL DIAGNOSTIC TROUBLE CODES 7-129
Step Value(s) Yes No

Action

o Remove all test equipment except the DST.

7 e Connect any disconnected components, fuses,
etc.

e Using the DST clear DTC information from the
ECM.

e Turn the ignition OFF and wait 30 seconds.

e Start the engine and operate the vehicle to full
operating temperature

e Observe the MIL

e Observe engine performance and driveability

e After operating the engine within the test
parameters of DTC-1155 check for any stored
codes.

Does the engine operate normally with no stored

codes?
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PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL DIAGNOSTIC TROUBLE CODES 7-130

DTC 1156- Closed Loop Multiplier Low Gasoline SPN/FMI 520204:1

EGO 1
Signal Ground

- = o BHLAT SRR -n d
Sensor

o D b G R O 1 E GO 1 =ignal

B BLHEMAIHT 737 E SO 1 Heater Ground
Heater

P MK DK GRMN
o ECM

Tao Sy stem Power Realay

Conditions for Setting the DTC

e Heated Oxygen Sensor
¢ Functional Fault-Closed Loop multiplier out of range (at limit of -35%)
e MIL-On during active fault and for one update after active fault

Circuit Description

The HO2S (Heated Oxygen Sensor) sensor is used to determine if the fuel flow to the engine is correct by measuring the
oxygen content in the exhaust gas. The ECM uses this information to correct the fuel flow with the Closed Loop multiplier
and the adaptive multiplier. This fault will set if the Closed Loop multiplier is less than -35%. The MIL command is ON.

Diagnostic Aid

Check for other DTC codes Correct those starting with the lowest code set number before proceeding with the diagnostic chart.

Fuel System The system will be rich if an injector fails in an open manner. High fuel pressure due to a faulty fuel regulator or obstructed
fuel return line will cause the system to run rich.

lanition noise open or poor ground circuit to or in the ignition system or ECM may cause EMI (Electromagnetic interference). This
noise could be interpreted by the ECM as ignition pulses, and the sensed RPM becomes higher than the actual speed. The ECM then
delivers too much fuel, causing the system to run rich.

TMAP Sensor A higher manifold pressure than normal can cause the system to go rich. Temporarily disconnecting the MAP Sensor will
allow the ECM to set a default value for MAP.

IAT Sensor Check for a shifted sensor that could cause the ECM to sense lower than actual temperature of incoming air. This can
cause a rich exhaust condition.

ECT Sensor Check for a skewed sensor that could cause the ECM to sense engine temperature colder than it actually is. This could
also cause a rich exhaust condition.

PPSI (5 SPECTRUM
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PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL

DIAGNOSTIC TROUBLE CODES 7-131

DTC 1156- Closed Loop Multiplier Low Gasoline SPN/FMI: 520204:1

St1en Did you perform the On- Board (OBD) System Check? a]_u__e(s.)__m%%p (2) Go t'g OBD
System Check
Section
2 Go to step (3) [ Intermittent
e Key On, Engine Running problem
e DST (Diagnostic Scan Tool) connected in Goto
System Data Mode Isrl;cstrig:ttent
e Run engine to full operating temperature and then
idle for a minimum of 2 minutes
Does DST display EGO 1 voltage fixed above 0.7
volts after 2 minutes of idle run time?
3 o Key OFF Repair the Refer to
e Disconnect EGO 1 wire connector C006 circuit as Diagnostic Aid
e Disconnect ECM wiring harness connector C001 required for DTC 1156
e KeyON Rgfer to .
e Using a high impedance DVOM check for voltage erlng.Repalrs
between EGO 1 connector signal pin C and n Engme
engine ground Electrical.
Do you have voltage?

BMPSI
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PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL DIAGNOSTIC TROUBLE CODES 7-132

DTC 1161-Adaptive Learn High LPG SPN/FMI 520202:0

EGO 1
Signal Grourd
o - o Bkl /T RN a0 =]
Sensar
C D GREM R M 1 EGO 1 Signal
o BLHEAWHT 72 E S0 1 Heater Ground

Heater
PHK DK SRR
2y

To Sy stem Fower Relaw

EC

Conditions for Setting the DTC

Heated Oxygen Sensor

Check Condition- Engine Running

Fault Condition- Adaptive multiplier out of range (greater than +30%)
MIL- On

Circuit Description

The EGO 1 sensor is used to determine if the fuel flow to the engine is correct by measuring the oxygen content in
the exhaust gas. The ECM uses this information to correct the fuel flow with the Closed Loop multiplier and Adaptive
multiplier. This fault will set if the adaptive multiplier exceeds the limits of normal operation.

Diagnostic Aid

Oxygen Sensor Wire Heated Oxygen sensor wires may be mis-routed and contacting the exhaust manifold.

Vacuum Leaks Large vacuum leaks and crankcase leaks can cause a lean exhaust condition at especially at light load.
Fuel Mixer System can be lean due to faulty EPR (Electronic Pressure Regulator) or faulty fuel mixer.

Fuel Pressure Low secondary fuel pressure, faulty low pressure regulator or contaminated fuel filter can cause fuel the
system to run lean. Perform LPG Fuel System Diagnosis (Section 5).

Exhaust Leaks If there is an exhaust leak, outside air can be pulled into the exhaust and past the 02 sensor causing a
false lean condition.

Fuel Quality Contaminated or spoiled fuel can cause the fuel system to be lean.

Ground Problem ECM grounds must be clean, tight and in the proper location.

PPSI (5 SPECTRUM
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PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL

DTC 1161 Adaptive Learn High LPG SPN/FMI 520202:0

DIAGNOSTIC TROUBLE CODES 7-133

_S_Hen Action Value(s) Yg_s No
e Perform the On-Board (OBD) System Check? Go to Step (3) | Go to Step (2)
Are any other DTCs present?
2 Visually and physically check the following items: Go to Step (8) | Go to Step (4)
e The air intake duct for being collapsed or restricted
e The air filter for being plugged
e The EGO 1 sensor installed securely and the
wire leads not contacting the exhaust manifold or
ignition wires
e ECM grounds must be clean and tight. Refer to
Engine Electrical Power and Ground Distribution
e Fuel System Diagnostics. Refer to Fuel System
Diagnostics
Was a repair made?
3 e Diagnose any other DTC codes before Go to Step (8) | Go to step (4)
proceeding with this chart. Always repair
existing codes starting with the lowest
numerical code set first.
Have any other DTC codes been detected, diagnosed
and repajred? i
4 e  Disconnect EGO1 connector C006 System Go to Step (5) | Repair the
e Using a DVOM check for voltage between voltage circuit as
EGO 1 connector pins Aand B necessary.
o KeyON Rgfer to
Wiring Repairs
in Engine
(CHECK MUST BE MADE WITHIN 30 SECONDS Electrical.
OR BEFORE POWER RELAY SHUTS DOWN)
Do you have voltage?
5 o Key OFF Repair the Go to Step (6)
o Disconnect EGO 1 sensor wire harness shorted circuit
connector C006 as necessary.
. . Refer to
e Disconnect ECM wire harness connector C001 Wiri .
iring Repairs
¢ KeyON in Engine
e Using a high impedance DVOM check for Electrical.
continuity between EGO 1 connector signal pin C
and engine ground
Do you have continuity?
6 e "Using a high impedance DVOM check for Repair the Go to Step (7)
continuity between EGO 1 connector signal ground shorted circuit
pin D and EGO 1 signal pin C as necessary.
e Do you have continuity? Refer to
Wiring Repairs
in Engine
Electrical
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PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL DIAGNOSTIC TROUBLE CODES 7-134

Step Action Value(s) Yes No
7 e Replace EGO 1 sensor Go to Step (8) Refer to
Is the replacement complete? Diagnostic Aids
for DTC 1161
8 e Remove all test equipment except the DST. System OK Go to OBD
e Connect any disconnected components, fuses, etc. System Check
e Using the DST clear DTC information from the
ECM.

e Turn the ignition OFF and wait 30 seconds.

e Start the engine and operate the vehicle to full
operating temperature

e Observe the MIL

e Observe engine performance and driveability

o After operating the engine within the test
parameters of DTC-1161 check for any stored
codes.

Does the engine operate normally with no stored

codes?
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PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL DIAGNOSTIC TROUBLE CODES 7-135

DTC 1162-Adaptive Learn Low (LPG) SPN/FMI 520202:1

EGOC 1
== o BHLT 3K 20 Signal Ground
Sensor
o DK GRMNIORN 1 E GO 1 Signal
o BLKANHT I3 E &2 1 Heater Ground

Heater
E PRI DK GRR
A

To Svyvstem Fower Relay

ECM

Conditions for Setting the DTC

Heated Oxygen Sensor

Check Condition- Engine running

Fault Condition- Adaptive multiplier out of range (at limit of -30%)
MIL-On

Circuit Description
The EGO1 sensor is used to determine if the fuel flow to the engine is correct by measuring the oxygen content in

the exhaust gas. The ECM uses this information to correct the fuel flow with the Closed Loop multiplier and Adaptive
multiplier. This fault will set if the adaptive multiplier exceeds the limits of normal operation.

Diagnostic Aid

Fuel System High secondary fuel pressure will cause the system to run rich. Aworn fuel mixer, faulty EPR (Electronic Pressure Regulator)
may also cause the system to run rich. Perform LPG Fuel System Diagnosis (Section 5).

Fuel Mixer System can be rich due to faulty EPR (Electronic Pressure Regulator) or a worn fuel mixer.

Fuel Quality A drastic variation in fuel quality (very high butane content) may cause the fuel system to run rich. Be sure that the specified
HD-5 or HD-10 motor fuel grade propane is used.

Air Filter A plugged, damaged or modified air filter may cause the system to run rich.

(5 SPECTRUM 1 P s l
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PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL

DIAGNOSTIC TROUBLE CODES 7-136

DTC 1162-Adaptive Learn Low LPG SPN/FMI 520202:1

_$_th Action Value(s) Yg_s No
e Perform the On-Board (OBD) System Check?? Go to Step (3) | Go to Step (2)
Are any other DTCs present?
2 Visually and physically check the following items: Go to Step (8) | Go to Step (4)
e The air intake duct for being collapsed or restricted
e The air filter for being plugged
e The EGO 1 sensor installed securely and the
wire leads not contacting the exhaust manifold or
ignition wires
e ECM grounds must be clean and tight. Refer to
Engine Electrical Power and Ground Distribution
e Fuel System Diagnostics. Refer to Fuel System
Diagnostics
Was a repair made?
3 e Diagnose any other DTC codes before Go to Step (8) Go to step (4)
proceeding with this chart. Always repair
existing codes starting with the lowest
numerical code set first.
Have any other DTC codes been detected, diagnosed
and repaired? ]
4 e Disconnect EGO1T connector C006 System Go to Step () | Repair the
e Using a DVOM check for voltage between voltage circuit as
EGO 1 connector pins Aand B necessary.
o KeyON Rgfer to
Wiring Repairs
in Engine
(CHECK MUST BE MADE WITHIN 30 SECONDS Electrical.
OR BEFORE POWER RELAY SHUTS DOWN)
Do you have voltage?
5 o Key OFF Repair the Go to Step (6)
e Disconnect EGO 1 sensor wire harness shorted circuit
connector C006 as necessary.
. : Refer to
e Disconnect ECM wire harness connector C001 . .
Wiring Repairs
¢ KeyON in Engine
e Using a high impedance DVOM check for Electrical.
continuity between EGO 1 connector signal pin C
and engine ground
Do you have continuity?

BMPSI
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PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL DIAGNOSTIC TROUBLE CODES 7-137

Step Action Value(s) Yes No
6 e Using a high impedance DVOM check for Repair the Go to Step (7)
continuity between EGO 1 connector signal ground shorted circuit
pin D and EGO 1 signal pin C as necessary.
¢ Do you have continuity? Refer to
Wiring Repairs
in Engine
Electrical
7 e Replace EGO 1 sensor Go to Step (8) Refer to
Is the replacement complete? Diagnostic Aids
for DTC 1162
8 e Remove all test equipment except the DST. System OK Go to OBD
Connect any disconnected components, fuses, etc. System Check
e Using the DST clear DTC information from the
ECM.

e Turn the ignition OFF and wait 30 seconds.

e Start the engine and operate the vehicle to full
operating temperature

e Observe the MIL

e Observe engine performance and driveability

e After operating the engine within the test
parameters of DTC-1162 check for any stored
codes.

Does the engine operate normally with no stored

codes?
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PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL DIAGNOSTIC TROUBLE CODES 7-138

DTC 1165 LPG Catalyst Monitor SPN/FMI 520213:10

I— EGO 1 Signal
= [l
Sensoar Signal Ground
(£ 20
EEO 1
EGO 1 Heater Ground
D =
i He ater
B
12 ECM
Signal Ground
e =0
SR EGO 2 signal
- = igna
EZD 2
EGO 2 Heater Ground
c S
i He ater
o]
12

Conditions for Setting the DTC

e Catalyst Function

Check condition- Engine running

Fault condition- EGO 1 signal = EGO 2 signal for 100 updates
MIL- On during active fault and for 1 second after active fault
Adaptive- Disabled during active fault

Circuit Description

The ECM uses EGO 1 and EGO 2 sensor signals to diagnose problems with the catalyst muffler. When the
signals for EGO 1 & EGO 2 are similar it may indicate a problem with the catalyst.

Diagnostic Aids

Always diagnose any other troubles, stored along with DTC 420 first. Check for and eliminate any exhaust leaks
prior to replacing catalyst muffler. Look for exhaust leaks at the catalyst muffler inlet and tail pipes. Clear this
trouble code after repairing exhaust leaks, and recheck for code.

PPSI (5 SPECTRUM
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PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL

DIAGNOSTIC TROUBLE CODES 7-139

DTC1171- EPR Pressure Higher Than Expected SPN/FMI 520260:0

EFR
AN -
. HLUAUHT i
g |wwnrre
C AN
3 BLU/PHE 1w )
ALK
G ga | orourg 0
= REDL/LT BLU =1 roaarad
Fuse 10A ECk
LFE
TEmiral 27 poueEr el

Conditions for Setting the DTC

EPR delivery pressure
Check condition-Engine running or cranking
MIL-On during active fault

Adaptive disabled
Power derate level 1

Circuit Description

Fault condition-EPR actual pressure greater than 4.0 inches H20 above commanded pressure

The EPR (Electronic Pressure Regulator) unit measures and controls the amount of fuel that is able to pass to the fuel
mixer. Pressure readings are sent over the CAN to the ECM and in return the ECM sends back a control signal to the

EPR to increase or decrease pressure for precise mixture control. This code will set in the event the actual pressure is
4.0 inches water pressure higher than the actual commanded pressure. The MIL command is on. Adaptive and closed
loop are disabled with power derate level 1 enforced limiting throttle position to 70% maximum.

Diagnostic Aid

Always run the fuel system diagnostic pressure check before proceeding with the following diagnostic chart. High
secondary fuel pressure due to a worn or damaged primary or secondary seat may cause this fault to set
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PSI 1
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DIAGNOSTIC TROUBLE CODES 7-140

DTC 1171-EPR Pressure Higher Than Expected SPN/FMI 520260:0
i [ Value(s) |

St1en Did you perform the On%%ﬁjml@_ - WY&%p 2) | Goto Oglg System
i i i Check Section
2 e Did you run the fuel pressure diagnostic test Gotostep(4) | Gotostep 3
in the fuel system diagnostic section with no
problems found?
3 e Run the EPR pressure test in the LPG Fuel Go to step (4) | Follow the
System Diagnosis procedure (Section 5) EPR service
Did the EPR pass the fuel pressure test recommendations
specifications? from the fuel
pressure test chart.
4 Inspect the EPR electrical connector C026 for Repair the Go to step (5)
damage, corrosion or contamination. circuit as
Did you find a problem? necessary.
Refer to wire
harness repair
section
5 o Replace the EPR Go to step (6) _
Is the replacement complete?
6 e Remove all test equipment except the DST. System OK Go to OBD System

e Connect any disconnected components, fuses,
etc.

e Using the DST clear DTC information from the
ECM.

e Turn the ignition OFF and wait 30 seconds.

e Start the engine and operate the vehicle to full
operating temperature

¢ Observe the MIL
Observe engine performance and driveability
After operating the engine within the test
parameters of DTC1171 check for any stored
codes.

Does the engine operate normally with no stored

codes?

Check

BMPSI
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DTC1172- EPR Pressure Lower Than Expected SPN/FMI 520260:1
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Conditions for Setting the DTC

EPR delivery pressure

Check condition-Engine running or cranking

MIL-On during active fault

Fault condition-EPR actual pressure less than 4.0 inches H20 below commanded pressure
Adaptive disabled

Power derate level 1

Circuit Description

The EPR (Electronic Pressure Regulator) unit measures and controls the amount of fuel that is able to pass to the fuel
mixer. Pressure readings are sent over the CAN to the ECM and in return the ECM sends back a control signal to the
EPR to increase or decrease pressure for precise mixture control. This code will set in the event the actual pressure is
4.0 inches water pressure lower than the actual commanded pressure. The MIL command is on. Adaptive and closed
loop are disabled with power derate level 1 enforced limiting throttle position to 70% maximum.

Diagnostic Aid
Always run the fuel system diagnostic pressure check before proceeding with the following diagnostic chart. Low
secondary fuel pressure due to a fuel restriction or faulty regulator may cause this fault.

by IMPCO POWER SOLUTIONS, INC.

Q SPECTRUM 1 P s l



PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL DIAGNOSTIC TROUBLE CODES 7-142

DTC 1172-EPR Pressure Lower Than Expected SPN/FMI 520260:1
St1en Did you perform the On%m%mwmﬁ%p 2) | Goto Oglg System

i i i Check Section
2 e Did you run the fuel pressure diagnostic test Gotostep(4) | Gotostep 3
in the fuel system diagnostic section with no
problems found?
3 e Run the EPR pressure test in the LPG Fuel Go to step (4) | Follow the
System Diagnosis (Section 5). Did the EPR EPR service
pass the fuel pressure test specifications? recommendations

from the fuel
pressure test chilrt

4 Inspect the EPR electrical connector C026 for Repair the Go to step (5
damage, corrosion or contamination. circuit as
Did you find a problem? necessary.

Refer to wire
harness repair

section
5 o Replace the EPR Go to step (6) _
[s the replacement complete?
6 e Remove all test equipment except the DST. System OK Go to OBD System
e Connect any disconnected components, fuses, Check
etc.
e Using the DST clear DTC information from the
ECM.

e Turn the ignition OFF and wait 30 seconds.

e Start the engine and operate the vehicle to full
operating temperature

e Observe the MIL
Observe engine performance and driveability
After operating the engine within the test
parameters of DTC1172 check for any stored
codes.

Does the engine operate normally with no stored

codes?

9 P S l (5 SPECTRUM
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DTC1173- EPR Communication Lost SPN/FMI 520260:31

EFFR
. HLUAWWH T = o AM-
a WlHITE
3 BLU/PHE 14 CAM+
5 oL g | crowa
T REL/LT BLU =1 2o rad
Fuse 10A ECk
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Conditions for Setting the DTC

EPR CAN communication

Check condition-Engine running or cranking
MIL-On during active fault

Fault condition-No packets received within 500 ms
Adaptive disabled

Circuit Description

The EPR (Electronic Pressure Regulator) unit measures and controls the amount of fuel that is able to pass to the fuel
mixer. Pressure readings are sent over the CAN to the ECM and in return the ECM sends back a control signal to the
EPR to increase or decrease pressure for precise mixture control. This code will set in the event communication with
the ECM is lost. The MIL command is on.
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DIAGNOSTIC TROUBLE CODES 7-144

DTC 1173-EPR Communication Lost SPN/FMI 520260:31

Step i Value(s) Igs No
1 Did you perform the On-goarg (OBD) System Check? - o to Step (2) Go to OBD
System Check
Section
2 e Key ON Go to step (3) | Intermittent
e DST (Diagnostic Scan Tool) connected in the problem. Go
system data mode to Intermittent
e Clear DTC1173 Pro:?'e”_‘
section in
* KeyOFF i the electrical
e Key ON, and attempt to start the engine section of this
Does DTC1173 re-set manual
3 o Key OFF System Go to step (7) | Go to step (4)
e Disconnect EPR electrical connector C026 battery
o KeyON voltage
e Using a DVOM check for system power
between EPR connector pin 7 and engine
ground
(Be sure to activate relay control ON using the DST
function or check before ECM relay control times out)
Do you have power?
4 e Check the 10A (EPR) fuse Go to step (5) Go to step (6)
Is the fuse open?
5 e Replace EPR fuse Go to step (17) _
Is the replacement complete? i i
6 e Using a DVOM check for system power at Repair the Repair the
power relay terminal 87 System open circuit power relay
(Be sure to activate relay control ON using the DST battery between power | circuit as
function or check before ECM relay control times out) voltage relay pin 87 required
Do you have power? and EPR pin 7
Go to step (17) | Go to step (17)
7 e Using a DVOM check for continuity between Go to step (8) Repair the
EPR connector pin 6 and engine ground open ground
Do you have continuity? circuit as
necessary.
Refer to
wiring repairs
in engine
electrical
8 o Key OFF Go to step (9) Repair the
e Disconnect the EPR connector C026 open circuit
¢ Disconnect the ECM connector C001 as Ir_\le(f:estsary.
e Using a DVOM check for continuity between wirine er; Zirs
EPR pin 1 and ECM pin 15 ring rep
I in engine
Do you have continuity? electrical
9 e Using a DVOM check for continuity between Go to step (10) Repair the
EPR pin 2 and ECM pin 14 open circuit
Do you have continuity? as necessary.
Refer to
wiring repairs
in engine
electrical

BMPSI
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DIAGNOSTIC TROUBLE CODES 7-145

Step Action Value(s) Yes No
10 e Using a DVOM check for continuity between Go to step (11) Repair the
EPR pin 3 and ECM pin 14 open circuit
Do you have continuity? as necessary.
Refer to
wiring repairs
in engine
electrical
11 e Using a DVOM check for continuity between Go to step (12) Repair the
EPR pin 6 and ECM pin 69 open circuit
Do you have continuity? as necessary.
Refer to
wiring repairs
in engine
electrical
12 e Using a DVOM check for continuity between Go to step (13) Repair the
EPR pin 6 and ECM pin 81 open circuit
Do you have continuity? as necessary.
Refer to
wiring repairs
in engine
electrical
13 o Disconnect vehicle interface connector Repair the Go to step (14)
CoM shorted to
e Disconnect DST from the DLC connector ground CAN
Co16 circuit as
e Using a DVOM check for continuity between necessary.
. ; Refer to
engine ground and EPR pins 1 and 3 - .
o wiring repairs
Do you have continuity? in engine
electrical
14 e Replace the EPR Go to step (15) _
[s the replacement complete?
15 e Remove all test equipment and reconnect the Go to step (16) System OK
DST.
e Connect any disconnected components,
fuses, etc.
e Using the DST clear DTC information from
the ECM.
Turn the ignition OFF and wait 30 seconds.
Start the engine and operate the vehicle to
full operating temperature
Observe the MIL
Observe engine performance and driveability
e After operating the engine within the test
parameters of DTC1173 check for any stored
codes.
Does DTC1173 still re-set?
16 e Replace the ECM Go to step (17) _
Is the replacement complete?
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[ Step Action Value(s) Yes No
17 e Remove all test equipment except the DST. System OK Go to OBD
e Connect any disconnected components, System Check
fuses, etc.
e Using the DST clear DTC information from
the ECM.
e Turn the ignition OFF and wait 30 seconds.
e Start the engine and operate the vehicle to
full operating temperature
e Observe the MIL
e Observe engine performance and driveability
e After operating the engine within the test
parameters of DTC1173 check for any stored
codes.
Does the engine operate normally with no stored
codes?
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DTC1174- EPR Supply Voltage High SPN/FMI 520260:3
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Conditions for Setting the DTC

EPR supply voltage

Check condition-Engine running or cranking

MIL-On during active fault

Fault condition- internal EPR supply voltage too high
Adaptive disabled

Closed loop disabled

Circuit Description

The EPR (Electronic Pressure Regulator) unit measures and controls the amount of fuel that is able to pass to the fuel
mixer. Pressure readings are sent over the CAN to the ECM and in return the ECM sends back a control signal to the

EPR to increase or decrease pressure for precise mixture control. This code will set if the EPR internal supply voltage
is too high.

Diagnostic Aid

This DTC indicates abnormal EPR internal voltages that are not measurable externally. Check the system charging
voltage to be sure this DTC and other over voltage DTC’s are not present. Repair the charging system if it is found
to be out of specification for high charge voltage. In the event of multiple code sets, always start the diagnostic repair
with the lowest numerical value DTC first.
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DTC 1174-EPR Voltage Supply High SPN/FMI 520260:3

Step Value(s) Igs No
1 Did you perform the On-goarg (OBD) System Check? - o to Step (2) Go to OBD

System Check

i Section
2 e DST connected and in the system data Go to step (3) | Repair the
mode charging
e Engine running system

e Check the system battery voltage.

Is the charging voltage within specifications?
3 Using a DVOM compare the system battery voltage 1 volt Go to step (4) | Go to step (5)

to the DST display.
Is the voltage reading within 1 volt between the two of

them?
4 e Replace the EPR Go to step (6) _
Is the replacement complete?
5 e Replace the ECM Go to step (6) _
Is the replacement complete?
6 e Remove all test equipment except the DST. System OK Go to OBD
e Connect any disconnected components, fuses, System Check
etc.
e Using the DST clear DTC information from the
ECM.

Turn the ignition OFF and wait 30 seconds.
Start the engine and operate the vehicle to full
operating temperature
Observe the MIL
Observe engine performance and driveability
o After operating the engine within the test
parameters of DTC1174 check for any stored
codes.
Does the engine operate normally with no stored
codes?
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DIAGNOSTIC TROUBLE CODES 7-149

DTC1175- EPR Supply Voltage Low SPN/FMI 520260:4
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Conditions for Setting the DTC

EPR supply voltage

Check condition-Engine running or cranking
MIL-On during active fault

Fault condition-EPR internal supply voltage low
Adaptive disabled

Closed loop disabled

Circuit Description

The EPR (Electronic Pressure Regulator) unit measures and controls the amount of fuel that is able to pass to the fuel
mixer. Pressure readings are sent over the CAN to the ECM and in return the ECM sends back a control signal to the
EPR to increase or decrease pressure for precise mixture control. This code will set if the internal EPR supply voltage

is low.

Diagnostic Aid

This DTC indicates abnormal EPR internal voltages that are not measurable externally. Check the system charging
voltage to be sure this DTC and other low voltage DTC’s are not present. Repair the charging system if it is found to
be out of specification for low charge voltage. In the event of multiple code sets, always start the diagnostic repair with

the lowest numerical value DTC first.
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DIAGNOSTIC TROUBLE CODES 7-150

DTC 1175-EPR Voltage Supply Low SPN/FMI 520260:4
i [ Value(s) |

A ot perform e OnBasd {OBD) Sysiem Cheak? T2 e — 55 &5 2] | Goto DED
System Check
i Section
2 e DST connected and in the system data mode Go to step (3) | Repair the
e Engine running charging
e Check the system battery voltage. system
Is the charging voltage within specifications?
3 e Key OFF i Go to step (6) | Go to step (4)
e Disconnect the EPR electrical connector
C026
e Using a DVOM check for power between the
EPR connector pin 7 and engine ground.
e Key ON
e Record the voltage reading.
(Be sure to activate relay control ON using the DST
function or check before ECM relay control times out)
e Using a DVOM check the system battery
power at the battery terminals and record the
voltage reading.
Are the recorded voltage readings within 1 volt of
each other?
4 e Inspect the EPR connector and F3 fuse Correct the Go to step (5)
holder terminals for damage corrosion or problem as
contamination necessary.
Did you find a problem? See wiring
harness repair
in the electrical
section of this
manual
5 e Check the power relay circuit. Check Correct the _
the power relay connections for damage problem as

corrosion or contamination
Did you find a problem?

necessary. See

wiring harness
schematic in
the electrical
section of this

manual
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DIAGNOSTIC TROUBLE CODES 7-151

Action

Value(s)

Yes

Step
6

o Key OFF
e Disconnect the ECM connector C001

e Using a DVOM check the resistance reading
between EPR connector pin 6 and ECM
connector pin 69 and 81.

(Do not forget to subtract any resistance value
that may be present in you test cables)

Is the resistance reading less than .5 ohms?

Less than' .5
Ohms

Go to step (7)

No
Repair the poor
EPR power
ground circuit.
See wiring
harness repair
in the electrical
section of this
manual

o Replace the EPR
Is the replacement complete?

Go to step (8)

e Remove all test equipment except the DST.

e Connect any disconnected components,
fuses, etc.

e Using the DST clear DTC information from
the ECM.

e Turn the ignition OFF and wait 30 seconds.

e Start the engine and operate the vehicle to
full operating temperature

e Observe the MIL

e Observe engine performance and driveability

e After operating the engine within the test
parameters of DTC1175 check for any stored
codes.

Does DTC 1175 still re-set?

Go to step (9)

System OK

e Replace the ECM
Is the replacement complete?

Go to step (10)

Remove all test equipment except the DST.
e Connect any disconnected components, fuses,
etc.
e Using the DST clear DTC information from the
ECM.
Turn the ignition OFF and wait 30 seconds.
Start the engine and operate the vehicle to full
operating temperature
Observe the MIL
Observe engine performance and driveability
e After operating the engine within the test
parameters of DTC1175 check for any stored
codes.
Does the engine operate normally with no stored
codes?

System OK

Go to OBD
System Check
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DTC1176- EPR Internal Actuator Fault SPN/FMI 520260:12
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Conditions for Setting the DTC

EPR internal actuator test

Check condition-Engine running or cranking
MIL-On during active fault

Fault condition- Failed actuator

Adaptive disabled

Closed loop disabled

Circuit Description

The EPR (Electronic Pressure Regulator) unit measures and controls the amount of fuel that is able to pass to the fuel
mixer. Pressure readings are sent over the CAN to the ECM and in return the ECM sends back a control signal to the
EPR to increase or decrease pressure for precise mixture control. This code will set if the ECM detects an internal
actuator fault with the EPR. In the event of multiple code sets, always start the diagnostic repair with the lowest
numerical value DTC first. In most instances the EPR will need to be replaced in the event of this code set.

POWER SOLUTIONS, INC. by IMPCO

PPSI (5 SPECTRUM



PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL DIAGNOSTIC TROUBLE CODES 7-153

DTC 1176-EPR Internal Actuator Fault SPN/FMI 520260:12

[ Value(s) |
St1en Did you perform the On%%ﬁmmﬂ_ - TWY&sep ) Go tt)l%BD
System Check
Section
2 e DST connected and in the system data Go to step (3) | Go to step (6)
mode
e Check for any other current or active
DTCs
Does the DST show any other codes set?
3 e Repair any other DTC’s set starting with the Go to step (4) Repair Other
lowest DTC number first DTC’s
Have the other DTC'’s set been corrected?
4 e Remove all test equipment except the DST. Go to step (5) System OK
e Connect any disconnected components, fuses,
etc.
e Using the DST clear DTC information from the
ECM.
e Turn the ignition OFF and wait 30 seconds.
e Start the engine and operate the vehicle to full
operating temperature
e Observe the MIL
Observe engine performance and driveability
After operating the engine within the test
parameters of DTC1176 check for any stored
codes.
Does DTC 1176 still re-set?
5 e Replace the EPR Go to step (6) —
Is the replacement complete?
6 e Remove all test equipment except the DST. System OK Go to OBD
e Connect any disconnected components, fuses, System Check
etc.
e Using the DST clear DTC information from the
ECM.
e Turn the ignition OFF and wait 30 seconds.
e Start the engine and operate the vehicle to full
operating temperature
e Observe the MIL
e Observe engine performance and driveability
o After operating the engine within the test
parameters of DTC1176 check for any stored
codes.
Does the engine operate normally with no stored
codes?
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DTC1177- EPR internal Circuitry Fault SPN/FMI 620260:12
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Conditions for Setting the DTC

EPR internal circuitry test

Check condition-Engine running or cranking
MIL-On during active fault

Fault condition-

Adaptive disabled

Closed loop disabled

Circuit Description

The EPR (Electronic Pressure Regulator) unit measures and controls the amount of fuel that is able to pass to the
fuel mixer. Pressure readings are sent over the CAN to the ECM and in return the ECM sends back a control signal
to the EPR to increase or decrease pressure for precise mixture control. This code will set if the ECM detects an
internal circuitry fault in the EPR. In the event of multiple code sets, always start the diagnostic repair with the lowest
numerical value DTC first. In most instances the EPR will need to be replaced in the event of this code set.
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DTC 1177-EPR Internal Circuitry Failure SPN/FMI 520260:12

i [ Value(s) |
St1en Did you perform the On%%mmﬂ_ - TWY&sep ) Go tt)l%BD
System Check
Section
2 e DST connected and in the system data Go to step (3) | Go to step (6)
mode
e Check for any other current or active
DTCs
Does the DST show any other codes set?
3 e Repair any other DTC’s set starting with the Go to step (4) Repair Other
lowest DTC number first DTC’s
Have the other DTC'’s set been corrected?
4 e Remove all test equipment except the DST. Go to step (5) System OK
e Connect any disconnected components, fuses,
etc.
e Using the DST clear DTC information from the
ECM.
e Turn the ignition OFF and wait 30 seconds.
e Start the engine and operate the vehicle to full
operating temperature
e Observe the MIL
Observe engine performance and driveability
After operating the engine within the test
parameters of DTC1177 check for any stored
codes.
Does DTC 1177 still re-set?
5 e Replace the EPR Go to step (6) —
Is the replacement complete?
6 e Remove all test equipment except the DST. System OK Go to OBD
e Connect any disconnected components, fuses, System Check
etc.
e Using the DST clear DTC information from the
ECM.
e Turn the ignition OFF and wait 30 seconds.
e Start the engine and operate the vehicle to full
operating temperature
e Observe the MIL
e Observe engine performance and driveability
o After operating the engine within the test
parameters of DTC1177 check for any stored
codes.
Does the engine operate normally with no stored
codes?
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DTC1178- EPR Internal Communication Error SPN/FMI 520260:12
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Conditions for Setting the DTC

EPR internal communication test

Check condition-Engine running or cranking
MIL-On during active fault

Fault condition-

Adaptive disabled

Closed loop disabled

Circuit Description

The EPR (Electronic Pressure Regulator) unit measures and controls the amount of fuel that is able to pass to the fuel
mixer. Pressure readings are sent over the CAN to the ECM and in return the ECM sends back a control signal to the
EPR to increase or decrease pressure for precise mixture control. This code will set if the ECM detects an internal
communication error in the EPR. In the event of multiple code sets, always start the diagnostic repair with the lowest
numerical value DTC first. In most instances the EPR will need to be replaced in the event of this code set.
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DIAGNOSTIC TROUBLE CODES 7-157

DTC 1178-EPR Internal Comm Fault SPN/FMI 520260:12

St1en Did you perform the Onﬁécg;?g (OBD) System Check? - ) Go toYSeT%p (2) Go t[‘)loOBD
System Check
Section
2 e DST connected and in the system data Go to step (3) | Go to step (6)
mode
e Check for any other current or active
DTCs
Does the DST show any other codes set?
3 e Repair any other DTC’s set starting with the Go to step (4) Repair Other
lowest DTC number first DTC’s
Have the other DTC’s set been corrected?
4 e Remove all test equipment except the DST. Go to step (5) System OK
e Connect any disconnected components, fuses,
etc.
e Using the DST clear DTC information from the
ECM.
Turn the ignition OFF and wait 30 seconds.
Start the engine and operate the vehicle to full
operating temperature
Observe the MIL
Observe engine performance and driveability
o After operating the engine within the test
parameters of DTC1178 check for any stored
codes.
Does DTC 1178 still re-set?
5 e Replace the EPR Go to step (6) _
Is the replacement complete?
6 e Remove all test equipment except the DST. System OK Go to OBD
e Connect any disconnected components, fuses, System Check
etc.
e Using the DST clear DTC information from the
ECM.
e Turn the ignition OFF and wait 30 seconds.
e Start the engine and operate the vehicle to full
operating temperature
e Observe the MIL
Observe engine performance and driveability
After operating the engine within the test
parameters of DTC1178 check for any stored
codes.
Does the engine operate normally with no stored
codes?
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DTC 1612-RTl 1 Loss SPN/FMI 629:31

ECM

M icroprocessor

Rarm

Flash

Conditions for Setting the DTC

e Engine Control Module

e Check Condition- Key on

¢ Fault Condition- Internal microprocessor error

e MIL- On

e Adaptive- Disabled for the remainder of the key-ON cycle
e Power Derate level 2

Circuit Description

The ECM has several internal checks that must be satisfied each time an instruction is executed. Several different things
can happen within the microprocessor that will cause this fault. The ECM will attempt to reset itself in the event this fault
is set. The MIL command is on and will remain on until the code is cleared using the DST. Power Derate level 2 will be
enforced limiting maximum throttle position to 20%.

POWER SOLUTIONS, INC. by IMPCO

PPSI (5 SPECTRUM



PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL

DTC 1612- RT T Loss SPN/FMI 629:37

DIAGNOSTIC TROUBLE CODES 7-159

Connect any disconnected components, fuses,
etc.

Using the DST clear DTC information from the
ECM.

Turn the ignition OFF and wait 30 seconds.
Start the engine and operate the vehicle to full
operating temperature

Observe the MIL

Observe engine performance and driveability
After operating the engine within the test
parameters of DTC-1612 check for any stored
codes.

Does the engine operate normally with no stored

Stfb i Value(s) Y No
Did you perform the On-goarg (OBD) System Check? - Go to g'tsep (2) Go to OBD
System Check
. . Section
2 e Key On, Engine Running Go to Step (3) | Intermittent
e DST (Diagnostic Scan Tool) connected in problem
System Data Mode Goto
e Clear system fault code Lr:atstrir;r:ttent
Does DTC 1612 reset with the engjne idling? .
3 e Check ECM power and ground circuits Go to Step (4) Repair the
Are the power and ground circuits Ok? circuit as
necessary.
Refer to
Wiring Repairs
in Engine
Electrical
4 o Replace ECM Go to Step (5) -
Is the replacement complete?
5 e Remove all test equipment except the DST. System OK Go to OBD

System Check

codes?

BMPSI
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PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL DIAGNOSTIC TROUBLE CODES 7-160

DTC 1613-RTI 2 Loss SPN/FMI 629:31

ECM

M icroprocessor

Rarm

Flash

Conditions for Setting the DTC

Engine Control Module

Check Condition- Key on

Fault Condition- Internal microprocessor error

MIL- On

Adaptive- Disabled for the remainder of the key-ON cycle
Power Derate level 2

Circuit Description

The ECM has several internal checks that must be satisfied each time an instruction is executed. Several different things
can happen within the microprocessor that will cause this fault. The ECM will attempt to reset itself in the event this fault
is set. The MIL command is on and will remain on until the code is cleared using the DST. Power Derate level 2 will be
enforced limiting maximum throttle position to 20%.

PPSI (5 SPECTRUM
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PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL

DIAGNOSTIC TROUBLE CODES 7-161

DTC 1613- RTl 2 Loss SPN/FMI 629:31

Connect any disconnected components, fuses,
etc.

Using the DST clear DTC information from the
ECM.

Turn the ignition OFF and wait 30 seconds.
Start the engine and operate the vehicle to full
operating temperature

Observe the MIL

Observe engine performance and driveability
After operating the engine within the test
parameters of DTC-1613 check for any stored
codes.

Does the engine operate normally with no stored

St?o i Value(s) Y No
Did you perform the On-goarg (OBD) System Check? - Go to g'tsep (2) Go to OBD
System Check
. . Section
2 e Key On, Engine Running Go to Step (3) | Intermittent
e DST (Diagnostic Scan Tool) connected in problem
System Data Mode Goto _
e Clear system fault code Lr:atstrir;r:ttent
Does DTC 1613 reset with the engine idling?
3 e Check ECM power and ground circuits Go to Step (4) Repair the
Are the power and ground circuits Ok? circuit as
necessary.
Refer to
Wiring Repairs
in Engine
Electrical
4 e Replace ECM Go to Step (5) -
Is the replacement complete?
5 e Remove all test equipment except the DST. System OK Go to OBD

System Check

codes?

BMPSI
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PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL DIAGNOSTIC TROUBLE CODES 7-162

DTC 1614-RTI 3 Loss SPN/FMI 629:31

ECM

M icroprocessor

Rarm

Flash

Conditions for Setting the DTC

Engine Control Module

Check Condition- Key on

Fault Condition- Internal microprocessor error

MIL- On

Adaptive- Disabled for the remainder of the key-ON cycle
Power Derate level 2

Circuit Description

The ECM has several internal checks that must be satisfied each time an instruction is executed. Several different
things can happen within the microprocessor that will cause this fault. The ECM will attempt to reset itself in the
event this fault is set. The MIL command is on and will remain on until the code is cleared using the DST. Power
Derate level 2 will be enforced limiting maximum throttle position to 20%.

POWER SOLUTIONS, INC. by IMPCO
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PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL

DTC 1614- RTI 3 Loss SPN/FMI 629:37

DIAGNOSTIC TROUBLE CODES 7-163

e Connect any disconnected components, fuses,
etc.

e Using the DST clear DTC information from the
ECM.

e Turn the ignition OFF and wait 30 seconds.

e Start the engine and operate the vehicle to full
operating temperature

e Observe the MIL
Observe engine performance and driveability
After operating the engine within the test
parameters of DTC-1614 check for any stored
codes.

Does the engine operate normally with no stored

codes?

Stfb [ Value(s) g_s No
Did you perform the On-goarg (OBD) System Check? - Go to Step (2) Go to OBD
System Check
i i Section
2 e Key On, Engine Running Go to Step (3) | Intermittent
e DST (Diagnostic Scan Tool) connected in problem
System Data Mode Goto
e Clear system fault code Lr:atstrir;r:ttent
Does DTC 1614 reset with the engjne idling? i
3 e Check ECM power and ground circuits Go to Step (4) Repair the
Are the power and ground circuits Ok? circuit as
necessary.
Refer to
Wiring Repairs
in Engine
Electrical
4 o Replace ECM Go to Step (5) -
Is the replacement complete?
5 e Remove all test equipment except the DST. System OK Go to OBD

System Check

BMPSI

POWER SOLUTIONS, INC.

by IMPCO

()’ SPECTRUM



PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL DIAGNOSTIC TROUBLE CODES 7-164

DTC 1615-A/D Loss SPN/FMI 629:31

ECM

M icroprocessor

Rarm

Flash

Conditions for Setting the DTC

Engine Control Module

Check Condition- Key on

Fault Condition- Internal microprocessor error

MIL- On

Adaptive- Disabled for the remainder of the key-ON cycle
Power Derate level 2

Circuit Description

The ECM has several internal checks that must be satisfied each time an instruction is executed. Several different things
can happen within the microprocessor that will cause this fault. The ECM will attempt to reset itself in the event this fault
is set. The MIL command is on and will remain on until the code is cleared using the DST. Power Derate level 2 will be
enforced limiting maximum throttle position to 20%.

POWER SOLUTIONS, INC. by IMPCO
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PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL

DIAGNOSTIC TROUBLE CODES 7-165

DTC 1615-A/D Loss SPN/FMI 629:31

Connect any disconnected components, fuses,
etc.

Using the DST clear DTC information from the
ECM.

Turn the ignition OFF and wait 30 seconds.
Start the engine and operate the vehicle to full
operating temperature

Observe the MIL

Observe engine performance and driveability
After operating the engine within the test
parameters of DTC-1615 check for any stored
codes.

Does the engine operate normally with no stored

Stfb Value(s) Y No
Did you perform the On-goarg (OBD) System Check? - Go to g'tsep (2) Go to OBD
System Check
. . Section
2 e Key On, Engine Running Go to Step (3) | Intermittent
e DST (Diagnostic Scan Tool) connected in problem
System Data Mode Goto
e Clear system fault code Lr:atstrir;r:ttent
Does DTC 1615 reset with the engjne idling? .
3 e Check ECM power and ground circuits Go to Step (4) Repair the
Are the power and ground circuits Ok? circuit as
necessary.
Refer to
Wiring Repairs
in Engine
Electrical
4 o Replace ECM Go to Step (5) -
Is the replacement complete?
5 e Remove all test equipment except the DST. System OK Go to OBD

System Check

codes?

BMPSI
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PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL DIAGNOSTIC TROUBLE CODES 7-166

DTC 1616-Invalid Interrupt SPN/FMI 629:31

ECM

M icroprocessor

Ram

Flash

Conditions for Setting the DTC

Engine Control Module

Check Condition- Key on

Fault Condition- Internal microprocessor error

MIL- On

Adaptive- Disabled for the remainder of the key-ON cycle
Power Derate level 2

Circuit Description

The ECM has several internal checks that must be satisfied each time an instruction is executed. Several different things
can happen within the microprocessor that will cause this fault. The ECM will attempt to reset itself in the event this fault
is set. The MIL command is on and will remain on until the code is cleared using the DST. Power Derate level 2 will be
enforced limiting maximum throttle position to 20%.

POWER SOLUTIONS, INC. by IMPCO
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PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL DIAGNOSTIC TROUBLE CODES 7-167
DTC 16716- Invalid Interrupt SPN/FMI 629:31

Stfb i Value(s) Y No
Did you perform the On-goarg (OBD) System Check? - Go to g'tsep (2) Go to OBD

System Check

. . Section
2 e Key On, Engine Running Go to Step (3) | Intermittent
e DST (Diagnostic Scan Tool) connected in problem
System Data Mode Go to

e Clear system fault code Intermittent

b
Does DTC 1616 reset with the engine idling? section
3 e Check ECM power and ground circuits Go to Step (4) Repair the
Are the power and ground circuits Ok? circuit as
necessary.
Refer to
Wiring Repairs
in Engine
Electrical
4 o Replace ECM Go to Step (5) -
Is the replacement complete?
5 e Remove all test equipment except the DST. System OK Go to OBD
e Connect any disconnected components, fuses, System Check
etc.
e Using the DST clear DTC information from the
ECM.

e Turn the ignition OFF and wait 30 seconds.

e Start the engine and operate the vehicle to full
operating temperature

e Observe the MIL
Observe engine performance and driveability
After operating the engine within the test
parameters of DTC-1616 check for any stored
codes.

Does the engine operate normally with no stored

codes?

by IMPCO POWER SOLUTIONS, INC.
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PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL DIAGNOSTIC TROUBLE CODES 7-168

DTC 1626-CAN Tx Failure SPN/FMI 639:12

WHTIORM T CAM 1 Term
BLUP MK CAN T +)
f 14
C AN Device
BLUMY HT CAN )
- 15
ECM

Conditions for Setting the DTC

CAN Tx

Check Condition- Engine running

Fault Condition- CAN Tx error 100 packets lost within 1 second
MIL- ON

Circuit description

The CAN bus (controller area network) is used by the ECM to communicate with other digital devices used throughout
the fuel system. Information is sent over the CAN bus in digital information “packets” that contain information for various
control functions. This fault will set if the ECM detects 100 packets lost within a one second time period. The MIL
command is ON.

POWER SOLUTIONS, INC. by IMPCO
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PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL

DTC 1626- CAN Tx Failure SPN/FMI 639:12

DIAGNOSTIC TROUBLE CODES 7-169

Stfb i Value(s) Y No
Did you perform the On-goarg (OBD) System Check? - Go to g'tsep (2) Go to OBD
System Check
i i Section
2 e Key On, Engine Running Go to Step (3) | Intermittent
e DST (Diagnostic Scan Tool) connected in problem
System Data Mode Goto _
e Clear system fault code Lr:atstrir;]r:ttent
Does DTC1626 reset with the engine idling? i
3 Check that the ECM power connections C020, Go to Step (4) Repair the
C021 and C024 are clean and tight. circuit as
e Check that the ECM ground connections C014 necessary.
and C023 are clean and tight. Refer to
Wiring Repairs
Are the power and ground circuits Ok? n Engme
Electrical.
4 o Key OFF Go to step (5) Repair the
e Disconnect ECM harness connector C001 open circuit
e Using a DVOM check for continuity between as necessary.
ECM connector pin 13 and 14 ~Referto
Wiring Repairs
o in Engine
Do you have continuity? Electrical
5 e Using a DVOM check for continuity between Repair the Go to step (6)
ECM pins 14 and 15 shorted circuit
as necessary.
Do you have continuity between them? _Referto
Wiring Repairs
in Engine
Electrical
6 e Using a DVOM check for continuity to engine Repair the Go to step (7)
ground on pins 14 and 16 shorted to
ground circuit
Do have continuity to engine ground? as necessary.
Refer to
Wiring Repairs
in Engine
. S Electrical
7 e Using a DVOM check for continuity to battery Repair the Go to step (8)
positive on pins 14 and 16 shorted to
ground circuit
Do have continuity them? as necessary.
Refer to
Wiring Repairs
in Engine
Electrical
8 e Replace the ECM Go to step (9) _
Is the replacement complete?

9
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PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL DIAGNOSTIC TROUBLE CODES 7-170

[ Step Action Value(s) Yes No
9 e Remove all test equipment except the DST. System OK Go to OBD
e Connect any disconnected components, fuses, System Check
etc.
e Using the DST clear DTC information from the
ECM.

e Turn the ignition OFF and wait 30 seconds.

e Start the engine and operate the vehicle to full
operating temperature

e Observe the MIL

e Observe engine performance and driveability

e After operating the engine within the test
parameters of DTC-1626 check for any stored
codes.

Does the engine operate normally with no stored

codes?

9 P S l (5 SPECTRUM
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PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL DIAGNOSTIC TROUBLE CODES 7-171
DTC 1627-CAN Rx Failure SPN/FMI 639:12

YWHTIORM ia CAMNT Term
BILUP MK CAMT (+]
i} 14
CAN Device
BLUMHT CAN A =)
- 14
ECM

Conditions for Setting the DTC

e CAN Rx

e Check Condition- Engine running

e Fault Condition- CAN Rx error 100 packets lost within 1 second
e MIL-ON

Circuit description

The CAN bus (controller area network) is used by the ECM to communicate with other digital devices used
throughout the fuel system. Information is sent over the CAN bus in digital information “packets” that contain information
for various control functions. This fault will set if the ECM detects 100 packets lost within a one second time period. The
MIL command is ON.

by IMPCO POWER SOLUTIONS, INC.
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PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL

DIAGNOSTIC TROUBLE CODES 7-172

DTC 1627- CAN Rx Failure SPN/FMI 639:12

_S_Heo Did you perform the On%ﬁmﬂ_m) Goto g'sep 2) Go tr(‘)l%)BD
System Check
Section
2 e Key On, Engine Running Go to Step (3) | Intermittent
e DST (Diagnostic Scan Tool) connected in problem
System Data Mode Goto
e Clear system fault code Intetr_mlttent
Does DTC1627 reset with the engine idling? section
3 Check that the ECM power connections C020, Go to Step (4) Repair the
C021 and C024 are clean and tight. circuit as
e Check that the ECM ground connections C014 necessary.
and C023 are clean and tight. Refer to
Wiring Repairs
Are the power and ground circuits Ok? IIEnI Engme
ectrical.
4 o Key OFF Go to step (5) Repair the
e Disconnect ECM harness connector C001 open circuit
e Using a DVOM check for continuity between as necessary.
ECM connector pin 13 and 14 _Referto
Wiring Repairs
o in Engine
Do you have continuity? Electrical

5 e Using a DVOM check for continuity between

ECM pins 14 and 15

Repair the
shorted circuit
as necessary.

Go to step (6)

Do have continuity to engine ground?

ground circuit

as necessary.
Refer to

Wiring Repairs
in Engine
Electrical

Do you have continuity between them? Referto
Wiring Repairs
in Engine
Electrical
6 e Using a DVOM check for continuity to engine Repair the Go to step (7)
ground on pins 14 and 16 shorted to

7 e Using a DVOM check for continuity to battery

positive on pins 14 and 16

Do have continuity them?

Repair the
shorted to
ground circuit
as necessary.
Refer to
Wiring Repairs
in Engine
Electrical

Go to step (8)

8 e Replace the ECM

Is the replacement complete?

Go to step (9)

BMPSI
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PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL

DIAGNOSTIC TROUBLE CODES 7-173

Value(s)

Step
9

Action

e Remove all test equipment except the DST.

e Connect any disconnected components, fuses,
etc.

e Using the DST clear DTC information from the
ECM.

e Turn the ignition OFF and wait 30 seconds.

e Start the engine and operate the vehicle to full
operating temperature

e Observe the MIL

e Observe engine performance and driveability

e After operating the engine within the test
parameters of DTC-1627 check for any stored
codes.

Does the engine operate normally with no stored

codes?

Yes No
System OK Go to OBD
System Check

9

SPECTRUM
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PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL DIAGNOSTIC TROUBLE CODES 7-174

DTC 1628-CAN Address Conflict SPN/FMI 639:13

WHTIORM T CAM 1 Term
BLUP MK CAN T +)
f 14
C AN Device
BLUMY HT CAN )
- 15
ECM

Conditions for Setting the DTC

e CAN Rx

e Check Condition- Engine running

e Fault Condition- 5 or more address conflict errors
e MIL-ON

Circuit description

The CAN bus (controller area network) is used by the ECM to communicate with other digital devices used
throughout the fuel system. Information is sent over the CAN bus in digital information “packets” that contain
information for various control functions. Individual devices are assigned network addresses. This fault will set if
the ECM detects an address conflict, such as two devices with the same address. This is usually not due to an in
field failure and may be the results of “add on” CAN devices

POWER SOLUTIONS, INC. by IMPCO
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PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL

DIAGNOSTIC TROUBLE CODES 7-175

e Connect any disconnected components, fuses,
etc.

e Using the DST clear DTC information from the
ECM.

e Turn the ignition OFF and wait 30 seconds.

e Start the engine and operate the vehicle to full
operating temperature

e Observe the MIL

e Observe engine performance and driveability

o After operating the engine within the test
parameters of DTC-1628 check for any stored
codes.

Does the engine operate normally with no stored

codes?

DTC 1628- CAN Address Conflict SPN/FMI639:13
Stfb i Value(s) Y No
Did you perform the On-goarg (OBD) System Check? - Go to g'tsep (2) Go to OBD
System Check
i i Section
2 e Key On, Engine Running Go to Step (3) | Intermittent
e DST (Diagnostic Scan Tool) connected in problem
System Data Mode Goto
e Clear system fault code Lr:atstrir;]r:ttent
Does DTC1628 reset with the engine idling?
3 Key OFF Repeat step Contact the
o Disconnect one CAN device 3 until all CAN device
e Clear DTC 1628 CAN devices manufacturer
Lo Lo have been for additional
o Key _ON (start engine if possible if not disconnected CAN address
continue cranking for at least 3 seconds) . : .
Wait 5 d one at a time information
° alt © seconds Go to Step (4)
Does DTC 1628 re-set
4 Has the CAN device been replaced or address Go to step (9) _
conflict resolved
5 e Remove all test equipment except the DST. System OK Go to OBD

System Check

BMPSI

POWER SOLUTIONS, INC.
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PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL DIAGNOSTIC TROUBLE CODES 7-176

DTC 2111- Unable To Reach Lower TPS _SPN/FMI 51:7

Electronic Throttl= ECH

PHEAUHT oan 4+

s>

1 TAHXORHK = D auvy -
TFE:IT__,.‘ i~ PPLFLT HLU = TRS 1 Skgeal
="
o BLEATGRHM o = RS OrG oAed
= <. LT AL E ALY TPh= 2 Sigeal

| LTS RN/RED = ol

]

oS

Conditions for Setting the DTC

Throttle Position Sensor

Check Condition-Cranking or Running

Fault Condition- Actual throttle position is 20% greater than the throttle command
MIL-On during active fault

Engine Shut Down

Circuit Description

There are two Throttle Position Sensors located within the throttle which use variable resistors to determine signal voltage
based on throttle plate position. TPS 1 will read low voltage when closed and TPS 2 will read high voltage when closed.
The TPS 1 and TPS 2 percentages are calculated from these voltages. Although the voltages are different, the calculated
values for the throttle position percentages should be very close to the same. The TPS values are used by the ECM to
determine if the throttle is opening as commanded.

This fault will set if the actual throttle position is 20% greater than the throttle command. During this active fault the MIL
command is ON and the engine will shut down.

POWER SOLUTIONS, INC. by IMPCO
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PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL

DIAGNOSTIC TROUBLE CODES 7-177

DTC 2111 Unable To Reach Lower TPS SPN/FMI 51:7

Step Value(s) I&s No
1 Did you perform the On-goarg (OBD) System Check? - o to Step (2) Go to OBD
System Check
Section
2 e Key ON, Engine OFF Go to Step (3) | Intermittent
e DST (Diagnostic Scan Tool) connected in problem
DBW (Drive By Wire) test mode Goto _
e Depress Foot Pedal until theThrottle Command is Intetrmlttent
between 63%-68% section
Is the TPS 1 voltage greater than 2.0 volts?
3 e Key OFF Go to Step (6) | Go to Step (4)
e Disconnect electronic throttle connector C025
e Probe TPS 1 signal pin 6 with a test light
connected to battery voltage
e Key ON
Does DST display TPS 1 voltage less than 0.2 volts
4 e Key OFF Repair the Go to Step (5)
o Disconnect ECM wire harness connector C001 circuit as
o KeyON necessary.
; Refer to
e Using a DVOM check for voltage between throttle o .
. . . Wiring Repairs
connector TPS 1 signal pin 6 and engine ground in Engine
Do you have voltage? Electrical
5 e Replace ECM Go to Step (13) -
Is the replacement complete?
6 e Probe sensor ground circuit at ECM connector Goto Step (9) | Go to Step (7)
C001 with a test light connected to battery
voltage
Does the test light come on?
7 e Key OFF Go to Step (8) Repair the
e Disconnect ECM wire harness connector C001 circuit as
e Using a DVOM check for continuity between necessary.
throttle connector signal ground pin 2 and ECM _Referto
signal ground circuit pin 20 W|_r|ngé Repairs
Do you have continuity between them? N Engine
Electrical
8 e Replace ECM Go to Step (13) -
e |s the replacement complete?
9 o Check throttle for foreign object in bore Go to Step (10) | Go to Step (11)
Did you find g foreign object in the bore?
10 ¢ Remove foreign object Go to Step (13) -
Is the removal complete? ]
11 e Inspect the throttle wire harness connector Repair the Go to Step (12)
terminals for damage, corrosion or contamination circuit as
Did you find the problem? necessary.
Refer to
Wiring Repairs
in Engine
Electrical
12 e Replace throttle Go to Step (13) -
Is the replacement complete?

BMPSI

POWER SOLUTIONS, INC.
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PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL DIAGNOSTIC TROUBLE CODES 7-178

[ Step Action Value(s) Yes No
13 e Remove all test equipment except the DST. System OK Go to OBD
e Connect any disconnected components, fuses, System Check
etc.
e Using the DST clear DTC information from the
ECM.

e Turn the ignition OFF and wait 30 seconds.

e Start the engine and operate the vehicle to full
operating temperature

e Observe the MIL

e Observe engine performance and driveability

e After operating the engine within the test
parameters of DTC-2111 check for any stored
codes.

Does the engine operate normally with no stored

codes?

9 P S l (5 SPECTRUM

POWER SOLUTIONS, INC. by IMPCO



PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL DIAGNOSTIC TROUBLE CODES 7-179

DTC 2112-Unable To Reach Higher TPS SPN/FMI 51:7

Electronic Throttl= ECH
PHEAUHT
E "o DA +
L =
1 ToMNXORM =0 DALY -
[
TPl e & PPLLT BLU s TS 1 Sigedl

BLEATGRHN e hEor G paed

LT BLU DK ALY TPS 2 Skgaal

LT = RH/RED 5 wolt
fﬁ 3 13

Ci2S

Conditions for Setting the DTC

Throttle Position Sensor

Check Condition-Cranking or Running

Fault Condition- Actual throttle position is 20% less than the throttle command
MIL-On during active fault

Engine Shut Down

Circuit Description

There are two Throttle Position Sensors located within the throttle which use variable resistors to determine signal voltage
based on throttle plate position. TPS 1 will read low voltage when closed and TPS 2 will read high voltage when closed.
The TPS 1 and TPS 2 percentages are calculated from these voltages. Although the voltages are different, the calculated
values for the throttle position percentages should be very close to the same. The TPS values are used by the ECM to
determine if the throttle is opening as commanded.

This fault will set if the actual throttle position is 20% less than the throttle command. During this active fault the MIL
command is ON and the engine will shut down.

(5 SPECTRUM 1 P s l
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PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL

DTC 2112- Throttle Unable to Open

SPN/FMI 51:7

DIAGNOSTIC TROUBLE CODES 7-180

_S_Iaeo Did you perform the On%mmwm) Go tng'tsep )] Go tg%BD
System Check
] Section
2 e Key ON, Engine OFF Go to Step (3) | Intermittent
e DST (Diagnostic Scan Tool) connected in problem
DBW (Drive By Wire) test mode Goto
e Depress Foot Pedal until the Throttle Command is Inter_mlttent
63%-68% section
Is the TPS voltage less than 2.0 volts?
3 o Key OFF Go to Step (4) | Go to Step (8)
e Disconnect electronic throttle connector C025
e Probe TPS 1 signal circuit pin 6 with test light
connected to battery voltage
e Key ON
[s TPS voltage 4.0 volts or greater?
4 o Check throttle bore for foreign object Go to Step (5) | Go to step (6)
Did vou find a problem?
5 ¢ Remove the foreign object Go to Step (11) -
Has the object been removed?
6 e Checkelectronic throttle connector terminals for Repair the Go to Step (7)
damage corrosion or contamination circuit as
Did you find a problem? necessary.
Refer to
Wiring Repairs
in Engine
Electrical
7 e Replace throttle Go to Step (11) -
Is the replacement complete?
8 o Key OFF Go to Step (9) Repair the
e Disconnect ECM wire harness connector C001 circuit as
e Using a DVOM check for continuity between hecessary.
throttle connector TPS 1 signal pin 6 and ECM ~Referto
TPS 1 signal pin 5 Wiring Repairs
Do you have continuity between them? gi?ﬁég?
9 e Using a DVOM check for continuity between Repair the Go to Step (10)
throttle connector TPS 1 signal pin 6 and engine shorted to
ground ground circuit
Do you have continuity between them? as necessary.
Refer to
Wiring Repairs
in Engine
Electrical
10 e Replace ECM Go to step (11) -
Is the replacement complete?

BMPSI
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PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL

DIAGNOSTIC TROUBLE CODES 7-181

Value(s)

_S_ﬁo

Action

Remove all test equipment except the DST.
Connect any disconnected components, fuses,
etc.

e Using the DST clear DTC information from the
ECM.

e Turn the ignition OFF and wait 30 seconds.

e Start the engine and operate the vehicle to full
operating temperature

e Observe the MIL
Observe engine performance and driveability
After operating the engine within the test
parameters of DTC-2112 check for any stored
codes.

Does the engine operate normally with no stored

codes?

Yes No
System OK Go to OBD
System Check

9
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PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL DIAGNOSTIC TROUBLE CODES 7-182

DTC 2229-BP High Pressure SPN/FMI 108:0

1 BT 10 [ Sensor Ground
W ‘ AT Signal
YELMGR Y
_— 2 3 ST
q LT GRM/RED - v olte
LT GRA i
4 = MAF Signal
ECM

Conditions for Setting the DTC

Barometric pressure check

Check condition-engine off and key on

Fault Condition-BP greater than 16 PSIA

MIL-On for active fault and for 2 seconds after active fault
Adaptive-disabled for the remainder of key cycle

Circuit Description

The BP (Barometric Pressure) is estimated from the TMAP sensor. The barometric pressure value is used for fuel
and airflow calculations. This fault sets in the event the BP value is out of the normal operating range.
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PSI 1.6L PFI CERTIFIED ENGINE SERVICE MANUAL DIAGNOSTIC TROUBLE CODES 7-183

DTC 2229 BP High Pressure SPN/FMI 108:0

Step Value(s) !gs No
1 Did you perform the On- Board (OBD) System Check? - o to Step (2) Go to OBD
System Check
Sectjon
2 Go to step (3) Intermittent
e KeyOn problem
e DST (Diagnostic Scan Tool) connected in Goto
Intermittent
e System Data Mode .
section
Does DST display MAP pressure of 16 PSIA or
greater?
3 o Replace TMAP sensor. Go to Step (4) -
Is the repair complete?
4 o Remove all test equipment except the DST. System Ok Go to OBD
e Connect any disconnected components, fuses, System Check
etc.
e Using the DST clear DTC information from the
ECM.

e Turn the ignition OFF and wait 30 seconds.
e Start the engine and operate the vehicle to full
operating temperature

e Observe the MIL
Observe engine performance and driveability
After operating the engine within the test
parameters of DTC-2229 check for any stored
codes.

Does the engine operate normally with no stored

codes?
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