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ZAMBONI COMPANY LTD.
38 Morton Ave. East, P.O. Box 1388 Brantford, ON N3T 5T6        +1 519 758 5000           +1 519 758 0500       zamboni.com

MANUFACTURER’S WARRANTY

Zamboni Company Ltd., hereinafter referred to as ZAMBONI, warrants all parts and materials installed on the 
Zamboni® ice resurfacing machine to be free from defects in material and workmanship under normal use for a 
period of two (2) years or 2,000 hours, whichever comes first, following shipment from our factory to the original 
user.

The obligation of ZAMBONI under this warranty is limited to replacing at our factory any part or parts supplied by 
us, which shall, within the warranty period be returned to us with transportation charges prepaid, and which our 
examination shall disclose to our satisfaction to have been defective.

This warranty being expressly in lieu of all other warranties expressed or implied, and of all other obligations 
or liabilities on our part. ZAMBONI neither assumes nor authorizes any other person to assume for us any 
other liability in connection with the sale. ZAMBONI reserves the right to inspect service records for evidence 
of regular maintenance and proper care of the machine. The warranty will not apply to damages or failures 
resulting from misuse, negligence, accident, alteration or improper service.

ZAMBONI reserves the right, at any time or times to revise or modify, discontinue or change any models of the 
ice resurfacer or any part or parts thereof, without notice and without incurring any liability or obligation to the 
purchaser.

ZAMBONI COMPANY LTD.
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Introduction
This manual has been prepared to acquaint you with the operation of your ZAMBONI® ice 
resurfacer and to provide important safety information.  Read, understand and comply with 
the information in this manual.  All new operators must read this manual before operating 
the machine for the first time.  Periodic review of the manual is essential for all operators.

The care exercised in the operation and maintenance of the ice resurfacer will extend its 
useful life, ensure highly satisfactory and dependable service at reduced cost and assure 
safe operation and maintenance.

We thank you for choosing a ZAMBONI® product and want to assure you of our continuing 
interest in your satisfaction with your ice resurfacer.

This manual should be considered a permanent part of this machine.  It should remain with 
the machine when sold, to provide the next owner / operator with important safety and 
maintenance information.

All information, illustrations and specifications contained in this manual are based on the 
latest product information available at the time of printing.  The right is reserved to make 
changes at any time without notice.

ZAMBONI COMPANY LTD.

ZAMBONI and the configuration of the Zamboni® ice resurfacer are registered trademarks 
of Frank J. Zamboni & Co., Inc.

Date of Purchase ___________________________________________

Ice Resurfacer Serial Number _________________________________

THIS BOOK WAS LAST REVISED JULY, 2015 Part Number DM-20067
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Safety Symbols

Safety Symbols
Safety Symbols
The safety symbols listed outline basic safety precautions.

READ AND UNDERSTAND ALL SAFETY PRECAUTIONS AND WARNINGS 
BEFORE OPERATING, OR PERFORMING LUBRICATION AND MAINTENANCE.

Personal Safety

These symbols indicate when your safety or the safety of others may be at risk.

DANGER!

This safety symbol warns of possible personal injury 
or death.

WARNING!

This safety symbol warns of possible personal injury.

Equipment Damage

CAUTION!

This symbol warns of possible damage that may occur 
to the machine.
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Ice Resurfacer Guards

Ice Resurfacer Guards
The safety guards used on the Zamboni ice resurfacer are illustrated in Figures 1.1 and 1.2.

Figure 1.1  Ice Resurfacer Guards

Vertical Auger Coupling Guard

Conditioner Covers
(not shown)

Chain and Pulley Guard, 
Horizontal Auger

Propane Tank 
Strap & Buckle
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Figure 1.2      Ice Resurfacer Guards - Snow Tank Safety Stand

Snow Tank Safety Stand



Zamboni® Ice Resurfacer Specifications

ix

Zamboni® Ice Resurfacer 
Specifications

Engine

Mitsubishi 2.4L SOHC L4

Fuel Types:  Gasoline, Propane (LPG), Natural Gas 
(CNG).  Available as dual fuel (Gasoline / Propane, 
Natural Gas / Propane) or dedicated fuel.

Load sensing electronic governor enables true “hands-
free” operation by the driver.

Hydrostatic Transmission
Sundstrand variable displacement pump and 
fixed displacement motor create a full time 4WD 
hydrostatic system.

Chassis Tubular steel frame, Dana axles with rear leaf spring 
suspension.

Tires Steel belted radial LT215/75R15 load range C rated 
with tungsten tipped studs.

Hydraulics Full proportional controls with priority to power 
steering.

Electrical System 12 VDC system with 70 Amp alternator.

Instruments

CAN driven 3 in one gauge featuring tachometer, oil 
pressure and coolant temperature.  Multi Function 
CAN unit capable of displaying multiple engine 
signals as well as service intervals.  Overheat, 
alternator and oil pressure warning lights and 
audible alarm. Water pump switch, ignition switch, 
horn button, fuses, gasoline fuel gauge.

Ice Shaving Blade Driver Adjustable, 195.6 x 12.7 x 1.27 cm (77 x 5 
x ½ in.)

Wash Water Pump 12 VDC with integral electro-magnetic clutch.

Conveyor System Two 25.4 cm (10 in.) diameter double flited augers 
(horizontal / vertical).
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Snow Tank Actual 2.66 m3 (94 ft3)         Compacted 3.17 m3 (112 ft3)

Ice Making Water 627 L 166 USG 138 IMP GAL

Wash Water (opt.) 218 L 58 USG 48 IMP GAL

Total 845 L 224 USG 186 IMP GAL

Hydraulic Oil 72 L 19 USG 16 IMP GAL

Gasoline 41.6 L 11 USG 9.2 IMP GAL

Propane (LPG) 30 lb recommended**

Natural Gas (CNG) 120 L 32 USG 26 IMP GAL

**Tanks are not supplied from the factory.

Snow Tank Raised Snow Tank Lowered

Length 4.70 m (185 in.) 3.84 m (151 in.)

Height 3.43 m (135 in.) 2.06 m (81 in.)

Width 2.13 m (84 in.)

Wheel Base 1.57 m (62 in.)

Wheel Track 1.37 m (54 in.)

Turning Radius 4.57 m (15 ft.)

Weight Empty:  2660 kg (5860 lb)   With Water:  3502 kg (7720 lb)

Tank Capacities

Dimensions
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Foreword
• This manual contains safety, lubrication and maintenance information.

• The manual is a reference for the new operator and a refresher for the 
experienced one.

• It is mandatory that all operators review in detail this manual before 
performing any operation.

• Read - understand - and keep this manual with the Zamboni ice resurfacer.

• Some illustrations show details or attachments that may be different from 
your machine.  Guards and covers may have been removed for illustrative 
purposes only.

• KEEP ALL GUARDS IN PLACE!

• Continuing improvement and advancement of product design may have 
caused changes to your Zamboni machine which may not be included in 
this publication.

• Whenever a question arises regarding your ice resurfacer or this publication, 
please consult Zamboni Company Ltd. for the latest information.

• A continuing review of this manual is recommended.

Safety
The "General Safety Practices" section lists minimum safety precautions.  In  addition, this 
section explains the warning labels used on the Zamboni machine.
Read and understand the basic precautions listed in the safety section before operating or 
performing lubrication, maintenance and repair on this product.

Operation
This manual includes sections which explain system gauges and switches, resurfacer and 
attachment controls and basic operating techniques.

Operating techniques outlined in this publication are basic.  Skill and techniques develop as 
the operator gains knowledge of the Zamboni ice resurfacer and its capabilities.
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General Safety Practices

1.
General Safety Practices

Safety

This symbol warns of possible personal injury.

The safety rules and regulations in this section are representative of some, but not all, 
rules and regulations.  The Canadian Centre for Occupational Health and Safety (CCOHS) 
is paraphrased without representation that the CCOHS rules and regulations have been 
reproduced verbatim.  Please refer to your provincial Health and Safety regulatory body 
for a complete list of rules and regulations.  Regulations vary from province to province as 
well as country to country; operate your Zamboni ice resurfacer in accordance with local 
regulations.

Important Safety Notice

Periodic and proper operation, lubrication and maintenance is important for the safety and 
reliability of your Zamboni machine.  The manual outlines recommended procedures, some 
of which require the use of special tools or work methods.

DANGER!
Improper operation, lubrication and maintenance of 
this machine is dangerous and could result in injury 
or death.

READ AND UNDERSTAND ALL SAFETY PRECAUTIONS AND WARNINGS BEFORE 
OPERATING, LUBRICATING OR PERFORMING MAINTENANCE ON THIS MACHINE.

Basic safety precautions are outlined in the SAFETY section of this manual and in the 
description of operations where hazards exist.  Warning labels have also been put on the 
machine to provide instructions and to identify specific hazards which could cause bodily 
injury or death to you or other persons.  



General Safety Practices

1 - 2

It is the responsibility of the owner to perform a job safety analysis of all hazards associated 
with the total environment in which the Zamboni machine will operate and to train all 
personnel annually. 

The warnings in the manual and on the machine are identified by the symbols: 

DANGER!

This safety symbol warns of possible personal injury 
or death.

WARNING! 

This safety symbol warns of possible personal injury.

CAUTION!

This symbol warns of possible damage that may occur 
to the machine.

DANGER!
Operations that may cause product damage are 
identified on the product and this publication.  Zamboni 
cannot anticipate every possible circumstance that 
might involve potential hazard.

The warnings in this manual and on the machine are therefore not all-inclusive.  If a procedure, 
tool or work method not specifically recommended by Zamboni is used, a competent person 
must be consulted to assure the safety of you and others and that the machine will not be 
damaged or made unsafe by the procedures you choose. You should also ensure that the 
product will not be damaged or made unsafe by the operation, lubrication, maintenance or 
repair procedure you choose.  When in doubt, call our factory for free consultation and advice.

DANGER! 
Do not operate or perform maintenance on this 
machine unless you have read and understand the 
instructions in THIS MANUAL.  Improper machine 
operation and maintenance is dangerous and could 
result in injury or  death.  Contact Zamboni for a 
free replacement  manual.  Proper operation and 
maintenance is your responsibility.
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General Safety Practices

Accidents involving product operation, maintenance and repair are caused by failure to 
observe safety rules or precautions.  A person must be alerted to potential hazards.  This 
person should also have the necessary training, skills and tools to perform safely.

The specifications are subject to change at any time.  These changes may affect the service 
given to the product.  Please obtain the most current information from your local distributor 
or the Zamboni factory before starting any job.

For a list of the most current publications please contact:  Zamboni Company Ltd., 38 
Morton Avenue East, P.O. Box 1388, Brantford, Ontario, Canada N3T 5T6  (519) 758-5000

Warning Signs and Labels

There are several specific safety signs on your Zamboni machine. 

Make sure that you can read and understand all of the safety signs.  Clean or replace them if 
you cannot read the words or see the pictures.  When cleaning the labels use a cloth, water 
and soap.  Do not use solvent, gasoline, etc.

You must replace a label if it is damaged, missing or cannot be read.  If a label is on a part 
that is replaced, make sure a new label is installed on the replaced part. 

Contact Zamboni Company Ltd. for new safety labels free of charge.

DANGER! 
Only trained and authorized personnel may operate 
this machine.  For safe operation, read and follow the 
manual furnished with this machine and observe the 
following warnings:

• Keep all guards in place.  Do not operate the Zamboni machine if any guard 
is damaged or missing.

• Check all controls and warning devices for proper operation.

• Insure directional control is in neutral before “ON-OFF” switch is turned on.

• Start, turn and brake smoothly.  Slow down for turns, slippery or uneven 
surfaces.  Use extreme caution when turning or on inclines.

• Watch out for pedestrians and obstructions, check overhead clearances.  Use 
care when backing up.

• Do not permit riders on the Zamboni machine at any time.

• Do not permit skaters or people on the ice when the machine is operating 
on the ice.
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• Do not allow anyone to stand or pass under the elevated portion of any
machine.

• Be sure operating surface can safely support machine.

• Observe safety rules when handling fuel on engine powered machines and
when changing or charging batteries for electric machines.

• Never cover, hide or remove any safety label.

• Never stand on the ice making water tank.  Damage to the tank and personal
injury may occur.

Crushing or Cutting Prevention
• Support equipment and attachments properly when working beneath them.

• Do not depend on hydraulic cylinders to hold up. Any attachment can fail if
a control is moved or if a hydraulic line breaks.

• Never attempt adjustments while the machine is moving or is running unless
otherwise specified.

• Where there are mechanical linkages, the clearance in the linkage area will
increase or decrease with movement of the assembly.

• Stay clear of all rotating and moving parts.

• Keep objects away from moving fan blades.  They will throw or cut any
object or tool that falls or is pushed into them.

• Retainer pins, when struck with force, can fly out and injure nearby persons.
Make sure the area is clear of people when striking retainer pins.

• Wear protective glasses when striking a retainer pin to avoid injury to your
eyes.

• Chips or other debris can fly off objects when struck.  Make sure no one can
be injured by flying debris before striking any object.

• Keep all guards in place and good repair.

Fire or Explosion Prevention
Fuels (Gasoline, Propane - LPG, Compressed Natural Gas - CNG)

DANGER!
Gasoline, LPG , CNG and their vapors  are extremely 
flammable.  LPG and CNG vapors reduce oxygen 
available for breathing and may cause suffocation. 
Gasoline vapors are extremely flammable and cause 
flash fires. 
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General Safety Practices

• Physical damage such as dents, scrapes or gouges may materially weaken 
the structure of the tank and render it unsafe for use.

• All LP gas containers should be regularly inspected before recharging and 
examined again before reuse, for the following defects or damage.

• Keep container valve closed and plugged when not in use.

• Never use a match or open flame to check for leaks, use a soap solution.

• Always close the LPG tank service valve, remove the tank(s) and store them 
in an outside, locked cage when the Zamboni machine is parked for the night 
or for any extended length of time.

• Never smoke when filling, installing or changing the fuel tanks on the 
machine.

• Inspect for deterioration, damage or loss of flexible seals in the fill or servicng 
connection.

• Do not overfill LP gas containers.

• Keep all sources of open flame, spark or other ignition such as stoves, 
furnaces, water heaters or any appliance using a pilot light away from fuel 
storage, fuel use and refueling areas.  Under well ventilated conditions, a 
minimum distance of 20 feet from all ignition sources is recommended.

• Do not operate the machine if an odor of gasoline or LPG or CNG is present 
or if other explosive conditions exist.

• Refuel outdoors or in a well ventilated area.

• DO NOT refuel when the engine is running or hot.  Allow engine and engine 
exhaust system and catalytic convertor to cool for a minimum of five minutes 
before refueling.

• Never fill the gasoline tank completely full or to a point where the gasoline is 
overflowing.  Always leave a small portion of the gas tank and the entire fill 
tube empty.  This will allow for the expansion and movement of the gasoline 
and will minimize sloshing and potentially spilling the gasoline when the 
machine moves.

• If gasoline is spilled, avoid creating any source of ignition until the gasoline 
has been completely removed.

• LPG is heavier that air and spreads rapidly.  Stop all leaks quickly.  Shut off 
the source of gas.

• If a fire starts, evacuate the area and notify the fire department.
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• For a fire in the engine compartment, shut off engine.  Shut off the gas flow 
at the tank valves for LPG and CNG powered machines before trying to 
extinguish.

• Always have a properly maintained fire extinguisher located in the Zamboni 
machine room.

• Fire extinguishing media must be dry chemical, foam, or CO2 for usage on 
large fires.

Propane (LPG) Tank Storage and Handling

• Avoid skin contact with liquid because of possibility of freeze burn.  Use 
propane resistant gloves when working with the propane tank connections. 
Always use full face mask and wear a long sleeve shirt or jacket.

• The storage and handling of LP gas and tanks should be in accordance with 
the CAN/CSA -B149.2 Propane Storage and Handling Code, 2005 Edition.

• The machine should be refueled in accordance with the CAN/CSA -B149.2 
Propane Storage and Handling Code, 2005 Edition.

• Only properly trained and designated persons should charge or exchange 
the LP gas tanks.

• The engine should be stopped  and no persons should be on the Zamboni 
machine during refueling.

• Always install tanks and make tank connections outdoors or in a well 
ventilated area away from heat, ignition sources and open flames.

• NO SMOKING ALLOWED during these operations!

• Store tanks in an authorized location (outside, detached storage is required) 
with adequate ventilation.

• Store tanks in an upright position, away from heat and ignition sources.

• Reasonable care should be exercised in handling the LP gas containers to 
avoid damage. Do not drop, throw, roll or drag LP gas containers or any 
associated parts of the containers or fuel system.

• The careless handling of LP gas containers can result in a serious accident. 
Extreme care should be exercised when transporting containers so that they 
are not accidently dropped or physically damaged.  When it is necessary to 
move more than one container at one time, a proper carrying device should 
be provided and used.
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General Safety Practices

• Physical damage such as dents, scrapes or gouges may materially weaken 
the structure of the tank and render it unsafe for use.

• All LP gas containers should be regularly inspected before recharging and 
examined again before reuse for the following defects or damage:

1. Leaks, dents, scrapes, gouges or corrosion of the pressure 
vessel, with emphasis on the bottom of the cylinders.

2. Damage to the various valves and liquid level guage.
3. Debris in the relief valve.
4. Indication of leakage at valves and/or threaded connection.

• Keep container valve closed and plugged when not in use.

• Never use a match or open flame to check for leaks, use a soap solution.

• Always close the LPG tank service valve, remove the tank(s) and store 
them in an outside, locked cage when the Zamboni machine is parked for 
the night or for any extended length of time.

CNG Fuel System

The installation of distribution, storage and dispensing (charging) systems must be done 
in accordance with the ANSI/IAS NGV4.1-1999 / CSA 12.5-M99 (R04) and any other 
applicable regulations. Your local gas utility company must be advised of your installation.

The machines's CNG cylinders must be charged in accordance with the ANSI/IAS NGV4.1-
1999 / CSA 12.5-M99 (R04).

Only properly trained and designated persons should charge the CNG fuel cylinders on the 
machine.

• Never smoke when charging the CNG fuel cylinders on the machine.

• Keep all sources of open flame, spark or other ignition such as stoves, furnaces, 
water heaters or any appliance using a pilot light away from fuel storage, 
fuel use and refueling areas.  Under well ventilated conditions, a minimum 
distance of 20 feet from all possible ignition sources is recommended.

• Never charge the cylinders in excess of their maximum allowable service 
pressure at normal temperature.  Department of Transportation and Transport 
Canada containers shall be charged in accordance with DOT and TC 
regulations.
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Oils

• Hydraulic oil and its vapors are flammable and will ignite if they contact a 
hot surface such as an exhaust pipe or manifold.  A flash fire can occur.

• Hot oil and components can cause personal injury.  Do not allow hot oil or 
components to contact the skin.

• At operating temperature, the hydraulic tank is hot and can be under pressure.

• Remove the hydraulic tank filler cap only after the machine has been stopped 
and the filler cap is cool enough to remove with your bare hand.

• Remove the hydraulic tank filler cap slowly to relieve pressure.

Batteries

• Battery fumes may cause fire or explosion.  Battery acid can cause burns.

• Only trained and designated personnel should recharge or exchange batteries.

• Service, exchange and handle batteries only in authorized areas where proper 
safety and ventilation facilities are provided (i.e. eye wash stand, showers, 
etc.).

• Do not smoke, or expose battery to sparks or flame when checking, charging 
or servicing battery.  Keep chains and metallic tools away from the top of 
the battery.

• Highly explosive gases are present and are especially hazardous toward the 
end of the charging period as the battery approaches a full charge condition.

• Cover the top of the battery with plywood or other insulating material before 
removing it from the machine.

• Do not add acid to a “wet” battery, add distilled water only.

• When preparing a dry charged battery for service, follow the battery 
manufacturer’s instructions.

• Do not smoke in areas where batteries are charged or where flammable 
materials are stored.

• Clean and tighten all electrical connections.  Check daily for loose or frayed 
electrical wires.  Have all loose or frayed electrical wires tightened, repaired 
or replaced before operating the Zamboni ice resurfacer.
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Lubricants

Most lubricants are flammable.

• Keep all lubricants stored in properly marked containers and away from 
unauthorized persons.

• Store all oily rags or other flammable material in an approved container, in 
a safe place.

• Do not weld or flame cut on pipes or tubes that contain flammable fluids. 
Clean them thoroughly with non-flammable solvent before welding or flame 
cutting on them.

• Remove all flammable materials such as oil and other debris before they 
accumulate on the Zamboni machine.

• Do not expose the ice resurfacer to flames, burning, etc. if at all possible.
• Have a fire extinguisher available and know how to use it.  Inspect and have 

it serviced as recommended on its instruction plate.

Lines, Tubes and Hoses

• Do not bend or strike high pressure lines.  Do not install bent or damaged 
lines, tubes or hoses.

• Repair any loose or damaged oil lines, tubes and hoses.  Leaks can cause 
fires.  Contact the Zamboni Company or your Zamboni machine dealer for 
repair or replacement.

• Check lines, tubes and hoses carefully.  Do not use your bare hand to check for 
leaks.  Use a board or cardboard to check for leaks.  Tighten all connections 
to the recommended torque.  Replace if any of the following conditions are 
found:

• End fittings damaged or leaking.
• Outer covering chafed or cut and wire reinforcing exposed.
• Outer covering ballooning locally.
• Evidence of kinking or crushing of the flexible part of hose.

• Make sure that all clamps, guards and heat shields are installed correctly 
to prevent vibration, rubbing against other parts and excessive heat during 
operation.



General Safety Practices

1 - 10

Safe Operation
Mounting and Dismounting

• Mount and dismount the ice resurfacer only where steps and/or handholds 
are provided.

• Use both hands and face the Zamboni machine when mounting and 
dismounting.  Use extra care when wet or slippery conditions exist.

• Never get on or off a moving Zamboni machine.  Never jump off the machine.

• Do not try to climb on or off the ice resurfacer when carrying tools or supplies.

Before Operating the Zamboni Ice Resurfacer
• Operate the machine only from the operator's station.

• Adjust the seat so that full pedal travel can be obtained with the operator's 
back against the seat back.

• The Zamboni machine is equipped with a lighting system, make sure all 
lights are working properly.

• Make sure no one is working on, underneath or close to the ice resurfacer 
before turning on the key or beginning to move the machine.  Make sure the 
area is free of personnel.

• Do not move the machine or move any of the controls if there is a “DO 
NOT OPERATE” or similar warning tag attached to the start switch or 
controls.

• Clear all personnel from the machine and the area.

• Clear all obstacles from the path of the ice resurfacer.  Beware of hazards 
such as curbs, blocks, posts, wire, cans, etc.

• Make sure the horn and all other warning devices are working properly.

• Check for proper operation of all controls.

Operation

• Obey all traffic rules and warning signs.

• Always observe floor load limits and overhead clearances.

• When turning the ice resurfacer, slow down to safe speed.
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Parking

• Park the Zamboni machine in authorized areas only.

• Remove foot from the acceleration foot pedal to place the machine in 
NEUTRAL.

• Lower the conditioner onto blocks.

• Turn the key switch OFF and remove the key.

• If possible, park the machine on a flat and level surface.  If the machine is 
parked on any kind of grade, the wheels must be blocked with wheel chocks 
to prevent the machine from rolling away after it has been parked.

• Apply the parking brake if the parking brake option was purchased with the 
machine.

• Store in well ventilated area.
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Maintenance

Walk-Around Inspection

For maintenance and operator personnel safety and maximum service life of the Zamboni 
machine, make a thorough walk-around inspection when doing lubrication and maintenance 
work.  Look around and under for such items as loose or missing bolts, trash or dirt build-
up, oil leaks and cut or gouged tires.

DANGER!
Improper performance of lubrication or maintenance 
procedures is dangerous and could result in injury 
or death.  Read and understand all OPERATION & 
MAINTENANCE instructions before performing any 
lubrication or maintenance. 

DANGER! 
Do not operate this machine unless you have read 
and understand the instructions in the OPERATOR’S 
manual.  Improper machine operation is dangerous 
and could result in injury or death. 

The service person or mechanic may be unfamiliar with many of the systems on this machine. 
This makes it important to use caution when performing service work.  A knowledge of the 
system and/or components is important before the removal or disassembly of any component.

The following is a list of basic precautions that should always be observed:

• Read and understand all warning plates and decals on the machine before 
operating, lubricating or repairing this product.

• The vertical and horizontal augers will continue to rotate for a short period 
of time after the auger control valves have been shut off.  Always allow for 
all auger rotation to stop before working near or on the augers.  Never work 
near or on the augers when the engine is operating.

• Always wear protective glasses and protective shoes when working around 
machines.  In particular, wear protective glasses when pounding on any part 
of the machine or its attachments with a hammer or sledge.  Use welder’s 
gloves, hood/goggles, apron and other protective clothing appropriate to the 
welding job being performed.  Do not wear loose, fitting or torn clothing. 
Remove all rings from fingers when working on machinery.

• Do not work on any machine that is supported only by jacks or a hoist. 
Always use blocks or jack stands to support the machine before performing 
any disassembly.
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• Lower the conditioner or other implements to the ground before performing 
any work on the machine.

• Use steps and grab handles (if applicable) when mounting or dismounting a 
machine.  Clean any mud or debris from steps, walkways or work platforms 
before using.  Always face machine when using steps, ladders and walkways.                                                                           
When it is not possible to use the designated access system, provide ladders, 
scaffolds or work platforms to perform safe repair operations.

• Use proper lifting procedures when removing components.  To avoid back 
injury, use a hoist when lifting components which weigh 50 lbs. (23 kg.) or 
more.  Make sure all chains, hooks, slings, etc. are in good condition and 
are of the correct capacity.  Be sure hooks are positioned correctly.  Lifting 
eyes are not to be side loaded during a lifting operation

• To avoid burns, be alert for hot parts on machines which have just been 
stopped and hot fluids in lines, tubes and compartments.

• Be careful when removing cover plates.  Gradually back off the last two 
bolts or nuts located at opposite ends of the cover or device and pry cover 
loose to relieve any spring or other pressure, before removing the last two 
bolts or nuts completely.

• Be careful when removing filler caps, breathers and plugs on the machine. 
Hold a rag over the cap or plug to prevent being sprayed or splashed by 
liquids under pressure.  The danger is even greater if the machine has just 
been stopped because fluids can be hot.

• Always use tools that are in good condition and be sure you understand how 
to use them before performing any service work.

• Reinstall all fasteners with same part number.  Do not use a lesser quality 
fastener if replacements are necessary.  Do not mix metric fasteners with 
standard nuts and bolts.

• If possible, make all repairs with the machine parked on a level, hard surface. 
Block machine so it does not roll while working on or under machine.

• Repairs which require welding should be performed only with the benefit 
of the appropriate information and by personnel adequately trained and 
knowledgeable in welding procedures.

• Determine type of metal being welded and select correct welding procedure 
and electrodes, rods or wire to provide a weld metal strength equivalent at 
least to that of parent metal.
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• Do not damage wiring during removal operations.  Reinstall the wiring so it 
is not damaged nor will it become damaged in operation by contacting sharp 
corners, or by rubbing against some object or hot surface.  Do not connect 
wiring to a line containing fluid.

• Be sure all protective devices including guards and shields are properly 
installed and functioning correctly before starting a repair.  If a guard or shield 
must be removed to perform the repair work, use extra caution.

• Loose or damaged fuel, lubricant and hydraulic lines, tubes and hoses can 
cause fires.

•  Do not bend or strike high pressure lines or install ones which have been bent 
or damaged.  Inspect lines, tubes and hoses carefully.  Do not check for leaks 
with your hands.  Pinhole (very small) leaks can result in a high velocity oil 
stream that will be invisible close to the hose.  This oil can penetrate the skin 
and cause personal injury.  Use cardboard or paper to locate pinhole leaks.

• Tighten connections to the correct torque.  Make sure all heat shields, clamps, 
and guards are installed correctly to avoid excessive heat, vibration or 
rubbing against other parts during operation.  Relieve all pressure in air, oil 
or water systems before any lines, fittings or related items are disconnected 
or removed.  Always make sure all raised components are blocked correctly 
and be alert for possible pressure when disconnecting any device from a  
system that utilizes pressure.

• Do not operate a machine if any rotating part is damaged or contacts any 
other part during operation.  Any high speed rotating component that has been 
damaged or altered should be checked for balance before reusing.

• Caution should be used to avoid breathing dust that may be generated when 
handling components containing asbestos fibers.  If this dust is inhaled, it can 
be hazardous to your health.  Components in Zamboni machine products that 
may contain asbestos fibers are brake pads, brake band and lining assemblies, 
and some gaskets.  The asbestos used in these components is usually bound 
in a resin or sealed in some way.  Normal handling is not hazardous as long 
as airborne dust which contains asbestos is not generated.

• If dust which may contain asbestos is present, there are several common 
sense guidelines that should be followed:

• Never use compressed air for cleaning.

• Avoid brushing or grinding of asbestos containing materials.

• For clean up, use wet methods or a vacuum equipped with a high 
efficiency particulate air (HEPA) filter.
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• Use exhaust ventilation on permanent machining jobs.

• Wear an approved respirator if there is no other way to control the dust.

• Comply with applicable rules and regulations for the work place (for 
example in the U.S.A., OSHA requirements as set forth in a 29 CFR 
1910.1001)

• Follow environmental rules and regulations for disposal of asbestos.

• Avoid area where asbestos particles may be in the air.

Battery Operation and Maintenance
WARNING!

Hydrogen and oxygen gases are given off as battery 
plates get near a full charge condition.  These gases 
are highly explosive and caution must be taken to 
make sure no arc, spark, or flame comes into contact 
with the generated gases.  The possibility of explosion 
is always present with exposure of the battery to sparks 
or flame, but is especially hazardous at the end of the 
charging period. 

WARNING! 
When using air pressure for cleaning purposes, wear 
a protective face shield and protective clothing. 
Maximum air  pressure must be below 30 psi (207 kPa).

Do not smoke near batteries that are being stored or 
when checking the electrolyte level.

Electrolyte is an acid solution and can cause personal 
injury.  Avoid contact with skin and eyes.

Maximum life and performance of batteries is dependent on the operator, battery charging, 
maintenance and service.

Most dirt and dust picked up by the battery can usually be blown off with low pressure 
compressed air.

However, if cells are overfilled and electrolyte collects on the covers, the top of the battery 
will stay wet.

If necessary, clean the top of the battery with a solution of baking soda and hot water.

CAUTION!

Vent caps must be tight to prevent soda solution from 
entering battery cell.
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To make the solution, add 1 lb (0.5 kg) of baking soda to 1 gallon (4 liters) of water.  Use 
a brush having flexible bristles.  Apply the soda solution to the top of the battery until the 
cleaning action of the soda stops.

After cleaning action has stopped, rinse batteries thoroughly with water.  Dry the batteries 
with air pressure.

Cold Storage Applications

When a Zamboni machine is operated in very cold applications at temperatures as low as 
-4 degrees Fahrenheit (-20 degrees Celsius), the battery capacity is decreased.  Operation
at cold temperatures can also cause mechanical failures, short circuits and too much wear
due to the formation of ice crystals.

The direct cause of these problems is the extreme changes in temperature in combination 
with humidity in the air which can result in condensation.

There is a reduction in battery capacity in very cold applications.  For this reason, it is 
important to:

• Be sure the battery is completely charged at the start of each work cycle.

• If possible, keep the Zamboni machine in a warm storage area when it is
not in use.
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2.
General Operating and 
Maintenance Information
 Important :	

The engine, drive train and differentials on the ice 
resurfacer are all new components and special care 
must be given to them during their “break-in” period.

Service schedules for machine lubrication and preventative maintenance have been 
established on the basis of  hourly, daily, weekly and monthly intervals (see 446 Service 
Manual).  Along with performing regular machine lubrication and preventative maintenance 
according to these schedules, it is advised that you have the ice resurfacer and its components 
completely checked over periodically by a competent mechanic.

Study should be given to the Mitsubishi Operating and Service manuals which are furnished 
with your ice resurfacer.  It would be beneficial to have your service person inspect the engine 
and drive system so that they may become familiar with the operation for service and repair. 
It is also recommended that the new owner contact the local Zamboni Authorized Dealer to 
acquaint themselves with the service policy.

Note Regarding the Mitsubishi Engine:
The engine is equipped with a low oil pressure warning light, overheat light and an alternator 
warning light mounted on the instrument panel.  The engine also has a “malfunction indicator 
light (MIL)” which warns the operator about engine conditions which may require service.  
For more information on the “malfunction indicator light”, see Chapter 4 and Chapter 6.

Grade of Engine Oil
Use only engine oils displaying the American Petroleum Institute (API) “Starburst” 
Certification Mark ‘FOR GASOLINE ENGINES’ and a rating of at least SM on the container.  
Oil capacity is 5.7L (5 quarts) with filter.

Do not use oils that are specifically formulated for Diesel Engines only.  CC or CD 
classification oils, even when labeled Heavy Duty or for Natural Gas Engines, ARE NOT 
ACCEPTABLE.



General Operating and Maintenance Information

2 - 2

Fuel Recommendation  
This engine is designed to operate on unleaded 87 or 89 octane gasoline.  The engine, with 
the proper fuel equipment, can also be operated on dry fuel such as LPG and NG.
NOTE:  It is highly recommended that a fuel stabilizer additive be used for any length of 
storage.  It is imperative in any application where the fuel will not be consumed within 
thirty days.

LPG fuel specifications must meet or exceed EN 589 (European) HD-5 or HD-10 
(Canada/USA).  NG fuel specification must meet or exceed 38.7 MJ/m3 (European) 39.0 
MJ/m3 (Canada/USA) (1050BTU/ft3).

CAUTION!
Use of fuels rated lower than the grades specified 
above may cause persistent, heavy spark knock, which 
can lead to engine damage.  If your engine knocks 
heavily when using unleaded gasoline with 87 octane 
or higher, or if you hear continuous spark knock while 
maintaining constant operating speeds, consult your 
distributor or another qualified technician.

Your efforts spent in properly maintaining the ice resurfacer and its various components 
will be well repaid by longer wear and good service. 

Starting the Engine
To start the engine:

• Make sure the acceleration foot pedal is in the Neutral position.

• Make sure the auger control levers are Off/Neutral.

• Turn ignition key to start.

• The engine will start and run at approximately 1150 RPM.  Wait 15 seconds 
before increasing the engine speed for resurfacing.  This warm up period 
will allow the engine and catalytic convertor to achieve the correct operating 
temperatures.  After the correct warm up period the engine will be operating 
in “closed loop” and the catalytic convertor will be more efficient in reducing 
engine exhaust emissions.  Be sure that the engine emissions are exhausted 
to the outside, or the room is properly ventilated.

• Be sure snow tank is completely down and the conditioner is raised.
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Stopping the Engine
To stop the engine: 

• Return the acceleration foot pedal to Neutral.  Set the parking brake, if so
equipped.

• Return the auger control levers to Off/Neutral.
• After the snow tank has been emptied, lower the conditioner onto blocks.
• Lower the engine RPM to idle by using the engine speed switch.  Let the

engine idle for 30 to 60 seconds before turning the ignition off to allow
the engine and exhaust system to cool down.

• If  the snow tank is up, install the safety stand to the correct position (see
Fig. 5.6).

• Turn off the ignition key switch and remove the ignition key to store in a
secure location.

Machine Not in Use
When the machine is not in use:

• Park the machine in authorized areas only.

• Lower the conditioner onto blocks.  The conditioner weighs approximately
1000 pounds.  This weight should not hang on the lift bar nor be supported
by the hydraulic system during storage.  Lowering the conditioner onto the
blocks must be done cautiously as putting hydraulic down pressure on the
blocks (in excess of the weight of the conditioner) can stretch the down
pressure leaf springs.  Wood blocks should  be placed under both conditioner
runners.

• Return the auger control levers to Off/Neutral.  Set the parking brake, if so
equipped.

• Remove and securely store the ignition key.

• If possible, park the machine on a flat and level surface.  If the machine is
parked on any kind of grade, the wheels must be blocked with wheel chocks
to prevent the machine from rolling away after it has been parked.
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Travel on Highways
The machine is not designed for highway use.  Fast driving on the highway and bouncing 
the machine over bumps can seriously damage the machine.  Travel over extended distances 
should be avoided, if possible.  If such travel is required:

• Check local authorities to determine if travelling on highways is permitted.

• Vehicle escort in front of and behind ice resurfacer is recommended.

• Exercise Caution.  Obey all traffic signs, signals and laws.

• Make sure that the conditioner is completely raised before driving.

• Do not exceed engine speed of 2500 RPM.

• Do not tow the machine for long distances.  Transmission damage will occur.
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3.
Safe Operation

Your Zamboni ice resurfacer is the result of many years of experience in the ice resurfacing 
field.  The engineering and safety features that have gone into your Zamboni machine will 
be enhanced by you, the safe operator... 

...who knows his machine and all of the controls,

...who maintains his machine properly,

...who uses his driving skills wisely and operates the machine with safety 
in mind.

Because SAFE DRIVING is important to YOU, we urge you to thoroughly acquaint yourself 
with the resurfacer and the instructions contained in the Operation Manual.  Even the safest 
machine can be operated improperly so certain precautions are mentioned in this manual.  
Among these precautions are:

• Be sure that all guards originally installed on the machine are properly in
place and in good working order.

• Make sure the hydrostatic transmission is in neutral before starting the engine.
Always look completely around the machine prior to moving forward or
reverse to insure that no one is in the path of your direction of travel.

• The ice resurfacer is to be operated by one, and only one person.  No riders!

• Keep everyone off the ice while the resurfacer is operating.  Always drive
defensively.  Expect the unexpected.

• Keep hands and feet away from conveyors, belts, chains and other moving
parts while the engine is running.

• Allow the engine and catalytic convertor to achieve the correct operating
temperatures before driving and resurfacing.

• The Zamboni machine is an industrial machine designed to be used by trained
and skilled operators.  It is never to be used for recreational purposes, such
as racing.
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DANGER! 

Turn off and remove the ignition key before adjusting, 
repairing, cleaning, or servicing the conveyors.  The 
vertical and horizontal augers will continue to rotate 
for a short period of time after the auger control 
valves have been shut off.  Always allow for all auger 
rotation to stop before working near or on the augers. 
NEVER work near or on the augers when the engine 
is operating.

If any part of the conveyor system becomes plugged or 
clogged, or appears plugged or clogged, the conveyor 
must be flushed out with water.  Do not wear gloves or 
jewelry when performing these functions. 

Flushing the augers out with water must be done only 
after the machine has been removed from the ice, 
the auger control valves have been returned to their 
"neutral (off)" positions, and the ignition has been shut 
off. 

Under no circumstances should the operator attempt 
to clean or clear the conveyor system or parts around 
it while the machine is on the ice or the power is on. 
To do so, exposes the operator and others to serious 
potential injury or death!

WARNING!

Keep hands, feet and body out from under the snow 
tank, conditioner and other raised parts unless they 
are blocked securely.  Use the safety stand under the 
snow tank.

Be extremely careful when handling the shaving knife.  
Unless handled with care, the blade can cause injury 
whether it is sharp or dull.

WARNING!

If the machine is parked on any kind of grade, the 
wheels must be blocked with wheel chocks to prevent 
the machine from rolling away after it has been 
parked.
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DANGER!

Internal combustion engines produce exhaust 
emissions that contain dangerous gases, including 
carbon  monoxide (CO) and nitrogen dioxide (NO2 ). 
These gases can cause serious injury or death.

The rink MUST be adequately ventilated during every 
operation of the ice resurfacer.  Also the resurfacer 
must be kept properly maintained and serviced at all 
times and the engine timing should always be properly 
set.  Each person who operates and maintains the 
resurfacer should be so instructed.

Please keep in mind that adequate ventilation, 
monitoring the facility's  indoor air quality (for CO 
and NO2 levels) and the condition of the machine is, 
at all times, the complete responsibility of the rink.

• Use extreme caution when handling fuel and store only in approved
containers.

• Annual training of the operator is required.

• All new operators must be trained before operating the machine for the first
time.

• Warning labels should be followed.  Do not operate if the labels are missing
or cannot be read.

DANGER! 

This machine has an electronic engine control unit 
(ECU).  If the ECU detects that the engine is operating 
outside of it's desired parameters, the "check engine" 
or malfunction indicator light (MIL) will be turned on. 
Do not operate the machine with the "check engine" 
light illuminated for a continuous period.  Have the 
machine serviced as soon as possible.
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4.
Ice Rink Air Quality
In order for a rink to have the best air quality possible, the Zamboni machine must be 
operated properly in a rink that:

• Is adequately ventilated.

• Performs daily air quality monitoring/measuring.

• Knows which air quality standards or guidelines apply to them.

• Knows which items on the Zamboni machine affect air quality and how and 
when these items should be measured and serviced.

• Allows the engine and catalytic converter to properly warm up before 
operating the machine on the ice.

Adequate Ventilation
Adequate ventilation is the amount of ventilation required to ensure that the air is healthy 
to breathe and meets all applicable health and safety standard or guidelines.

Air Quality Monitoring
Regular air quality monitoring is a program that each rink sets up to ensure that their air 
quality is healthy and meets the standards. 

Air quality standards or guidelines define the amount of Carbon Monoxide gas (CO) and 
Nitrogen Dioxide gas (NO2) that can exist in the air inside the ice rink.  These gases are 
exhaust emissions from the combustion of fossil-based fuels such as gasoline, LPG and CNG.

Ice rink air quality can also be affected by many other factors.  These include:

• Ice edgers powered by internal combustion engines.

• Unvented propane heaters, furnaces, or boilers.

• CO2 tanks.

• Fuels with impurities.

• The ice refrigeration system and  it's gases (ammonia or "Freon").

• Cigarette smoke.

• Restaurant and/or vendor equipment.

• Improper storage of paints, chemical, solvents, etc.
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The arena's ventilation system can also dramatically affect the indoor air quality by:

• Not being properly operated.

• Not being properly maintained.

• Not being properly designed such as:

• Inadequate size or performance.  

• Intake air systems drawing in air from other polluted areas, such as 
a vehicle parking lot or garage.

Even cars, buses or trucks idling next the arena doors or ventilation system intakes can have 
a dramatic affect upon the indoor air quality.

Engine Emission System Components
This machine is equipped with an engine system that is designed to reduce emissions to the 
point of compliance with industry standards.  In order to comply with these standards, the 
machine is equipped with the following items:

• Electronic Control Unit (ECU).

• Electronic Fuel Injection (EFI - Gasoline Only).

• Electronic governor.

• Three-way catalytic converter.

• Oxygen sensor.

• MAP sensor.

• Engine coolant temperature sensor.

• Ambient air temperature sensor.

• On-board diagnostic system.

• Malfunction indicator light (MIL).

All of these items are used to insure that the engine operates properly and meets the emission 
level standards.  However, exhaust emissions are still being produced by the engine and 
while the level of the harmful pollutants are reduced, the air quality in the rink must still be 
monitored to make sure that the air is healthy.
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Engine Control Unit (ECU)
The ECU works to control the engine's air-fuel ratio (AFR) to the ideal levels based on the 
engine's operating conditions.  The ECU monitors the engine for speed, load, air and coolant 
temperature and then adjusts the AFR via the electronic fuel injection to produce the ideal 
mixture.  If the AFR is near the ideal ratio (stoichiometric), then the catalytic converter 
will operate at it's maximum efficiency thus reducing the emission levels of the harmful 
exhaust gases.

Typically, it takes a few minutes for the engine and catalytic converter to achieve proper 
operating temperatures and conditions.  Resurface only when the engine emission system 
is up to normal operating temperature.

If the ECU detects conditions where it cannot control the AFR, it will then turn on the MIL, 
thus alerting the operator.  If the ECU detects that a portion of the engine equipment, which 
it monitors, is malfunctioning, it will turn on the MIL.  DO NOT OPERATE the machine 
with the malfunction indicator light on continuously.

DANGER!

If the check engine light turns on during normal operation of the 
machine, the machine must be serviced immediately!

Open Loop versus Closed Loop Operation
When the engine is first started, it is operating in "open loop" condition.  This means that the 
ECU is controlling the AFR via pre programmed levels.  When the engine achieves a certain 
operating temperature, the ECU then goes into the "closed loop" mode.  This means that the 
ECU is controlling the AFR based on the engine operating conditions and is monitoring the 
signal from the oxygen sensor to determine if changes to the AFR need to be made.

With the precise closed loop control of the AFR, the catalytic converter will be the most 
effective in reducing the exhaust emission levels.  The lowest levels of harmful emissions 
are produced when the machine is operating in the closed loop mode.  For this reason, start 
the engine and warm it up in accordance with the starting instructions described on page 
2-2.  ONLY operate the machine on the ice when the engine emission system is up to normal 
operating temperature.
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Oxygen Sensor
The oxygen sensor is a critical component used by the engine controller.  Correct oxygen 
sensor operation should be verified at each engine service or tune-up (every 1000 hours).  
The oxygen sensor must be replaced every 2000 hours of operation.

Catalytic Converter
Your Zamboni ice resurfacer is equipped with a “three-way” catalytic convertor.  The catalytic 
convertor is designed to reduce the amount of certain exhaust gases.  A three way catalytic 
reduces CO, hydrocarbons and NOX, (NO2 is a member of the NOX family).

Catalytic convertors are items that need regular service.  A catalytic convertor may be 
damaged by incorrect engine timing or by an engine air-fuel ratio that is incorrect.  Operating 
the machine with the check engine light on may reduce the performance of the catalytic 
convertor and may also shorten the life expectancy of the catalytic convertor.

A catalytic convertor has a fixed lifespan.  It may lose efficiency and start to allow more 
pollution to pass through it without being treated.

DANGER!

If the check engine light turns on during normal operation of the 
machine, the machine must be serviced immediately!

Engine Ignition Timing
The engine ignition timing is one important factor that will affect the engine’s production of 
exhaust emissions.  The engine timing is factory set and is not designed to need adjustment.

A machine with advanced timing can produce high levels of NOx and one with retarded 
timing can produce high levels of CO.  Either of these conditions can adversely affect the 
catalytic convertor performance and life. 

DO NOT ADJUST THE ENGINE TIMING!
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Engine and State of Tune
The engine’s condition and state of tune refer to how the engine is operating and whether 
the operating variables of the engine have been adjusted to provide optimal performance.

An engine tune-up includes:

• Changing the spark plugs and noting their condition and appearance.

• Changing the distributor cap and rotor (if required).

• Changing the spark plug wires (if required).

• Inspecting all emission related components for correct function and for correct 
attachment to the engine.

• Noting and recording the condition of the malfunction indicator light.

• Noting and recording any fault codes displayed by the engine's ECU.

• Correcting any engine condition that produces a fault code or the display of 
the MIL.

• Recording work performed, dates of service and who performed the service.
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Engine Emission Systems - Inspection and Maintenance

DANGER!

Internal combustion engines produce exhaust emissions that 
contain dangerous gases, including carbon monoxide (CO) and 
nitrogen dioxide (NO2 ).  These gases can cause serious injury or 
death.

The rink MUST be adequately ventilated during every operation 
of the ice resurfacer.  Also the resurfacer must be kept properly 
maintained and serviced at all times and the engine timing should 
always be properly set.  Each person who operates and maintains 
the resurfacer should be so instructed.

Please keep in mind that adequate ventilation, monitoring the 
facility's indoor air quality (for CO and NO2 levels) and the 
condition of the machine is, at all times, the complete responsibility 
of the rink.

The safe and correct operation and maintenance of the resurfacer, the engine and the engine 
exhaust system includes:

• Measuring the facility's indoor air quality daily (for CO and NO2 levels).

• Measuring and recording the engine emission levels every 300 hours.  The 
emission levels must not have increased more than 20% from the previous 
readings.

• Adjusting engine components (when applicable) to ensure correct operation 
and optimum engine emission levels.

• Inspecting, adjusting (when applicable), maintaining and replacing engine 
and exhaust system components when required.

• Starting and warming up the engine properly so that the machine is in "closed 
loop" mode when on the ice.

• Never operating the machine with the check engine light on continuously.

If you do not have the tools, education or expertise to inspect, maintain, repair or replace 
these items, contact a reputable, licensed mechanic for assistance.
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Engine Emission System - Inspection and Maintenance Chart
       

    Serial No.:   Fuel Type:   Catalytic Converter Type:

    ____________________              _____________________          ______________________

Date  By   Hours        Engine       Cond.                  After Catalytic Converter

HC CO CO2 O2 NOX
Levels OK compared to 

previous testing?

PPM % % % PPM

Idle

Load

Idle

Load

Idle

Load

Idle

Load

Idle

Load

Idle

Load

Idle

Load

Idle

Load

Idle

Load

Idle

Load

Idle

Load

Note:  To load the engine, move the conditioner to fully lifted and hold for 15 seconds.
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Recommended Maintenance Schedule
GASOLINE AND LPG CERTIFIED ENGINE MAINTENANCE REQUIREMENTS

Install 
Date

Interval Hours
Daily 200 400 800 1000 1250 1500 1750 2000 5000

General Maintenance Section
Visual Check for Fluid 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 LPG/Gas System for Leaks Prior to any Service or Maintenance Activity
Inspect Accessory Drive Belts X
Inspect Electrical System X
Inspect Vacuum Lines and Fittings X
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

Engine Ignition System
Inspect Battery Case for Damage X
Check all Electrical Connectors X
Replace Spark Plugs X
Base Engine System
Replace Camshaft Belt X
Replace Balance Shaft Belt X
Inspect PCV System X
Fuel System Maintenance
Replace Fuel Filter (Gas & LPG) X
Inspect Lock Off for Leaks & Closing X
Check LPG/Gas Regulator Pressure X
Leak Check LPG/Gas Fuel Lines X
Check/Drain EPR-LPR for Oil Buildup Every 150 Hours or 120 Days of Operation
Check Air Induction for Leaks X
Check Manifold for Vacuum Leaks X
Check Injector & Rail 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 X
Inspect Exhaust Piping for Leaks X
Inspect Catalyst Inlet and Outlet X
Check HEGO (O2) Sensor Connections X
Change HEGO (O2) Sensors X



Ice Resurfacer Components

5  -  1

5.
Ice Resurfacer Components

Figure 5.1     Ice Resurfacer Components (front view) 

Front View

Guide Wheel

Engine Compartment 
Access Door

Snow TankSnow Tank Lid

Conditioner

Horizontal Auger

Board Brush 
(Option)
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Figure  5.2      Ice Resurfacer Components (Rear View)

Rear View

Vertical Auger Drive Exhaust Pipe

LPG Tank Trays

Conditioner 
Chain Guard

Conditioner

Ice Making Water 
Distribution PipeSqueegee

Propane Tank 
Strap & Buckle
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Figure 5.3      Ice Resurfacer Components - Operator's Platform

Operator's Platform

Instrument Panel
Snow Breaker

Ice Making 
Water Control

Wash Water 
Control

Blade Adjustment Wheel

Conditioner Lift
Snow Tank Control Auger Control

Wash Water Tank
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Figure 5.5      Ice Resurfacer Components - Power Package 
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Figure 5.6      Ice Resurfacer Components - Snow Tank Safety Stand

Snow Tank Safety Stand

Ice Making Water Tank
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6.
Operator's Station

INSTRUMENT PANEL

CONTROL SWITCHES

WARNING LIGHTS

Figure 6.1    Operator Area

GAUGES
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Tachometer, Oil Pressure, Engine Temperature Gauge

The tachometer, oil pressure, engine temperature gauge is used to view engine operating 
information in an easy to read analog format.  

Multi Function CAN Display Gauge

This gauge gives the operator a variety of engine operating conditions which can be viewed by 
scrolling through using the tactile buttons on the gauge.  The default display is engine hours.  
Three lights (Warning, Fault and MIL) and an audible alarm are also built in.  For further 
information on the CAN display gauge see page 6 - 6.

Figure 6.2    Instrument Panel

Board Brush
(Option)

Wash Water Pump (Option)
Lights

Horn
Gasoline Level Gauge (Option)

Tachometer, 
Oil Pressure, 
Engine 
Temperature

Ice Making Water Level Gauge (Option)

Engine Temperature Light
Oil Pressure Light

Alternator Light

LPG Low Fuel Light

Hydraulic Snow Breaker / 
Manual Override (Option)

Engine Speed Switch
Ignition

Tire Wash
(option) Fuel Selector Switch

CNG /      LPG

Multi-Function 
CAN Display 
Gauge

Revised Jan/15
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Operator’s Station

Warning Lights, Buzzers, “Limp Home” and Automatic Shut-down Modes

The machine is equipped with a variety of warning lamps and buzzers that alert the operator 
of improper operating conditions.  All warnings are indicated via a light, while some have 
an optional buzzer in addition.  Extreme conditions that may cause severe damage to the 
machine also trigger power derate (50% throttle) or automatic shut-down modes.  If “limp 
home” mode is activated, the engine’s RPM will automatically be reduced and there is 
approximately 60 seconds of operation remaining before the engine shuts down.  Use this 
time to turn off the augers, lift the conditioner and drive off the ice surface.  If the ECU 
detects a low oil pressure condition, it will shut off the engine immediately.

Function Light Buzzer Lamp Test
On Start

Limp Home
/Shut Down Remedy/Notes

Engine Oil 
Pressure YES YES 5 SEC. Shut Down Check oil level, 

call for service

Engine Overheat YES YES 5 SEC. Limp Home 
& Shut Down

Turn off engine, 
check coolant

Alternator YES YES YES NO
Check battery 
voltage, 
alternator output

Malfunction 
Indicator Light 
(MIL)

YES YES YES NO See fault codes

In all cases, if you are unsure of the cause and remedy for a warning lamp or buzzer, please 
contact the Zamboni Company for more information.
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Engine Oil Pressure

The low engine oil pressure functions in 2 stages.  Stage 1 will be activated if the oil pressure 
drops below 6 psig when the engine is running at or below 1200 RPM or 8 psig at or above 
1450 RPM.  Stage 2 is activated if the oil pressure drops below 3 psig at any engine speed.
During stage 1 the ECM will take the following action:

• Turn on the malfunction indicator light.
• Turn on the low oil pressure light.
• Provide an audible alarm.

During stage 2 the ECM will take the following action:
• Turn on the malfunction indicator light.
• Turn on the low oil pressure light.
• Provide an audible alarm.
• Shut the engine down after 3 seconds.

The operator can cycle the key off and then restart the engine.  If the pressure is still low 
it will again shut the engine off after 3 seconds.

If you have an engine warning or shutdown due to low engine oil pressure, you must take 
the following actions:

• Verify the correct oil level and oil grade in the engine.
• If the condition persists, contact a mechanic for engine service.

Engine Overheat

The engine ECM turns on the high coolant water temp light when the engine reaches a 
temperature of 220°F for 15 seconds or more.  The light has been set artificially low to 
warn the operator of a possible overheat condition and give as much time as possible to 
get off the ice prior to a coolant overflow condition or an engine shutdown condition.

The light may also come on during engine startup following a recent resurfacing or ice 
maintenance, if the engine was shut down at full engine RPMs and not idled down for the 
required 30 to 60 seconds to allow the coolant to circulate thus cooling the engine.  If this 
(heat soak) happens run the engine at idle and the light will go out immediately after the 
coolant temperature goes below 210°F.  To prevent this from occurring in the future, ALL 
operators should be instructed to idle the engine for 30 to 60 seconds immediately prior 
to parking the machine as recommended on the operating instruction decal.

The engine has built within it a high coolant water temperature shutdown feature.  It 
operates in 2 stages.



6  -  5

Operator's Station

• At Stage 1 (220°F) it will set a code, turn on the malfunction indicator 
light, provide an audible alarm and limit throttle opening to 50%.

• At this point the high coolant temperature light will be on. 
• At Stage 2 (239°F), it will set a code; turn on the malfunction indicator 

light and shut down the engine after 3 seconds. 

The operator can cycle the key off and then restart the engine.  If the temperature is still 
above 239°F it will again shut the engine off after 3 seconds.  It is very important that the 
operator get the machine off of the ice after stage 1 activates.

Check the coolant level in the radiator when it is safe to do so.  Check the radiator for 
signs of leaking or damage.  Check coolant flow for proper operation.

Alternator

The machine is equipped with a low alternator output indicator light.  The light will be 
activated whenever the battery charge voltage is low.  Check that the alternator is working 
correctly and that the battery is fully charged.  Replace either of these items as necessary.

Machine Operation Switches
The switches located on the dash operate the following machine functions:

• Horn
• Lights
• Board brush (if equipped)
• Wash water pump (if equipped) (illuminated)
• Tire wash system (illuminated) (if equipped)
• Advanced water system (illuminated) (if equipped)
• Snow tank light
• Automatic snow breaker (illuminated) (if equipped)
• Low fuel warning light (if equipped)
• Engine RPM
• Fuel selector switch (if equipped)

Each switch has a label indicating its function.
The machine's ignition key switch has the following switch positions:  off, on/run, start, 
accessory.

Ice making water gauge

This optional gauge shows the water level in the ice making water tank.
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The flowchart on the following pages gives step by step direction on how to navigate the 
various functions of the gauge.

Revised Dec/14

Multi Function CAN Display Gauge

The Multi Function CAN Display is connected to the engine control module (ECM) via a 
CANbus wiring harness.  It displays real time values of the following engine parameters:  
Engine Hours (default display), Oil Pressure, Engine RPM, Coolant Temperature, Battery 
Voltage and Manifold Temperature.  These parameters can be viewed by using the scroll 
up / down buttons on the gauge.
Further to the parameter display, the CAN display also contains the Malfunction Indicator 
Light (MIL), the Warning Light and the Fault Light.  The MIL, the Fault Light and the 
Audible Alarm will be activated whenever the engine control module (ECM) determines 
that the engine is operating outside of its desired parameters.  The operator must note 
this condition in the machine log and have the machine serviced immediately.  Continued 
operation of the machine with the MIL illuminated may cause severe engine damage and 
may lead to dangerous operating conditions.
Along with the MIL, a Diagnostic Trouble Code (DTC) will be shown in the display 
window of the gauge.  DTC codes are used to help diagnose the cause of a fault.  A list of 
DTC codes and their meaning is in the engine service manual.
Service intervals have also been programmed into the Multi Function Display.  The hours 
will count down to zero from the preset interval.  Upon reaching zero either "Need Oil 
Change" or "Need Tune-Up" will be shown in the display window.  At serial number 
446-10729 and above the Warning Light will blink to provide further notification to the 
operator.  Press any button to acknowledge the service notice and turn the light / notice off.  
Service interval reminders will be displayed at start-up until they are manually reset after 
completing the recommended service.  The oil change interval is set for 150 hours.  The 
tune up is set for 1000 hours.

Scroll Up Button
Enter Button Scroll Down Button

Fault Light Warning Light
Malfunction Indicator Light

Display Window
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1049.3
Engine Hours

35 PSI
Eng Oil Pressure

2500 RPM
Engine Speed

+160oF
Coolant Temp

12.5 V
Battery Volts

+120oF
Manifold Temp

51%
Fuel Level 1

Press & Hold
Enter Button

   Service Hours
Faults Active

Faults Active
Warning Active

Navigating the CAN Display Unit

Warning Active
Faults Stored

   Faults Stored
Alarms

Alarms
Mute Audio Alarm

Alarms-Disabled
View Alarms

Alarms-Enabled
View Alarms

       Oil     10
     Tune    860

       Oil     10
     Tune    860

Oil    150
Tune    1000
Press and Hold
Enter button to

reset Oil Change
and/or Tune

counter.
       Tune   1000

Return

Return
Exit

Exit

Press and Hold the Enter button 
to access more functions and to 
view possible fault codes. 

DM1 Fault 1 of 2
DTC 524

Example of an 
Active Fault.

View Alarms
Edit Alarms

 A1   Fuel Level 1
51              10%

Edit Alarms
Return

 A1   Fuel Level 1
Change?     10%

Return
Exit

Exit

Add Alarms
Return

Return

 A2  Eng Oil Pressure
0 PSI

Continued on
Next Page

Optional 
Parameter for 

Gasoline Models 
Only

Example of an alarm.
A1 = Alarm #1
Fuel Level 1
51 = Actual Value
10% = Alarm comes on below 10%

Allows changing of alarm value, 
parameter, and above/below 
indicator

Displays Active
Warnings

Displays Stored 
Faults

Legend
= Press "Enter" Button

= Scroll Up or Down

= Scroll Down

= Scroll Up
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Backlight
Units

Units-English
Popup

Navigating the CAN Display Unit

Display
Alarm Output

Lamp On        50%

Return
Exit

Exit

Temporary or Permanent muting 
of internal Audible device.

Units-Metric
Popup

Mute-Temporary
Setup

Mute-Permanent
Setup

 Setup
 Information

Lamp Off      100%

Popup-Enabled
Display

Popup-Disabled
Display

1-Parameter
Contrast

2-Parameter
Contrast

Contrast       31%Contrast
Return

Alarm Light
Fault Codes

Alarm-Output
Fault Codes

Faults-DTC CNG
Return

Faults-DTC LPG
Return

Faults-DTC Gas
Return

Faults-SPN/FMI
Return

Return
Exit

Exit

Information
Exit

Information
862216B 7.15.14

Main Screen
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7.
Operating the Ice Resurfacer
Driving the Machine
Before Driving the Machine

Do not operate this machine before reading and 
understanding these instructions and also viewing 
the instructional video.

Always operate the machine with the seat adjusted to allow for proper foot pedal action.

Always operate the machine from a seated position. 
Do not stand up to operate! 
NO RIDERS OR PASSENGERS ARE PERMITTED!
Do not operate the machine if the guards are not in 
place or broken.

Machine Controls
The Zamboni ice resurfacer has familiar automobile-style driving controls. 

The ice resurfacer is steered with the steering wheel.  It has two foot pedals, one that 
controls the direction and acceleration and the other one is a brake pedal.  It has a hydrostatic 
transmission that allows for smooth operation.

The machine's ground speed is controlled through the use of the accelerator foot pedal and the 
engine RPM.  The further the hydrostatic foot pedal is depressed, the faster the machine can 
travel.  The engine speed (RPM) is controlled by the engine speed switch (See Figure 7.1).
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Hydrostatic Transmission

The hydrostatic transmission is an infinitely variable hydraulic pump and motor combination. 
The machine's speed and direction of travel are selected with the acceleration foot pedal 
(Figure 7.1).  The transmission must be in neutral for starting the engine (foot off of the 
accelerator pedal).

The machine is equipped with a neutral start safety switch which prevents the engine from 
starting if the hydrostatic pump is not in neutral.  Do not put your foot on the accelerator 
pedal when starting the machine.  The neutral start safety switch may be activated resulting 
in a "no-start" situation.

Engine Speed 

This machine is equipped with an electronic governor.  The engine speed is controlled via an 
engine speed switch (See Figure 7.1).  The engine speed is increased by pushing the right side 
of the rocker switch.  The engine speed is decreased by pushing the left side of the switch.

The electronic governor maintains the engine RPM independent of the load of the engine. 

See your 446 Service Manual for more details on the electronic governor.  When resurfacing, 
the engine speed should be set between 2200 and 2500 RPM.  The operator must not "lug" 
the engine by operating with the engine RPM set too low.  This will impair the operating 
and resurfacing performance and may damage the engine.

Machine Speed

The direction of travel for the ice resurfacer is determined by the tilt of the accelerator pedal 
as indicated in Figures 7.1 and 7.2.  The engine speed should be maintained near 1500 RPM 
for travel and between 2200 and 2500 RPM for resurfacing.

The speed of the machine is controlled by the combination of engine RPM and the how far 
the accelerator foot pedal is depressed.

Accelerator Foot Pedal 

The accelerator foot pedal activates the hydrostatic transmission.  Depress the foot pedal 
and the machine will travel in the direction selected.  The foot pedal controls the amount of 
power applied from the transmission.  Full pedal travel will produce full speed, maximum 
acceleration, etc.  Lifting your foot from the foot pedal will slow the amount of power 
delivered from the transmission and will slow the machine.  The hydrostatic transmission 
will act as a braking system when you lift your foot from the pedal.  You can also apply the 
foot brake.
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Throttle Switch and Hydrostatic Transmission Control

Throttle Rocker Switch Brake Pedal

Accelerator Foot Pedal

Figure 7.1     Motion Controls

Figure 7.2     Direction Decal
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Figure 7.3     Resurfacing Procedures

Resurfacing Procedures
The Zamboni ice resurfacing machine produces the finest quality ice surface known.  It 
eliminates the labor-intensive and time consuming methods of the past which were required 
to maintain an ice surface.  You will produce higher quality ice if you read, understand and 
practice the following information.

Historically, the best sheet of ice produced prior to the development of the Zamboni ice 
resurfacer was usually produced by the following procedures:

• A tractor-pulled planer shaved the ice to remove as many skate grooves as 
possible.

• The accumulated shavings were plowed or scraped to a snow pit located 
next to the ice surface.

• Dirt and contaminants were flushed out of the remaining skate grooves by 
washing the entire ice surface using a heavy hose and nozzle.

• Large hand squeegees were used to push the dirty water to the snow pits.

• Using a hose, the final coat of water was sprayed or flooded onto the ice 
surface to complete the resurfacing operation.

The Zamboni ice resurfacer performs all of these tasks easier and more efficiently.  The ice 
is shaved, shavings collected into the snow tank, the ice is washed using the wash water 
system and the final coat of water is applied to the ice surface.

Shaving and 
snow pick up

Wash water 
area

Ice making 
water area

Wash Water 
Pickup

Wash Water 
Outlet

Water Spray

Towel

Squeegee
Blade

Blade Bar

Horizontal auger
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Learning to Resurface

Before Going to the Ice

• Check the water level in the water tanks.

• The blade must be level (see Figure 9.5) and at the correct angle (see Figure 
9.6).

• The conditioner must be raised completely.

• The towel bar should be attached if water is to be applied to the surface.

• NO RIDERS!

On the Ice

WARNING!

Do not operate the machine if anyone is on the ice.

The following operations may be performed while on the ice:

• Shaving or cutting.

• Washing the ice.

• Distributing ice-making water.

• Use of the board brush, edger, or other optional equipment.

• Removing excess water from the ice.

• Removing slush (mixed ice and water) from the ice.
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Shaving or Cutting

• Proceed from the storage area onto the ice (see Figure 7.4).
• When starting the resurfacing pattern, it is recommended to start down the 

center of the ice surface so the functions can be started and blade adjustments 
can be made at some distance from the walls or boards.

• Before lowering the conditioner, make sure that the blade is “out-of the ice” 
or elevated so that it will not cut immediately upon lowering the conditioner 
to the ice surface. See the “Blade Control” information in Chapter 9.

 Note:  To avoid catching the towel underneath the conditioner, lower the 
conditioner only while driving slowly forward.

• While on the ice surface and driving slowly forward, lower the conditioner 
and start the conveyors immediately.

To lower the conditioner:

Push down on the conditioner valve handle completely.  Allow time for the cylinder to travel 
to the end of its allowable movement.  You will normally hear a hissing sound produced 
by the hydraulic fluid passing over the relief valve when the conditioner has traveled fully 
down or up.  When you hear this return the valve to neutral.  This will insure proper down 
pressure has been applied.  You should also feel the machine lift transferring weight to the 
conditioner.

To start the conveyors (augers):

Pull up on the conveyor handle.  The operator should be able to hear the conveyors rotating.  
The operator should be able to observe the stream of snow through the viewing window as 
the snow tank fills with snow.  The conveyors should be stopped before the snow tank is 
completely full to avoid plugging the vertical conveyor.

DANGER!
Turn off and remove the ignition key before adjusting, 
repairing, cleaning, or servicing the conveyors. 
If any part of the conveyor system becomes plugged or 
clogged, or appears plugged or clogged, the conveyor 
must be flushed out with water.  Do not wear gloves or 
jewelry when performing these functions.
Flushing the augers out with water must be done only 
after the machine has been removed from the ice, the 
auger control valve has been returned to its neutral 
(off) position, and the ignition has been shut off. 
Under no circumstances should the operator attempt 
to clean or clear the conveyor system or parts around 
it while the machine is on the ice or the power is on. 
To do so, exposes the operator and others to serious 
potential injury or death! 
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(Optional) Reversible Vertical Auger Operating Instructions

The vertical auger is equipped to rotate in both directions.  The normal rotation for resurfacing 
is FORWARD, as shown by the information decal located near the valve operating handle.
Note:  Since the vertical and horizontal augers are hydraulically connected in series, both 
augers will rotate in the reverse direction if the optional reverse auger funtion is enabled.
Reversing the auger rotation may clear a puck, water bottle, piece of hockey stick or other 
large objects that gets lodged in the auger flighting.
Reversing the auger rotation will not clear a snow jam in the auger, as the bottom of the 
auger is designated to pull in snow and not throw it out.  The snow will just be compacted 
further.
To run the auger in the reverse direction, the valve stop needs to be relocated on the valve 
lever which will allow the valve to be actuated in the opposite direction. 
The following steps should be observed when you decide to run the auger in the reverse 
direction:

• Loosen and rotate the valve lever stop out of the way.
• Being sure that the auger is not moving, actuate the lever to reverse the auger 

(auger lever moves down).
• To change auger rotation to forward, move the valve lever to NEUTRAL 

position, IF THE AUGER IS NOT RUNNING, pause a moment (2-3 seconds) 
then move the lever backwards for normal auger rotation.  If the auger is 
running, you MUST move the lever into NEUTRAL and wait until the auger 
has come to a full stop.

Never slam the lever back and forth rapidly to try to unclog 
something. You will definitely over pressurize the auger 
motor and cause breakage.  Besides the unnecessary down 
time associated with this action, the damaged motor will 
not be covered under warranty.  Damage created in this 
manner is very obvious upon inspection of the motor.

• Augers should be washed out between floods to prevent ice build up and 
snow jamming of the augers.

• After using the reversing feature, locate the valve lever stop in its original 
position (blocking the downward position of the lever).

• Depending on how long the reversing feature was used, you should check 
the auger bearings and the motor coupling screws to ensure that they are still 
tight.  Reversing the auger may have loosened them off.

• The vertical and horizontal augers should be washed out at the end of the 
shift and the auger bearings immediately greased to displace any water 
accumulated during the day.  Greasing the auger bearings once a day with 
high quality marine or boat trailer grease will ensure a long service life.

CAUTION!
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Typical Resurfacing Operation

Figure 7.4     Going onto the Ice

Figure  7.5     Leaving the Ice
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Using the Snow Breaker

The operator should use the snow breaker several times a minute (or more as required).  The 
snow breaker helps remove snow or ice that will build up in the corners of vertical auger 
opening.  To use the snow breaker, push down on the snow breaker rod and release.  Repeat 
this action several times.
The machine may also be equipped with an optional automatic snow breaker.  It will 
perform the above action six times per minute once turned on via the rocker switch.  It also 
has a manual override button should additional action be required.

Washing the Ice 

The wash water system removes dirt and debris from the ice surface.  Regular use of the 
wash water system will produce a clean, high quality ice surface.
Before using the wash water system, fill the wash water tank with cold water.
To use the wash water system:

• With the conditioner down, the horizontal conveyor rotating, and the machine 
moving forward, fully open the wash water valve.  The wash water valve is 
located on the right side of the conditioner.

• Allow the valve to remain open for at least 10 seconds.
• Turn on the wash water pump switch.  The red light in the rocker switch 

indicates that the wash water pump is operating.  You should hear a click 
sound when the clutch on the pump engages.

• You will be able to see the wash water flow into the wash water tank screen 
basket located to the right of the operator's area.  If there is no flow, turn off 
the pump immediately.  Check the system for obstructions after the machine 
has been removed from the ice.

• When resurfacing has been completed, first turn off the wash water pump 
and then close the wash water valve.  The conditioner can then be raised.

To avoid damaging the wash water pump impeller (caused by running it dry), always have 
water in the wash water tank and always wait at least 10 seconds after opening the valve 
before turning on the wash water pump.  A burning rubber smell is an indicator of an impeller 
that has been or is running dry.

After each resurfacing, inspect and discard any debris collected by the wash water tank screen.

Periodically inspect the rubber squeegee located at the lower rear of the conditioner for tears 
and damage.  Replace as required to maintain good wash water system performance.  When 
replacing the squeegee be sure to trim the edge around the conditioner runner as tightly as 
possible.  A sloppy cut will allow wash water to escape possibly creating a poor washing 
action and leaving streaks on the ice.
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Ice Making Water

Using hot water for the ice making water will generally produce the best ice surface.  Do not 
use water hotter than 1600 F (700  C) as this could damage the plastic ice making water tank.

To use the ice making water during a resurfacing:
• With the conditioner down and the machine moving forward, open the ice 

making water valve, located on the left side of the conditioner.
• You can regulate this water flow by opening and closing the valve.  Some 

operators reduce the water flow in areas of the ice surface where they're 
driving pattern overlaps many times, such as in the corners, at the ends of 
the ice or the hockey goal areas to avoid leaving too much water.

• When the resurfacing is completed, close the valve before raising the 
conditioner.

Using the Board Brush

The optional board brush will help you produce a high quality ice surface by sweeping 
away the snow and ice that gathers at the base of the dasher boards, next to the kick plate, 
around the perimeter of the ice.  It is important to sweep this snow and ice away before 
water is applied.  This will prevent ice buildup on the boards.  Ice buildup increases the 
need for ice edging.
The board brush is usually used during the first pass around the perimeter of the ice surface.

To operate the board brush:
• Activate the solenoid operated control valve by turning on  the board brush 

switch on the instrument panel. (See Figure  6.2).
• At  the activation of the control valve, the board brush arm will extend from 

the left side of the machine while lowering to the ice and the board brush 
motor will start.

• Carefully and slowly drive the machine parallel to the dasher boards so that 
the brush reaches the boards and sweeps the snow away from them.  The 
roller on the board brush arm should contact the dasher boards.

• The machine should be positioned so the conditioner is as close to the boards 
as possible for two reasons.  1)  Sweepings are directed into the auger area 
and collected by the conditioner.  2)  The snow brush can then extend out on 
its own to the boards in the corners.

• When the roller is in contact with the dasher boards, the machine is in the 
correct location for best brush performance.  The board brush arm has a spring 
action so that the machine's distance from the dasher boards can vary a little.
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• After a complete lap of the ice surface next to the boards, retract the board 
brush by turning off the board brush switch.  This will also stop the brush 
motor.

• Proceed with the other resurfacing operations over the remainder of the ice 
surface.

Removing Excess Water from the Ice

If there is an excess amount of water on your ice either from rainfall or excessive melting, 
it can be removed quickly by using the following procedure.  The wash water tank should 
be emptied before this operation is begun.

The ice resurfacer must be MOVING during these operations:

• While on the ice surface, with the engine RPM at 2200 to 2500, lower the 
conditioner.

• Raise the blade off (or out) of the ice by turning the blade adjustment hand 
wheel counter-clockwise.  This will allow the water to pass under the blade 
and accumulate in the wash water chamber.  (Figure 7.3)

• Start the vertical and horizontal conveyors.  This will provide power to the 
wash water pump. 

• Start to drive, wait 5 seconds and then turn on the wash water pump.  
Remember that damage to the impeller will result if the pump is run dry for 
more than 30 seconds.

• Excess water from the ice should begin to flow into the screen of the wash 
water tank.  After water from the wash system flows into the screen, begin 
to drive forward over the areas of excessive water.

• Fill the wash water tank.

• Turn off the wash water pump and conveyors.

• Drive off the ice and empty the wash water tank by opening the wash water 
valve on the conditioner.  Lowering the conditioner may assist in getting 
additional water out.

• When through removing excess water from the ice, empty wash water tank 
and refill with fresh, cold water.
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Removing Slush (ice and water mixed) from the Ice
The ice resurfacer must be MOVING during these operations:

• While on the ice surface, with the engine at 2200 to 2500 RPM, lower the 
conditioner.

• Start the vertical and horizontal conveyors.

• Adjust the blade until it just touches the ice by rotating the blade adjustment 
hand wheel counter-clockwise.

• Drive forward over the areas of slush to be removed.

• Before leaving the ice surface and before raising the conditioner, continue 
running the conveyor augers for a few moments.  This will help avoid freezing 
the slush in the tube between resurfacing.  Stop the conveyors.  Raise the 
conditioner and proceed to the dump area.

• After removing the slush from the ice surface and dumping it, flush the  
conveyors with water.

DANGER ! 
Turn off and remove the ignition key before adjusting, 
repairing, cleaning, or servicing the conveyors. 

If any part of the conveyor system becomes plugged or 
clogged, or appears plugged or clogged, the conveyor 
must be flushed out with water.  Do not wear gloves or 
jewelry when performing these functions. 

Flushing the augers out with water must be done only 
after the machine has been removed  from  the  ice, 
the auger control valves have been returned to their 
neutral positions, and the ignition has been shut off.

Under no circumstances should the operator attempt 
to clean or clear the conveyor system or parts around 
it while the machine is on the ice or the power is on. 
To do so, exposes the operator and others to serious 
potential injury or death!

Note:  Whenever excess water or slush is being removed from the ice surface and conveyed 
into the snow tank, the Zamboni ice resurfacer ice making water tank must be empty.  Water 
in both the ice making water tank and the snow tank may load the machine excessively.
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Leaving the Ice Surface

When leaving the ice surface after finishing a resurfacing (or any other time):  
(See Figure 7.5)

• Close the wash water system valve.  Turn off water pump (if used).

• Turn off the auto snow breaker (if equipped).

• Raise the cutting blade out of the ice.

• Turn off augers.  This is especially important for machines equipped with 
the auto snow breaker option.  Failing to stop both augers could result in 
damage to the snow chute and the actuating cylinder by contacting the 
horizontal auger.    

• Close the ice making water valve.

• With the augers stopped, raise the conditioner fully by operating the 
conditioner lift valve lever.

• If dumping outside, reposition the towel bar assembly to the raised position 
on the conditioner to avoid getting it dirty.

Off of the Ice
The following operations are performed off of the ice surface:

• Dumping the snow tank on a level surface if possible.

WARNING!
Raise the snow tank by operating the snow tank valve 
lever.  After the snow has been dumped, lower the tank.  
If the tank is to be left up, the snow tank support stand 
must be properly placed to support the tank.

DANGER!
The snow tank should NEVER be raised while the 
conveyors are ON.  When the snow tank is raised, the 
vertical conveyor blades are exposed and can cause 
personal injury if operating.

CAUTION!
The ice resurfacer should not be moved while the snow 
tank is being lifted or when the tank is in a raised 
position.
The machine should be level when raising or lowering 
the snow tank.

Revised Jan/15
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Operating Pointers

Resurfacing Patterns

The following diagram shows a good resurfacing pattern:

Figure 7.6    Standard Resurfacing Pattern

Sharp Turns

The ice resurfacer has a power steering system which contains a hydraulic relief valve.  This 
valve only operates when the wheels are jammed up against an object or when the operator 
turns the steering wheel completely to the left or the right and holds it there against the stop.

If the steering is placed and held against the stop, the operator will notice a light, hissing noise 
coming from the instrument panel.  This noise is made by steering relief valve opening and 
allowing hydraulic fluid to pass through it.  The operator may also notice a drop in engine 
and conveyor speed.  This is because extra engine power is being used to open the relief 
valve and push fluid through it.

Your turns will be much smoother and there will not be a drop in engine or conveyor speed, 
if you learn to drive the machine without placing the steering "on relief."

To do this you simply back off the steering stop a slight amount after you have turned the 
wheel completely and you hold the wheel steady in the turn.  You can easily hear the relief 
valve open so you will know how tight you can hold a turn without always being on relief.
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Excessive Loads

Taking too deep a cut with the shaving blade while driving the machine at it's full ground 
speed may place an excessive load on the engine.  The engine RPM is maintained with only 
a small RPM drop while resurfacing normally.  With an  excessive machine load, the engine 
RPM may drop excessively which will cause the operation of the machine to suffer.  If the 
engine RPM is dropping excessively, reduce the load of the machine by:

• Slowing the ground speed of the machine by lifting the foot pedal.

• Reducing the depth of cut.
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Water System

8.
Water System

A. Pipe A (Figure 8.2) supplies water from the wash water tank to the conditioner.

B. Hose B (Figure 8.1) carries water picked up in the conditioner, via pipe B, 
from the water pump back to the wash water tank.  The water flows through 
the filtering screen at which point the water can be recirculated.

C. Hose C (not shown) attached to pipe C (Figure 8.2) supplies water through 
the ice making water valve from the ice making water tank to conditioner.

Optional Connection Valve
D. Wash water transfer valve D (Figure 8.2) may be opened to connect the wash 

water tank to the ice making water tank for additional ice making water 
capacity.  Flush wash water tank clean before opening the valve when using 
this system.  Important:  Do not open this valve until the ice making water 
tank is half empty.  Tank distortion can occur if the valve is opened while 
the tank is full.

Figure 8.1     Water System

Wash Water Tank

Wash Water Pump

Wash Water 
Return Hose (B)

Wash Water Return

Exhaust Pipe
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Water System

Wash Water Pipe (A)

Ice Making Water 
Pipe (C)

Wash Water Transfer 
Valve (D) Optional

Wash Water Distribution Pipe

Wash Water Outlet (Both 
Ends Of Conditioner)

Wash Water Pickup (Suction)

Blade Adjustment Screw & 
Greasable Clevis

Figure 8.2     Conditioner Underside

Pipe (B)
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Water System

Wash Water Return

Wash Water Screen Wash Water Tank Cover

Ice Making Water Fill

Overflow Discharge Ice Making Water Tank

Ice Making Water 
Tank Cover

Figure 8.3     Ice Making Water System

Figure 8.4     Wash Water System
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9.
Maintaining the Cutting Blade
It is essential that the blade be sharp if the resurfacer is to operate properly.  Conditions vary 
from one rink to another, but experience has shown that normally the cutting blade is dull 
and needs re sharpening after 5 to 7 days of operations.

WARNING! 
The cutting blade is extremely sharp and must be 
handled with care.  The blade can INJURE whether 
sharp or dull.  Use extreme caution!  Use gloves and 
handle in scabbard as much as possible.  Place blocks 
under conditioner while changing blade or reaching 
under conditioner.

Changing the Blade
When changing your blade, see that the surface of the blade holding bar, to which the blade 
is bolted (Figure 9.4), is clean.  As the blade bolts are replaced, tighten the center nuts first 
and work toward the ends of the blade.  The outside bolts are to be tightened last.

After removal, the dull blade should be sent immediately to be sharpened so that a sharp 
blade will be on hand at all times.  For sharpening blades, contact a company that sharpens 
paper cutting knives for newspaper publishing firms.

Blades should be sharpened at an angle of 240-260.

New Blade

Use FRONT row of holes when blade is new.
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Used Blade

Use REAR mounting holes when blade is 4" wide or less.

Note: Hardened material is exhausted when blade is approximately 3" wide.  Discard blade.

Blade Controls on Conditioner

Blade Height Adjusting Screws level each side of the blade in relation to the runners.

Side Controls

Figure 9.1     Blade Controls on Conditioner

Conditioner Runner

Down Up

Rear View

Conditioner RunnerBlade

Blade Height
Adjusting Screws
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Hand Wheel
The center hand wheel control varies the angle of the blade.  If the blade is level with each 
runner, the hand wheel will make uniform changes in depth of cut.

Figure 9.2      Center Hand Wheel Control

ARROWS SHOWN BELOW INDICATE ROTATION TO LOWER BLADE

Figure 9.3     Blade Adjusting System

Blade Conditioner Runner

Side View

Centre Hand Wheel Up Down

For Levelling Blade OnlyFor Levelling Blade Only

Centre Hand Wheel

Right side adjustment screwLeft side adjustment screw

For adjusting blade angle and depth



9  -  4
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Holding and Securing the Blade
Blade Holding Bar (5K-78890)  Blade (5K-33630)

Bolt Tightening Sequence

Figure 9.4     Blade Holding Bar

The ends of blade holding bar are machined upward approximately 0.08" so that one cut of 
the ice is feathered into the adjoining cut.

When attaching blade, tighten two middle bolts first, then work to outside.

WARNING! 
Blade is extremely sharp.  Avoid being cut by handling 
as much as possible in scabbard.  Place blocks under 
conditioner while changing  the blade.

0.08"

Blade Holding Bar

Blade

Machined Surface on Blade Holding Bar Blade
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Figure 9.5     Aligning the Blade with Conditioner Runners

Procedure for Setting Blade Angle and Depth of Cut
Step 1:   Set blade at approximately 100  angle as shown on the blade angle adjusting plate 
(Figure 9.6)  by rotating center hand wheel control.

Step 2:  Align leading edge of blade EVEN with BOTH conditioner runners. It is quite 
helpful to use a flat washer, a large coin or the blade adjusting tool (Part No. 84-01100) to 
check this alignment as shown below.

WARNING!

Use caution as blade is sharp.  

Note:  If blade is even with both runners, the majority of the blade will be about 0.08" below 
the runner as shown in  Figure  9.4.  Since a 0.08" cut would normally  be quite a heavy 
cut, turn the hand wheel counter-clockwise to raise the blade slightly. (With a new 5" wide 
blade, 4 turns of the hand wheel is equal to approximately 0.08").

BladeConditioner 
Runner

Blade Adjusting Tool

Blade Height 
Adjuster

Slide blade adjusting tool under 
conditioner runner until aligned.
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Blade Angle Adjustment Decal
A blade angle decal is located on the inside of the conditioner left side plate (see Figure 
9.6).  When the blade holding bar is lined up, parallel to the series of lines, the blade angle 
is approximately 10°.

Figure 9.6     Blade Angle Adjustment Decal

Figure 9.7     Blade Angle Adjustment Tool

The blade angle gauge (84-01100) may also be used.  Place the angled face of the tool on 
the underside of the blade.  When the flat edge of the tool is parallel to the runners, the blade 
is angled correctly (see Figure 9.7).

Blade Holding Bar

Blade Angle Decal

Blade Angle Decal
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Conditioner Down Pressure
The purpose of the conditioner down pressure system is to create downward pressure on 
the shaving blade thus increasing the shaving capability of the machine.

Down Pressure Spring Adjustment Procedure

• Lift Conditioner slightly off of the ground, just so it clears the floor.
• Loosen lock nut A.
• Loosen set screw B and tighten against spring "hand tight".  Tighten with a 

wrench 3 to 4 complete revolutions.
• Tighten lock nut A.
• Repeat above procedure on opposite side.

Spring tension is now set for proper down pressure in operating mode.  NOTE:  Periodically 
check the condition of the down pressure springs (Part No. 1L-67540) to insure that they 
have not flattened out and taken a permanent set.

To extend spring life, the conditioner should be lowered between resurfacings onto floor 
blocks without applying down pressure (machine should not lift).

B (1/2" Wrench)

A (3/4" Wrench)

Part No. 1L-67540
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Figure 9.8     Zamboni Edger

Using the Edger
During the normal operation of an ice rink, the edges of the ice surface have a tendency to 
build up.

If not removed, this buildup makes proper shaving of the rink perimeter difficult and may 
become a safety hazard to skaters. 

A

B

C

D

With ice buildup at edges,
blade cannot shave properly

Zamboni® Bolt-on Edger
Attach to conditioner and
make one pass around
rink next to boards

Zamboni® Power Edger
Walk around boards as
required to reduce edge.

After edging, use Zamboni®
machine next to boards and
complete resurfacing pattern
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Figure 9.9     Edger Attachment

Edger Attachment
Mount the edger on the driver's side of the conditioner and bolt tightly at the three locations 
shown below.  The depth of cut on the edger blade may be adjusted by turning the two blade 
adjustment set screws.
Use the edger as a separate operation in the following manner:

• Start driving slowly next to boards.  Fully lower conditioner, but raise the 
conditioner blade off of the ice, slightly, by turning the blade adjustment 
hand wheel counter-clockwise.

• Start conveyors.

• Take one or two laps along the side of your boards, keeping the edger against 
the railing or dasher.

• Remove the edger assembly.

• Resurface the ice rink completely in the normal manner.

CAUTION: 
Drive slowly when using the edger.  While using the 
edger, the front of the resurfacer will tend to pull into 
the wall.

Note:  Keep edger blade sharp.

Edger Mounting Bolts

Blade Adjusting Screws

Blade

Forward

Forward
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10.
Emergency Operation
Emergency Hand Pump
The emergency hand pump is located in the driver area of the machine.  The pump handle 
must be stored where the operator can find it in an emergency.

Purpose:  The emergency hand pump is used to raise the conditioner or the snow tank in 
the event the engine will not operate.

Operating the Emergency Hand Pump
Pump the hand lever while actuating the desired function (Figure 10.1).

To raise the conditioner, lift the conditioner lift valve lever up while pumping the hand 
pump lever.  To raise the snow tank, lift the snow tank lift valve lever up while pumping 
the hand pump lever.

If the pump does not work, check the oil level in the hydraulic tank.

Figure 10.1     Hand Pump Actuation

Hand Pump Lever
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Emergency Hydrostatic Bypass Valve

Should it be necessary to move the machine when the engine is not operable, the emergency 
bypass valve, located on the hydrostatic pump, must be opened (see Figure 10.3).

This valve is located on the hydrostatic pump and painted red for ease of identification, in 
the engine compartment. (See Figures 5.5 and 10.3 for location).  To open the bypass valve, 
rotate it two turns counter clockwise using the adjustment tool  (Part No. C4-00157 or 84-
05870) supplied strapped to the suction hose.

Figure 10.3     Hydrostatic Pump Bypass Valve

Notes:
• This system is to be used ONLY when pushing or pulling the machine 

SLOWLY.

• The bypass valve must be FULLY closed for normal operation.

• Disconnect the drive shafts for extended towing distances.

• Fast towing must not be done.

• Always close the valve once the machine is moved to the desired location.  
Re-attach the bypass tool to the hydraulic hose.

Bypass Tool Bypass Valve
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VERTICAL AUGER HYDRAULIC STOP

The Zamboni Company Ltd. Model 446 Ice Resurfacing Machine is equipped with a 
vertical auger hydraulic stop valve.  The valve is controlled by a normally open electrical 
switch located near the front of the snow tank.

It functions as follows:
1) When the snow tank is down, the valve is open allowing flow to the
hydraulic motor that rotates the auger.
2) When the snow tank is raised, the valve is closed thereby blocking flow
to the hydraulic motor.
3) Do not try to reverse the vertical auger with the snow tank up.  Doing
so will put a large strain on the motor to auger coupler causing it to break.

In order for the system to function in a safe manner, the solenoid valve will be powered 
at all times when the machine is running and the snow tank is in the down (operating) 
position.  The coil on the valve may become hot depending on the length of time that the 
machine is in operation.

Valve Coil

Hydraulic Valve
Electrical 
Switch
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11.
Storage Information
Storage Room Information
Storage Area
Due to the great amount of water associated with this machine, it should be stored between 
resurfacing in a room heated above freezing.  The room should be as close to the edge of 
the rink as possible and the surfaces between the storage area and the rink should be paved 
so dirt will not be tracked onto the ice.  It is highly recommended that the storage room be 
on the same elevation as the surface of the ice to eliminate the need for a ramp.

Keep all sources of open flame, spark or other ignition such as stoves, furnaces, water heaters 
or any appliance using a pilot light away from fuel storage, fuel use and refueling areas. 
Under well ventilated conditions, a minimum distance of 20 feet from all ignition sources 
is recommended; however check your local bylaws as they will take precedence.

Floor Drain

The floor of the storage room should be pitched toward a floor drain of sufficient size to 
carry excess water and melting snow away from the machine.

Daily Storage (Indoor)

It is suggested that the snow tank be left in the lifted position for storage with the safety 
stand in place.  This will allow for better air circulation for drying and will cut down on 
corrosion and rusting. 

Summer Storage Tips
• Empty the water tanks.  The ice making tank is made of polyethylene and will not 

present a corrosion problem.  The wash water tank is made of steel with a zinc 
rich primer topped with a coat of epoxy.  Remove the cover annually and insure 
the integrity of the paint has not been compromised.  Touch up as required.

• As recommended in maintenance literature, completely lubricate the chassis and 
ice resurfacer parts to discharge any possible moisture from the bearing surfaces.

• If possible, store the machine in a dry enclosed area.
• If possible, park the machine on a flat and level surface.  If the machine is parked 

on any kind of grade the wheels must be blocked with wheel chocks to prevent 
the machine from rolling away after it has been parked.

• If possible, raise the machine onto blocks thereby taking the weight off the tires.
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The overall objective of the “circle check” is to evaluate the ice resurfacer and its 
systems, as well as the environment in which it will be operated.

Table of Contents:
• General Circle Check
• Circle Check Detail
• Front / Rear View Detail Diagram
• Side View Detail Diagram
• Top View Detail Diagram

General Circle Check:

• Auger Systems should be in good condition and free of snow, ice or obstructions
• Fuel Supply should be assessed prior to resurfacing
• Towel should be clean and free of tears 
• Squeegee should not have tears or cracks and should have a snug fit from end to end
• Ice Making Water supply should be sufficient for resurfacing and have steady and even distribution 

from the pipe
• Wash Water should have steady flow and a clean basket/bag
• Board Brush should be firmly attached to the unit and show no signs of damage
• Basic Fluid Levels should be sufficient and not in need of change
• Belts and Hoses should be tight fitting without wear and with no signs of aging / leaking or any other 

need for replacement
• Oil and Filters should be monitored for replacement as recommended by the machine’s service manual
• Grease Horizontal Auger Bearings on a daily basis
• Drain Water Tanks at the end of each day
• Fuel Supply should be turned off at the end of each day for fuel powered machines
• Ventilation System should be on and active and air quality tests should be performed per the facility’s 

schedule
• Check Under / Around / Behind resurfacer and observe the condition of the path into and out of the 

ice resurfacer storage area
• Snow Pit / Dumping Area condition and path to/from the area
• Evaluate Consumables such as fluids and parts which may be show-stoppers if not on hand

CIRCLE CHECK LIST

ZAMBONI and the configuration of the Zamboni® ice resurfacing machine are registered trademarks of Frank J. Zamboni & Co., Inc. © Zamboni 2017
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Circle Check Detail:

This list is not intended to be a comprehensive checklist and was created as a general guideline to encourage the circle check 
routine, based on a variety of machine models and features. Your machine model, features and options may vary and those 
specific items requiring attention should be added to your facility’s checklist and circle check routine.

1. Tank up and snow tank safety stand in place
2. Key out of ignition and secure in your 

possession
3. Exhaust system condition 
4. Fuel line condition
5. Fuel levels and connections/hoses/tanks secure 
6. Belts
7. Snow tank seal 
8. Hydraulic hoses and couplers
9. Battery and cables
10. Spark plugs
11. Radiator and radiator hoses
12. Air filter
13. Leaf springs
14. Brake lines
15. Fluid levels 
16. Hydraulic bypass open or closed
17. U joints
18. Tires (condition and pressure) / hubs / studs /

nuts
19. Board brush condition/arm bushing
20. Guide wheel condition
21. Head lights / tail light
22. Safety guards including conditioner guards
23. Lift conditioner to observe blade and runner 

condition
24. Conditioner / lift arm / bushings
25. Snow breaker condition
26. Blade adjustment wheel
27. Towel and squeegee condition

28. Flood pipe condition
29. Vertical and horizontal auger movement and 

grease bearings
30. Steering wheel / horn
31. Blade Bar
32. Conditioner leaf springs
33. Auger flighting
34. Hour meter reading
35. Voltmeter
36. Temperature
37. Tachometer
38. Water fill
39. Seat / armrest
40. Poly water tank inspection
41. Snow tank inspection
42. Brake and brake pedal
43. Ice making water and wash water valves
44. Step areas clean and clear
45. Control levers
46. Wash water pump
47. Conveyor drive belt and chain
48. Inspect body condition and safety labels
• Exhaust shield (Canadian models)
• Fire extinguisher (option)
• Beacon light (option)
• Backup alarm (option)
• Tire wash water (option)
• Seatbelt (option)

CIRCLE CHECK LIST

ZAMBONI and the configuration of the Zamboni® ice resurfacing machine are registered trademarks of Frank J. Zamboni & Co., Inc. © Zamboni 2017



Page 3 of 5Zamboni Circle Check List

21 Head Lights

21 Tail Light

28 Flood Pipe
Condition

27 Towel + Squeegee
Condition

25 Snow Breaker 
Condition

26 Blade 
Adjustment
Wheel

38 Wash Water Fill

38 Ice Making Water Fill

5 Fuel Levels and 
Connections
/ Hoses / Tanks Secure

4 Fuel Line Condition

34 37to

23 Lift Conditioner
• Check Blade Condition 
  and Angle
• Check Runner Condition

Exhaust System Condition3

Front / Rear View Detail Diagram

ZAMBONI and the confi guration of the Zamboni® ice resurfacing machine are registered trademarks of Frank J. Zamboni & Co., Inc. © Zamboni 2017
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1 Snow Tank and Stand

2 Key

45 Control Levers

43 Ice Making Water,
Wash Water Valves

39 Arm Rest

Seat Belt (option)

40 Poly Water Tank 
Condition

Fire Extinguisher
(option)

24 Conditioner
• Lift arm • Bushings

22 Safety Guards
including 
Conditioner Guards

29 Vertical and Horizontal Auger
Movement and Grease

44 Step Areas
Clean and Clear

42 Foot and Brake 
Pedal

22 Vertical Auger 
Guard

Beacon 
(optional)

30 Gauges /
Steering 
Wheel /
Horn

41 Snow Tank
Inspection

20 Guide Wheel
Condition

48 Inspect Body Condition 
+ Safety Labels

19 Board Brush Condition
• arm bushing

18 Tires
• condition • pressure
• hubs / studs / nuts

Side View Detail Diagram

ZAMBONI and the configuration of the Zamboni® ice resurfacing machine are registered trademarks of Frank J. Zamboni & Co., Inc. © Zamboni 2017
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10 Spark Plugs
6 Belts

17 U-Joints

17 U-Joints

17 U-Joints

7 Snow Tank Seal

11 Radiator + Hoses 
– Overflow Bottle

15 Fluid Levels – 4 levels to check
• Brake • Coolant • Hydraulic • Oil

9 Hydraulic Bypass (open / closed)

8 Hydraulic Hoses
+ Couplers

12 Air Filter

17Tire Wash Nozzle
(option)

Tire Wash Nozzle
(option)

Tire Wash Nozzle
(option)

9 Battery + Cables

13 Leaf Springs

13 Leaf Springs

46 Wash Water Pump

47 Conveyor Drive
Belt + Chain

14 Brake Lines

14 Brake Lines

Exhaust Shields
(if applicable)

31 Blade Bar

33 Auger Flightings

32 Leaf Springs

Top View Detail Diagram

ZAMBONI and the confi guration of the Zamboni® ice resurfacing machine are registered trademarks of Frank J. Zamboni & Co., Inc. © Zamboni 2017
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 TROUBLESHOOTING GUIDE 
 Zamboni® Ice Resurfacer 
 
 
Many of the problems and corrective actions noted in this guide are visually demonstrated and discussed in 
our video presentations: "Conditioner Maintenance" and “Ice Resurfacer Operation” which accompany each 
new machine shipment.  To achieve optimum results from your machine, your operations staff should review 
the videos and properly maintain your resurfacer.  Subjects in the video are marked with an asterisk (*). 
 

      MALFUNCTION     PROBABLE CAUSE      CORRECTIVE ACTION 

Unsatisfactory shaving 
 
Blade leaving wavy ice 
conditions 
 

Dull blade *BLADE MUST BE SHARP.  Most often 
the cause of shaving problems.  A sharp 
blade will shave easier and will not tend to 
push the conditioner off the ice. 
 

Blade Chatter 
 

Blade at incorrect angle 
 
 
 
Tire pressure low 
 
 
Lift bar and down pressure 
mechanism 
 
 
Bushings worn 
 
 
 
 
 
 
Cylinder working improperly 
 
 
 
Springs in conditioner 

* Refer to Operating Instructions.  The 
angle of the blade should be about 10º in 
relation to the conditioner runner. 
 
Can affect shaving.  Inflate tires to correct 
and uniform pressure. 
 
* See Parts Manual for illustration of 
cylinder and related components.  It is 
extremely important that these parts are in 
proper working order.  When operating 
properly, weight from the rear of the 
machine will be transferred to the 
conditioner.  See that all bushings are not 
worn excessively.  Keep tension on down 
pressure leaf spring with set screw. 
 
Check for leaks. It may be necessary to 
repack the cylinder or replace it.  Check 
pins at both ends of cylinder for excessive 
wear and slop. 
 
* Leaf springs and coil springs must be in 
good condition and tight of the blade 
holding bar is to be held firm. 
 

Grooving the ice 
 

Dull blade * When the blade is dull, operator often 
lowers blade to cut more.  The blade may 
then be far below the runners and may 
actually lift the conditioner off the runners 
when travelling straight ahead.  If making 
a turn with blade set this way, grooving of 
ice will likely occur.  Install a sharp blade 
and recheck. 
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      MALFUNCTION     PROBABLE CAUSE      CORRECTIVE ACTION 

Conditioner leaving scratch 
on ice 

Nick in blade 

Foreign matter on runners 
or other parts of conditioner 

* Sharpen

* Check and remove foreign matter.  File.

Difficult to adjust blade Worn parts 

Dirt, debris in mechanism 

* Check blade adjusting screw and
related parts.

* Clean completely.

Conditioner runners riding 
high off ice 

Dull blade 

Runners not straight 

Twist in conditioner 

* When dull, blade tends to lift the
runners off the ice.  Try a freshly
sharpened knife.

* Check with straight edge.  Straighten if
needed.

* Set on level surface.  Disconnect from
lift bar.  If runners do not lay flat,
conditioner must be straightened.

Leakage from side of 
conditioner 

Dull blade lifting conditioner 

Improper fit at ends of 
squeegee 

* Change blade; set at proper angle; test.

* Adjust or replace squeegee.  Ends of
squeegee should be tight to conditioner
side plates.

Water freezing unevenly on 
surface 

Cool water used on 
extremely cold ice surface 

* Use hot water as ice making water.

Ice thickness building up too 
fast 

Dull blade 

Blade at wrong angle 

Too much water 

* Install sharp blade.

* Set blade at approximately 10  a s  
explained in Operating Instructions.

* Keep closer control on water.  After
light skating session, you may only want
to cut, wash and squeegee ice and not
apply ice making water.

Ice building up on edges Not edging often enough Use edger more frequently. 

Unable to make good sheet 
of ice in single pass 

Not using wash water when 
resurfacing 

* Use wash water operation in
conjunction with other resurfacing
operations.
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      MALFUNCTION     PROBABLE CAUSE      CORRECTIVE ACTION 

Ice build-up in front of blade Dull blade 

Blade angle too flat 

* A sharp blade will create more agitation
of the shaven snow at the blade edge
than a dull blade.  Sharpen blade so
snow is forced into conveyor

* Check to see that blade is at least set
at 10º.

Machine skidding, 
inadequate traction 

Tire pressure low 

Oil getting on tires 

Dull blade 

Tires worn 

Inflate tires to correct and uniform 
pressure. 

Check and eliminate oil leaks on 
machine.  Clean floor of storage room to 
eliminate oil. 

*Put on sharp blade.  Adjust.

TUNGSTEN TIP.  See that studs are in 
good condition. 

ICE GRIP TREAD.  If tire tread is 
smooth, buff or roughen them slightly at 
local tire shop. 

USE OF CHAINS OR STANDARD 
RUBBER TIRES NOT 
RECOMMENDED. 

Difficult to steer Insufficient lubrication 

Tire pressure low 

Worn or loose steering 
linkage 

Lubricate steering linkage. 

Inflate tires to correct and uniform 
pressure. 

Refer to Parts List.  Check steering 
system completely including hydraulic 
steering control, cylinder, joints, knuckles 
and front wheel bearings. 

Inadequate hydraulic 
pressure 

Lack of oil 

Oil filter dirty 

Faulty hydraulic pump 

Sticky relief valve 

Check and add as required. 

Change oil filter. 

Parts probably worn.  Replace or rebuild 
pump. 

Replace relief valve. 
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      MALFUNCTION     PROBABLE CAUSE      CORRECTIVE ACTION 

Inadequate power of 
conveyor 

Engine RPM too low 

Faulty seal on conveyor 
motor 

Faulty pump - lack of 
hydraulic pressure 

Check by selecting lower hydrostatic 
transmission selector setting and higher 
engine RPM. 

Disconnect small drain hose from motor 
and check amount of oil coming out of 
seal drain while motor is operating.  
Should only be slight amount.  If very 
much, replace or rebuild motor. 

Check by moving valve handles so that 
cylinder "bottoms out".  You should hear 
oil going "over relief" and engine RPM 
drop slightly.  If faulty, rebuild or replace 
motor. 

Hydraulic cylinder leaks Worn or cracked packing Overhaul cylinder and replace cylinder 
packing. 

Conditioner will not lift high 
enough 

Tire pressure low Inflate to correct pressure. 

Water pump will not work Water lines plugged 

Broken or loose belt 

Burned out impeller 

* Flush water lines.

* Check.  Replace if needed.

* Replace impeller.  Clean pump
completely before replacing.  Try pump
while impeller is removed.

Water coming around the 
front of the conditioner 

Water pump not working 

Too much wash water 

* See item above.

* If more wash water is being dropped
than the pump is picking up, squeegee
will push it forward of the blade. Correct
by cutting down slightly on amount of
wash water being used.

Slush being left by machine Improper fit on squeegee 

Wash water system not 
working properly 

* Check.  Replace if needed.

* Check complete system.  Inlet may be
plugged thereby causing water and snow
to be forced under squeegee.

Water valve difficult to 
operate 

Damaged valves * If valve is frozen while in closed
position, pressure of ice may have
deformed stem of valve.  Check.
Replace valve if necessary.

Will not spread water evenly Water distributor pipe 
clogged 

* Flush out water tanks well.  Remove
ends of distributor pipe and clean
completely.

MANUAL\TROUBLSHOOTING.DOC  (8/93) 



4 PARTS LIST

Your machine’s parts list is now available 
as a separate file.  

If you need additional information, contact 
your Zamboni Authorized Distributor or 

Zamboni Customer Service.



5 MAINTENANCE SCHEDULE / LOGS



 
 
 
 
 
 
 
 
SUGGESTED  GREASING  SCHEDULE 
 
 
 
THIS SCHEDULE HAS BEEN SET UP AS A GUIDE ONLY.  MORE FREQUENT INTERVALS 
MAY BE REQUIRED DEPENDING ON OPERATING CONDITIONS.  (EXAMPLE:  DRIVING 
THE MACHINE OUTSIDE OF THE BUILDING ON UNPAVED OR HEAVILY SANDED 
PARKING LOTS.)  
 
ALL OF THE GREASE FITTINGS ON THE MACHINE COME EQUIPPED WITH RED PLASTIC 
DUST CAPS.  REINSTALLING THESE AFTER GREASING WILL KEEP THE 
CONTAMINANTS OUT AND WILL HELP YOU LOCATE THEM THE NEXT TIME. 
 
NOTE:  WHEN WE RECOMMEND "DAILY", WE SUGGEST THAT THE GREASING IS DONE 
AFTER THE LAST FLOOD OF THE DAY.  THIS WILL FLUSH THE WATER OUT OF THE 
BEARINGS BEFORE THE OVERNIGHT SHUTDOWN. 
 
AS A GENERAL GUIDE:  1 HOUR ON THE HOURMETER IS THE EQUIVALENT TO 40 
MILES ON AN ODOMETER.  EXAMPLE:  100 HOURS RUN IS EQUAL TO 4,000 MILES 
TRAVELLED. 
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 DESCRIPTION 

 FREQUENCY QTY  PER          
MACHINE 

  
Daily 

100 
Hours 

 

Annually 
 

400 
440 
445 
446 

520 
525 
526 

  1. Steering Cylinder.  On the rod end, all models have a 
greaseable tie-rod end.  On the cylinder mounting end, 
there is either a greaseable bolt mount, a greaseable 
rod eye, or a lubed for life rod eye. 

 X  1 
or 
2 

1 
or 
2 

1 
or 
2 

  2. Steering Tie Rod.  X  2 2 2 

  3. Steering Knuckle Universal Joints.  Locate grease 
fitting on u-joint. Apply grease using a needle style 
grease attachment.  

      Serial No. 525-9279 -  

 X  - - 2 

  4. Drive Shaft Universal Joints and Slip Yokes. (Some 
drive shafts are of the lubed for life style.) 

 X  - 2 6 

  5. Drive Motor Companion Flanges. (Locate through 
opening in hydraulic motor mounting adapter) 

 X  2 - - 

  6. Conditioner Lift Cylinders. (Some models are 
equipped with remote grease stations.) 

 X  4 4 2 

  7. Lift Bar Assembly Including Lift Yokes and 
Conditioner Mounting Hardware. 

 X  6 6 6 

  8. Horizontal Auger Bearings. (Accessible from the front 
of conditioner.) 

X   2 2 2 

  9. Horizontal Auger Chain.  Cover chain with a light 
coating of grease.  (Accessible from underneath the 
chain guard when the conditioner is in the raised 
position.) 

 X  X X X 

10. Vertical Auger Bearings. X   2 2 2 

11. Brake Pedal Arm Pivot.  X  1 1 1 

12. Foot Pedal Pivot.  X  1 1 1 

13. Universal Joint, Blade Adjustment  X  1 1 1 

14. Blade Angle & Blade Height 
      Adjustment Bolts.  Apply a light coat of grease.  Some 

machines are equipped with greaseable clevises. 

 X  X 3 3 

15. Snow Tank Cylinder.  X  2 2 4 
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DESCRIPTION 

FREQUENCY      QTY  PER      
MACHINE 

  
Daily 

100 
Hours 

 
Annually 

 
400 

440 
445 
446 

520 
525 
526 

16. Snow Tank Hinge Pin(s).  X  1 2 2 

17. Snow Tank Lid Pivots.  X  - - 2 

18. Snow Tank Door Pivots and Opening Links. 
      (Some of the opening links are equipped with rod ends 

that are of the lubed for life style.) 

 X  6 6 - 

19. Engine/Pump Drive Plate.  Some models are equipped 
with a greaseable drive plate that can be located by 
removing the Red (2"dia.) plug from the engine 
adapter plate.  Rotation of the engine will be necessary 
in order to bring the grease fitting into view.  If your 
machine is not equipped with the greaseable drive 
plate, we recommend that the pump is pulled back and 
the splines checked, cleaned and re-packed with 
grease.  (Not applicable on models 445 & 525) 

  X 1 1 1 

20. Front Wheel Bearings.  We suggest that the inner and 
outer wheel bearings and spindle bearings get washed, 
inspected and re-packed thoroughly.  

  X X X X 

21. Board Brush Assembly  X  4 4 4 

 TOTAL NUMBER OF GREASE FITTINGS:    37 41 43 
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ANNUAL MAINTENANCE INSPECTION AND SERVICE 
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   DATE:              _____________________ 
   CUSTOMER:   _________________________________________ 
   SERIAL NO.:   _____________________ 
   HOURS:          _________ 
 

 
    

ENGINE 

   •  Compression Test #1                   #2                   #3                   #4 
    
   •  P.C.V. Valve – Change and test for proper operation 
   •  Oil and filter change 
   •  Air filter – clean or replace 
   •  Fuel filter – replace 
   •  Battery - check charge and fluid level 
   •              - clean battery cables  
   •              - check battery mounting 
   •              - load test battery 
   •  Governor – change oil, check operation, and adjust throttle, governor and  

   choke linkage and cables, check, lubricate and adjust. 
   •  Fan, alternator and governor belts – check and adjust 
   •  Spark plugs – check and clean or replace 
   •  Distributor – check and clean cap, rotor and advance weights, points   

   Check and clean or replace 
   •  Ignition wires – check for bad insulation and high resistance 
   •  All bolts and nuts – check for tightness 
   •  Ignition timing – check and adjust (check advance) 
   •  Combustion chamber cleaner – as per instructions on can 
   •  Idle speed, idle mixture and emission test 
   •  Shampoo engine 
   •  Inspect LPG and/or CNG fuel hoses, tubing and fittings for wear 
   •  Remove the top of the mixer, clean and inspect diaphragm 
   •  Disassemble converter, clean and inspect and if necessary, install new repair kit 
   •  Check dual tank cross-over assembly for proper operation 
   •  Leak test entire LPG and/or CNG system 
   •  Inspect gasoline lines and hoses for wear 
   •  Change timing belt 2000 hrs. LSG engine / 3000 hrs. LRG engine 

 
ENGINE EMISSION LEVELS 

B= BEFORE ADJUSTMENTS              Without Catalytic Converter With Catalytic Converter 
A = AFTER    CO % HC    PPM      CO % HC   PPM  
 B A B A B A B A B A B A 
Idle                 (1000 rpm) 
 

            

Fast Idle         (2500 rpm/440) 
No Load         (2700 rpm/520) 

            

Fast Idle         (2500 rpm/440) 
11” HG Load   (2700 rpm/520) 
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COOLING SYSTEM 

   •  Pressure test and inspect for leaks 
   •  Backflush cooling system and replace coolant 
   •  Check thermostat operation 
   •  Check radiator mounting and condition of hoses, pressure cap, core, expansion,  

   plugs, etc. 
    
   

 

ELECTRICAL 

   •  Alternator – check charging rate and record 
   •  Tighten mountings and check wiring connections  
   •  Check regulator harness condition 
   •  Starter – check starter operation and if necessary, disassemble to check drive, 

   brushes, bearings, etc. 
   •  Note condition of flywheel ring gear 
   •  Electrical harness, check for wear points on chassis and inside instrument panel 
   •  Check operation of ignition switch, all lighting, all switches, and optional       

   electrical accessories 
    
    
    

HYDRAULIC SYSTEM 

   •  Check for proper oil level 
   •  Check operation of all hydraulic pumps, valves and motors 
   •  Record charge pressure of hydrostatic drive pump and check relief valve  

   operation 
   •  Check entire system for leaks at hoses and fittings and replace oil filter or wash  

   screen if applicable 
   •  Check hydraulic oil for contamination and change if necessary. 
   •  Check emergency hand pump operation and all hydraulic controls, cables,  

    linkages, etc. 
   •  Check and adjust hydrostat control for proper tension, check autostat if equipped. 
   •  Wash entire hydraulic system after leaks are repaired. 
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CONDITIONER AND CONVEYOR SYSTEM 

• Check runners for wear, condition of auger bearings and auger flighting for
damage or vibration – repair as necessary

• Clean rust off of blade bar, check spring condition and tighten all bearing set
screws

• Check and adjust sprockets, belt and chain tension
• Check lift arm and down pressure assemblies for wear at pivots
• Adjust down pressure spring tension and check conditioner down pressure and

drop rate
• Install new blade angle decal if necessary

BOARD BRUSH SYSTEM 

• Check and adjust brush contact
• Check for looseness in all clevis pins, arm pivots, rod ends, etc.
• Check system for proper operation

DRIVE TRAIN 

• Inspect condition of frame, crossmembers and all structural supports and
related hardware

• Inspect for broken or flat leaf springs
• Check u-bolts and all axle mounting hardware
• Check for play in axle bearings, steering components and front wheel bearings
• Check axle shaft steering knuckle u-joints for play
• Repack front wheel bearings and replace seals
• Change oil in differentials “every other year”
• Change oil in transfer case and check for motor spline and input gear spline

wear and lubricate yearly
• Check for u-joint play, yokes worn on shafts or any looseness in drive shafts
• Change oil in double pump drive box
• Check for proper venting of all gear boxes and axles
• Check for grease, oil leaks
• Check drive pump input spline and drive plate for spline wear and lubricate as

required
• Check for exhaust leaks, hanger and clamp conditions, exhaust pipe clearance

and muffler condition
• Check tire stud condition
• Check for tires that are cut, weather-checked, worn out or under inflated
• Check rims for corrosion and stress-cracking
• Rotate tires front to rear and adjust toe setting
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LUBRICATE 

   •  All steering, driveshaft, foot pedal, brake pedal, conditioner, lift arm, snow tank  
   and auger bearings and grease fittings as per Greasing Schedule in manual 

    
    

BRAKES 

   •  Flush new fluid through system and check for leaks.  Check brake operation and  
   if necessary, remove axle shafts, etc., to inspect 

    
    

WASH WATER / ICE MAKING WATER SYSTEM AND SNOW TANK 

   •  Check and clean screen 
   •  Flush out wash water tank 
   •  Inspect condition of water control valves and rods 
   •  Check impellor, pump condition and wiring 
   •  Check ice making water tank for leaks, broken mounts, etc. 
   •  Check condition of all water hoses, pipes squeegee and spreader cloth 
   •  Check snow tank vent, lid sealing abilities, spring adjustment, tank and lid  

   alignment 
   •  Check condition of snow shield and replace if damaged 
   •  Check for missing safety decals and correct as necessary 
    

 
COMMENTS:  __________________________________________________________________ 
_______________________________________________________________________________________ 

_______________________________________________________________________________________ 

_______________________________________________________________________________________ 

_______________________________________________________________________________________ 

_______________________________________________________________________________________ 

_______________________________________________________________________________________ 

_______________________________________________________________________________________ 

_______________________________________________________________________________________ 
 
WORK PERFORMED BY:  ____________________   CHECKED & APPROVED BY:  _______________ 
 
MANUAL\MACHINE\ANNUALMAINT.DOC  (Revised  1/17/02) 



6 MITSUBISHI ENGINE



 
 
 
 

FLUID RECOMMENDATIONS & SPECIFICATIONS 
 
For Model 445, 446, 525 and 526 Ice Resurfacers 
 
Fuel Recommendation 
 
The engine is designed to operate on unleaded 87 or 89 octane gasoline.  It is highly recommended that a 
fuel stabilizer additive be used for lengthy or summer storage. 
 
LPG fuel specifications must meet or exceed EN 589 (European) HD.5 (USA). 
NG fuel specifications must meet or exceed 38.7 MJ/m3 (UK) 39.0 MJ/m3 (USA). 
See Engine Operator Handbook for more details. 
 
Engine Oil   Zamboni Part #ZA-00002 
Petro Canada Supreme SAE 10W30 
(API Classification – SJ.  If SJ oils are not available, SH oils are acceptable.) 
Do not use oils that are specifically formulated for diesel engines only.  CC or CD classification, even when 
labelled heavy duty are not acceptable. 
 
Cooling System Antifreeze   Zamboni Part #ZA-00022 
FloPerm Universal Long-Life “red” coolant. 
 Universal use for automotive and heavy duty diesel engines. 
 Product is compatible with other engine coolants:  although to optimize performance it is best to flush old 

coolant and replace with FloPerm Long-Life.   
 Approved by TMC-RP 329. 
 Meets or exceeds the following specifications:  ASTM D 3306, ASTM D 4985, ASTM D 6210/11, Caterpillar 

EC-1, Ford ESE-M97B44-A, Chrysler MS-9769, GM 6277M, TMC RP 329. 
 Longer life, 1,000,000 km or 6,000 hours with SCA recharges every 400,000 km or 2,500 hours. 
 Product is compatible with standard SCAs. 
 
Hydraulic Tank Oil   Zamboni Part #ZA-00006 
Petro Canada D3M Dexron ATF meets the manufacturer’s requirements for hydraulic systems manufactured 
by Vickers/Eaton, Hagglunds-Denison, Racine, Rexnord and Sundstrand. 
 
Front & Rear Axle & Transfer Case   Zamboni Part #ZA-00003 
Petro Canada Traxon 80W90 
Traxon is designed to meet or exceed the proposed new SAE J2360 global standard.  In addition, Traxon is 
designed to exceed Dana, Meritor, ZF, Mack, Navistar and Eaton’s stringent GL-5/MIL-PRF-2105E gear oil 
specifications. 
 
Brake Fluid   Zamboni Part #ZA-00115 
Dot 3 Kleen Flo super heavy duty brake fluid for drum or disc braking systems and clutch systems requiring a 
D.O.T. 3 type fluid.  This D.O.T. 3 brake fluid conforms to standard DMVSS116. 
 
Bearing Grease   Zamboni Part #ZA-00011 
Petro Canada Precision XL EP-2 multi-purpose grease. 
Polymer enhanced Precision EP-2 is a multi-purpose lithium complex grease that combines high temperature 
stability and excellent adhesion.  Precision EP-2 is recommended for chassis and wheel bearings on cars, 
trucks, construction vehicles and farm machinery. 
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Introduction  

 

Power Solutions International, Inc. is pleased that you have selected our engine for your requirements.  

Power Solutions International, Inc. takes great pride in our tradition of quality products produced from 

our line of industrial gasoline and alternative fuel engines.  

Prior to starting the engine at your facility, certain checks should be made.  Please read the Initial Start-

Up inspection requirements in the Maintenance Section of this manual.  If you have further questions 

please contact your PSI account representative or Customer Support Engineer 

How to Use this Manual  

This manual contains instructions on the safe operation and preventive maintenance of your PSI 

industrial engine. We urge you to read this manual prior to start up or operation of the engine.  

The Table of Contents permits you to quickly open the manual to any section.  

Power Solutions International, Inc., engines are built with a variety of standard and/or optional 

components to suit a broad range of customer requirements. This manual does not identify equipment as 

standard or optional. All the equipment described in this manual may not be found on your engine or 

power unit.  

Please pay special attention to the NOTES, CAUTIONS, and WARNINGS.  WARNINGS remind you 

to be careful in areas where carelessness can cause personal injury.  CAUTIONS are given to prevent 

you from error that could cause damage to the equipment. NOTES give you added information designed 

to help you.  

The descriptions and specifications contained in this manual were in effect at the time of publication.  

Power Solutions International, Inc. reserves the right to discontinue models at any time, or to change 

specifications or design without notice and without incurring obligation.  

Engine Identification  

An identification label is affixed to the right side 

of the engine on the rocker cover when looking at 

the engine from the flywheel end.  (The engine 

serial number is also stamped into the left side of 

the cylinder block near the engine flywheel.) The 

label contains the engine family number and a 

serial number which identifies the engine from 

other PSI engines.  The engine model and serial 

number are required when seeking information 

concerning the engine and/or ordering replace-

ment service parts.  
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Parts and Service  

Replacement parts can be obtained from Power Solutions International, Inc. by calling the Aftermarket 

Parts Department at 888-331-5769. The engine model and serial number will be required when seeking 

information and/or ordering parts.  

Service and technical support for PSI engines can be obtained by contacting the Service Department at 

888-331-5764 or via email at service@psiengines.com.  

 

Service Literature  

Additional operator manuals and service manuals for specific PSI engines can be obtained by contacting 

the Parts or Service Department at 888-331-5769 or parts@psiengines.com. 
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Certified Engine Emissions Information 

 

The engine installed in your equipment is certified by POWER SOLUTIONS, INTERNATIONAL, INC. 

with the U.S. Environmental Protection Agency and the California Air Resources Board.  The engine 

assembly is certified by PSI and is installed into your equipment by the equipment manufacturer 

following PSI’s installation guidelines.  The PSI certified engines have an emission label on or near the 

valve cover that identifies the engine emission family and the standards the engine is certified to.  The 

label also provides some information regarding the maintenance of your engine. 

 

Example Label: 

 

 
 

The engine’s emission control system does not require any adjustments, but the engine does require 

Preventative Maintenance (PM).  Your obligation as the owner of the engine/equipment is to follow the 

engine’s PM requirements outlined in this manual and to keep the engine in the proper working order.  

The equipment your engine is installed in will have a malfunction indicator lamp (MIL) for diagnosis of 

the engine’s emission control system.  If this lamp is illuminated it is important to have the engine 

repaired.  Failure to keep the engine in the proper state of repair can affect the performance of the 

engine’s emission control system.  Any unapproved modification to the engine’s emission control system 

may potentially violate the engine’s emission certification and may be subject to civil penalty.   

 

The equipment manufacturer and/or equipment dealer will be your best resource regarding the proper 

support and information pertaining to the PSI certified engine and the equipment.  Please contact the 

equipment manufacturer or equipment dealer first for questions and further information.  You may 

contact PSI directly if you are unable to reach the equipment manufacturer or dealer.  The PSI Service 

Department can be contacted at 888-331-5764. 

 

Your PSI certified engine is covered by an Emission Control System Warranty (Warranty Statement 

contained in this section).  Your equipment and engine is warranted to you by the equipment 

manufacturer.  In the event you are unable to receive warranty from the equipment manufacturer or 

equipment dealer you can contact PSI directly for assistance with your PSI certified engine emission 

control system warranty.  The PSI Warranty Department can be contacted at 888-331-5764.  
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PSI Certified Engine Emission Warranty 

Statement 
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Operating Instructions  

Fuel Systems  

The fuel system installed on your engine operates with an Electronic Pressure Regulator (EPR) and a 

diaphragm style variable venturi mixer.  The EPR will regulate the fuel pressure being delivered to the 

mixer; these parts are not adjustable and should not be tampered with.  Proper inlet fuel pressure is 

critical to the proper operation of the fuel system and engine; you should the review the pressure, volume, 

and BTU recommendations prior to commissioning the engine. 

 

Governors  

PSI engines have an isochronous governor installed.  The governor controls the movement of the 

throttle plate via a 0-12 volt signal and a ground provided by the Engine Control Module.  The throttle 

plate allows the correct amount of air to enter the engine; this movement is monitored by using 2 throttle 

position sensors located internal to the governor.  The ECM monitors various engine sensors to 

determine what the correct throttle position should be. 

Oil Pressure Reading  

The oil pressure reading shows the engine lubrication system pressure in pounds per square inch (psi) 

and should be checked frequently to ensure that the system is functioning correctly.  Should the 

pressure fluctuate or drop, stop the engine and find the cause. Do not operate the engine at lower than 

normal oil pressure (see maintenance schedule for minimum engine oil pressure).  

 

CAUTION: Do not continue to operate your engine below the normal operating range. Severe engine 

damage could occur.  

Temperature Reading  

The coolant temperature reading will indicate overheating which may arise from low coolant level, 

plugged radiator, loose fan belt or faulty thermostat. Coolant level should be checked daily.  

CAUTION: If the engine continues to overheat, have the cooling system checked and serviced.  
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Voltage Reading  

The voltage reading indicates the battery charging voltage. If the meter consistently indicates less than 

13 volts or more than 15.7 volts under normal operating conditions, you should have the engine electrical 

system checked by a qualified service technician.  

 

 

Tachometer/Hourmeter  

The tachometer indicates the engine speed in hundreds of revolutions per minute (rpm). It serves, as a 

guide to insure that engine speed is set correctly.  

The hour meter records the hours of operation and is used to determine when periodic maintenance is 

required.  

 

 

Starting the Engine  

Warning:  All internal combustion engines give off various fumes and gases while running.  Do not start 

or run the engine in a closed or poorly ventilated building where exhaust gases can accumulate. Avoid 

breathing these gases as they may contain poisonous carbon monoxide, which can endanger your health 

or life if inhaled steadily for even a few minutes.  

If the engine is equipped with a manual clutch it must be disengaged prior to starting the engine. Starting 

the engine with the clutch engaged imposes unnecessary strain on the battery, starter, and driven 

components.  

CAUTION: If the engine stalls or falters during starting, wait 3 to 4 seconds before re-engaging the 

starter. This will prevent possible damage to the starter or the engine. DO NOT operate the starter for 

periods longer than 30 seconds at a time. An interval of at least 1-minute should be observed between 

cranking periods to protect the starter from overheating.  

 

LPG or NG Fuel Systems  

Turn on the gas supply to the engine. Turn the ignition key to the START position.  After the engine 

starts release the key to the ON position.  
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Stopping the Engine  

Return the engine to idle speed. If the machine is equipped with a clutch, move the clutch lever to the 

disengaged position. Run engine for a few minutes at idle to allow the coolant system to cool down 

before turning the ignition switch to the OFF position.  

Note: Gasoline fuel injected engines will generally shut off immediately when the key is switched to the 

off position. When the key is switched off, power to the fuel injector(s), fuel pump and engine control 

module (ECM) is removed.  

 

Note: LPG engines equipped with a distributor less ignition system (DIS) may run on several seconds 

after the key is switched to the off position.  This may be a normal function of the engine control system 

running fuel out of the vapor hose to prevent engine backfiring on restart.  The engine may run up to 5 

seconds after the key is switched to off.  Check with the Equipment Manufacture for proper shut down 

operation.  

WARNING:  Avoid injury when checking a Hot Engine.  Allow the engine to cool down before 

removing the radiator cap.  

CAUTION: Before restarting the engine ensure that both the coolant system and the engine oil level 

have been checked and re-filled if necessary. 

 

 

Fuel Recommendations  

LPG and NG Fuel Quality  

PSI NG engines are designed to operate on pipeline quality natural gas with a heat value of 1050 BTU 

or higher.  LPG engines and fuel systems are designed to operate on HD-5 or HD-10 specification LPG 

fuel.  Fuel other than HD-5 or HD-10 may cause harm to the engine’s emission control system and a 

warranty claim may be denied on this basis if operators can readily find the proper fuel.   Gasoline fuel 

systems should u 

 

 

Gasoline  

 

Using a high quality unleaded gasoline will help maintain the power, fuel economy and emissions 

performance of your engine. A properly formulated gasoline will be comprised of well refined 

hydrocarbons and chemical additives and will perform the following functions:  

1. • Minimize varnish, lacquer, and other induction system deposits.  

2. • Prevent gum formation or other deterioration during storage. 

3. • Protect fuel tank and other fuel system components from corrosion or degradation. 

4. • Provide the correct seasonally and geographically adjusted volatility which should provide 

easy starting in the winter and summer.  
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5. • Avoid fuel system icing. 

In addition, the fuel must be free of water, debris, and other impurities.  It is recommended that the fuel 

supply be kept fresh when the engine is in storage (especially in hot weather).  

 

The fuel tank should be kept at least ¾ full.  Fuel stored for more than two months should be 

drained, properly discarded, and the fuel tank re-filled. 

 

Anti-Knock Index (Octane Rating)  

This engine is designed to operate on unleaded 87 or 89 octane gasoline with an (R + M)/2 minimum 

anti-knock index. Federal regulations require that each retail gasoline dispensing pump must display a 

label bearing the minimum index rating.  

Use of unleaded gasoline with anti-knock index rating lower than 87 can cause persistent, heavy spark 

knock, which can lead to engine damage. If your engine knocks heavily when you use gasoline with an 

anti-knock index rating of 87 or higher, or if you hear continuous spark knock while maintaining 

constant operating speeds, consult a dealer or qualified technician.  

 

Gasohol and Alcohol/Gasoline Fuels  

Gasohol, a mixture of gasoline and ethanol (grain alcohol), is available in some areas. PSI, GM 

Powertrain engines should operate satisfactorily on gasohol blends containing no more than 10% 

ethanol by volume and having and anti-knock index of 87 or 89. CAUTION: In some cases, methanol 

(wood alcohol) or other alcohol’s may be added to gasoline. PSI GM Powertrain engines should 

operate satisfactorily on blends containing up to 5% methanol by volume when cosolvents and other 

necessary additives are used. DO NOT USE blends containing more than 5% methanol by volume or 

blends that do not contain cosolvents and corrosion inhibitors.  

CAUTION: Discontinue use of any gasohol or alcohol/gasoline blend if fuel system problems 

occur. Do not use such fuels unless they are UNLEADED.  
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Power Loss at Higher Elevations  

All engines will experience power loss when operated at elevations above sea level, unless they are 

turbocharged or supercharged. Turbochargers and superchargers are mechanical pumps that put 

extra air into the engine to make up for the lower air density at higher elevations.  

 

MAINTENANCE INSTRUCTIONS  

 

Initial Start Up Maintenance  

The initial start-up checks must be made before putting the engine into service. Please refer to the 

Maintenance Schedule and perform the initial start-up operations in the sequence shown in column 1.  

 

Routine Maintenance  

Routine maintenance provides the best solution for making sure that the engine is ready when you are. 

The following are some routine service points:  

 Make daily checks of the engine oil and coolant levels 

 Repair any oil or coolant leaks immediately 

 Check battery condition and cables frequently 

 Keep the engine air filter clean  

 Monitor engine coolant temperature 

 Monitor engine oil pressure 

 Check voltmeter and charging system  

 

 

Scheduled Preventive Maintenance  

Refer to the Maintenance Schedule to ensure that all of the maintenance items listed are checked and 

replaced as recommended at the hours shown.  

Engine Oil Level Check  

The engine oil level should be checked daily. It is recommended that the oil be checked just before the 

engine is started for the first time for that day. The oil level should be between the ‘Add’ and the ‘Full’ 

marks on the dipstick.  

CAUTION: Do not operate the engine with the oil level below the bottom or ‘Add’ mark on the 

dipstick, or above the top or ‘Full’ mark on the dipstick.  
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Adding Engine Oil  

It is normal to add some oil in the period of time between oil changes. The amount will vary with the 

severity of operation. When adding or replacing engine oil, be sure the oil meets or exceeds the 

recommended specification.  

 

Changing Engine Oil and Filter  

The engine oil and filter must be changed every 150 hours or every 3 months whichever occurs first. 

Under normal operating conditions, you do not need to change them more often if you use oil and filters 

of the recommended quality.  

The oil and filter should be changed more often if the engine is operating in dusty or extremely dirty 

areas, or during cold weather. No oil additives or break-in oil change is required.  

 

Engine Oil Quality  

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, which reduces pollution.  

Important: use only engine oils displaying the American Petroleum Institute (API) “Starburst” 

Certification Mark ‘FOR GASOLINE ENGINES’ on the container.  

 

 

 

 

 

 

 

PSI recommends using engine oils that have an API rating of SM or newer.  Gasoline engines that are 

converted for LPG or NG fuels MUST use oils labeled ‘FOR GASOLINE ENGINES’. Do not use oils 

that are specifically formulated for Diesel Engines only.  CC or CD classifications oils, even when 

labeled Heavy Duty or for Natural Gas Engines, ARE NOT ACCEPTABLE.  
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Engine Oil Recommendation  

Multi-viscosity oils are recommended. SAE 10W-30 is recommended for your engine from 0 degrees 

F (-18 degrees C) or above. If ambient temperatures are consistently below 0 degrees F, SAE 5W-30 

oil can be used.  Synthetic oils are not required for industrial or stationary engines.  

 

Oil Filter  

The filter protects your engine from harmful, abrasive, or sludgy particles without blocking the flow 

of oil to vital engine parts.  

To replace the filter, use a proper filter wrench to remove the filter.  

Clean the filter mounting base and lightly coat the gasket surface of the new filter with engine oil. Hand 

tighten the filter until the gasket contacts the base, then tighten another ½ turn. Fill the engine with the 

correct amount of oil and run the engine.  Verify oil pressure is okay and check for oil leaks at the drain 

plug and oil filter gasket. Tighten as necessary to stop any oil leakage noted.  

Engine Air Cleaner  

The engine air cleaner filters air entering the engine intake system and acts as a silencer and flame arrester 

when assembled to the intake system.  Air that contains dirt and grit produces an abrasive fuel mixture 

and can cause severe damage to the cylinder walls and piston rings. Damage to the cylinder walls and 

piston rings will cause high oil consumption and shorten engine life. A restricted or dirty air cleaner will 

also cause a rich fuel mixture. Thus, it is extremely important that the air cleaner be serviced properly at 

the recommended intervals.  

 

CAUTION: Service the air cleaner more frequently under severe dusty or dirty conditions.  

Remove the primary air cleaner element from the air cleaner assembly and inspect the element for foreign 

material restrictions or signs of excessive wear or damage. Replace the element if necessary.  Remove 

all dust and foreign matter from the air cleaner housing. Reinstall the air cleaner element. Reinstall the 

air cleaner cup, and securely fasten the retaining clips.  

 

Safety Element  

If your engine is equipped with an air cleaner which utilizes a safety element, ensure that the element 

is properly in place before installing the primary element.  

Change the safety element annually. 
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Cooling System  

Coolant Level  

Check the coolant level of the radiator daily and only when the engine is cool. Generally a good time 

to do this is just prior to starting the engine for the first time each day.  

Maintain the coolant level at ¾ to 1½ inches below the filler neck seat of the radiator when the coolant 

is cold. When ever coolant level checks are made inspect the condition of the radiator cap rubber seal. 

Make sure it is clean and free of any dirt particles which would keep it from seating on the filler neck 

seat. Rinse off with clean water if necessary. Also make sure that the filler neck seat is free of any dirt 

particles.  

WARNING:  Never remove the radiator cap under any conditions while the engine is operating. Failure 

to follow these instructions could result in damage to the cooling system, engine, or cause personal 

injury. To avoid having scalding hot coolant or steam blow out of the radiator, use extreme caution 

when removing the radiator cap from a hot radiator. If possible, wait until the engine has cooled, then 

wrap a thick cloth around the radiator cap and turn slowly to the first stop. Step back while the pressure 

is released from the cooling system. When all the pressure has been released, press down on the cap 

and remove it slowly.  

DO NOT add coolant to any engine that has become overheated until the engine cools. Adding 

coolant to an extremely hot engine can result in a cracked block or cylinder head.  

The engine manufacturer recommends the cooling system be filled with a 50/50 mixture of coolant and 

water. The use of “Long Life” type coolant is required.  This coolant is typically a bright orange in color 

and should meet the requirements outlined in engineering standard GM6277M (hard copy of 

GM6277M is available by contacting PSI Technical Support).  Coolant should have a minimum boiling 

point of 300F (149c) and a freezing point no higher than -34F (-37c). 

 

Plain water may be used in an emergency (except in freezing temperatures), but replace it with the 

specified coolant as quickly as possible to avoid damage to the system.  

 

Radiator  

Inspect the exterior of the radiator for obstructions. Remove all bugs, dirt or foreign material with a 

soft brush or cloth. Use care to avoid damaging the core fins. If available, use low pressure compressed 

air or a stream of water in the opposite direction of the normal air flow.  Check all hoses and 

connections for leaks. If any of the hoses are cracked, frayed, or feel spongy, they must be replaced.  
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Fan Belts  

The water pump is belt driven. The same belt may also drive the fan and/or the alternator. The drive 

belts should be properly adjusted at all times. A loose belt can cause improper alternator, fan and 

water pump operation, in addition to overheating.  

Serpentine Belt  

Some PSI engines utilize serpentine belts on the front of the engine. This type of belt system incor-

porates a belt tensioning device which keeps the belt at the proper tension.  

This belt should be checked routinely for cracks or ‘checking’ on the groove side of the belt. If cracks 

or ‘checking’ are apparent the belt must be changed.  

V-Type Belt  

V-Type belts are generally tensioned by adjusting the 

alternator, or through a mechanical belt tensioner. The belt is 

generally correctly tensioned when there is 7-10mm of 

deflection on the belt between the water pump and alternator. 

 

Fuel Filter  

LPG Engines  

LP, fuel like all other motor fuels is subject to contamination from outside sources.  Refueling of the 

equipment 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, which is replaceable as a unit only.  Maintenance of 

the filter is critical to proper operation of the fuel system and should be replaced according to the 

maintenance schedule or more frequently under severe operating conditions.  

 

 

Fuel Shut-Off 

 
LPG and NG engines are equipped with a fuel shut-off.  The fuel shut-off is located between the fuel 

supply and the IEPR/DEPR.  The purpose of the fuel shut off is to prevent or allow fuel flow from the 

supply source to the engine fuel system.  The shut off is a 12 volt solenoid (Normally closed) that is 

controlled by the engine ECM.   
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Ignition Systems  

Types of Ignition Systems  

PSI engines use two types of ignition systems.  1)  Distributor-less electronic ignition and 2) High 

Voltage Switch (HVS) ignition.  Both types of ignition are controlled by the engine ECU.  Distributor-

less electronic ignition is utilized on the 1.6L, 8.1L, and 8.8L engines.  All other engine models use a 

HVS ignition system which consists of a distributor and HVS ignition coil.   

Ignition Timing  

Proper adjustment of the ignition timing must be obtained to provide the optimum engine power 

output and economy.  Ignition timing for both the Distributor-less and HVS systems are controlled 

by the ECU and is not adjustable.   

NOTE: Do not attempt to adjust timing on the ignition systems. Timing is not adjustable.  

 

 

Spark Plugs  

Spark plugs should be replaced at the recommended intervals described in the Maintenance Schedule. 

Use only the recommended spark plug or an equivalent as described in the General Specifications.  

Spark plug gap should be adjusted as recommended in the General Specifications.  

When removing spark plugs, always note which cylinder each plug came out of. Look at the porcelain 

around the center electrode of each plug. You can detect many engine problems from the color and type 

of deposits that have built up on the white porcelain. For example, if the deposits are a glossy brown, 

that cylinder is burning excess oil. If the deposits are a very dark gray or sooty black color, your engine 

is running rich, and you are burning excess fuel. The optimum color of the deposits on the porcelain is 

light tan or light brown. This shows optimum fuel mixture and proper engine running conditions. If the 

deposits are almost white, the engine may be running excessively lean.  

 

Lean running is very detrimental to your engine life, and should be corrected immediately.  If one or 

more cylinders are burning oil, the smoke from the engine will be a blue-gray color. Most common 

causes are piston rings (worn out or not broken in) and valve stem seals (cut, nicked, or worn out). If the 

engine is running rich the exhaust smoke will be a sooty black color and it will smell like gasoline (on 

gasoline engines). 
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Storage  

One to Six Months  

If the engine or machine is to be placed in storage for a period of one to six months it is recommended 

that the following steps be followed:  

• Protect the air cleaner inlet from water entry 

• Protect the exhaust outlet or muffler outlet from water entry  

• Check the coolant protection and top off radiator  

• Store indoors if possible 

 

For Extended Periods  

Follow the above recommended procedures, plus do the following:  

• Drain the engine crankcase and refill with recommended oil  

• Change the oil filter  

• Disconnect and remove the battery 

• Clean exterior surface of the engine 

• If the engine is equipped with an automotive type clutch or PTO clutch, make sure that the clutch is 

disengaged  

 

 

Removing the Engine From Extended Storage  

When removing the engine from extended storage:  

• Install a fully charged battery  

• Remove all protective coverings from the air inlet, air cleaner, exhaust, and muffler openings  

• Check the coolant level in the radiator and verify the protection level of the coolant 

• Check the engine oil level. 

• Start the engine and allow it to run at slow idle. Verify engine oil pressure  

• Run the engine at idle until the coolant temperature approaches 120 degrees F (49 degrees C) 

• Run the engine a various speeds for approximately 15 minutes 

• Shut the engine down, drain the oil, change the oil filter, and re-fill with the recommended grade of oil 
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Daily 200 400 800 1000 1250 1500 1750 2000 3000 5000

General Maintenance Section

Visual check for fluid leaks X

Check engine oil level X

Check coolant level X

Change engine oil and filter (Severe duty) 
5

Change engine oil and filter (Standard duty) 
5

Check LPG system for leaks

Inspect accessory drive belts for cracks, breaks, splits or glazing
1

  X   

Inspect electrical system wiring for cuts, abrasions or corrosion   X

Inspect all vacuum lines and fittings for cracks, breaks or hardening   X

Engine Coolant Section

Clean debris from radiator core  

Change Coolant
2 & 4

    X

Inspect coolant hoses for cracks, swelling or deterioration
1

  X   

Engine Ignition System      

Replace spark plugs - Standard Duty      X  

Replace spark plugs - Severe Duty
3

  X     

Replace Distributor CAP and Rotor
6

X

Replace spark plug wires
6

X

Inspect battery case for damage   X   

Base Engine System

Replace camshaft belt (Mitsubishi Engine) X

Replace balance shaft belt (Mitsubishi Engine) X

Inspect PCV system X  

Fuel System Maintenance

Inspect air cleaner

Replace filter element

Replace fuel filter  X    

Inspect Shut-off Valve for leaks and closing   X

Leak check fuel lines    X

Check air induction for leaks      X

Check manifold for vacuum leaks      X

Drain LPG Vaporizer oil build up

Engine Exhaust System

Inspect exhaust manifold for leaks X

Inspect exhaust piping for leaks X

Check HEGO sensor(s) connector and w ires for burns, cuts or damage X

Inspect catalyst for mechanical damage X

Note 1 = Item should be checked yearly, replace as needed

Note 4 = 5,000 hour or 5 years whichever occurs first

Note 2 = PSI requires the use of coolant meeting GM specification GM6277M.  When used, this coolant change interval is 5,000 hours or 5 years (whichever 

occurs first).  Changing of coolant types (typically indicated by color) and mixing of coolants is not allowed as this can result in a loss of coolant protection 

during the engine life.  Consult the OEM for the correct replacement interval if you use coolant other than GM6277M

Note 6 = GM Product Only

Special Notes Section

CERTIFIED MOBILE ENGINE MAINTENANCE REQUIREMENTS

Every 100 hours or 60 days of operation

The Maintenance schedule represents manufacturers recommended maintenance intervals to maintain proper engine/equipment function.  Specified state 

and federal regulations may require equipment operators to conduct comprehensive engine/equipment inspections at more periodic intervals than those 

specified above.

Interval Hours

Perform the following maintenance on the engine at the hours indicated and at equivalent hour intervals thereafter.

Every 150 hours or 120 days of operation

 Every 200 hours, or every 100 hours in dusty environment

Every 400 hours, or every 200 hours in dusty environment

Every 150 hours or 120 days of operation

Note 3 = Severe duty applications are units that receive high load, full throttle operation for the majority of its operational life.

Prior to any service or maintenance activity

Every 250 hours or 120 days of operation

Note 5 = Oil life is highly dependent on oil quality, operating enviroment, and engine use.  

MITSUBISHI AND GM ENGINE MAINTENANCE 
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MAZDA ENGINE MAINTENANCE 
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GENERAL SPECIFICATIONS 
Power Solutions International, Inc. 

 

 
Engine Mitsubishi 2.0L Mitsubishi 2.4L Mazda 2.0L Mazda 2.2L 

Type 2.0L L4 2.4L L4 2.0L L4 2.2L L4 

Displacement   cc  (c.i.d.) 1997 (122) 2351 (143) 2000 (122) 2184 (133) 

Compression Ratio 9.5:1 9.5:1 10.1:1 8.6:1 

Valve Configuration 4V SOHC 4V SOHC 2V OHV 2V OHV 

      

Valve Lifters Hydraulic Hydraulic Hydraulic Hydraulic 

Bore x Stroke mm (inches) 85x88 (3.35x3.46) 86.5x100 (3.41x3.94) 86x86  (3.38x3.38) 86x94  (3.38x3.7) 

Main Bearing Caps 2 Bolt 2 Bolt 2 Bolt 2 Bolt 

Firing Order 1-3-4-2 1-3-4-2 1-3-4-2 1-3-4-2 

Oil Capacity 4.75 qts. (5.4L) 4.75 qts. (5.4L)     

With Oil Filter 5 qts. (5.7L)  non-remote oil 

filter system 

5 qts. (5.7L)  non-remote oil 

filter system 

4.1 qts. (3.9L) 4.1 qts. (3.9L) 

Oil Filter PSI 801002 PSI 801002     

Minimum Oil Pressure 

(Hot) 

10 psi @ 800 rpm 10 psi @ 800 rpm 10 psi @ 800 rpm 10 psi @ 800 rpm 

    

Coolant Capacity (Engine) Confirm with Equipment 

OEM 

Confirm with Equipment OEM Confirm with Equipment 

OEM 

Confirm with Equipment 

OEM 

Coolant Capacity (W/PSI 

Rad) 

NA NA NA NA 

Fuel Type LPG, NG, Gasoline LPG, NG, Gasoline LPG LPG, Gasoline 

Engine Rotation (Flywheel 

End) 

CCW CCW CCW CCW 

Ignition System Coil on Plug Coil on Plug Coil Near Plug Coil Near Plug 

Ignition Timing ECM Controlled  ECM Controlled  ECM Controlled  ECM Controlled  

Not Adjustable Not Adjustable Not Adjustable Not Adjustable 

Spark Plugs Torch, PSI # 800300 (14 

MM)  or  PSI # 801001 (12 
MM) 

Torch, PSI # 800300 (14 MM)  

or  PSI # 801001 (12 MM) 

Denso W9EXR Denso W9EXR 

Spark Plug Gap 14 mm Plug - 0.040”  12 

mm Plug = 0.035" 

14 mm Plug - 0.040”  12 mm 

Plug = 0.035" 

0.035” 0.035” 

Valve Clearance (Lash)         

Intake No Adjustment No Adjustment 0.15 mm 0.15 mm 

Exhaust OHC Engine OHC Engine 0.35 mm 0.35 mm 

          

Manufactured Shenyang, China Shenyang, China Miyoshi, Hiroshima 

Prefecture, Japan 

Miyoshi, Hiroshima 

Prefecture, Japan 
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GENERAL SPECIFICATIONS 
Power Solutions International, Inc. 

 

 

Engine  GMPT 3.0L GMPT 4.3L GMPT 5.0L/5.7L 

Type 3.0L  L4 4.3L  V-6 5.7L  V-8 GEN-1E 

Displacement   cc  (c.i.d.) 2966 (181) 4294  (262) 5735  (350) 

Compression Ratio 10.5:1 9.4:1 9.4:1 

Valve Configuration Push Rod Actuated Push Rod Actuated Overhead 
Valve 

Push Rod Actuated 

Overhead Valve Overhead Valve 

Valve Lifters Flat Follower Hydraulic Roller Hydraulic Roller 

Bore x Stroke mm (inches) 101.60x91.44 (4.00x3.60) 101.60x88.39 (4.00x3.48) 101.60x88.39 (4.00x3.48) 

Main Bearing Caps 2 Bolt 2 Bolt 2 Bolt 

Firing Order 1-3-4-2 1-6-5-4-3-2 1-8-4-3-6-5-7-2 

Oil Capacity 4 qts. (3.8L) 4.5 qts. (4.3L) 4.5 qts. (4.3L) 

With Oil Filter 5 qts. (4.7L) 5 qts. (4.7L) 5 qts. (4.7L) 

Oil Filter PF-25 or Equivalent PF-47/PF-52 or Equivalent PF-1218 or Equivalent 

Minimum Oil Pressure (Hot) 6 psi @ 1000 rpm 6 psi @1000 rpm 6 psi @ 1000 rpm 

18 psi @ 2000 rpm 18 psi @ 2000 rpm 18 psi @ 2000 rpm 

Coolant Capacity (Engine) 4 qts. (3.78L) 7.75 qts. (7.3L) 8.1 qts (7.8L) 

Coolant Capacity (W/PSI Rad) 12 qts. (11.4L) 17 qts. (16L) 17.5 qts. (16.6L) 

Fuel Type LPG, NG, Gasoline LPG, NG, Gasoline LPG, NG 

Engine Rotation (Flywheel End) CCW CCW CCW 

Ignition System High Voltage Switch (HVS) High Voltage Switch (HVS) High Voltage Switch (HVS) 

Ignition Timing ECM Controlled  ECM Controlled  ECM Controlled  

Not Adjustable Not Adjustable Not Adjustable 

Spark Plugs AC Delco R42LTS or R44LTS AC Delco R42LTS or R44LTS AC Delco R42LTS or R44LTS 

Spark Plug Gap 0.035” 0.035” 0.035” 

Valve Clearance (Lash)       

Intake ½ to 1 Turn Down From  Net Lash 1 Turn Down From  

Exhaust 0 Lash No Adjustment 0 Lash 

        
Manufactured Toluca, Mexico Tonawanda, NY Toluca, Mexico 
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49(FPP2 ONLY) 5V EXT 2
505V RTN
51GOV1
52GOV2
53OIL PRESS
54(FRP) AUX ANA PUD1
55AUX PWM 6
56AUX PWM6 Recirc
57ALT EXCITE
58TACH
59VBAT PROT
60VBAT
61INJ1 LS
62INJ2 LS
63INJ3 LS
64INJ4 LS
65INJ5 LS
66INJ6 LS
67INJ7 LS
68INJ8 LS
69GROUND
70STARTER
71RELAY
72EGOH 1
73EGOH 2
74EGOH 3
75(LOCKOFF) EGOH 4
76BUZZER
77PWM5
78PWM5 RECIRC
79VBAT
80MIL
81GROUND
82DBW +
83DBW -
84FPUMP
85AUX PWM3 RECIRC
86AUX PWM3
87AUX PWM1
88AUX PWM2
89(STARTER) AUX PWM4
90AUX_PWM4_RECIRC
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EC0035
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1EGO1
2EGO2
3EGO3
4EGO4
5TPS1
6TPS2
7MAP

8AUX ANA PD1
9FPP1

10FPP2 IVS
11AUX ANA PUD2
12AUX ANA PUD3
13UNUSED
14CAN1 +
15CAN1 -
16CAN2 -
17CAN2 +
18CAN2 TERM +
195V EXT 1
205V RTN
21CRANK +
22CRANK -
23CAM +
24CAM -
25SPEED +
26SPEED -
27KNOCK1 +
28KNOCK1 -
29KNOCK2 +
30KNOCK2 -
31SPARK COIL 1A
32SPARK COIL 1B

33SPARK COIL 2A
34SPARK COIL 2B
35SPARK COIL 3A
36SPARK COIL 3B
37SPARK COIL 4A
38SPARK COIL 4B
39IAT
40ECT
41EGT
42AUX DIG 1
43AUX DIG 2
44AUX DIG 3
45VSW
46AUX ANA PU1
47AUX ANA PU2
48(FRT) AUX ANA PU3
49(FPP2 ONLY) 5V EXT 2
505V RTN
51GOV1
52GOV2
53OIL PRESS
54(FRP) AUX ANA PUD1
55 
56AUX PWM Recirc
57ALT EXCITE
58TACH
59VBAT PROT
60VBAT
61INJ1 LS
62INJ2 LS
63INJ3 LS
64INJ4 LS
65INJ5 LS
66INJ6 LS
67INJ7 LS
68INJ8 LS
69GROUND
70STARTER
71RELAY
72EGOH 1
73EGOH 2
74EGOH 3
75(LOCKOFF) EGOH 4
76BUZZER
77PWM5
78PWM5 RECIRC
79VBAT
80MIL
81GROUND
82DBW +
83DBW -
84FPUMP
85AUX PWM3 RECIRC
86AUX PWM3
87AUX PWM1
88AUX PWM2
89(STARTER) AUX PWM4
90AUX_PWM4_RECIRC
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IMAGE # PART # DESCRIPTION QTY NOTES 

1  CYLINDER BLOCK ASSEMBLY 1  

2  TAPER PLUG 2  

3  TAPER PLUG 1  

4  PLUG 1  

6  SEALING CAP 7  

7  SEALING CAP 2  

8  DOWEL PIN 2  

9  KNOCK BUSHING 2  

10  BEARING CAP BOLT 2  

11  BEARING CAP BOLT 7  

12  BEARING CAP BOLT 1  

13  BUSHING 2  

14  BALANCER BEARING STD 1  

14  BALNACER BEARING OVERSIZE (1.0) 1  

15  BALANCER BEARING STD 1  

15  BALANCER BEARING OVERSIZE (1.0) 1  

16  KNOCK BUSHING 2  

24  FLANGE BOLT  5  

25  REAR OIL SEAL CASE 1  

26  OIL SEAL 1  

27  CRANKSHAFT BEARING (1,2,4,5,) GREEN STD 4  

27  CRANKSHAFT BEARING (1,2,4,5,) YELLOW STD 4  

27  CRANKSHAFT BEARING (1,2,4,5,) NO COLOR STD 4  

27  CRANKSHAFT BEARING (1,2,4,5,) BLUE STD 4  

27  CRANKSHAFT BEARING (1,2,4,5,)  RED STD 4  

28  CRANKSHAFT BEARING (3) GREEN STD 1  

 CYLINDER BLOCK 
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28  CRANKSHAFT BEARING (3) YELLOW STD 1  

28  CRANKSHAFT BEARING (3) NO COLOR STD 1  

28  CRANKSHAFT BEARING (3) BLUE STD 1  

28  CRANKSHAFT BEARING (3) BLACK STD 1  

29  CRANKSAHFT THRUST BEARING 1  

30  BALANCER SHAFT BEARING STD 1  

30  BALANCER SHAFT BEARING OVRSZ 1  
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IMAGE # PART # DESCRIPTION QTY NOTES 

1  PCV VALVE 1  

2  PCV VALVE GROMMET 1  

3  ROCKER COVER BOLT 6  

4  OIL FILLER CAP GASKET (PART OF 800156) 1  

5  OIL FILLER CAP 1  

6  ROCKER COVER GASKET 1  

7  ROCKER COVER ASSMBLY 1  

     

NSS = NOT SOLD SEPERATELY 

 

 

 

 

 

 

 

 

ROCKER COVER  
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IMAGE # PART # DESCRIPTION QTY NOTES 

1  CYLINDER HEAD ASSEMBLY 1  

2  CYLINDER HEAD GASKET 1  

3  SEALING CAP 2  

4  STUD 3  

5  OIL SEAL 1  

6  KNOCK BUSHING 2  

7  STUD 2  

8  OIL SEAL 4  

9  THRUST CASE 1  

10  SCREW 2  

11  O-RING 1  

12  CYLINDER HEAD BOLT ASSY 10  

13  GASKET 1  

14  COVER 1  

15  FLANGE BOLT 2  

 

 

 

CYLINDER HEAD 
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IMAGE # PART # DESCRIPTION QTY NOTES 

1  OIL PAN 1  

2  OIL DRAIN PLUG GASKET 1  

3  OIL DRAIN PLUG 1  

4  FLANGE BOLT  17  

5  FLANGE BOLT 2  

6  WAHSER BOLT 2  

7  OIL SCREEN  1  

8  STRAINER NUT 1  

9  STRAINER WASHER 1  

10  SCREEN GASKET 1  

11  FLANGE BOLT 8  

12  T-BELT FR UPPR COVER ASSY 1  

13  TIMING BELT COVER GASKET (PART OF 800131) 1  

14  TIMING BELT COVER GASKET (PART OF 800131) 1  

15  TIMING BELT COVER GASKET (PART OF 32001163) 1  

16  TIMING COVER ASSY 1  

17  FLANGE BOLT 3  

18  FLANGE BOLT 1  

19  FLANGE BOLT  1  

20   BOLT 2  

21   BOLT 2  

22  T-BELT FR LOWER COVER 1  

FRONT COVER AND OIL PAN 



Page | 8  
 

23  T-BELT COVER LOWER GASKET (PART OF 800127) 1  

24  T-BELT COVER GASKET (PART OF 800127) 1  

25  T-BELT REAR COVER 1  

26  RUBBER PLUG 1  

NSS = NOT SOLD SEPERATELY 
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IMAGE # PART # DESCRIPTION QTY NOTES 

1  CRANKSHAFT ASSY 1  

2  KEY 1  

3  SPECIAL WASHER 1  

4  TORSIONAL DAMPER PULLEY ASSY 1  

5  WASHER BOLT 4  

6  CRANKSPROCKET BOLT 1  

7  DOWEL PIN 1  

8  CONNECTING ROD ASSY 4  

9  NUT 8  

10  CONNECTING ROD BEARING YELLOW STD 4  

10  CONNECTING ROD BEARING NO COLOR STD 4  

10  CONNECTING ROD BEARING BLUE STD 4  

11  CONNECTING BOLT 8  

12  PISTON WITH PIN STD A 4  

12  PISTON WITH PIN STD B 4  

12  PISTON WITH PIN STD C 4  

13  PISTON RING SET  1  

 

 

 

 

PISTON AND CRANKSHAFT 
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IMAGE # PART # DESCRIPTION QTY NOTES 

1  CAMSHAFT ASSEMBLY 1  

2  ROCKER ARM SHAFT 1  

3  ROCKER SHAFT SPRING 4  

4  ROCKER ARM ASSEMBLY B 4  

5  ROCKER ARM ASSEMBLY A 4  

6  DOWEL PIN 1  

7  LASH ADJUSTER ASSY 16  

8  VALVE SPRING RETAINER LOCK 32  

9  VALVE SPRING RETAINER 16  

10  VALVE SPRING 16  

11  VALVE STEM SEAL 8  

12  VALVE STEM SEAL 8  

13  VALVE SPRING SEAT 16  

14  INLET VALVE 8  

15  EXHAUST VALVE 8  

CAMSHAFT AND VALVE 
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16  ROCKER ARM SHAFT 1  

17  FLANGE BOLT 13  

18  ROCKER SHAFT CAP 13  

19  ROCKER ARM ASSEMBLY C 4  

20  TENSIONER PULLEY BRACKET 1  

21  WASHER BOLT  1  

22  WASHER BOLT  1  

23  WASHER 1  

24  IDLER PULLEY 1  

25  TENSIONER ARM ASSY (PART OF 800202) 1  

26  SEAL BOLT 1  

27  WASHER BOLT 1  

28  TENSIONER PULLEY 1  

29  WASHER BOLT 1  

30  WASHER BOLT 1  

31  TIMING BELT 1  

32  CAMSHAFT SPROCKET 1  

33  FLANGE BOLT 1  

34  CRANKSHAFT SPROCKET ASSY 1  

35  SPRING PIN 1  

36   TENSIONER 1  

37  FLANGE BOLT 2  

38  FLANGE BOLT 2  

39  TIMING INDICATOR BRACKET 1  

40  OIL PUMP SPROCKET 1  

41  NUT 1  

     

NSS = NOT SOLD SEPERATELY 

 

 

 

 

 

 

 

 

 

 

 

 

 



Page | 12  
 

 

 

 

 

 

 

 

IMAGE # PART # DESCRIPTION QTY NOTES 

1  BALANCER BELT TRAIN BOLT 1  

2  TIMING BELT TENSIONER  1  

3  CRANKSHAFT SPROCKET FLANGE 1  

4  BALANCER BELT TRAIN BOLT 1  

5  BALANCER BELT TRAIN WASHER 1  

6  TIMING BELT 1  

7  BALANCER SHAFT SPROCKET 1  

8  BALANCER BELT TRAIN SPACER 1  

9  BALANCER RIGHT SHAFT 1  

10  BALANCER LEFT SHAFT 1  

11  CRANKSHAFT SPROCKET 1  

 

 

 

BALANCER 
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IMAGE # PART # DESCRIPTION QTY NOTES 

1  OIL PUMP  1  

2  FLANGE BOLT 1  

3  OIL SEAL 1  

4  OIL SEAL 1  

5  PLUG TAPPER 1  

6  DOWEL PIN 2  

7  SCREW 1  

8  FLANGE BOLT 4  

9  OIL PUMP GEAR (PART OF 800276) 1  

10  OIL PUMP DRIVE GEAR (PART OF 800276) 1  

11  FRONT CASE GASKET 1  

12  WASHER BOLT 3  

13  WASHER BOLT 1  

14  PLUG CAP 1  

15  O-RING 1  

16  FLANGE BOLT 1  

OIL PUMP 
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17  FLANGE BOLT 1  

18  FLANGE BOLT 1  

19  OIL FILTER BRACKET 1  

20  PLUNGER 1  

21  SPRING 1  

22  GASKET 1  

23  PLUG 1  

24  OIL FILTER 1  

25  BOLT 2  

26  BOLT 1  

27  BOLT 1  

29  OIL SEAL 1  

     

NSS = NOT SOLD SEPERATELY 
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IMAGE # PART # DESCRIPTION QTY NOTES 

1  WATER PUMP  1  

2  WATER PUMP GASKET 1  

3  FLANGE BOLT 1  

4  FLANGE BOLT 1  

5  FLANGE BOLT 2  

6  FLANGE BOLT 1  

7  V RIBBED BELT 1  

8  FLANGE NUT 4  

9  SPRING WASHER 4  

10  WATER PUMP PULLEY P/S 1  

11  WATER PUMP PULLEY 1  

 

 

 

 

 

 

 

 

WATER PUMP 
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IMAGE # PART # DESCRIPTION QTY NOTES 

1  INTAKE MANIFLOD GASKET 1  

5  FLANGE BOLT 2  

6  INLET MANIFLOD BOLT 1  

7  ENGINE HANGER 1  

8  ENGINE HANGER 1  

 

 

 

 

 

 

 

 

INTAKE MANIFOLD 

GASKET 
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IMAGE # PART # DESCRIPTION QTY NOTES 

1  EXHAUST MANIFOLD GASKET 1  

2  FLANGE NUT 2  

3  FLANGE BOLT 2  

 

 

 

 

 

 

 

 

 

EXHAUST MANIFOLD 

GASKET 
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IMAGE # PART # DESCRIPTION QTY NOTES 

1  SPARK PLUG  4  

 

 

 

 

 

 

 

 

 

 

 

 

SPARK PLUG 



Page | 19  
 

 

 

 

 

 

 

IMAGE # PART # DESCRIPTION QTY NOTES 

1  PUMP MOUNT BRACKET 1  

2  WASHER BOLT 1  

3  WASHER BOLT 2  

 

 

 

 

 

 

 

 

PS PUMP BRACKET 
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IMAGE # PART # DESCRIPTION QTY NOTES 

1  FLYWHEEL 1  

2  PIN 3  

3  BOLT 7  

4  PLATE 1  

5  HUB 1  

6  BOLT 6  

 

 

 

 

 

 

 

FLYWHEEL 
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IMAGE # PART # DESCRIPTION QTY NOTES 

1  FLYWHEEL HOUSING 1  

2  DUST COVER 1  

3  BUSHING 2  

4  SPACER 1  

5  BOLT 2  

6  NUT 2  

7  BOLT 4  

8  BOLT 3  

PUMP HOUSING 
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IMAGE # PART # DESCRIPTION QTY NOTES 

1  IGNITION COIL BRACKET 1  

2  IGNITION COIL 4  

3  HEX NUT 2  

4  BOLT 4  

 

 

 

 

 

 

 

 

IGNITION COIL 
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IMAGE # PART # DESCRIPTION QTY NOTES 

1  PLATE 1  

2  BOLT 3  

3  BOLT 4  

 

 

 

 

 

 

ECU MOUNT 
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IMAGE # PART # DESCRIPTION QTY NOTES 

1  TIMING GEAR COVER 1  

2  BOLT 2  

3  WASHER 3  

4  BOLT 1  

5  BOLT 1  

 

 

 

 

 

TIMING COVER 



Page | 25  
 

 

 

 

 

 

 

 

 

IMAGE # PART # DESCRIPTION QTY NOTES 

1  STRAP 1  

2  SPACER 1  

3  BRACKET 1  

4  BRACKET 1  

5  SPACER 1  

6  SPACER 1  

7  ALTERNATOR 1  

8  NUT 2  

9  WASHER 1  

10  WASHER 2  

11  BOLT 2  

12  BOLT 1  

13  BOLT 1  

14  BOLT 1  

 

 

ALTERNATOR 
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IMAGE # PART # DESCRIPTION QTY NOTES 

1  STARTER 1  

2  BOLT 2  

 

 

 

 

 

 

 

 

 

 

STARTER 
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IMAGE # PART # DESCRIPTION QTY NOTES 

1  FITTING 1  

2  FITTING 1  

3  CLAMP 2  

4  BRACKET 1  

5  HOSE 1  

6  BOLT 1  

7  BOLT 1  

8  CLAMP 1  

 

 

 

 

 

PCV FOUL HOSE 



Page | 28  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

IMAGE # PART # DESCRIPTION QTY NOTES 

1  DIPSTICK 1  

2  O-RING 1  

3  SLEEVE 1 NOT SHOWN 

4  TUBE 1  

5  SPACER 1  

6  BOLT 1  

 

 

 

 

 

DIPSTICK AND TUBE 
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IMAGE # PART # DESCRIPTION QTY NOTES 

1  GASKET 1  

2  STUD 7  

3  STUD 3  

4  LOWER SHIELD 1  

5  UPPER SHIELD 1  

6  MANIFOLD 1  

7  NUT 3  

8  BOLT 5  

9  NUT 7  

10  NUT 2  

 

 

DOWNWARD EXHAUST 
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IMAGE # PART # DESCRIPTION QTY NOTES 

1  GASKET 1  

2  OUTLET 1  

3  NUT 2  

 

 

 

 

 

 

 

 

WATER OUTLET 
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IMAGE # PART # DESCRIPTION QTY NOTES 

1  REAR BRACKET 1  

2  LEFT BRACKET 1  

3  RIGHT BRACKET 1  

4  BOLT 3  

5  BOLT 4  

6  BOLT 4  

 

 

 

 

 

ENGINE MOUNT 
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IMAGE # PART # DESCRIPTION QTY NOTES 

1  SPEED SENSOR 1  

2  VIBRATION MOUNT 2  

3  02 SENSOR 1  

4  CLAMP 2  

5  PROGRAMMED ECU 1  

6  FITTING 1  

7  MAP SENSOR 1  

8  COOLANT SENSOR 1  

9  CLAMP 1  

10  PHASE SENSOR 1  

11  CAM SENSOR 1  

12  OIL PRESSURE SENSOR 1  

13  HARNESS 1  

14  BOLT 3  

15  BOLT 3  

16  NUT 4  

17  BOLT 1  

18  BOLT 2  

19  BOLT 1  

20  WASHER 1  

 

 

ELECTRICAL 
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IMAGE # PART # DESCRIPTION QTY NOTES 

1  THROTTLE BODY 1  

2  O-RING 1  

3  ADAPTER 1  

4  SPACER 1  

5  GASKET 1  

6  BOLT 4  

7  WASHER 4  

8  BOLT 4  

9  INTAKE BAFFLE  1 NO IMAGE 

 

 

 

THROTTLE BODY 
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IMAGE # PART # DESCRIPTION QTY NOTES 

1  WATER HOSE 3 IN  

2  HOSE ASSEMBLEY 1  

3  HOSE 2  

4  VIBRATION MOUNT 3  

5  CLAMP 6  

6  BRACKET 1  

7  FITTING 2  

8  CLAMP 2  

9  REGULATOR * 1 SEE BELOW 

10  HOSE 1  

11  BRACKET 1  

12  STRAP 1  

13  BOLT 3  

14  BOLT 1  

15  NUT 1  

16  BOLT 1  

     

*  REGULATOR REPAIR KIT 1  

 

 

VAPORIZER 
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IMAGE # PART # DESCRIPTION QTY NOTES 

1  PLUG 1  

2  PLUG 4  

3  MANIFOLD 1  

4  NUT 2  

5  NUT 6  

6  STUD 2  

7  STUD 1  

8  STUD 4  

9  STUD 2  

 

 

 

INTAKE MANIFOLD 
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IMAGE # PART # DESCRIPTION QTY NOTES 

1  BOLT  1  

2  O-RING  1  

3  TUBE  1  

4   GASKET 1  

5  FITTING  1  

6   PLATE 1  

7  BOLT  2  

 

 

 

 

 

 

 

DSR COOLANT 
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IMAGE # PART # DESCRIPTION QTY NOTES 

1  FITTING 1  

2  CLAMP 1  

3  FITTING 1  

4  CLAMP 1  

5  CLIP 1  

6  HOSE 1  

 

 

 

 

 

 

 

PCV FRESH HOSE 
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IMAGE # PART # DESCRIPTION QTY NOTES 

1  PLUG 2  

2   EPR 1  

3  MIXER 1  

4  FITTING 1  

5  STUD 4  

6  NUT 4  

7  BOLT 4  

 

 

 

 

 

EPR 
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IMAGE # PART # DESCRIPTION QTY NOTES 

1  FITTING 1  

2  FITTING 1  

3  LOCK OFF 1  

 

 

 

 

 

 

LOCK-OFF W/O FILTER 
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IMAGE # PART #   DESCRIPTION QTY NOTES 

1  THERMOSTAT CASE 1  

2  WATER LINE BOLT 2  

3  HOSE FITTING 1  

4  THERMOSTAT 1  

5  WATER LINE BOLT 2  

6  WATER LINE BOLT 1  

7  WATER LINE BOLT 1  

8  WATER LINE O-RING 2  

9  WATER PUMP INLET 1  

10  WATER LINE BOLT 2  

11  TAPER PLUG 1  

12  WATER BY-PASS FITTING 1  

13  WATER LINE O-RING 2  

14  WATER LINE BOLT 1  

15  WATER FEED PIPE 1  

WATER PIPE AND THERMOSTAT 
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2.4L Gasoline 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

39004052- 
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IMAGE # PART # DESCRIPTION QTY NOTES 

1  CYLINDER BLOCK ASSEMBLY 1  

2  TAPER PLUG 2  

3  TAPER PLUG 1  

4  PLUG 1  

6  SEALING CAP 7  

7  SEALING CAP 2  

8  DOWEL PIN 2  

9  KNOCK BUSHING 2  

10  BEARING CAP BOLT 2  

11  BEARING CAP BOLT 7  

12  BEARING CAP BOLT 1  

13  BUSHING 2  

14  BALANCER BEARING STD 1  

14  BALNACER BEARING OVERSIZE (1.0) 1  

15  BALANCER BEARING STD 1  

15  BALANCER BEARING OVERSIZE (1.0) 1  

16  KNOCK BUSHING 2  

24  FLANGE BOLT  5  

25  REAR OIL SEAL CASE 1  

26  OIL SEAL 1  

27  CRANKSHAFT BEARING (1,2,4,5,) GREEN STD 4  

CYLINDER BLOCK 
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27  CRANKSHAFT BEARING (1,2,4,5,) YELLOW STD 4  

27  CRANKSHAFT BEARING (1,2,4,5,) NO COLOR STD 4  

27  CRANKSHAFT BEARING (1,2,4,5,) BLUE STD 4  

27  CRANKSHAFT BEARING (1,2,4,5,)  RED STD 4  

28  CRANKSHAFT BEARING (3) GREEN STD 1  

28  CRANKSHAFT BEARING (3) YELLOW STD 1  

28  CRANKSHAFT BEARING (3) NO COLOR STD 1  

28  CRANKSHAFT BEARING (3) BLUE STD 1  

28  CRANKSHAFT BEARING (3) BLACK STD 1  

29  CRANKSAHFT THRUST BEARING 1  

30  BALANCER SHAFT BEARING STD 1  

30  BALANCER SHAFT BEARING OVRSZ 1  
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IMAGE # PART # DESCRIPTION QTY NOTES 

1  PCV VALVE 1  

2  PCV VALVE GROMMET 1  

3  ROCKER COVER BOLT 6  

4  OIL FILLER CAP GASKET (PART OF 800156) 1  

5  OIL FILLER CAP 1  

6  ROCKER COVER GASKET 1  

7  ROCKER COVER ASSEMBLY 1  

     

NSS =  NOT SOLD SEPERATELY 

ROCKER COVER  
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IMAGE # PART # DESCRIPTION QTY NOTES 

1  CYLINDER HEAD ASSEMBLY 1  

2  CYLINDER HEAD GASKET 1  

3  SEALING CAP 2  

4  STUD 3  

5  OIL SEAL 1  

6  KNOCK BUSHING 2  

7  STUD 2  

8  OIL SEAL 4  

9  THRUST CASE 1  

10  SCREW 2  

11  O-RING 1  

12  CYLINDER HEAD BOLT ASSY 10  

13  GASKET 1  

14  COVER 1  

15  FLANGE BOLT 2  

CYLINDER HEAD 
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IMAGE # PART # DESCRIPTION QTY NOTES 

1  OIL PAN 1  

2  OIL DRAIN PLUG GASKET 1  

3  OIL DRAIN PLUG 1  

4  FLANGE BOLT  17  

5  FLANGE BOLT 2  

6  WAHSER BOLT 2  

7  OIL SCREEN  1  

8  STRAINER NUT 1  

9  STRAINER WASHER 1  

10  SCREEN GASKET 1  

11  FLANGE BOLT 8  

12  T-BELT FR UPPR COVER ASSY 1  

13  TIMING BELT COVER GASKET (PART OF 800131) 1  

14  TIMING BELT COVER GASKET (PART OF 800131) 1  

15  TIMING BELT COVER GASKET (PART OF 32001163) 1  

16  TIMING COVER ASSY 1  

17  FLANGE BOLT 3  

18  FLANGE BOLT 1  

19  FLANGE BOLT  1  

20   BOLT 2  

FRONT COVER 

AND OIL PAN 
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21   BOLT 2  

22  T-BELT FR LOWER COVER 1  

23  T-BELT COVER LOWER GASKET (PART OF 800127) 1  

24  T-BELT COVER GASKET (PART OF 800127) 1  

25  T-BELT REAR COVER 1  

26  RUBBER PLUG 1  

NSS = NOT SOLD SEPERATELY 
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IMAGE # PART # DESCRIPTION QTY NOTES 

1  CRANKSHAFT ASSY 1  

2  KEY 1  

3  SPECIAL WASHER 1  

4  TORSIONAL DAMPER PULLEY ASSY 1  

5  WASHER BOLT 4  

6  CRANKSPROCKET BOLT 1  

7  DOWEL PIN 1  

8  CONNECTING ROD ASSY 4  

9  NUT 8  

10  CONNECTING ROD BEARING YELLOW STD 4  

10  CONNECTING ROD BEARING NO COLOR STD 4  

10  CONNECTING ROD BEARING BLUE STD 4  

11  CONNECTING BOLT 8  

12  PISTON WITH PIN STD A 4  

12  PISTON WITH PIN STD B 4  

12  PISTON WITH PIN STD C 4  

13  PISTON RING SET  1  

PISTON AND CRANKSHAFT 
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IMAGE # PART # DESCRIPTION QTY NOTES 

1  CAMSHAFT ASSEMBLY 1  

2  ROCKER ARM SHAFT 1  

3  ROCKER SHAFT SPRING 4  

4  ROCKER ARM ASSEMBLY B 4  

5  ROCKER ARM ASSEMBLY A 4  

6  DOWEL PIN 1  

7  LASH ADJUSTER ASSY 16  

8  VALVE SPRING RETAINER LOCK 32  

9  VALVE SPRING RETAINER 16  

10  VALVE SPRING 16  

11  VALVE STEM SEAL 8  

12  VALVE STEM SEAL 8  

13  VALVE SPRING SEAT 16  

14  INLET VALVE 8  

15  EXHAUST VALVE 8  

16  ROCKER ARM SHAFT 1  

17  FLANGE BOLT 13  

18  ROCKER SHAFT CAP 13  

19  ROCKER ARM ASSEMBLY C 4  

20  TENSIONER PULLEY BRACKET 1  

CAMSHAFT AND VALVE 
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21  WASHER BOLT  1  

22  WASHER BOLT  1  

23  WASHER 1  

24  IDLER PULLEY 1  

25  TENSIONER ARM ASSY (PART OF 800202) 1  

26  SEAL BOLT 1  

27  WASHER BOLT 1  

28  TENSIONER PULLEY 1  

29  WASHER BOLT 1  

30  WASHER BOLT 1  

31  TIMING BELT 1  

32  CAMSHAFT SPROCKET 1  

33  FLANGE BOLT 1  

34  CRANKSHAFT SPROCKET ASSY 1  

35  SPRING PIN 1  

36   TENSIONER 1  

37  FLANGE BOLT 2  

38  FLANGE BOLT 2  

39  TIMING INDICATOR BRACKET 1  

40  OIL PUMP SPROCKET 1  

41  NUT 1  
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IMAGE # PART # DESCRIPTION QTY NOTES 

1  BALANCER BELT TRAIN BOLT 1  

2  TIMING BELT TENSIONER  1  

3  CRANKSHAFT SPROCKET FLANGE 1  

4  BALANCER BELT TRAIN BOLT 1  

5  BALANCER BELT TRAIN WASHER 1  

6  TIMING BELT 1  

7  BALANCER SHAFT SPROCKET 1  

8  BALANCER BELT TRAIN SPACER 1  

9  BALANCER RIGHT SHAFT 1  

10  BALANCER LEFT SHAFT 1  

11  CRANKSHAFT SPROCKET 1  

 

 

 

 

BALANCER 
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IMAGE # PART # DESCRIPTION QTY NOTES 

1  OIL PUMP  1  

2  FLANGE BOLT 1  

3  OIL SEAL 1  

4  OIL SEAL 1  

5  PLUG TAPPER 1  

6  DOWEL PIN 2  

7  SCREW 1  

8  FLANGE BOLT 4  

9  OIL PUMP GEAR (PART OF 800276) 1  

10  OIL PUMP DRIVE GEAR (PART OF 800276) 1  

OIL PUMP 
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11  FRONT CASE GASKET 1  

12  WASHER BOLT 3  

13  WASHER BOLT 1  

14  PLUG CAP 1  

15  O-RING 1  

16  FLANGE BOLT 1  

17  FLANGE BOLT 1  

18  FLANGE BOLT 1  

19  OIL FILTER BRACKET 1  

20  PLUNGER 1  

21  SPRING 1  

22  GASKET 1  

23  PLUG 1  

24  OIL FILTER 1  

25  BOLT 2  

26  BOLT 1  

27  BOLT 1  

29  OIL SEAL 1  

     

NSS = NOT SOLD SEPERATELY 
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IMAGE # PART # DESCRIPTION QTY NOTES 

1  WATER PUMP  1  

2  WATER PUMP GASKET 1  

3  FLANGE BOLT 1  

4  FLANGE BOLT 1  

5  FLANGE BOLT 2  

6  FLANGE BOLT 1  

7  V RIBBED BELT 1  

8  FLANGE NUT 4  

9  SPRING WASHER 4  

10  WATER PUMP PULLEY P/S 1  

11  WATER PUMP PULLEY 1  

WATER PUMP 
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IMAGE # PART # DESCRIPTION QTY NOTES 

1  INTAKE MANIFLOD GASKET 1  

5  FLANGE BOLT 2  

6  INLET MANIFLOD BOLT 1  

7  ENGINE HANGER 1  

8  ENGINE HANGER 1  

INTAKE MANIFOLD GASKET 
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IMAGE # PART # DESCRIPTION QTY NOTES 

1  EXHAUST MANIFOLD GASKET 1  

2  FLANGE NUT 2  

3  FLANGE BOLT 2  

 

 

 

 

 

 

EXHAUST MANIFOLD GASKET 
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IMAGE # PART # DESCRIPTION QTY NOTES 

1  SPARK PLUG  4  

SPARK PLUG 
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IMAGE # PART # DESCRIPTION QTY NOTES 

1  PUMP MOUNT BRACKET 1  

2  WASHER BOLT 1  

3  WASHER BOLT 2  

 

 

 

 

 

 

PS PUMP BRACKET 
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IMAGE # PART # DESCRIPTION QTY NOTES 

1  FLYWHEEL 1  

2  PIN 3  

3  BOLT 7  

4  PLATE 1  

5  HUB 1  

6  BOLT 6  

 

 

 

 

 

 

FLYWHEEL 
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IMAGE # PART # DESCRIPTION QTY NOTES 

1  FLYWHEEL HOUSING 1  

2  DUST COVER 1  

3  BUSHING 2  

4  SPACER 1  

5  BOLT 2  

6  NUT 2  

7  BOLT 4  

8  BOLT 3  

 

 

 

 

 

PUMP HOUSING 
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IMAGE # PART # DESCRIPTION QTY NOTES 

1  IGNITION COIL BRACKET 1  

2  IGNITION COIL 4  

3  HEX NUT 2  

4  BOLT 4  

 

 

 

 

 

 

IGNITION COIL 
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IMAGE # PART # DESCRIPTION QTY NOTES 

1  PLATE 1  

2  BOLT 3  

3  BOLT 4  

 

 

 

 

 

 

 

 

 

 

ECU MOUNT 
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IMAGE # PART # DESCRIPTION QTY NOTES 

1  TIMING GEAR COVER 1  

2  BOLT 2  

3  WASHER 3  

4  BOLT 1  

5  BOLT 1  

 

 

 

 

 

 

TIMING COVER 
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IMAGE # PART # DESCRIPTION QTY NOTES 

1  STRAP 1  

2  SPACER 1  

3  BRACKET 1  

4  BRACKET 1  

5  SPACER 1  

6  SPACER 1  

7  ALTERNATOR 1  

8  NUT 2  

9  WASHER 1  

10  WASHER 2  

11  BOLT 2  

12  BOLT 1  

13  BOLT 1  

14  BOLT 1  

 

 

 

 

ALTERNATOR 
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IMAGE # PART # DESCRIPTION QTY NOTES 

1  STARTER 1  

2  BOLT 2  

 

 

 

 

 

 

 

 

STARTER 

TER 
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IMAGE # PART # DESCRIPTION QTY NOTES 

1  FITTING 1  

2  FITTING 1  

3  CLAMP 2  

4  BRACKET 1  

5  HOSE 1  

6  BOLT 1  

7  BOLT 1  

8  CLAMP 1  

 

 

 

 

 

 

PCV FOUL HOSE 
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IMAGE # PART # DESCRIPTION QTY NOTES 

1  DIPSTICK 1  

2  O-RING 1  

3  SLEEVE 1 NOT SHOWN 

4  TUBE 1  

5  SPACER 1  

6  BOLT 1  

 

 

 

 

 

DIPSTICK AND TUBE 
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IMAGE # PART # DESCRIPTION QTY NOTES 

1  GASKET 1  

2  STUD 7  

3  STUD 3  

4  LOWER SHIELD 1  

5  UPPER SHIELD 1  

6  MANIFOLD 1  

7  NUT 3  

8  BOLT 5  

9  NUT 7  

10  NUT 2  

 

 

DOWNWARD EXHAUST 
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IMAGE # PART # DESCRIPTION QTY NOTES 

1  GASKET 1  

2  OUTLET 1  

3  NUT 2  

 

 

 

 

 

 

 

WATER OUTLET 
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IMAGE # PART # DESCRIPTION QTY NOTES 

1  REAR BRACKET 1  

2  LEFT BRACKET 1  

3  RIGHT BRACKET 1  

4  BOLT 3  

5  BOLT 4  

6  BOLT 4  
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IMAGE # PART # DESCRIPTION QTY NOTES 

1  SPEED SENSOR 1  

2  VIBRATION MOUNT 2  

3  02 SENSOR 1  

4  CLAMP 2  

5  PROGRAMMED ECU 1  

6  FITTING 1  

7  MAP SENSOR 1  

8  COOLANT SENSOR 1  

9  CLAMP 1  

10  PHASE SENSOR 1  

11  CAM SENSOR 1  

12  OIL PRESSURE SENSOR 1  

13  HARNESS 1  

14  BOLT 3  

15  BOLT 3  

16  NUT 4  

17  BOLT 1  

18  BOLT 2  

19  BOLT 1  

20  WASHER 1  

ELECTRICAL 
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IMAGE # PART # DESCRIPTION QTY NOTES 

1  PLUG 1  

2  INTAKE MANIFOLD 1  

3  NUT 2  

4  NUT 7  

5  STUD 2  

6  STUD 2  

7  STUD 4  

8  STUD 2  

 

 

 

 

INTAKE MANIFOLD 
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IMAGE # PART # DESCRIPTION QTY NOTES 

1  RAIL 1  

2  BOLT 2  

3  INJECTOR 4 NOT SHOWN 

 

 

 

 

 

 

 

 

FUEL RAIL 
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IMAGE # PART # DESCRIPTION QTY NOTES 

1  CLAMP 2  

2  FILTER 1  

3  PUMP 1  

4  FITTING 1  

5  MANIFOLD 1  

6  FITTING 2  

7  FITTING 1  

8  HARNESS (NOT SHOWN) 1  

 

 

 

 

 

 

DUAL FUEL PARTS 
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IMAGE # PART # DESCRIPTION QTY NOTES 

1  THROTTLE BODY 1  

2  GASKET 1  

3  WASHER 4  

4  BOLT 4  

 

 

 

 

 

 

THROTTLE BODY 
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IMAGE # PART #   DESCRIPTION QTY NOTES 

1  THERMOSTAT CASE 1  

2  WATER LINE BOLT 2  

3  HOSE FITTING 1  

4  THERMOSTAT 1  

5  WATER LINE BOLT 2  

6  WATER LINE BOLT 1  

7  WATER LINE BOLT 1  

8  WATER LINE O-RING 2  

9  WATER PUMP INLET 1  

10  WATER LINE BOLT 2  

11  TAPER PLUG 1  

12  WATER BY-PASS FITTING 1  

13  WATER LINE O-RING 2  

14  WATER LINE BOLT 1  

15  WATER FEED PIPE 1  

WATER PIPE AND THERMOSTAT 
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EXAMPLE ONLY – REFER TO CORRECT SECTION IN THE 
MANUAL FOR ACTUAL ASSEMLBY AND TORQUE SPECS. 
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GENERAL INFORMATION 

ENGINE MODELS 

Engine model Displacement mL Specification 

4G64-L-56/57 2,351 Single overhead camshaft, 16-valve 

4G63-L-5A/5B 1,997 

 

GENERAL SPECIFICATIONS 

Description Specification 

 4G64-L-56/57 4G63-L-5A/5B 

Type In-line OHV, SOHC 

Number of cylinders 4 

Combustion chamber Pent roof type 

Total displacement cm3 2,351 1,997 

Cylinder bore mm 86.5 85 

Piston stroke mm 100 88 

Compression ratio 9.5 9.5 

Valve timing Intake valve Opens (BTDC) 18° 18° 

Closes (ABDC) 53°  53°  

Exhaust valve Opens (BBDC) 50° 50° 

Closes (ATDC) 18° 18° 

Lubrication system Pressure feed, full-flow filtration 

Oil pump type Involute gear type 
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SERVICE SPECIFICATIONS 

Item Standard value Limit 

Timing belt 

Auto-tensioner rod projection length mm  12 - 

Auto-tensioner rod pushed-in amount [When pushed with a force of 98 
- 196 N] mm  

1.0 or less - 

camshaft 

Camshaft cam height mm Intake 37.39 Min36.89  

Exhaust 36.83  Min36.33 

Camshaft journal outside diameter mm 45 - 

Cylinder head and valves 

Cylinder head flatness of gasket surface mm  Less than 0.03  0.2 

Cylinder head grinding limit of gasket surface mm (Total resurfacing 
depth of cylinder head and cylinder block) 

- 0.2  

Cylinder head overall height mm  119.9~ 120.1 - 

Cylinder head bolt shank length mm 97.4 99.4  

Valve thickness of valve head (margin) mm  Intake 1.0 Min 0.5  

Exhaust 1.2 Min 0.7 

Valve overall height mm Intake 112.30  Min111.80  

Exhaust 114.11  Min113.61  

Valve stem outside diameter mm  6.0  - 

Valve thickness to valve guide clearance mm  Intake 0.02 - 0.05 0.10 

Exhaust 0.03 - 0.07 0.15  

Valve face angle mm  45° - 45.5° - 

Valve spring free length mm 54.75 53.75 

Valve spring load/installed height  N / mm 235±19/44.2 - 

Valve spring out-of-squareness 2° or less  

Valve seat valve contact width mm 0.9 - 1.3 - 

Valve guide inside diameter mm 6.0  - 

Valve guide projection from cylinder head upper surface mm 14.0  - 

Valve stem projection mm  49.3 49.8  

Oil pan and oil pump 

Item Standard value Limit Item 

Oil pump side clearance mm  Drive gear 0.08 - 0.14 - 

Driven gear 0.06 - 0.12 - 
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Piston and connecting rod 

Piston outside diameter mm  86.5 /85 - 

Piston ring side clearance mm  No. 1 0.02 - 0.06 0.1 

No. 2 0.02 - 0.06 0.1  

Piston ring end gap mm  No. 1 0.25 - 0.35 0.8  

No. 2 0.40 - 0.55 0.8 

Oil ring side rail 0.10 - 0.40 1.0 

Piston pin outside diameter mm 22.0 - 

Piston pin press-in load kg (Room temperature) 755-1750 - 

Crankshaft pin oil clearance mm  0.02 - 0.05 0.1  

Connecting rod big end side clearance mm  0.10 - 0.25 0.4  

Crankshaft and cylinder block 

Crankshaft end play mm  0.05 - 0.18  0.25  

Crankshaft journal outside diameter mm  57.0 - 

Crankshaft pin outside diameter mm  45.0 - 

Crankshaft journal oil clearance mm  0.02 - 0.04 0.1  

Cylinder block flatness of gasket surface mm  0.05 0.1 

Cylinder block grinding limit of gasket surface mm (Total resurfacing 
depth of both cylinder head and cylinder block) 

- 0.2  

Cylinder block overall height mm  4G64-L-56/57 290±0.1 - 

 4G63-L-5A/5B 284±0.1  

Cylinder block inside diameter mm 4G64-L-56/57 86.5-86.53 - 

 4G63-L-5A/5B 85-85.03  

Cylindricity mm  0.01  - 
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REWORK DIMENSIONS 

Item Standard value 

Cylinder head And valves 

Diameter of oversize valve seat ring hole in 
cylinder head mm 

Intake 0.3 oversize 34.435-34.455 

0.6 oversize 34.735-34.755 

Exhaust 0.3 oversize 31.935-31.955 

0.6 oversize 32.235-32.255 

Diameter of oversize valve guide hole in cylinder head mm 0.05 oversize 11.05 - 11.07 

0.25 oversize 11.25 - 11.27 

0.50 oversize 11.50 - 11.52 
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TORQUE SPECIFICATIONS 

Dress Component torque specification can be found in the body of the manual 

Item Specification 

ignition system                                   (Nm)  ft.lbs 

Crankshaft pulley bolts 24.5             18 

Spark plugs  27 

          
20 

Water pump pulley bolts 8.9        7 

Exhaust manifold  

Water pump bolts 13.8       10 

Thermostat housing bolts 23.6       18 

Timing belt  

Auto-tensioner bolts 23.6             18 

Camshaft sprocket bolt 88.3        65 

Counterbalance shaft sprocket bolt 45.1             34 

Crankshaft bolt 117.7           87 

Engine support bracket bolt 48               36 

Idler pulley bolt 35.3             26 

Oil pump sprocket nut 54 40 

Tensioner "B" bolt 19  14 

Tensioner arm bolt 22 16 

Tensioner pulley bolt 49 36 

Timing belt cover bolts (Bolt, washer assembly) 11  8 

Timing belt cover bolts (Flange bolt and nut) 11 8 

Inlet manifold and water pump  

Engine hanger bolt 19 14 

Oil pressure switch 10 7 

Water temp gauge 30 22 

Water outlet fitting bolts 20 15 

Rocker arms and camshaft  

Rocker arms and rocker arm shaft bolts  32 23 

Rocker cover bolts 4 3 

Thrust screw 19 14 

Cylinder head and valves  

Cylinder head bolts 78Nm → 0Nm 

20Nm +90°+90° 
58ft.lbs → 

0ft.lbs 

15ft.lbs +90°
+90° 
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Item Specification 

 (Nm) ft.lbs 

Oil pan and oil pump   

Drain plug 44 33 

Flange bolt 36.3 27 

Front case bolts 24.5 18 

Oil filter bracket bolts 18.6 14 

Oil filter 18.6 14 

Oil pan bolts 6.9 5 

Oil pump cover bolts 15.7 12 

Oil pump cover screws 9.8 8 

Oil screen bolts 18.6 14 

Plug 23.5 18 

Relief plug 44 33 

Piston and connecting rod  

Connecting rod cap nuts 20Nm → 

+90° to 100° 
15ft.lbs → 

+90° to 100° 

Crankshaft and cylinder block  

Bearing cap bolts 24.5Nm →

+90°to 100° 
18ft.lbs → 

+90° to 100° 

Bell housing cover bolts 8.8  

Oil seal case bolts 10.8  

Rear plate bolts 10.8  

Flexplate 8.8  

Flexplate 122-135 90-100 
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Daily 200 400 800 1000 1250 1500 1750 2000 3000 5000

General Maintenance Section

Visual check for fluid leaks X

Check engine oil level X

Check coolant level X

Change engine oil and filter (Severe duty 
5
)

Change engine oil and filter (Standard duty 
5
)

Check LPG system for leaks

Inspect accessory drive belts for cracks, breaks, splits or glazing
1

  X   

Inspect electrical system wiring for cuts, abrasions or corrosion   X

Inspect all vacuum lines and fittings for cracks, breaks or hardening   X

Engine Coolant Section

Clean debris from radiator core  

Change Coolant
2 & 4

    X

Inspect coolant hoses for cracks, swelling or deterioration
1

  X   

Engine Ignition System      

Replace spark plugs - Standard Duty      X  

Replace spark plugs - Severe Duty
3

  X     

Inspect battery case for damage   X   

Base Engine System

Replace camshaft belt X

Replace balance shaft belt X

Replace Idler and tensioner pulley (Camshaft & Balance shaft belts) X

Inspect PCV system X  

Fuel System Maintenance

Inspect air cleaner

Replace filter element

Replace fuel filter  X    

Inspect Shut-off Valve for leaks and closing   X

Leak check fuel lines    X

Check air induction for leaks      X

Check manifold for vacuum leaks      X

Drain LPG Vaporizer oil build up

Engine Exhaust System

Inspect exhaust manifold for leaks X

Inspect exhaust piping for leaks X

Check HEGO sensor(s) connector and w ires for burns, cuts or damage X

Inspect catalyst for mechanical damage X

Note 1 = Item should be checked yearly, replace as needed

Note 4 = 5,000 hour or 5 years whichever occurs first

Note 2 = PSI requires the use of coolant meeting GM specification GM6277M.  When used, this coolant change interval is 5,000 hours or 5 years (whichever 

occurs first).  Changing of coolant types (typically indicated by color) and mixing of coolants is not allowed as this can result in a loss of coolant protection 

during the engine life.  Consult the OEM for the correct replacement interval if you use coolant other than GM6277M

Special Notes Section

MITSUBISHI MOBILE ENGINE MAINTENANCE REQUIREMENTS

Every 100 hours or 60 days of operation

The Maintenance schedule represents manufacturers recommended maintenance intervals to maintain proper engine/equipment function.  Specified state 

and federal regulations may require equipment operators to conduct comprehensive engine/equipment inspections at more periodic intervals than those 

specified above.

Interval Hours

Perform the following maintenance on the engine at the hours indicated and at equivalent hour intervals thereafter.

Every 150 hours or 120 days of operation

 Every 200 hours, or every 100 hours in dusty environment

Every 400 hours, or every 200 hours in dusty environment

Every 150 hours or 120 days of operation

Note 3 = Severe duty applications are units that receive high load, full throttle operation for the majority of its operational life.

Prior to any service or maintenance activity

Every 250 hours or 120 days of operation

Note 5 = Oil life is highly dependent on oil quality, operating enviroment, and engine use.  
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SEALANTS 

Items Specified sealants 

Water outlet fitting* Permatex Ultra Grey Gasket Maker pt# 82194 or equivalent 

Thermostat housing* 

Thermostat housing seal bolt 3M™ AAD Part No. 8672 or equivalent 

Oil pressure switch Three bond 1141E , 1215 or 1212D or equivalent 

Oil pan* Permatex Ultra Grey Gasket Maker pt# 82194 or equivalent 

Rear oil seal case* 

note *: Part to be sealed with a form-in-place gasket (FIPG) 

FORM-IN-PLACE GASKET (FIPG) 

This engine has several areas where the form-in-place gasket (FIPG) is used for sealing. To ensure 
that the FIPG fully serves its purpose, it is necessary to observe some precautions when applying it. 
Bead size, continuity and location are of paramount importance. Too thin a bead could cause leaks. 
Too thick a bead, on the other hand, could be squeezed out of location, causing blocking or narrowing 
of fluid passages. To prevent leaks or blocking of passages, therefore, it is absolutely necessary to 
apply the FIPG evenly without a break, while observing the correct bead size.  
FIPG hardens as it reacts with the moisture in the atmospheric air, and it is usually used for sealing 
metallic flange areas. 

REMOVAL OF FIPG SEALED PARTS 

Parts sealed with a FIPG can be easily removed without need for the use of a special method. In some 
cases, however, the FIPG in joints may have to be broken by tapping parts with a mallet or similar tool. 
You can also tap a flat, thin gasket scraper into the joint to break the FIPG, taking extreme care not to 
damage the mating surfaces. The oil pan remover (800397) is available as a special tool for removing 
the oil pan. The tool, however, must not be  

CLEANING FIPG APPLICATION SURFACE 

Thoroughly remove all substances deposited on the FIPG application surface, using a gasket scraper 
or wire brush. Make sure that the FIPG application surface is flat and smooth. Also make sure that the 
surface is free from oils, greases and foreign substances. Do not fail to remove old FIPG that may 
remain in the fastener fitting holes.  
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APPLICATION OF FIPG 

Applied FIPG bead should be of the specified size and free of any break. FIPG can be wiped away 
unless it has completely hardened. Install the mating parts in position while the FIPG is still wet (in 
less than 15 minutes after application). Do not allow FIPG to spread beyond the sealing areas during 
installation. Avoid operating the engine or letting oils or water come in contact with the sealed area 
before a time sufficient for FIPG to harden (approximately one hour) has passed. FIPG application 
method may vary from location to location. Follow the instruction for each particular case described 
later in this manual.  
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SPECIAL TOOLS 

Tool Number Name Use 

 

800398 Moment wrench Adjustment of timing belt tension 

 

800399 Crankshaft 
sprocket puller 

Removal of crankshaft sprocket 

 

800400 Leak-down tester Leak-down tester of lash adjuster 

 

800401 Lash adjuster 
retainer 

Bleeding of air inside the adjuster 

 

800402 Air bleed wire Air bleed of lash adjuster 

  

800403 Lash adjuster 
holder 

Supporting of the lash adjuster to prevent it from 
falling when rocker shaft assembly is removed or 
installed 

 

800404 Sprocket stopper Supporting counterbalance shaft sprocket 

 

800405 End yoke holder Holding camshaft sprocket when loosening or 
torquing bolt 

 

800406 Pins 
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800407 Tension pulley 
wrench 

Adjustment of timing belt tension 

 

800408 Oil pressure switch 
wrench 

Removal and installation of oil pressure switch <to 
cylinder block> 

 

800409 Camshaft oil seal 
installer 

Installation of camshaft oil seal 

 

800410 Cylinder head bolt 
wrench (12) 

Removal and installation of cylinder head bolt 

 

800411 Valve spring 
compressor 

Compression of valve spring 

 

800412 Valve steam seal 
installer 

Installation of valve steam seal 

 

800397 Oil pan remover Removal of oil pan 

 

800413 Plug wrench Removal and installation of front case cap plug 

 

800414 Plug wrench 
retainer 

 

800415 Silent shaft bearing 
puller 

Removal of counterbalance shaft front bearing 

 

800416 Silent shaft bearing 
puller 

Removal of counterbalance shaft rear bearing 
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800417 Bearing installer 
stopper 

Removal and installation of rear bearing 

 

800418 Silent shaft bearing 
installer 

Installation of counterbalance shaft bearing 

 

800419 Crankshaft front oil 
seal guide 

Installation of crankshaft front oil seal  

 

800420 Crankshaft front oil 
seal installer 

 

800421 Piston pin setting 
tool 

Removal and installation of piston pin 

 

800422 Handle Installation of crankshaft rear oil seal 

 

800423 Crankshaft rear oil 
seal installer 
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TIMING BELT 

REMOVAL AND INSTALLATION 

 
ATTENTION:  USE ONLY THE PSI LONG LIFE CAMSHAFT AND BALANCE SHAFT BELTS.  
THE PROCEDURES OUTLINED BELOW APPLY TO THESE BELTS ONLY.  THE USE OF A NON- 
PSI LONG LIFE BELT IS NOT PERMITTED OR RECOMMENDED 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

1. Timing belt front lower cover        11. Crankshaft bolt 
    2. Timing belt                       12. Crankshaft sprocket 

3. Tensioner pulley                             13. Flange 
4. Tensioner arm                              14. Tensioner "B" 

   5. Auto-tensioner                   15. Timing belt "B" 
6. Idler pulley                       16. Counterbalance shaft sprocket 
7. Tensioner pulley bracket                   17. Spacer 
8. Timing belt rear cover             18. Crankshaft sprocket "B" 
9. Timing belt indicator              19. Camshaft sprocket bolt 

   10. Oil pump sprocket                           20. Camshaft sprocket 
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NOTE: WHEN REPLACING CAMSHAFT AND BALANCE SHAFT BELTS (5,000 HOURS) 
IT IS RECOMMENDED TO REPLACE THE IDLER PULLEY AND TENSIONER PULLEY 

 

 
  

 
 
 
REMOVAL SERVICE POINTS 

<<A>> TIMING BELT REMOVAL 
1. Mark the belt running direction. 
NOTE: 
(1) REPLACE CAMSHAFT BELT AND BALANCE 
SHAFT BELT UNLESS OPERATING HOURS ON 
THE PARTS ARE LESS THAN 100 HOURS.  IN 
THE EVENT YOU REUSE THE PARTS YOU WILL 
NEED TO DOCUMENT BELT DIRECTION OF 
TRAVEL PRIOR TO DISASSEBMLY, THEN 
REINSTALL THE BELTS IN THE SAME 
DIRECTION. 
 
(2) If there is oil or water on any part, check the 
front case oil seals, camshaft oil seal, and water 
pump for leaks. 
 
3.  If available use special tool Set screw (800425) 
to release tension on the timing belt.  Rotate Set 
screw until it makes contact with the tensioner arm.  
Continue to rotate Set screw slowly until tension on 
the timing belt has been released. 
 
 
4.  At this time you can insert a metal wire (1.4 mm 
in diameter) or a 1/16” allen wrench in the auto 
tensioner.  This is done by aligning the set hole in 
the auto tensioner push rod with the set hole in the 
auto tensioner body.  Rotating the Set screw 
(800425) to move the tensioner arm up or down will 
aid in lining up the two set holes. 
 
4.  Remove the auto tensioner by loosening the 
two bolts that secure it to the engine 
 
 
 
5. Loosen the tensioner pulley bolt, and then 
remove the timing belt. 
 
 
 
 
 
 
 

800425 
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<<B>> OIL PUMP SPROCKET REMOVAL 
1. Remove the plug on the left side of the cylinder 
block. 
2. Insert a Phillips screwdriver (shank diameter 8 
mm) through the plug hole to block the left 
counterbalance shaft. 
3. Loosen the nut and then remove the oil pump 
sprocket. 
 
 
 
 
<<C>> CRANKSHAFT BOLT LOOSENING 
1. Removal the crankshaft bolt and washer. 
 
 
 
 
 
 
 
 
 
 
 
<<D>>CRANKSHAFT SPROCKET REMOVAL 
1. Set special tool Crankshaft sprocket puller  
(800399) as shown in the illustration. 
2. Screw in the center bolt of the special tool to 
remove the crankshaft sprocket. 

 
 
 
 
 
 
 
 
<<E>> Balance Shaft Belt REMOVAL 
1. Mark the belt running direction for reinstallation. 
 
NOTE: (1) REPLACE CAMSHAFT BELT AND 
BALANCE SHAFT BELT UNLESS OPERATING 
HOURS ON THE PARTS ARE LESS THAN 100 
HOURS.  IN THE EVENT YOU REUSE THE 
PARTS YOU WILL NEED TO DOCUMENT BELT 
DIRECTION OF TRAVEL PRIOR TO 
DISASSEBMLY, THEN REINSTALL THE BELTS 
IN THE SAME DIRECTION. 
 
 
. 

800424 

800399 
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2. Loosen the tensioner "B" bolt, and then remove 
the timing belt "B." 
 
 
<<F>>COUNTERBALANCE SHAFT SPROCKET 
REMOVAL  
1. Set special tool Sprocket stopper (800404) as 
shown to prevent the counterbalance shaft 
sprocket from turning together 
2. Loosen the bolt and remove the sprocket. 

 
 
 
 
 
 
 
 
<<G>>CRANKSHAFT SPROCKET 
"B" REMOVAL 
1. Set special tool Crankshaft sprocket puller  
(800399) as shown in the illustration. 
2. Screw in the center bolt of the special tool to 
remove crankshaft sprocket "B." 

 
 
 
 
 
 
 

 
<<H>> CAMSHAFT SPROCKET REMOVAL 
1. Using special tools to prevent the camshaft 
sprocket from rotating. 
2. Remove the camshaft sprocket. 

 
 
   

800404 

800399 

800405 

  800406 
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INSPECTION 
TIMING BELT 
Replace the belt if any of the following conditions 
exist: 
1. Hardening of rubber backing. 
Back side should be glossy without resilience and 
leave no indent when pressed with fingernail. 
 
 
 
 
 
 
2. Cracks on rubber back.  
3. Cracks or peeling of canvas. 
4. Cracks at bottom of ribs. 
5. Cracks on belt sides. 
 
 
 
 
 
 
 
 
 
 
6. Abnormal wear of belt sides. Normal wear is 
indicated if the sides are sharp as if cut by a knife. 
Abnormal wear is indicated if the sides are ragged. 
 
 
 
 
 
 
 
 
 
 
7. Abnormal wear on teeth.  
Initial stage: 
Canvas worn (fluffy canvas fibers, rubbery 
texture gone, white discoloration, canvas 
texture indistinct) 
Final stage: 
Canvas worn, exposing rubber (tooth width 
reduced) 
8. Missing tooth. 
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AUTO TENSIONER 
1. Check for oil leaks. If oil leaks are evident, 
replace the auto-tensioner. 
2. Check the rod end for wear or damage and 
replace the auto-tensioner if necessary. 
3. Measure the rod protrusion. If it is out of 
specification, replace the auto tensioner. 
Standard value: 12 mm 
 
 
 
 
 
 
4. Press the rod with a force of 98 to 196 N and 
measure the movement of the rod. 
If the measured value is out of the standard value, 
replace the auto-tensioner. 
Standard value: 1.0 mm or less 
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INSTALLATION SERVICE POINTS 
>>A<< CAMSHAFT SPROCKET INSTALLATION 
1. Using special tools to prevent the camshaft 
sprocket from rotating. 
 End yoke holder (800405) 
 Pulley holder pin (800406) 
2. Tighten the camshaft sprocket bolt to the 
specified torque. 
Tightening torque: 88 ± 10 N·m 
 
 
 
 
>>B<< SPACER INSTALLATION 
1. Apply a thin coat of clean engine oil to the lip 
area of the oil seal. 
2. Install the spacer with the chamfered end facing 
toward the oil seal. 
 
 
 
 
 
 
 
 
>>C<<COUNTERBALANCE SHAFT SPROCKET  
      INSTALLATION 
1. Install the counterbalance shaft sprocket and 
screw on the bolt. 
2. Install special tool Sprocket stopper (800404) as 
shown in the illustration to lock the counterbalance 
shaft. 
3. Tighten the bolt, and then remove the special 
tool. 
Tightening torque: 45 ± 3 N·m 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

     800405 

800406 

800404 
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>>D<< BALANCE SHAFT BELT "B" 
INSTALLATION 
1. Align timing marks on the crankshaft sprocket 
"B" and counterbalance shaft sprocket with the 
marks on the front case. 
 
 
 
 
 
 
 
 
 
 
2. Install the BALANCE SHAFT belt "B" on the 
crankshaft sprocket "B" and counterbalance shaft 
sprocket. There should be no slack on the tension 
side. 
3. Make sure that the tensioner pulley center and 
the bolt center are positioned as shown in the 
illustration. 
 
 
 
 
 
 
 
4. Move tensioner "B" in the direction of the arrow 
while lifting with your finger to give sufficient 
tension to the tension side of BALANCE SHAFT 
belt. In this condition, tighten the bolt to secure 
tensioner "B." When the bolt is tightened, use care 
to prevent the tensioner pulley shaft from turning 
with the bolt. If the shaft is turned with the bolt, the 
belt will be over tensioned. 
Tightening torque: 19 ± 3 N·m 
 
 
 
 
5. Check that timing marks on the sprockets are 
aligned with the timing marks on the front case. 
6. With your index finger, press the midway of span 
on the tension side of BALANCE SHAFT belt "B." 
The belt must deflect 2-3 mm for new install and 
5-7 if reusing existing belt. 
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>>E<< CRANKSHAFT BOLT INSTALLATION 
1. Tighten the crankshaft bolt to the specified 
torque. 
Tightening torque: 162N·m 
 
 
 
 
 
 
 
 
 
 
>>F<< OIL PUMP SPROCKET INSTALLATION    
1. Insert a Phillips head screwdriver (shank 
diameter 8 mm) through the plug hole on the left 
side of the cylinder block to block the left 
counterbalance shaft. 
2. Install the oil pump sprocket. 
3. Apply a thin coat of engine oil to the seating 
surface of the nut. 
4. Tighten the nut to the specified torque. 
Tightening torque: 54 ± 5 N·m 
 
 
>>G<< AUTO-TENSIONER INSTALLATION 
If the auto-tensioner rod is fully extended, reset it 
as follows: 
1. Clamp the auto-tensioner in a vise with soft jaws. 
2. Push in the rod little by little with the vise until the 
set hole A in the rod is aligned with hole B in the 
cylinder. 
 
 
 
 
 
 
3. Insert a wire (1.4 mm in diameter) or a 1/16” allen 
wrench into the set holes. This auto-tensioner 
setting wire will be used during timing belt 
alignment. 
4. Unclamp the auto-tensioner from the vise. 

 
 

 
 
 
 

800424 
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5. Install the auto-tensioner onto the front case and 
tighten to the specified torque. 
Note: Leave the wire installed in the auto- 
tensioner. Tightening torque: 24± 3 N·m 
 
 

 
 
 
 
 
 

 
>>H<< TIMING BELT INSTALLATION 
1. Align the timing mark on the camshaft sprocket 
with the timing mark on the rocker cover. 
 
 
 
 
 
 
 
 
 
 
 
2. Align the timing mark on the crankshaft sprocket 
with the timing mark on the front case. 
 
 
 
 
 
 
 
 
 
 
 
3. Align the timing mark on oil pump sprocket with 
its mating mark. 
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4. Remove the plug on the cylinder block and insert 
a Phillips head screwdriver (shank diameter 8 mm) 
through the hole. 
If it can be inserted as deep as 60 mm or more, the 
timing marks are correctly aligned. 
If the inserted depth is only 20 to 25 mm, turn the 
oil pump sprocket one turn and realign the timing 
marks. Then check to ensure that the screwdriver 
can be inserted 60 mm or more. Keep the 
screwdriver inserted until the timing belt is 
completely installed.  
 
 
5. Install the timing belt on the crankshaft sprocket, 
oil pump sprocket, idler pulley, camshaft sprocket, 
and tensioner pulley in that order. 
6. Lift up the tensioner pulley in the direction of the 
arrow and tighten the center bolt. 
7. Check that all timing marks are aligned. 
8. Remove the screwdriver inserted in step 4 and 
install the plug. 
9. Turn the crankshaft a quarter turn 
counterclockwise. Then, turn it clockwise until the 
timing marks are aligned again. 
 
 
 
10. Install special tool Tension pulley socket 
wrench (800407), socket wrench and torque 
wrench, onto the tensioner pulley, and loosen the 
tensioner pulley center bolt. 
NOTE: Use a torque wrench that can measure 0 to 
5.0 N·m. 
11. Torque to 2.9–3.0 N·m with the torque wrench. 
12. Holding the tensioner pulley with special tool 
Tension pulley socket wrench (800407) and torque 
wrench tighten the center bolt to specification. 
Tightening torque: 48 ± 5 N·m 
 
                                             
13.  Rotate special tool Set screw (800425) until  
it contacts the tensioner arm.  Slowly rotate Set 
screw until hole in auto tensioner push rod aligns 
with hole in auto tensioner body. 
 
 
 
 
 
 

800407 

800425 
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14. The wire inserted at the auto-tensioner 
installation is pulled out and then the special tool 
Set screw (800425) is removed by hand. 
15. Give two clockwise turns to the crankshaft. 
Wait for 15 minutes, and then proceed with the 
following inspection steps. 
 
 
 
 
 
 
 
16. Check to see whether the metal wire (removed 
in step 14) can be reinserted and removed without 
any resistance. If the metal wire can be inserted 
and removed without any resistance, it means that 
the belt has proper tension. Therefore, remove the 
metal wire. Check that the rod protrusion of the 
auto-tensioner is within the standard value. 
Standard value: 3.8 - 4.5 mm 
17. If the metal wire offers resistance when 
removed, repeat the previous steps 9 through 14 
until the standard value is obtained as measured 
by the rod projection of the auto-tensioner rod. 
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WATER PUMP 

REMOVAL AND INSTALLATION 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Removal steps 

 1. Oil level gauge                       

       2. Oil level gauge guide               >>A<< 9. O-ring 

       3. O-ring                                  10. Thermostat housing 

       4. Water inlet fitting                  >>A<< 11. Water inlet pipe 

>>C<< 5. Thermostat                       >>A<<  12. O-ring  

>>B<< 6. Water outlet fitting                         13. Water pump 

       7. By-pass fitting                            14. Water pump gasket 

>>A<< 8. Water inlet pipe                           15. Water inlet fitting 
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INSTALLATION SERVICE POINTS 
>>A<< WATER INLET PIPE/O-RING 
INSTALLATION 
1. Attach a new O-ring to each end of the water 
inlet pipe. 
2. Wet the O-ring with water.    
Note:  Keep the O-ring free of oil or grease. 
 
>>B<< WATER OUTLET FITTING 
INSTALLATION 
1. Apply a 3 mm diameter bead of FIPG to the 
indicated surface of the water outlet fitting 
Specified sealant: Permatex Ultra Grey Gasket 
Maker pt# 82194 or equivalent 
2. Install the housing quickly, (within 15 minutes) 
while the sealant is wet, and tighten the bolts to the 
specified torque. 
Note:  After installation, keep the sealed area 
away from the coolant for approximately one hour. 
 
>>C<< THERMOSTAT INSTALLATION 
1. Check that the rubber ring is undamaged and 
seated correctly in the thermostat flange. 
2. Install the thermostat as shown in the illustration. 
The jiggle valve must be at the uppermost position. 
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ROCKER ARMS AND CAMSHAFT 
REMOVAL AND INSTALLATION 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

Removal steps 
1. Breather hose                          12. Rocker arm "A" 
2. PCV hose                               13. Rocker arm "B" 
3. PCV valve                               14. Rocker arm shaft (Intake side) 
4. PCV valve gasket                 >>B<<  15. Lash adjuster 

5. Oil filler cap                              16. Rocker arm "C" 
6. Rocker cover                             17. Rocker arm shaft (Exhaust side) 
7. Rocker cover gasket               >>B<<  18. Lash adjuster 
8. Oil seal                           >>A<< 19. Oil seal 

<<A>>  >>C<<  9. Rocker arms and rocker arm shaft           20. Thrust case 
<<A>>  >>C<<  10. Rocker arms and rocker arm shaft          21. O-ring 

>>C<<  11. Rocker arm shaft ring                     22. Camshaft 
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REMOVAL SERVICE POINT 
<<A>> ROCKER ARMS AND ROCKER ARM  

SHAFT REMOVAL 
1. Before removing rocker arms and shafts 
assembly install the special tool as illustrated 
prevent the adjusters from dropping.  
 
 

 
 
 
 
INSPECTION 
CAMSHAFT 
Measure the cam height. If it is below the limit, 
replace the camshaft. 

 
 
 
 
 

 
 
 
 
ROCKER ARM 
1. Check the roller or slipper surface. If any dents, 
damage or seizure is evident, replace the rocker 
arm. 
2. Check the roller for smooth rotation. If it does not 
rotate smoothly, or if looseness is evident, replace 
the rocker arm. 
3. Check the inside diameter. If damage or seizure 
is evident, replace the rocker arm. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 Standard 
value 

Minimum 
limit 

Intake 37.39mm 36.89mm 

Exhaust 36.83mm 36.33mm 

6AE0160 

800403 
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LASH ADJUSTER LEAK DOWN TEST 
NOTE: 
 The lash adjuster is a precision part. Keep it 
free from dust and other foreign matter. 
 Do not disassemble lash adjusters. 
 When cleaning lash adjusters, use clean diesel 
fuel only. 
1. Immerse the lash adjuster in clean diesel fuel. 
2. While lightly pushing down the inner steel ball 
using the special tool, Air Bleed Wire, move the 
plunger up and down four or five times to bleed air. 
Use of the retainer (special tool) helps facilitate the 
rocker arm mounted type lash adjuster. 
3. Remove the wire and press the plunger. If the 
plunger is hard to be pushed in, the lash adjuster is 
normal. If the plunger can be pushed in all the way 
readily, bleed the lash adjuster again and test again. 
If the plunger is still loose, replace the lash adjuster. 
NOTE: Upon completion of air bleeding, hold the 
lash adjuster upright to prevent inside diesel fuel 
from spilling. 

 
4. After air bleeding, set the lash adjuster on the 
special tool (Leak down tester 800400). 
5. After the plunger has gone down somewhat (0.2-
0.5 mm), the measured time is out of the 
specification. 
Standard value: 

4-20 seconds/1 mm (Diesel fuel at 15-20℃) 

 
 

 
 
 
 
 
  

800402 

800401 

6EN1706 

6EN1702 

800401 

 

800402 

diesel 

800401 

800402 

6EN1703 

800400 
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INSTALLATION SERVICE POINTS 
>>A<< CAMSHAFT SEAL INSTALLATION 
 
 
 
 
 
 
 
 
 
 
>>B<< LASH ADJUSTER INSTALLATION 
1. Immerse the lash adjuster in clean diesel fuel. 
2. Using the special tool (air bleed wire), move the 
plunger up and down 4 or 5 times while pushing 
down lightly on the check ball in order to bleed out 
the air. 
 
 
 
 
 
 
3. Insert the lash adjuster to the rocker arm, being 
careful not to spill the diesel fuel. Then use the 
special tool to prevent the adjuster from falling while 
installing it. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

800409 

9EN0060 

800402 

800403 

Lash adjuster 

6AE0161 
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>>C<< ROCKER SHAFT SPRING, ROCKER ARM 
AND ROCKER SHAFT INSTALLATION 
1. Temporarily tighten the rocker shaft on the inlet 
valve side with bolt so that all rocker arms do not 
push the valves. 
2. Fit the rocker shaft spring from the above and 
position it so that it is right angles the spark plug 
guide. 
NOTE: Install the rocker shaft springs before 
installation of the exhaust side rocker arms and 
shaft. 
3. Remove the special tool used to hold the lash 
adjuster. 
4. Make sure that the notch in the rocker shaft is 
directed as shown in the illustration. 
 
 
 
NOTE:  THE NOTCH SHOWN SHOULD 
ALWAYS FACE THE VALVE TIP.  THE 
NOTCH/OIL PASSAGE ALLOWS FOR THE OIL 
TO TRAVEL TO THE VALVE LASH ADJUSTERS 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

6AE0162 

6AE0163 
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NOTE:  THERE ARE 2 TYPES OF CYLINDER HEADS.  14MM AND 12MM SPARK PLUGS.  IT IS 
RECOMMENDED YOU DETERMINE WHICH SPARK PLUG SIZE YOU HAVE AND FOLLOW THE 
CORRECT TORQUE SPECIFCIATION WHEN REINSTALLING THE SPARK PLUGS. 
 
IT IS OKAY TO REPLACE A CYLINDER HEAD WITH 14MM SPARK PLUGS WITH A CYLINDER HEAD 
THAT HAS 12MM SPARK PLUGS. 
 

CYLINDER HEAD AND VALVES 
REMOVAL AND INSTALLATION 

 

 
 

Removal steps 
 
<<A>>  >>D<<  1. Cylinder head bolt                         11. Exhaust valve 
                2. Cylinder head assembly     <<C>>  >>A<< 12. Valve stem seal 
                3. Cylinder head gasket                       13. Valve spring seat 
<<B>>  >>C<<  4. Retainer lock               <<C>>  >>A<< 14. Valve stem seal 
             5. Valve spring retainer                        15. Valve spring seat 
        >>B<<  6. Valve spring                               16. Intake valve guide 
                7. Intake valve                               17. Exhaust valve guide  
<<B>>  >>C<<  8. Retainer lock                              18. Intake valve seat 
                9. Valve spring retainer                        19. Exhaust valve seat 
        >>B<<  10. Valve spring                              20. Cylinder head 
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REMOVAL SERVICE POINTS 
<<A>> CYLINDER HEAD BOLTS REMOVAL 
Using special tool Cylinder head bolt wrench 
(800410), loosen the cylinder head bolts. Loosen 
each bolt evenly, little by little, by two or three steps. 
 
 
 
 
 
 
 
<<B>> RETAINER LOCK REMOVAL 
1. Set special tool valve spring compressor 
(800426), as illustrated, to compress the valve 
spring. Remove the retainer lock. 
2. Relieve the spring tension and remove the valve, 
retainer, spring, etc. Store removed valves, springs, 
and other parts, tagged to indicate their cylinder 
number and location for assembly. 
 
 
 
 
 
<<C>> VALVE STEM SEAL REMOVAL 
1. Do not reuse removed valve stem seal. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
  

9EN0063 

   800410 

800426 
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INSTALLATION SERVICE POINTS 
>>A<< VALVE STEM SEAL INSTALLATION 
1. Install the valve spring seat. 
2. Using special tool Valve stem seal installer 
(800412), install a new valve stem seal. 
NOTE: The special tool must be used to install the 
valve stem seal. Improper installation could result 
in oil leaking past the valve guide. 
 
 
 
 
>>B<< VALVE SPRING INSTALLATION 
Install the valve spring with its identification color 
painted end upward (toward the valve spring 
retainer). 
 
 
 
 
 
 
 
 
 
 
 
>>C<< RETAINER LOCK INSTALLATION 
1. The valve spring, if excessively compressed, 
causes the bottom end of the retainer to be in 
contact with, and damage, the stem seal. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

800412 

800426 
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>>D<< CYLINDER HEAD BOLT INSTALLATION 
1. When the removed cylinder head bolts are to be 
reused, check that the shank length of each bolt 
meets the limit. If it exceeds the limit, replace the 
bolts. 

Limit: 99.4 mm 
2. Apply engine oil to the thread of the bolts and to 
the washers. 
3. Using special tool Cylinder head bolt wrench 
(800410) tighten the bolts to the specified torque, 
using the tightening sequence shown. 

Tightening torque: 78 ± 2 N·m 
4. Loosen all bolts fully in the reverse order of 
tightening. 
5. Retighten the loosened bolts to in the tightening 
sequence shown. 

Tightening torque: 20 ± 2 N·m 
6. Make a paint mark across each bolt head and 
cylinder head. 
7. Tighten the cylinder head bolts 90 degrees in the 
specified order. 
8. Tighten the bolts another 90 degrees in the same 
order as in step 7, and check that the paint marks 
on the cylinder head bolt are aligned with the paint 
marks on the cylinder head. 
NOTE: 
 If the bolt is turned less than 90 degrees, proper 
fastening performance may not be achieved. Be 
careful to turn each bolt exactly 90 degrees. 
 If the bolt is overtightened, loosen the bolt 
completely and then retighten it by repeating the 
tightening procedure from step 1. 
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INSPECTION 

CYLINDER HEAD 
1. Check the cylinder head gasket surface for 
flatness by using a straight edge and feeler gauge. 

Standard value: 0.03 mm Limit: 0.2 mm 
2. If it exceeds the limit, correct to meet 
specification. 

Grinding limit: *0.2 mm 
*Includes combined with cylinder block grinding. 
Cylinder head height (Specification when new):  

119.9-120.1 mm 
 

 
VALVE 
1. Check the valve seat contact. Valve seat contact 
should be uniform at the center of the valve face. If  

incorrect, reface using a valve refacer. 
2. If the margin is below the limit, replace the valve. 
Standard value: 

< Intake> 1.0 mm         
<Exhaust> 1.2 mm 

Minimum limit: 
<Intake> 0.5 mm 
<Exhaust> 0.7mm 

3. Measure the valve’s total length. If the 
measurement is less than the limit, replace the 
valve. 
Standard value: 

<Intake> 112.30 mm 
<Exhaust> 114.11 mm  

Minimum limit: 
<Intake>111.80 mm 
<Exhaust> 113.61 mm 

 
VALVE SPRING 
1. Measure the free height of the spring. If it is less 
than the limit, replace. 

Standard value: 54.75 mm 
Minimum limit : 53.75 mm 

2. Measure the squareness of the spring. If it 
exceeds the limit, replace. 

Standard value: 2 degrees or less 
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VALVE GUIDE 
Measure the clearance between the valve guide 
and valve stem. If it exceeds the limit, replace the 
valve guide or valve, or both. 
Standard value: 
<Intake> 0.02 - 0.05 mm 
<Exhaust> 0.03 - 0.07 mm 
Limit: 

<Intake> 0.10 mm  
<Exhaust> 0.15 mm 

 

 
 
VALVE SEAT 
Assemble the valve and then measure the valve 
stem projection between the end of the valve stem 
and the spring seating surface. If the measurement 
exceeds the specified limit, replace the valve seat. 
Standard value: 
<Intake> 49.30 mm 
<Exhaust> 49.30 mm 
Limit: 

<Intake> 49.80 mm  
<Exhaust> 49.80 mm 

 
VALVE SEAT RECONDITIONING PROCEDURE 
1. Before correcting the valve seat, check for 
clearance between the valve guide and valve and, 
if necessary, replace the valve guide. 
2. Using the seat grinder, correct to obtain the 
specified seat width and angle. 
3. After correcting the valve seat, lap the valve and 
valve seat using lapping compound. Then, check 
the valve stem projection. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

6EN0491 
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VALVE SEAT REPLACEMENT PROCEDURE 
1. Cut the valve seat from the inside to thin the wall 
thickness. Then, remove the valve seat. 
2. Rebore the valve seat hole in the cylinder head 
to a selected oversize valve seat diameter. 
Intake seat ring hole diameters 

0.3 oversize: 35.435 – 34.455 mm 
0.6 oversize: 34.735 – 34.755 mm 

Exhaust seat ring hole diameters 
0.3 oversize: 31.935 – 31.955 mm 
0.6 oversize: 32.235 – 2.255 mm 

 
3. Before fitting the valve seat, either heat the 
cylinder head up to approximately 250°C or cool the 
valve seat in liquid nitrogen, to prevent the cylinder 
head bore from galling. 
4. Using a valve seat cutter, correct the valve seat 
to the specified width and angle. 
See "VALVE SEAT RECONDITIONING 
PROCEDURE" on the previous page. 

 
 
 
 
 
 
VALVE GUIDE REPLACEMENT PROCEDURE 
1. Using a press, remove the valve guide toward the 
cylinder block. 
2. Rebore the valve guide hole of the cylinder head 
so that it fits the press-fitted oversize valve guide. 
NOTE: 
Do not install a valve guide of the same size again. 

Valve guide hole diameters 

0.05 oversize 11.05 - 11.07 mm 
0.25 oversize 11.25 - 11.27 mm 
0.50 oversize 11.50 - 11.52 mm 
3. Press-fit the valve guide until it protrudes 14.0 
mm from the cylinder head top surface as shown in 
the illustration. 
NOTE: 
When press-fitting the valve guide, work from the 
cylinder head top surface. Pay attention to the 
difference in length of the valve guides. 
(Intake side: 45.5 mm; exhaust side: 50.5 mm) 
4. After installing the valve guides, insert new 
valves in them to check for smooth operation. 
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FRONT CASE, SILENT SHAFT AND OIL PAN 
REMOVAL AND INSTALLATION 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
Removal steps 

                         
 
 
 
 
 
 
 
 

>>N<< 
 

>>M<< 
<<A>>  >>L<< 
 
 
<<B>>  >>K<< 
 
<<C>>  >>J<< 

>>I<< 

 
>>H<< 
>>H<< 
>>G<< 
>>F<< 
>>E<< 
>>D<< 

 
 
 
<<D>>  >>C<< 
<<E>>  >>B<< 
<<E>>  >>A<< 
 
 
 

1. Oil filter 
2. Drain plug 
3. Drain plug gasket 
4. Oil pan 
5. Oil screen 
6. Oil screen gasket 
7. Plug 
8. O-ring 
9. Flange bolt 
10. Oil pressure switch 
11. Relief plug 
12. Gasket 
13. Relief spring 
14. Relief plunger 
15. Oil filter bracket 
16. Oil filter bracket gasket 

17. Oil pump cover 
18. Oil pump driven gear 
19. Oil pump drive gear 
20. Crankshaft front oil 
21. Oil pump oil seal 
22. Counterbalance shaft oil seal 
23. Front case 
24. Front case gasket 
25. Counterbalance shaft, left 
26. Counterbalance shaft, right 
27. Counterbalance shaft, front 

bearing, right 
28. Counterbalance shaft, rear 

 bearing, left 
29. Counterbalance shaft,   

rear bearing, right 
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REMOVAL SERVICE POINTS 
<<A>> OIL PAN REMOVAL 
1. Remove the oil pan bolts. 
2. Insert the special tool Oil pan remover (800397) 
into the joint between the cylinder block and oil pan 
by tapping the tool with a hammer. 
3. Remove the oil pan by tapping an edge of the 
special tool Oil pan remover (800397) with a 
hammer to move it sideways. 
NOTE: 
Never use a screwdriver or chisel, instead of the 
special tool, as a deformed oil pan flange will result, 
resulting in oil leakage. 
 
<<B>> PLUG REMOVAL 
If the plug is too tight, hit the plug head with a 
hammer two to three times, and the plug will be 
easily loosened. 
 
 
 
 
 
 
 
 
<<C>> FLANGE BOLT REMOVAL 
1. Remove the plug on the side of the cylinder block. 
2. Insert a Phillips screwdriver (shank diameter 8 
mm) into the plug hole to lock the counterbalance 
shaft. 
 
 
 
 
 
 
 
3. Loosen the flange bolt. 
 
 
 
 
 
 
 
 
 
 
 
 
 
<<D>> RIGHT COUNTERBALANCE SHAFT 

800413 

6EN0909 

Plug 
Screwdriver 

6EN1026 

6EN0565 

Front bearing 

800397 
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FRONT BEARING REMOVAL 
1. Using special tool Silent shaft bearing puller 

(800415), remove the counterbalance shaft front 
bearing from the cylinder block. 
NOTE: 
Be sure to remove the front bearing first. If it has not 
been removed, the Rear Bearing Puller cannot be 
used. 
 
<<E>> COUNTERBALANCE SHAFT REAR 

BEARING REMOVAL 
1. Using special tool Silent shaft bearing puller 
(800416), remove the right counterbalance shaft 
rear bearing from the cylinder block. 
Using special tools, remove the left counterbalance 
Shaft rear bearing from the cylinder block. 
 Silent shaft bearing puller (800416) 
 Bearing installer stopper (800417) 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

800416 

800417 
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INSTALLATION SERVICE POINTS 
>>A<< RIGHT COUNTERBALANCE SHAFT 
REAR BEARING INSTALLATION 
1. Install special tool the guide pin of the Silent shaft 
bearing installer (800418) in the threaded hole of 
the cylinder block as shown. 
 
 
2. Align the ratchet ball of the special tool with the 
oil hole in the rear bearing to install the bearing of 
the special tool. 
3. Apply engine oil to the bearing outer surface and 
bearing hole in the cylinder block. 
 
 
 
 
 
4. Using special tool, install the rear bearing. Make 
sure that the oil hole of the bearing is aligned with 
the oil hole of the cylinder block. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
>>B<< LEFT COUNTERBALANCE SHAFT REAR 

800418 (Guide Pin) 

 800418 
(Stopper) 

   800418 (Guide Pin) 

 800418 
(Stopper) 



FRONT CASE, BALANCE SHAFT AND OIL PAN 

- 47 - 

BEARING INSTALLATION 
1. Install special tool Silent shaft bearing installer 
stopper (800417) to the cylinder block. 
2. Apply engine oil to the rear bearing outer surface 
and bearing hole in the cylinder block. 
 
 
 
 
3. Using special tool Silent shaft bearing installer 
(800418), install the rear bearing. 
  NOTE: 
  The left rear bearing has no oil holes. 
 
 
 
 
 
 
 
 
 
 
 
 
 
>>C<< COUNTERBALANCE SHAFT FRONT 

BEARING INSTALLATION 
1. Remove the rear bearing installing portion from 
the special tool Silent shaft bearing installer 
(800418). 
 
 
 
 
 
2. Install special tool the guide pin of the Silent shaft 
bearing installer (800418) in the threaded hole of 
the cylinder block as shown. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 800418 
(Stopper) 

  800418 (Stopper) 

 800418 
(Stopper) 

800417 

800417 

800418 (Guide Pin) 
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3. Align the ratchet ball of the special tool with the 
oil hole in the rear bearing to install the bearing of 
the special tool. 
4. Apply engine oil to the front bearing outer surface 
and bearing hole in the cylinder. 
 
 
 
 
 
 
 
 
5. Using special tool, install the front bearing. Make 
sure that the oil hole of the bearing is aligned with 
the oil hole of the cylinder block. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 800418 
(Stopper) 

800418 (Guide Pin) 
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>>D<< FRONT CASE INSTALLATION 
1. Set the special tool on the front end of the 
Crankshaft and apply a thin coat of engine oil to the 
outer circumference of the special tool to install the 
front case. 
 
 
 
 
 
2. Install the front case assembly through a new 
front case gasket and temporarily tighten the flange 
bolts (other than those for tightening the filter 
bracket). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
>>E<< COUNTERBALANCE SHAFT OIL SEAL 
INSTALLATION 
Using a suitable socket wrench, install the 
counterbalance shaft oil seal into the front case. 
 
 
 
 
 
 
 
>>F<< OIL PUMP OIL SEAL INSTALLATION 
Using a suitable socket wrench, install the oil pump 
oil seal into the front case. 
 
 
 
 
 
 
  

800419 

6EN0746 

800419 

6EN0747 
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>>G<< CRANKSHAFT FRONT OIL SEAL 
 INSTALLATION 

Using special tool Crankshaft front oil seal installer, 
(800420), install the crankshaft front oil seal into the 
front case. 
 
 
 
 
 
 
 
 
 
>>H<< OIL PUMP DRIVEN GEAR/OIL PUMP 
DRIVE GEAR INSTALLATION 
Install the oil pump gears into the front case and 
align the alignment marks. 
 
 
 
 
 
 
 
 
 
 
>>I<< SEALANT APPLICATION TO OIL 
PRESSURE SWITCH 
1. Apply sealant to the threaded portion. 
  Specified Sealant: 

3M ATP part number 8660 or equivalent 
2. Using special tool Oil pressure switch wrench 
(800408), tighten the oil pressure switch to the 
specified torque. 
 
 
 
 
 
>>J<< FLANGE BOLT INSTALLATION 
1. Insert a Phillips head screwdriver (shank 
diameter 8 mm) into the hole in the left side of the 
cylinder block to lock the counterbalance shaft. 
 
 
 
 
 
 
 
 

9EN0094 

800420 
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2. Secure the oil pump driven gear onto the left 
counterbalance shaft by tightening the flange bolt 
to the specified torque. 
3. Pull out the screwdriver and screw in the plug. 
 
 
 
 
 
>>K<< PLUG INSTALLATION 
1. Install a new O-ring to the groove of the front 
case. 
2. Install the plug to the front case. 
3. Use the special tool to tighten the plug to the 
specified torque. 
 
 
 
 
 
 
 
 
 
 
 
>>L<< OIL PAN INSTALLATION 
1. Thoroughly remove old FIPG from the gasket 
surfaces of the cylinder block and oil pan. 
NOTE: 
Do not apply FIPG over remaining old FIPG.  
Doing so could result in oil leakage. 
2. Apply a 4 mm diameter bead of FIPG to the 
flange surface all around the oil pan. 
Specified sealant: 
Permatex Ultra Grey Gasket Maker pt# 82194 or 
equivalent. 
The oil pan should be installed in 15 minutes after 
the application of sealant 
4. Note that the bolts at the location shown are  

different in length from the others. 
 
 
 
 
 
 
 
 
 
 
 
 

6EN0565 

800413 

800414 
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>>M<< DRAIN PLUG GASKET INSTALLATION 
Install the drain plug gasket in the direction shown. 
NOTE: 
If the gasket is installed in the wrong direction, oil 
leaks will occur. 
 
 
 
 
 
 
>>N<< OIL FILTER INSTALLATION 
1. Clean the installation surface of the filter bracket. 
2. Apply engine oil to the o-ring of the oil filter. 
 
 
 
 
 
 
3. Using general service tool, Install the oil filter to 
the bracket and tighten it to the specified torque. 

Tightening torque 
Part number 801002 filter: 14 ± 2 N·m 

4. If a torque wrench cannot be used use the 
following procedure: 
  (1) Screw in the oil filter until its o-ring contacts 
the oil filter bracket. 
  (2) Tighten the oil filter as 3/4 turn. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Gasket 

Oil pan side 

7EN0307 
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INSPECTION 
FRONT CASE 
1. Check the oil passage for clogging. Clean if 
necessary. 
2. Check the left counterbalance shaft front bearing 
for wear, damage and seizure. If the bearing is 
damaged, replace the front case. 
3. Check the front case for cracks and other 
damage. Replace cracked or damaged front case. 

 
OIL SEAL 
1. Check the oil seal lip for wear and damage.  
Replace the oil seal if necessary. 
2. Check the oil seal lip for deterioration.  
Replace the oil seal if necessary. 
 

COUNTERBALANCE SHAFT 
1.Check the oil holes for clogging and clean  
if necessary. 
2. Check the journal for seizure, damage and 
contact with bearing. If there is anything wrong with 
the journal, replace the counterbalance shaft, 
bearing or front case assembly if required. 
 

OIL PUMP 
1. Assemble the oil pump gears to the front case 
and rotate it to ensure smooth rotation with no 
looseness. 
2. Ensure that there is no ridge wear on the contact 
surface between the front case and the gear 
surface of the oil pump cover. 
3. Check the side clearance. 
Standard value: 

Drive gear ：0.08 - 0.14 mm 

Driven gear ：0.06 - 0.12 mm 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

DEN0711 



PISTON AND CONNECTING ROD 

- 54 - 

PISTON AND CONNECTING ROD 
REMOVAL AND INSTALLATION 

 
 
Removal steps 

 >>G<< 1. Nut 

<<A>> >>F<< 2. Connecting rod cap 

 >>E<< 3. Connecting rod bearing 

 >>D<< 4. Piston and connecting rod assembly 

 >>E<< 5. Connecting rod bearing 

 >>C<< 6. Piston ring No. 1 

 >>C<< 7. Piston ring No. 2 

 >>B<< 8. Oil ring 

<<B>> >>A<< 9. Piston pin 

  10. Piston 

  11. Connecting rod 

  12. Bolt 
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REMOVAL SERVICE POINTS 
<<A>>CONNECTING ROD CAP REMOVAL 
1. Mark the cylinder number on the side of the 
connecting rod big end for correct reassembly. 
2. Keep the removed connecting rods, caps, and 
bearings in that order according to the cylinder 
number. 
 
 
 
 
 
 
<<B>> PISTON PIN REMOVAL 
The special tool Piston pin setting tool (800421), 
consists of the elements shown in the drawing. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1. Insert the tool element, Push rod, into the piston 
from the front mark side, and then attach the 
element, Guide C, to the push rod. 
2. Place the piston and connecting rod assembly 
on the element, Base, with the front mark facing up. 
3. Use a press to remove the piston pin. 

Note: 
Keep the disassembled pistons, piston pins 

and connecting rods cylinder by cylinder. 
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INSTALLATION SERVICE POINTS 
>>A<< PISTON PIN INSTALLATION 
1. When replacing a piston, check the cylinder bore 
size mark stamped at the indicated location on the 
cylinder block and select an appropriate 
replacement piston using the following table. 

 
 
 
 
 
 

NOTE: The piston size mark is located on the 
piston top surface. 

 
2. Measure the following dimensions: 

A: Piston pin insertion hole length 
B: Distance between piston bosses 
C: Piston pin length 
D: Connecting rod small end width 

3. Obtain dimension L from the measurements 
using the following formula. 
L = [(A-C) - (B-D)] ÷ 2 
 
 
 
 
 
4. Insert the tool element, Push rod, into the piston 
pin and attach the element, Guide A, to the push 
rod end. 
5. Assemble the connecting rod with the piston with 
their front marks facing in the same direction. 
6. Apply engine oil to the outside surface of the 
piston pin. 
7. Insert the assembly of piston pin, Push rod, and 
Guide A (put together in step 4.) into the piston 
holes from the front mark side. 
8. Screw the tool element, Guide B, into the tool 
element, Guide A until the gap between both the 
elements is equal to the dimension L (obtained in 
step 3.) plus 3 mm. 
 
  

Cylinder bore size mark Piston size mark 
I A 
II No mark 
III C 
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9. Place the piston and connecting rod assembly 
onto the element, Piston setting base, with the front 
marks facing up. 
10. Install the piston pin using a press. If the 
required press force is less than the standard value, 
replace the piston and piston pin assembly or the 
connecting rod, or both. 

Standard value: 7,350 - 17,200 N 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
11. Check that the piston moves smoothly. 
 
 
 
 
 
 
 
 
 
 
 
 
>>B<< OIL RING INSTALLATION 
1. Fit the oil ring spacer into the piston ring groove. 
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2. Install the upper side rail. To install the side rail, 
first fit one end of the rail into the piston groove, 
then press the remaining portion into position by 
hand. See illustration. 
  NOTE: 

 Do not use a piston ring expander when 
installing side rail. 

 The side rails and spacer may be installed in 
either direction. 

 New spacers and side rails are colored for 
identification of their sizes. 

 
 
 
 
 
 
3. Install the lower side rail in the same manner as 
described in step 2. 
4. Make sure that the side rails move smoothly in 
both directions. 
 
>>C<< PISTON RING NUMBER 2/PISTON RING 
NUMBER 1 INSTALLATION 
1. Using the piston ring expander, fit number 2 into 
the number 2 groove of piston. 
  NOTE: 
Install piston rings with identification mark facing up, 
to the piston crown side. 
2. Install the number 1 piston ring in the same 
manner as step 1. 

  Identification mark:  Number 1 ring: 1R 
 Number 2 ring: 2R 

  NOTE: 
 Confirm the profile for No.1 and No.2 piston 
rings carefully. Install them correctly by careful 
attention to the direction of top and bottom. 
 The identification mark and the size mark are 
stamped on the upper plane of the piston ring 
(piston top side). 
3. To prevent wrong installation, check the 
identification mark of each piston ring. The 
identification mark is stamped near the ring gap. 

 
 
 

>>

Size Identification 
color 

Standard None 
0.50 mm oversize diameter Red 
1.00 mm oversize diameter YELLOW 

Size Size mark 
Standard None 
0.50 mm oversize diameter 50 
1.00 mm oversize diameter 100 
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D<< PISTON AND CONNECTING ROD INSTALLATION 
1. Apply engine oil on the circumference of the 
piston, piston rings, and oil ring. 
2. Arrange the piston ring and oil ring gaps (side 
rail and spacer) as shown in the illustration. 
3. Rotate the crankshaft so that the crank pin is on 
the center of the cylinder bore. 
4. Use suitable thread protectors on the connecting 
rod bolts before inserting the piston and connecting 
rod assembly into the cylinder block. Care must be 
taken not to nick the crank pin. 
5. Insert the piston and connecting rod assembly 
into the cylinder with the front mark on the piston 
crown pointing to the timing belt side. 
6. Using a suitable piston ring compressor tool, 
install the piston and connecting rod assembly into 
the cylinder block. 
 
>>E<< CONNECTING ROD BEARING 
INSTALLATION 
When the bearing needs replacing, select and 
install a proper bearing by the following procedure. 
1. Measure the crankshaft pin diameter and 
confirm its classification from the following table. 
On a crankshaft supplied as a service part, 
identification marks of its pins are stamped at the 
positions shown in the illustration. 
2. The connecting rod bearing identification mark is 
stamped at the position shown in the illustration. 
  Connecting rod I.D.:48.000-48.015mm 
3. Select a proper bearing from the above table on 
the basis of the identification data confirmed under 
Items 1 and 2. 

『Example』 

4. If the crankshaft pin outside diameter 
identification mark is "I," for example, select a 
bearing whose identification mark is "1."If there is 
no identification color paint on the crankshaft, 
measure the pin outside diameter and select a 
bearing appropriate for the measured value. 
5. Install the selected bearing in the big end and in 
the cap of the connecting rod. 
 

 
 

Crankshaft pin Connecting rod bearing 

Classification O.D. mm Identification 
mark 

Thickness 
mm 

Ⅰ 44.995-45.000 1 1.487-1.491 

Ⅱ 44.985-44.995 2 1.491-1.495 

Ⅲ 44.980-44.985 3 1.495-1.499 
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>>F<< CONNECTING ROD CAP 
INSTALLATION 
1. Verifying the mark made during disassembly, 
install the bearing cap to the connecting rod. If the 
connecting rod is new with no index mark, make 
sure that the bearing locking notches are on the 
same side as shown. 
2. Make sure that the connecting rod big end side 
clearance meets the specification. 
Standard value: 0.10 - 0.25 mm 
Limit: 0.4 mm 
 
>>G<< CONNECTING ROD CAP NUT 
TIGHTENING 
NOTE: 
Installation of the connecting rod nut should be 
performed with the cylinder head or the spark plug 
removed. 
1. Since the connecting rod bolts and nuts are 
torqued using the plastic area tightening method, 
the bolts should be examined BEFORE reuse. If 
the bolt threads are “necked down”, the bolt should 
be replaced. Necking can be checked by running a 
nut with fingers to the full length of the bolt threads. 
If the nut does not run down smoothly, the bolt 
should be replaced. 
2. Before installing each nut, apply engine oil to the 
threaded portion and bearing surface of the nut. 
3. Loosely tighten each nut to the bolt. 
4. Then tighten the nuts alternately to the specified  
torque to install the cap properly. 
Tightening torque: 20 ± 2 N·m 
5. Make a paint mark on the head of each nut. 
6. Make a paint mark on the bolt end at the position 
90 to 100 degrees from the paint mark made on the 
nut in the direction of tightening the nut. 
7. Turn the nut 90 to 100 degrees and make sure 
that the paint marks on the nut and bolt are aligned. 

 
NOTE: 
If the nut is turned less than 90 degrees, proper 
fastening performance may not be achieved. Be 
careful to tighten the nut exactly 90 degrees. If the 
nut is over tightened (exceeding 100 degrees), 
loosen the nut completely and then retighten it by 
repeating the tightening procedure from step 1. 
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INSPECTION 
PISTON 
Replace the piston if scratches or seizure is evident 
on its surfaces (especially the thrust surface). 
Replace the piston if it is cracked. 
 

PISTON PIN 
1. Insert the piston pin into the piston pin hole with 
your thumb. You should feel a slight resistance. 
Replace the piston pin if it can be easily inserted or 
there is an excessive play. 
2. The piston and piston pin must be replaced as 
an assembly. 
 

PISTON RING 
1. Check the piston ring for damage, excessive 
wear, and breakage. Replace if defects are evident. 
If the piston has been replaced, the piston rings 
must also be replaced. 
2. Check for clearance between the piston ring and 
ring groove. If it exceeds the limit, replace the ring 
or piston, or both. 
Standard value:  Number 1: 0.03 - 0.07 mm 

     Number 2: 0.02 - 0.06 mm 
Limit : 0.1 mm 
3. Insert the piston ring into the cylinder bore. Force 
the ring down with a piston, the piston crown being 
in contact with the ring, to correctly position it at 
right  
angles to the cylinder wall. Then, measure the end 
gap with a feeler gauge. 
If the ring gap is excessive, replace the piston ring. 
Standard value:  Number 1: 0.25 - 0.35 mm 
                 Number 2: 0.40 - 0.55 mm 
                       Oil: 0.10 - 0.40 mm 
Limit:       Number 1, Number 2:  0.8 mm 
                        Oil:  1.0 mm 
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CRANKSHAFT PIN OIL CLEARANCE  
<PLASTIC GAUGING MATERIAL 
METHOD> 
1. Remove oil from the crankshaft pin and the 
connecting rod bearing. 
2. Cut plastic gauging material to the same length 
as the width of the bearing and place it on the pin, 
parallel with its axis. 
3. Install the connecting rod cap carefully and 
tighten the nuts to the specified torque. 
4. Carefully remove the connecting rod cap. 
5. Measure the width of the plastic gauging 
material at its widest part by using a scale printed 
on the plastic gauging material package. 
Standard value: 0.02 - 0.05 mm 
Limit: 0.1 mm 
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CRANKSHAFT AND CYLINDER BLOCK 
REMOVAL AND INSTALLATION 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Removal steps 

 1. Rear plate（NONE） 

 2. Bell housing cover （NONE） 

>>E<< 3. Oil seal case 

>>D<< 4. Oil seal 

>>C<< 5. Bearing cap bolt 

>>C<< 6. Bearing cap 

>>B<< 7. Crankshaft bearing (Lower) 

 8. Crankshaft 

>>B<< 9. Crankshaft bearing (Upper) 

>>A<< 10. Crankshaft thrust bearing 

 11. Cylinder block 
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Crankshaft journal 
outside diameter 

Cylinder 
block 
bearing bore 

Crankshaft 
bearing 

Crankshaft bearing for 
No.3 

Identification 
mark 

Size mm  Identification 
mark 

Identification 
mark 

Identification mark 

0 56.994 - 
57.000 

0 1 0 

1 2 1 

2 3 2 

1 56.988 - 
56.994  

0 2 1 

1 3 2 

2 4 3 

2 56.982 - 
56.988 

0 3 2 

1 4 3 

2 5 4 

 
 

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Crankshaft Bearing Cross Reference  

0 Black 

1 Green 

2 Yellow 

3 No Color 

4 Blue 

5 Red 
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INSTALLATION SERVICE POINTS 
>>A<< CRANKSHAFT THRUST 
BEARING  
INSTALLATION 
1. Install the two thrust bearings in the 
number 3 bearing bore in the cylinder block. 
For easier installation, apply engine oil to 
the bearings; this will help hold them in 
position. 
2. The thrust bearings must be installed 
with their groove side toward the 
crankshaft web. 
 
>>B<< CRANKSHAFT BEARING 
INSTALLATION 
When bearing replacement is required, 
select and install the correct bearing by the 
following procedure. 
1. Measure the crankshaft journal diameter 
and confirm its classification from the 
following table. In the case of a crankshaft 
supplied as a service part, identification 
marks of its journals are stamped at the 
positions shown in the illustration. 
2.The cylinder block bearing bore diameter 
identification marks are stamped at the 
position shown in the illustration from left to 
right, beginning at No.1. 
 
For example, if the crankshaft journal 
outside diameter identification mark is "0" 
and cylinder block bearing bore 
identification mark is "1," select a bearing 
whose identification mark is "2" for number 
1, 2, 4 and 5, and a bearing whose 
identification mark is "1" for number 3. 
If there is no identification mark on the 
crankshaft, measure the journal outside 
diameter and select a bearing appropriate 
for the measured value. 
 

  

javascript:enlarge('../../../img/11/AK304413AB00ENG.png')


 

66 

3. Install the bearings having an oil groove 
to the cylinder block. 
4.Install the bearings having no oil groove 
to the bearing cap. 
 
 
 
 
 
>>C<< BEARING CAP/BEARING CAP 
BOLT  

INSTALLATION 
1. Install the bearing caps so that the arrow 
points to the timing belt side. 
2. Before installing the bearing cap bolts, 
check that the shank length of each bolt 
meets the limit. If it exceeds the limit, 
replace the bolt. 
Limit: 71.1 mm 
3. Apply engine oil to the threaded portion 
and bearing surface of the bolt. 
4. Tighten the bolts to the specified in the 
tightening sequence shown. 
Tightening torque: 25 ± 2 N·m 
 
 
 
 
6. Make a paint mark on the head of each 
bolt. 
Make a paint mark on the bearing cap 90-
100 degrees from the paint mark made on 
the bolt in the direction of tightening the bolt. 
NOTE: 
 If the bolt is overtightened, loosen the 
bolt completely and then retighten it by 
repeating the tightening procedure from 
step 1. 
 If the bolt is turned less than 90 degrees, 
proper fastening performance may not be 
achieved. Be sure to turn the bolt exactly 
90 degrees. 
7. Turn each bolt 90-100 degrees in the 
tightening sequence specified in step 4, 
and make sure that the paint marks on the 
bolt and cap are aligned. 
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8. Make sure that the crankshaft turns 
smoothly and the end play is correct. If the 
end play exceeds the limit, replace the 
number 3 crankshaft bearings. 
Standard value: 0.05 - 0.18mm 
Limit: 0.25 mm 
 
 
 
 
>>D<< OIL SEAL INSTALLATION 
Use the special tools to press-fit the rear oil 
seal in the rear oil seal case. 

Handle (800422) 

Crankshaft rear oil seal installer (800423) 

 
 
 
>>E<< SEALANT APPLICATION TO OIL 
SEAL 

 CASE 
1. Remove completely old FIPG remaining 
on the rear oil seal case and cylinder block. 
2. Apply a bead of FIPG to the surface of 
the rear oil seal case as shown in the 
drawing. 
Specified sealant:  
Permatex Ultra Grey Gasket Maker pt# 
82194 or equivalent. 
NOTE: 
Be sure to install the case quickly while the 
sealant is wet (within 15 minutes). 
3. Install the oil seal into the cylinder block 
after applying an appropriate amount of 
engine oil to the entire circumference of its 
lip portion. 
4. Install the rear oil seal case by tightening 
its bolts to  

11 ± 1 N·m. 
NOTE: 

 Be sure to install the case quickly while the 
sealant is wet (within 15 minutes). 

 After installation, keep the sealed area 
away from the oil for approximately one 
hour. 

  

800422 

800423 
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INSPECTION 
CRANKSHAFT JOURNAL OIL 
CLEARANCE <PLASTIC GAUGING 
MATERIAL METHOD> 
1.Remove oil from the crankshaft journal 
and crankshaft bearing. 
2. Install the crankshaft. 
3. Cut the plastic gauging material to the 
same length as the width of bearing and 
place it on journal in parallel with its axis. 
4.Install the crankshaft bearing cap 
carefully and tighten the bolts to the 
specified torque.  
5.Carefully remove the crankshaft bearing 
cap. 
6.Measure the width of the plastic gauging 
material at its widest part by using a scale 
printed on the plastic gauging material 
package. 
Standard value: 0.02 - 0.04 mm 
Limit: 0.1 mm 
 
 
 
 

CYLINDER BLOCK 
1. Visually check for scratches, rust, and 
corrosion.  
Use also a flaw detecting agent for the 
check. If defects are evident, correct or 
replace. 
2.Using a straightedge and feeler gauge, 
check the block top surface for warpage. 
Make sure that the surface is free from 
gasket chips and other foreign matter. 
Standard value: 0.05 mm 
Limit: 0.1 mm 
3. If the distortion is excessive, correct 
within the allowable limit or replace. 
Grinding limit: 0.2 mm  
*Includes/combined with cylinder head 
grinding 
Cylinder block height (when new): 
284 mm (4G63), 290mm (4G64) 
4.Check cylinder walls for scratches and 
seizure. If defects are evident, replace or 
bore to oversize and replace pistons and 
piston rings. 
5.Using a cylinder gauge, measure the 
cylinder bore and cylindrically. If worn 
badly, correct the cylinder to an oversize 
and replace the piston and piston rings. 
Measure at the points shown in the 
illustration. 

javascript:enlarge('../../../img/11/AK300203AD00ENG.png')
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Standard value: 
Cylinder inner diameter 86.5 and 85 mm 
Cylindrically 0.01 mm or less 

 
BORING CYLINDER 
1.Oversize pistons to be used should be 
determined on the basis of the largest bore 
cylinder. 

Size Identification mark 

0.50 mm 
oversize 
diameter 

50 

Piston size identification 
NOTE: 
Size mark is stamped on the piston top. 
2.Measure the outside diameter (OD) of 
the piston to be used. Measure it in thrust 
direction as shown. 
3.Based on the measured piston OD, 
calculate the boring finish dimension. 
Boring finish dimension = [Piston OD] + 
[0.02 - 0.04 mm(clearance between 
piston OD and cylinder)] -[0.02 mm 
(honing margin)] 
CAUTION: 
To prevent distortion that may result from 
temperature rise during honing, bore 
cylinders, working from number 2 to 
number 4 to number 1 to number 3. 
4.Bore all cylinders to the calculated boring 
finish dimension. 
5.Hone to the final finish dimension (piston 
OD + clearance between piston OD and 
cylinder). 
6.Check the clearance between the piston 
and cylinder. 
Clearance between piston and cylinder: 
0.02 - 0.04 mm 
NOTE: 
When boring cylinders, finish all of four 
cylinders to the same oversize. Do not bore 
only one cylinder to an oversize 
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Flexplate, Remove and Install 
 
 
Removal Procedure 
1. Mark the flexplate to indicate engine side 
versus non-engine side.  
 
2. Counterhold flexplate and remove from 
crankshaft. 
 
Installation Procedure 
 
1. Attach flexplate to crankshaft with M12 bolts 
using a medium duty threadlocker.  Flexplate 
has an engine side and non-engine side.  
Reference step 1 in the removal procedure 
above to aid in reassembly.  
 
Tighten in a star pattern 
 
Tightening torque 90-100 ft/lbs 
 
 
 

Starter 
Starter, Remove and Install 
 
Removal Procedure 
 
1. Disconnect negative battery cable. 
2. Remove cable connections (1) and (2) 
from starter. 
3. Remove ground cable (4). 
4. Remove fastening nut (3) and fastening 
bolt (5) from 
starter. 
5. Remove starter. 
 
Installation Procedure 
1. Install starter and fastening bolts.  
Tighten Tightening torque 35 ft/lbs 
2. Connect ground cable tighten to 106 
in/lbs 
3. Install cable connections on starter – 
ensure correct 
cable routing. 
4. Attach negative battery cable. 
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Exhaust Manifold, Remove and Install 
 
Removal Procedure 
 
1. Remove heat shields  
 
2. Remove exhaust manifold (5) from cylinder 
head. 
 
Clean 
1. Clean sealing surfaces and remove gasket 
remnants. 
 
 
 
 
 
 
 
 
 
Installation Procedure 
 
1. Attach exhaust manifold with new gasket to 
cylinder head. 
 
Tighten 
Tightening torque 15 ft lbs (first pass) 22 ft lbs 
(second pass). 
2. Attach heat shield to exhaust manifold. 
Tighten 
Tightening torque 80 in/lbs 
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Intake Manifold, Remove and Install 
 

Removal Procedure 
 
1. Remove fuel system components from 
intake manifold.  
 
2. Remove throttle body, adaptor, and 
associated fittings from intake manifold. 

 
3. Remove Intake manifold from engine 
 
Clean 
1. Clean sealing surfaces and remove gasket 
remnants. 
 
 
 
 
 
 
 
 
 
Installation Procedure 
 
1. Attach intake manifold with new gasket to 
cylinder head. 
 
Tighten 
Tightening torque 22 ft lbs starting with the 
inside fasteners (M8-1.25 Nut) first and 
working towards the outside. 
 
2. Reattached Throttle body, adaptor, mixer, 
and associated parts.  Torque throttle body 
M6-1.0x25 socket head bolts to 60 in lbs (first 
pass) 106 in lbs (second pass) 
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Camshaft Sensor Remove and Install 
 
Removal Procedure 
 
1. Remove M6-1.0 Flange bolt  
 
2. Remove camshaft sensor from timing belt 
housing. 

 
 
Installation Procedure 
 
1. Install camshaft sensor into timing belt 
housing  
 
2. Apply medium strength thread locker to M6-
1.0 Bolt 
 
3. Install M6-1.0 Bolt 
 
4. Torque bolt to 70 in/lbs  

 
 
 
Stretch Fit Belt Remove and Install 
 
Note: A special tool is required for removal and installation, do not attempt to pry the stretch fit belt 
onto the pulley.  The special tool can be purchased from PSI under part number 108002. 
 
Prior to installation, Stretch Fit belts are shorter than the actual working length, once installed they 
automatically tension – maintaining the proper tension over the life of the belt and ensuring optimum 
load-carrying capacity.  It is required to replace a stretch fit belt with a stretch fit belt.  
 
 
Removal Procedure 
 
1. Position Removal tool between fan pulley 
and belt.  
 
2. Use a ratchet to turn the crankshaft in 
clockwise direction.  Belt will be lifted off 
pulley and slide off the tool.  
  
 
Installation Procedure 
 
1. Secure installation tool onto fan pulley lip, and wedge the 
leading edge of the tool into place under the installed belt.  
 
2. Use a ratchet to turn the crankshaft in a clockwise 
direction. 
 
3. Guide belt on to pulley and ensure belt ribs are all 
engaged on the pulley belt track.  If one or two ribs remain 
unengaged, repeat from step 1 until the belt is fully seated. 
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New Belt 118  [lbf]

Lightly Used Belt (3hrs+) 54 [lbf]

Heavily Used Belt Replace

Manually Adjusted Generator Belt Tension

Note: Belt Tens ion should be checked at the Mid-Span Dis tance 

between the crankshaft pul ley and generator pul ley

  

Manual Tension Belt Remove and Install 
 
 
 
Removal Procedure 
 
1. Loosen the M8 bolt securing the generator 
to the manual adjustment strap.  
 
2. Loosen the M8 bolt securing the bottom of 
the generator. 
 
3. Adjust generator position so the belt is 
loose. 
 
4. Remove belt from the engine. 
  
  
 
Installation Procedure 
 
1. Install new belt on the crankshaft pulley and 
generator pulley.  Insure the ribs of the belt 
are properly seated in each pulley.  
 
2. Adjust generator position on the manual 
tensioner to achieve the desired tension 
specification. The manual tension bracket has 
a pry spot as shown.   
 
3. Tighten the M8X1.25 Bolt on the bottom of 
the generator. 
 
4. Tighten the M8 bolt securing the generator 
position with the manual tension bracket.  
Torque bolt to 17 ft/lbs.  

 
5. Check belt tension to confirm desired 
tension on belt, if tension is not correct repeat 
steps 2 and 3 until tension specification is met. 
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Engine Compression Test  
 
 
1) Warm up engine until the following temperatures are achieved  
   Coolant (water outlet): 90°C ±10°C (194°F ± 9°F) 
   Oil Sump: 95°C ±10°C (203°F ±18°F) 
 
NOTE: Oil sump temp should remain above 70°C (158° F) for remainder of test 

 
2) Shut off engine, remove all spark plugs 
3) Set engine throttle to W.O.T. and secure this position (block throttle wide open or remove throttle body) 
4) Connect compression gauge to cylinder #1 
5) Use engine starter to rotate engine 

a. Once the engine has come to speed, release the pressure in the compression gauge and allow 
engine to rotate for 10 compression strokes.  

b. Ensure pressure reading has stabilized.  If not, allow additional strokes to obtain a stable reading 
c. Record pressure readings 

6) Repeat steps 4 and 5 for remaining cylinders 
7) Recheck cylinder #1 to verify that no change in the engine parameters has occurred. 
 
 
The pressure difference between the individual cylinders should not exceed 14.5psi  
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INTRODUCTION 
 
This service manual has been developed to 
provide the service technician with the basic 
understanding of the PSI certified fuel and 
emission systems for their Mitsubishi engine line. 
This manual should be used in conjunction with 
the base engine manual and the OEM service 
manual when diagnosing fuel or electrical 
problems.  
 
SERVICING YOUR EMISSIONS 
CERTIFIED ENGINE 

Any maintenance and repair should be performed 
by trained and experienced service technicians. 
Proper tools and equipment should be used to 
prevent injury to the servicing technician and 
damage to the vehicle or components. Service 
repairs should always be performed in a safe 
environment and the technician should always 
wear protective clothing to prevent injury. 

FUEL QUALITY 
 
PSI LPG engines and fuel systems are designed 
to operate on HD-5 or HD-10 specification LPG 
fuel.  Fuel other than HD-5 or HD-10 may cause 
harm to the engine’s emission control system and 
a warranty claim may be denied on this basis if 
operators can readily find the proper fuel.  
Gasoline engines should use 87 octane or higher.  
E85 fuel is not permitted for use in the gasoline 
engine.  Use of any other fuel may result in your 
engine no longer operating in compliance with 
CARB or EPA emissions requirements. 
 
 
FUEL SYSTEM CAUTIONS 
 

 
Do not smoke, carry lighted tobacco or 
use a lighted flame of any type when 
working on or near any fuel related 
component. Highly flammable air-fuel 
mixtures may be present and can be 
ignited causing personal injury 

 
 

 
Do not allow LPG to contact the skin. 
LPG is stored in the fuel tank as a 
liquid. When LPG contacts the 
atmosphere, it immediately expands 
into a gas, resulting in a refrigeration 
effect that can cause severe burns to 
the skin. 

 
 

 
Do not allow LPG to accumulate in 
areas below ground level such as in a 
service pit or underground ventilation 
systems. LPG is heavier than air and 
can displace oxygen, creating a 
dangerous condition 

 
 

 
Do not make repairs to the LPG fuel 
system if you are not familiar with or 
trained to service LPG fuel system. 
Contact the dealer who sold you the 
vehicle to locate a repair facility with 
trained technicians to repair your fuel 
system 

 

WARNINGS, CAUTIONS AND NOTES 
 
This manual contains several different Warnings, 
Cautions, and Notes that must be observed to 
prevent personal injury and or damage to the 
vehicle, the fuel system or personal property. 
 
A “WARNING“ is an advisement that by 
performing a process or procedure listed in this 
manual improperly may result in serious bodily 
injury, death and/or serious damage to the vehicle 
or property. 
 
PROPER USE OF THIS SERVICE MANUAL, 
TOOLS AND EQUIPMENT 
 
To reduce the potential for injury to the technician 
or others and to reduce damage to the equipment 
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during service repairs the technician should 
observe the following steps: 
 

 The service procedures defined in this manual, 
when followed, have been found to be a safe 
and efficient process to repair the fuel system. 
In some cases special tools may be required 
to perform the necessary procedures to safely 
remove and replace a failed component.  

 

 The installed PSI fuel system has been 
certified with the Environmental Protection 
Agency (EPA) and complies with the 
regulation in effect at the time of certification. 
When servicing the fuel and emission control 
system you should follow all the recommended 
service and repair procedures to insure the 
fuel and emissions system is operating as 
designed and certified. Purposely or knowingly 
defeating or disabling any part or the fuel and 
emission system may be in violation of the 
anti-tampering provision of the EPA’s Clean 
Air Act. 

 

 Tools identified in this manual with the prefix 
“J” or “BT” can be procured through SPX in 
Warren, Michigan. 

 

 Other special tools identified in this manual 
can be acquired through the equipment OEM 
or PSI. 

 
IMPORTANT 
It is important to remember that there may be a 
combination of Metric and Imperial fasteners used 
in the installation of the PSI fuel system. Check to 
insure proper fit when using a socket or wrench on 
any fastener to prevent damage to the component 
being removed or injury from “slipping off” the 
fastener. 
 
 

 

Always leak check any fuel system 
connection after servicing!  Use an 
electronic leak detector and/or a liquid 
leak detection solution.  Failure to 
leak check could result in serious 
bodily injury, death, or serious 
property damage. 
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MAINTENANCE 
 
The maintenance of an engine and related 
components are critical to its operating 
performance and lifespan.  Industrial engines 
operate in environments that often include hot and 
cold temperatures and extreme dust.  The 
recommended maintenance schedule is listed in 
this section, however, environmental operating 
conditions and additional installed equipment may 
require more frequent inspection and servicing.  
The owner and/or service agent should review the 
operating conditions of the equipment to 
determine the inspection and maintenance 
intervals.  
 

 

When performing maintenance on the 
engine, turn the ignition OFF and 
disconnect the battery negative cable to 
avoid injury or damage to the engine. 

 
The engine installed in this equipment uses a 
drive belt that drives the water pump, alternator 
and additional pumps or devices.  It is important 
to note that the drive belt is an integral part of the 
cooling and charging system and should be 
inspected according to the maintenance schedule 
in this section.  When inspecting the belts check 
for:  
 

 Cracks 

 Chunking of the belt 

 Splits 

 Material hanging loose from the belt  

 Glazing, hardening  
 
If any of these conditions exist the belt should be 
replaced with the recommended OEM 
replacement belt. 
 
 
SERPENTINE BELT SYSTEM  
 
Serpentine belts utilize a spring-loaded tensioner 
to keep the belt properly adjusted, are manually 
adjusted, or have a “stretch fit” style belt.  
Serpentine belts should be checked according to 
the maintenance schedule in this section. 

  
IMPORTANT:  
The use of “belt dressing” or “anti-slipping agents” 
on belts is not recommended.  
 
COOLING SYSTEM 
 
It is important that the cooling system of the 
engine be maintained properly to ensure proper 
performance and longevity.  PSI REQUIRES THE 
USE OF COOLANT MEETING SPECIFICATION 
GM6277M 
 

 

Do not remove the cooling system 
pressure cap (radiator cap) when the 
engine is hot.  Allow the engine to cool 
and then remove the cap slowly to allow 
pressure to vent.  Hot coolant under 
pressure may discharge violently. 

 
Note that there may be an LPG vaporizer 
connected to the cooling system and the fuel 
system may be adversely affected by low coolant 
levels and restricted or plugged radiator cores.  
Therefore, the cooling system must be maintained 
according to the recommend maintenance 
schedule in this section and also include: 
 

 The regular removal of dust, dirt and debris 
from the radiator core and fan shroud. 

 Inspection of coolant hoses and components 
for leaks, especially at the radiator hose 
connections.  Tighten hose clamps if 
necessary. 

 Check radiator hoses for swelling, separation, 
hardening, cracks or any type of deterioration.  
If any of these conditions exist the hose 
should be replaced with a recommended OEM 
replacement part.   

 Inspect the radiator cap to ensure proper 
sealing.  
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COOLANT 
 

The engine manufacturer recommends the cooling 
system be filled with a 50/50 mixture of antifreeze 
and water.  The use of long life type coolant 
meeting specification GM6277M is required.  This 
antifreeze is typically a bright orange in color and 
should meet the requirements issued by PSI 
(GM6277M).  Coolant should have a minimum 
boiling point of 300F (149c) and a freezing point no 
higher than -34F (-37c).  Do not add plain water.  
Replace coolant per the recommended schedule. 

 

IMPORTANT:  
The manufacturers of the engine and fuel system 
do not recommend the use of “stop leak” additives 
to repair leaks in the cooling system.  If leaks are 
present the radiator should be removed and 
repaired or replaced. 
 

ENGINE ELECTRICAL SYSTEM MAINTNANCE 
 

The engine’s electrical system incorporates an 
electronic control module (ECM) to control various 
related components.  The electrical system 
connections and ground circuits require good 
connections.  Follow the recommended 
maintenance schedule in this section to maintain 
optimum performance.  When inspecting the 
electrical system check the following:  
 

 Check Positive and Negative cables for 
corrosion, rubbing, chafing, burning and to 
ensure tight connections at both ends. 

 Check battery for cracks or damage to the 
case and replace if necessary.  

 Inspect engine wire harness for rubbing, 
chafing, pinching, burning, and cracks or 
breaks in the wiring.  

 Verify that engine harness connectors are 
correctly locked in by pushing in and then 
pulling the connector halves outward.  

 Inspect ignition coil wire for hardening, 
cracking, arcing, chafing, burning, separation, 
split boot covers.  

 Check spark plug wires for hardening, 
cracking, chafing, arcing or burning, 
separation, and split boot covers.  

 Replace spark plugs at the required intervals 
per the recommended maintenance schedule.  

 Verify that all electrical components are 
securely mounted to the engine or chassis.  

 Verify that any additional electrical services 
installed by the owner are properly installed in 
the system.  

 Verify that the MIL, charging, and oil pressure 
lights illuminate momentarily during engine start.  

 
ENGINE CRANKCASE OIL 

 
OIL RECOMMENDATION 
 
It is recommended to use Specification 
GM6094M with an API rating of SM or newer. To 
achieve proper engine performance and 
durability, it is important that you only use engine 
lubricating 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 fuels must use oils labeled for gasoline 
engines.  Oils specifically formulated for Heavy 
Duty or Natural Gas Engines are not acceptable 
 
IMPORTANT:  
Oils recommended by the engine manufacturer 
already contain a balanced additive treatment.  
Oils containing “solid” additives, non-detergent oils, 
or low quality oils are not recommended by the 
engine manufacturer.  Supplemental additives 
added to the engine oil are not necessary and may 
be harmful.  The engine and fuel system supplier 
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 and may offer advantages in cold and hot 
temperatures.  However, it is not known if 
synthetic oils provide operational or economic 
benefits over conventional petroleum-based oils in 
industrial engines.  Use of synthetic oils are not 
required for industrial engines.  
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CHECKING/FILLING ENGINE OIL LEVEL 
 
IMPORTANT: 
Care must be taken when checking engine oil 
level.  Oil level must be maintained between the 
“ADD” mark and the “FULL” mark on the dipstick.  
To ensure that you are not getting a false reading, 
make sure the following steps are taken before 
checking the oil level.  
 
1. Stop engine. 
2. Allow approximately several 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 amount of 
oil on the dipstick.  The oil level must be 
between the “FULL” and “ADD” marks. 

 
Figure 2 Engine Oil Dip tick (Typical) 

 
5. If the oil level is below the “ADD” mark reinstall 

the dipstick into the dipstick tube and proceed 
to Step 6. 

6. Remove the oil filler cap from the valve cover. 
7. Add the required amount of oil to bring the 

level up to, but not over, the “FULL” mark on 
the dipstick  Reinstall the oil filler cap to the 
valve rocker arm cover and wipe any excess 
oil clean. 

 
CHANGING THE ENGINE OIL 
  
IMPORTANT:  
When changing the oil, always change the oil 
filter.  
 
1. Start the engine and run until it reaches 

normal operating temperature.  
 

 

An overfilled crankcase (oil level being too 
high) can cause an oil leak, a fluctuation or 
drop in oil pressure.  When overfilled, the 
engine crankshafts splash and agitate the 
oil, causing it to aerate or foam. 

 
IMPORTANT:  
Change oil when engine is warm and the old oil 
flows more freely.  
 
2.  Stop engine 
 
IMPORTANT:  
Engine oil will be hot. Use protective gloves to 
prevent burns. Engine oil contains chemicals 
which may be harmful to your health.  Avoid skin 
contact.  
 
3. Remove drain plug and allow the oil to drain.  
4. Remove and discard oil filter and its sealing 

ring.  
5. Coat sealing ring on the new filter with clean 

engine oil, wipe the sealing surface on the 
filter mounting surface to remove any dust, dirt 
or debris.  Tighten filter securely (follow filter 
manufacturers instructions). Do not over 
tighten.  

6. Check sealing ring on drain plug for any 
damage, replace if necessary, wipe plug with 
clean rag, wipe pan sealing surface with clean 
rag and re-install plug into the pan.  Tighten 
to specification.  

7. Fill crankcase with oil.  
8. Start engine and check for oil leaks.  
9. Dispose of oil and filter in a safe manner.  
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FUEL SYSTEM INSPECTION AND 
MAINTENANCE 

 

GASOLINE AND LPG FUEL SYSTEM 
 
The fuel system installed on this industrial engine 
has been designed to meet the mobile engine 
emission standard applicable for the 2010 and 
later model years.  To ensure compliance to 
these standards, follow the recommended 
maintenance schedule contained in this section.  
 
  

INSPECTION AND MAINTENANCE OF THE 
FUEL STORAGE CYLINDER 
  

The fuel storage cylinder should be inspected 
daily or at the beginning of each operational shift 
for any leaks, external damage, adequate fuel 
supply and to ensure the manual service valve is 
open.  Fuel storage cylinders should always be 
securely mounted, inspect the securing straps or 
retaining devices for damage ensure that all 
locking devices are closed and locked.  Check to 
ensure that the fuel storage cylinder is positioned 
with the locating pin in the tank collar on all 
horizontally mounted cylinders this will ensure the 
proper function of the cylinder relief valve. 
  
When refueling or exchanging the fuel cylinder, 
check the quick fill valve for thread damage.  
Also verify O-ring is in place and inspect for 
cracks, chunking or separation.  If damage to the 
o-ring is found, replace prior to filling.  Check the 
service line quick coupler for any thread damage.  
  
IMPORTANT:  
When refueling the fuel cylinder, wipe both the 
female and male connection with a clean rag prior 
to filling to prevent dust, dirt and debris from being 
introduced to the fuel cylinder.  
 
INSPECTION AND REPLACEMENT OF THE 
FUEL FILTER 
 
The fuel system on this emission certified engine 
may utilize an in-line replaceable fuel filter 
element.  This element should be replaced, at the 
intervals specified in the recommended 
maintenance schedule.  When inspecting the fuel 
filter check the following:  
 

 Check for leaks at the inlet and outlet fittings, 
using a soapy solution or an electronic leak 
detector and repair if necessary.  

 Check to make sure filter is securely mounted. 

 Check filter housing for external damage or 
distortion.  If damaged replace fuel filter.  

 
REPLACING THE FUEL FILTER: 
 
1. Move the equipment to a well ventilated area 

and verify that sparks, ignition and any heat 
sources are not present. 

2. Start the engine.  
3. If the engine operates on a positive pressure 

fuel system, run the engine with the fuel 
supply closed to remove fuel from the system.  

 
IMPORTANT:  
A small amount of fuel may still be present in 
the fuel line.  Use gloves and proper eye 
protection to prevent burns.  If liquid fuel 
continues to flow from the connections when 
removed, make sure the manual valve is fully 
closed.  

 
4. Slowly loosen the inlet fitting and disconnect.  
5. Slowly loosen the outlet fitting and disconnect. 
6. Remove the filter housing form the equipment. 
7. Check for contamination.  
8. Tap the opening of the filter on a clean cloth. 
9. Check for debris.  
10. Check canister for proper mounting direction. 
11. Reinstall the filter housing to the equipment.  
12. Tighten the inlet and outlet fittings to 

specification. 

13. Check for leaks at the inlet and outlet 
fittings, and the filter housing end 
connection using a soapy solution or an 
electronic leak detector, if leaks are 
detected make repairs 
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DIRECT ELECTRONIC PRESSURE 
REGULATOR (DEPR) MAINTENANCE AND 
INSPECTION  
 
IMPORTANT:  
 
The Direct Electronic Pressure Regulator (DEPR) 
components have been specifically designed and 
calibrated to meet the fuel system requirements 
of the emission certified engine.   
 
If the DEPR fails to operate or develops a leak, it 
should be repaired or replaced with the OEM 
recommended replacement parts.  When 
inspecting the system check for the following 
items: 
  

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

 Check for any fuel leaks in the DEPR body.  

 Check the inlet and outlet fittings of the 
coolant supply lines for water leaks if 
applicable.  

 Check to ensure the DEPR is securely 
mounted and the mounting bolts are tight. 

 Check DEPR for external damage.  

 Check DEPR electrical connection to ensure 
the connector is seated and locked.  

 
CHECKING/DRAINING OIL BUILD-UP IN THE 
VAPORIZER REGULATOR  
 
During the course of normal operation for LPG 
engines oil or “heavy ends” may build inside the 
secondary chamber of the Vaporizer Regulator.  
These oil and heavy ends may be a result of poor 
fuel quality, contamination of the fuel, or regional 
variation of the fuel make up.  A significant build 
up of oil can affect the performance of the 
secondary diaphragm response.  The 
Recommended Maintenance Schedule found in 
this section recommends that the oil be drained 
periodically.   This is the minimum requirement to 
maintain the emission warranty.  More frequent 
draining of the Vaporizer Regulator is 
recommended where substandard fuel may be a 
problem.  PSI recommends the Vaporizer 
Regulator be drained at every engine oil change if 
contaminated or substandard fuel is suspected or 
known to be have been used or in use with the 
emission complaint fuel system. This is known as 
special maintenance, and failure to follow this 
recommendation may be used to deny a warranty 

claim. 
IMPORTANT: 
Draining the regulator when the engine is warm 
will help the oils to flow freely from the regulator.  
 
To drain the regulator, follow the steps below: 
 
1. Move the equipment to a well ventilated area 

and ensure no external ignition sources are 
present.  

2. Start the engine.  
3. With the engine running close the manual 

valve.  
4. When the engine runs out of fuel turn OFF the 

key when the engine stops and disconnect the 
negative battery cable.  

 
IMPORTANT:  
A small amount of fuel may still be present in the 
fuel line, use gloves to prevent burns, wear 
proper eye protection.  If liquid fuels continues to 
flow from the connections when loosened check 
to make sure the manual valve is fully closed.  
 
5. Loosen the hose clamp at the inlet and outlet 

hoses and remove the hoses. 
6. Remove the regulator mounting bolts.  
7. Place a small receptacle in the engine 

compartment.  
8. Rotate the regulator to 90° so that the outlet 

fitting is pointing down into the receptacle and 
drain the regulator.  

9. Inspect the secondary chamber for any large 
dried particles and remove.  

10. Remove the receptacle and reinstall the 
regulator retaining bolts and tighten to 
specifications.  

11. Reinstall the fuel hoses..  
12. Reconnect any other hoses removed during 

this procedure.  
13. Slowly open the manual service valve.  
 
14. Check for leaks at the inlet and outlet fittings 

using a soapy solution or an electronic leak 
detector.  If leaks are detected make repairs.  
Check coolant line connections to ensure no 
leaks are present.  

15. Start engine recheck for leaks at the regulator.  
16. Dispose of any drained material in safe and 

proper manner.  
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AIR FUEL MIXER/THROTTLE CONTROL 
DEVICE MAINTENANCE AND INSPECTION  
 
IMPORTANT:  
The Air Fuel Mixer components have been 
specifically designed and calibrated to meet the 
fuel system requirements of the emission certified 
engine.  The mixer should not be 
disassembled or rebuilt.  If the mixer fails to 
operate or develops a leak the mixer should be 
replaced with the OEM recommended 
replacement parts.   
 
When inspecting the mixer check for the following 
items: 
 

 Leaks at the inlet fitting. 

 Fuel inlet hose for cracking, splitting or 
chaffing, replace if any of these condition 
exist. 

 Ensure the mixer is securely mounted and is 
not leaking vacuum at the mounting gasket or 
surface. 

 Inspect air inlet hose connection and clamp. 
Also inspect inlet hose for cracking, splitting or 
chafing.  Replace if any of these conditions 
exist.  

 Inspect Air cleaner element according to the 
Recommended Maintenance Schedule found 
in this section.  

 Check Fuel lines for cracking, splitting or 
chafing.  Replace if any of these conditions 
exist.  

 Check for leaks at the throttle body and intake 
manifold.  

 
 
EXHAUST SYSTEM AND CATALYTIC 
CONVERTER INSPECTION AND 
MAINTENANCE 
 
IMPORTANT:  
The exhaust system on this emission certified 
engine contains a Heated Exhaust Gas Oxygen 
Sensor (HEGO) which provides feed back to the 
ECM on the amount of oxygen present in the 
exhaust stream after combustion.  
The oxygen in the exhaust stream is measured in 
voltage and sent to the ECM.  The ECM then 
makes corrections to the fuel air ratio to ensure 
the proper fuel charge and optimum catalytic 

performance.  Therefore, it is important that the 
exhaust connections remain secured and air tight. 
 
IMPORTANT:  
The HEGO sensor is sensitive to silicone based 
products.  Do not use silicone sprays or hoses 
which are assembled using silicone lubricants.  
Silicone contamination can cause severe damage 
to the HEGO.  
 
When inspecting the Exhaust system check the 
following:  
 

 Exhaust manifold at the cylinder head for 
leaks and that all retaining bolts and shields (if 
used) are in place.  

 Manifold to exhaust pipe fasteners to ensure 
they are tight and that there are no exhaust 
leaks repair if necessary.  

 HEGO electrical connector to ensure 
connector is seated and locked, check wires to 
ensure there is no cracking, splits chafing or 
“burn through.”  Repair if necessary.  

 Exhaust pipe extension connector for leaks 
tighten if necessary  

 If the engine is equipped with a catalytic 
converter inspect the converter to ensure it is 
securely mounted.  

 Check for any leaks at the inlet and outlet of 
the converter.
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LPG Fuel System 
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MOBILE ENGINE LPG FUEL SYSTEM SCHEMATIC 
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DESCRIPTION AND OPERATION OF THE FUEL 

SYSTEMS  

NG & LPL FUEL SYSTEM  

The primary components of the fuel system are 
the fuel supply, direct electronic pressure 
regulator (DEPR), fuel mixer, electronic throttle 
control (ETC) device, 2-Stage convertor, 
engine control module (ECM), and a catalytic 
converter.   The system operates on a slightly 
positive fuel pressure.  Primary fuel pressure 
can be measured at the LD 2-Stage convertor.  
Secondary fuel pressure command and actual 
fuel pressure is monitored by the ECM.  You 
can view these pressures using the diagnostic 
service tool. 
 
SERVICE LINES  

 
Fuel flows from the fuel supply to the electric lock 
off valve.  The service lines are not supplied by 
the engine manufacturer.  Please contact the 
equipment manufacturer regarding fuel service 
lines 

 
FUEL FILTER  

LP, fuel like all other motor fuels is subject to 
contamination from outside sources.  
Refueling of the equipment 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, which is 
replaceable as a unit only.  Maintenance of 
the filter is critical to proper operation of the 
fuel system and should be replaced 
according to the maintenance schedule or 
more frequently under severe operating 
conditions.  

Inline Fuel Filter 

 
ELECTRIC FUEL LOCK-OFF VALVE  
 
The Electric Fuel lock-off valve is an integrated 
assembly consisting of a 12 volt solenoid and a 
normally closed valve.  When energized, the 
solenoid opens the valve and allows the fuel to flow 
through the device. The valve opens during 
cranking and engine run cycles. 
 

 
 

 
 
 
 
 
 
 
 

ELECTRIC FUEL LOCK-OFF 
 
Voltage and Ground to the Electric Lock-Off Valve 
is controlled by the engine control module (ECM). 
 

 
 
DIRECT ELECTRONIC PRESSURE REGULATOR 
(DEPR)  
 
The PSI engine management system uses the 
DEPR to control fuel delivery for the precise fuel 
metering necessary for optimum combustion, fuel 
economy and transient response.   

The DEPR is a single-stage microprocessor based 
electromechanical fuel pressure regulator that 
incorporates a high speed/fast acting actuator. It 
communicates with the Engine Control Module 
(ECM) over a Controller Area Network (CAN) link, 
receiving fuel pressure commands and 
broadcasting DEPR operating parameters back to 
the ECM. The DEPR can regulate fuel pressure 
from -18 to +13 inches of water column above the 
Mixer air inlet pressure, providing sufficient control 
authority to stall an engine either rich or lean. When 
the DEPR receives an output pressure command 
from the ECM, the valve is internally driven to attain 
targeted fuel pressure, the DEPR then closes the 
loop internally using a built in fuel pressure sensor 
to maintain target fuel pressure/fuel flow rate, until 
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another external command from the ECM is 
received (intervals < 10 ms). The DEPR has an 
integral fuel temperature sensor that is used by the 
ECM to correct for variations in fuel density. This 
strategy provides an extremely accurate method for 
open loop fuel control. Then with the addition of the 
pre- and post-cat oxygen sensors, the pressure 
command transmitted from the ECM can be further 
adjusted using closed loop feedback 
 
 

 

 
 
 
 
 
 
 
 
 
 
 
 

Direct Electronic Pressure Regulator 
 

 

The IEPR is an emission control device 
and should only be serviced by qualified 
technicians. 

 

AIR FUEL MIXER 
 

The air valve mixer is a self-contained air-fuel 
metering device.  The mixer is an air valve design, 
utilizing a relatively constant pressure drop to draw 
fuel into the mixer from cranking speeds 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, and negative 
pressure begins to build.  This negative pressure 
signal is communicated to the top of the air valve 
chamber through 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 vacuum being 
created is referred to as Air Valve Vacuum (AVV). 
As the air valve vacuum reaches the imbalance 
point, 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 and the air valve position is 
low thus creating a small venturi for the fuel to flow.  
As the engine speed increases 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 venturi to the IEPR 
via the fuel supply hose. 

 

The mixer is equipped with a low speed mixture 
adjustment retained in a tamper proof housing.  
The mixer has been preset at the factory and 
should not require adjustment.  In the event that 
the idle adjustment should need to be adjusted 
refer to the Fuel System Repair section of this 
manual. 

 

The air/fuel mixer is an emission control 
device. Components inside the mixer are 
specifically calibrated to meet the engine’s 
emissions requirements and should never 
be disassembled or rebuilt.  If the mixer 
fails to function correctly, replace with an 
OEM replacement part. 

 

 
Air Valve Mixer 
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Light Duty 2-Stage Vaporizer 
 
 

The tier 3 certified mobile products utilize a 2-
stage vaporizer as part of the fuel system.  
The primary function of this part is to convert 
liquid LP fuel into a propane vapor.  The vapor 
is then introduced into the DEPR where the 
pressures are regulated.  Converting the fuel 
from a liquid to a vapor is accomplished by 
passing the propane through a heat exchanger 
inside the convertor.  Coolant flows through 
the convertor as part of the heat exchange 
process. 
 
 
 
 
 
 
 
 
 
 
 
 

 
LD 2-Stage Vaporizer 

 

 
 
ELECTRONIC THROTTLE CONTROL DEVICE 
(ETC)— 
 
Engine speed is controlled by the ECM and the 
Electronic Throttle Control device which is an 
automotive style throttle.  The ECM controls 
engine speed one of several ways depending on 
the equipment manufacturer’s requirement.  
Engine speed can be controlled by discrete 
speed governing, whereby the OEM sends an 
open, high or low voltage signal to an ECM pin.  
The ECM then targets the preprogrammed speed 
for that pin.  The other two modes are through 
the use of a foot pedal or a hand throttle 
controller.  In both cases the foot pedal or hand 
throttle controller will send a 0-5 volt signal to the 
ECM.  The ECM is programmed with an idle and 

high speed and interprets speed in between the 
two based on voltage. 
 
When the engine is running electrical signals are 
sent from the foot pedal position sensor to the 
engine ECM when the operator depresses or 
release the foot pedal. 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 charge to the engine.  The electronic 
throttle control device 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. 

 

 
Electronic Throttle Control Device 

 
THREE-WAY CATALYTIC CONVERTER  
 
The Catalytic Converter is a component of the 
emissions system which is designed to meet the 
emission standards in effect for the Tier 3 mobile 
certified product. 
 
The exhaust gases pass through the honeycomb 
catalyst which is coated with a mixture of 
precious group metals to oxidize and reduce CO, 
HC and NOX emission gases. 
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Three Way Catalytic Converter 
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 Module (ECM).  The 
ECM is a 32 bit controller which receives input 
data from sensors mounted to the engine and fuel 
system and then outputs various signals to 
control engine operation. 
 
 

 
 

 
 

 
 
 
 
 
 
 
 
 

 
Engine Control Module (ECM) 

 
One specific function of the controller is to 
maintain a closed loop fuel control which is 
accomplished by use of the Heated Exhaust Gas 
Oxygen sensor (HEGO) mounted in the exhaust 
system.  The HEGO sensor sends a voltage 
signal to the controller which then outputs signals 
to the EPR to change the amount of fuel being 
delivered from the regulator or mixer to the 
engine.  
 
The controller also performs diagnostic functions 
on the fuel system and notifies the operator of 
engine malfunctions by turning on a Malfunction 
Indicator Light (MIL) mounted in the dash.  

Malfunctions in the system are identified by a 
Diagnostic Trouble Code (DTC) 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 scan tool to retrieve the 
stored diagnostic code and by using the 
diagnostic charts in this manual to 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 to activate the “blink” 
feature and count the number of blinks to 
determine the diagnostic code number to locate 
the fault in the system.  
 
HEATED EXHAUST GAS OXYGEN SENSORS  
 
The Heated Exhaust Gas Oxygen (HEGO) 
Sensors are mounted in the exhaust system, one 
upstream and one downstream of the catalytic 
converter.  Models that do not use a catalyst 
assembly will only use one HEGO sensor.   
 
The HEGO sensors are used to measure the 
amount of oxygen present in the exhaust stream 
to determine whether the air-fuel ratio is to rich or 
to lean.  It then communicates this measurement 
to the ECM.  If the HEGO sensor signal indicates 
that the exhaust stream is too rich, the ECM will 
decrease or lean the fuel mixture during engine 
operation.  If the mixture is too lean, the ECM will 
richen the mixture.  If the ECM determines that a 
rich or lean condition is present for an extended 
period of time which cannot be corrected, the 
ECM will set a diagnostic code and turn on the 
MIL light in the dash. 
By monitoring output from the sensor upstream 
and the sensor downstream of the catalytic 
converter, the ECM can determine the 
performance of the catalyst. 
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The Heat Exhaust Gas Oxygen (HEGO) Sensor 
 
 
 
HEGO1 (upstream or before the catalytic 
converter) and HEGO2 (downstream) voltage 
output. 
 

 

The Heated Exhaust Gas Oxygen Sensor 
(HEGO) is an emissions control 
component.  In the event of a failure, the 
HEGO should only be replaced with the 
recommended OEM replacement part.  
The HEGO is sensitive to silicone based 
products and can become contaminated.  
Avoid using silicone sealers or air or fuel 
hoses treated with a silicone based 
lubricant. 

 
TMAP SENSOR 
 
The Temperature Manifold Absolute Pressure or 
TMAP sensor is a variable resistor used to 
monitor the difference in pressure between the 
intake manifold and outside or atmospheric 
pressure and the temperature.  The ECM 
monitors the resistance of the sensor to 
determine engine load (the vacuum drops when 
the engine is under load or at wide open throttle). 
When the engine is under load, the computer 
may alter the fuel mixture to improve 
performance and emissions.  The temperature is 
also monitored by the ECM, primarily to richen 
the fuel/air mixture during a cold start. 

COOLANT TEMPERATURE SENSOR 
 
The Engine Coolant Temperature sensor or ECT 
is a variable resistance thermistor that changes 
resistance as the engine's coolant temperature 
changes. The sensor's output is monitored by the 
ECM to determine a cold start condition and to 
regulate various fuel and emission control 
functions via a closed loop emission system. 
 
OIL PRESSURE SENDER 
 
The Engine Oil Pressure sensor is designed to 
ensure adequate lubrication throughout the 
engine.  It provides a pressure value for the oil 
pressure gauge and is monitored by the ECM.  If 
the pressure drops, an MIL will occur. 
 
 

 
 

Closed-Loop Fuel Control 

 
LD 2-Stage Regulator Nominal Pressure 
Specifications 
 

 

Secondary 
Stage 

15.25 10 inches H20 

Primary 
Stage 

2.6 1.45PSI 
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Gasoline Fuel System  
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MOBILE ENGINE GASOLINE FUEL SYSTEM SCHEMATIC 
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GASOLINE MULTI POINT FUEL INJECTON  
 

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 standalone vessel mounted on the equipment. For precise location for the equipment 
application 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 standalone 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 seconds 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 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 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, 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. 

 
 
 

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 
particles.  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. 
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FUEL INJECTOR RAIL 
 
The fuel flows from the fuel pressure and temperature manifold assembly to the fuel rails where the fuel is delivered 
to the fuel injectors.  
 

 
 
 
 
 
 
 
 

FUEL INJECTOR 
 
The fuel supply is maintained on the top of the injector from 
the injector rail. The injector is fed a “pulse” ground 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. 

 
The allowable resistance on the injectors is 12.0 ± 0.6 ohms 
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Emissions Control & Fuel 
System Diagnosis 
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FUEL SYSTEM DIAGNOSIS 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Direct Electronic Pressure Regulator Assembly 
 
 

FUEL SYSTEM DESCRIPTION 
  
The Engine Control Module (ECM) receives 
information from various engine sensors in order 
to control the operation of the Direct Electronic 
Pressure Regulator (DEPR) and lock-off Valve. 
The lock-off Valve solenoid prevents fuel flow 
unless the engine is cranking or running. 
 
At Key ON, the DEPR valve receives a two (2) 
second prime pulse from the ECM, allowing time 
for the fuel to flow through the fuel filter and fuel 
lines to the DEPR. 
 
Fuel travels from the lock-off to the light duty 2-
stage regulator into the DEPR.  
 
Engine cranking generates vacuum which 
provided lift for the mixer air valve and is 
commonly referred to as air valve vacuum.  
Once in the mixer, the fuel is combined with air 
and is drawn into the engine for combustion.  
 
 
DIAGNOSTIC AIDS  
 
This procedure is intended to diagnose 
equipment operating on LPG. If the equipment 

will not continue to run, refer to Hard Start for 
preliminary checks.  
 

 Inspect the fuel supply lines to verify they 
are properly connected and do not have any 
kinks or damage 

 
 Verify the fuel lock off valve is operating 

properly.  Refer to the OEM for information 
on the fuel shut off valve. 

 
TOOLS REQUIRED:  

 
DST  

 
 Diagnostic Scan Tool (DST) 
  
PRESSURE GAUGES 

 
 101542 Test Kit 
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TEST DESCRIPTION 

 
The basis of the fuel system test is to determine if 
the fuel is operating within proper fuel control 
parameters.  This fuel control system operates 
on the basis of short term and long term fuel 
correction to compensate for the normal 
operation and aging of the engine.  Abnormal 
operation of the engine, due to a component 
issue or lack of maintenance will cause fuel 
system control parameters to operate outside of 
the normal range. 
 
The fuel system correction factors are viewable 
using the laptop based Diagnostic Service Tool 
(DST).   
 
The short term correction factor is a percentage 
based fuel correction that will immediately be 
applied once the engine reaches the closed loop 
fuel control mode.  The short term correction 
factor is known as “Closed Loop 1” on the DST. 
 
The long term correction factor writes the short 
term correction into long term memory so it is 
available immediately on the next start/run cycle.  
The long term correction factor is known as 
“Adaptive 1” on the DST. 
 
Closed Loop 1 and Adaptive 1 can be viewed on 
the Closed Loop Control panel on the Faults 
Page of the DST. 
 

 
Closed Loop 1 & Adaptive 1 

 
 
Any parameter found to be out of conformance 

will require additional diagnosis. 

 
 
HOW THE CORRECTION FACTORS WORK 
The correction factors are displayed in the DST 
as a positive or negative percent.  The 
numbers will range between -35% and +35%.  
A negative fuel correction number indicates the 
removal of fuel. 
 
An outside condition causing the system to be 
rich, such as a restricted air cleaner, can cause 
a negative short term and long term fuel 
correction.  An outside condition causing the 
system to be lean, such as a vacuum leak, can 
cause a positive fuel correction. 

 
 
 
DETERMINING TOTAL FUEL CORRECTION 
 
The total fuel correction is the sum of the short 
term correction (Closed Loop 1) and the long 
term correction (Adaptive 1). 

 
For instance, a Closed Loop 1 reading of    
-1.5% and an Adaptive 1 reading of -3.5% 
would mean a total fuel correction of -5% 
was taking place at that time.  The system 
is removing 5% fuel at that time. 
 
A Closed Loop 1 reading of 1.5% and an 
Adaptive 1 reading of 3.5% (note both are 
positive numbers) would mean that a total 
fuel correction of 5% was taking place at 
that time.  The system is adding 5% fuel. 
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Total Fuel Correction Chart

= Normal Fuel Correction

= Abnormal Fuel Correction without DTC

= Abnormal Fuel Correction with DTC

25%0% 30%-5%-10%-15%-20%-25%-30%-35% 5% 10% 15% 20% 35%

System Removing Fuel System Adding Fuel

NORMAL & ABNORMAL FUEL CORRECTION 

 
Generally, the system is operating within 
specification when total fuel correction falls 
between -15% and +15%.  Operation outside of 
this range will require further diagnosis to 
determine the system level issue affecting fuel 
control.  The system will set Diagnostic Trouble 
Codes (DTC’s) for correction factors in the +/- 
30%-35% range. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

 
If total fuel correction is found to be operating 
outside of the normal range additional 
diagnostic procedure will be required to 
determine the cause.  Follow the appropriate 
Symptom Routine or DTC Chart for additional 
help. 
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FUEL SYSTEM SYMPTOM DIAGNOSTICS 
 

Checks Action 

Before Using This  
Section 

Before using this section, you should have performed On Board Diagnostic 
(OBD) Check and determined that: 
 
1. The ECM and MIL are operating correctly.  
2. There are no Diagnostic Trouble Codes (DTCs) stored, or a DTC exists 

but without a MIL. 
 
Several of the following symptom procedures call for a careful visual and 
physical check. These checks are very important as they can lead to prompt 
diagnosis and correction of a problem. 

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 equipment under the conditions the symptom occurs. Verify 

HEGO switching between lean and rich. IMPORTANT! Normal HEGO 
switching indicates the fuel system is in closed loop and operating 
correctly at that time.  

5. Take a data snapshot using the DST under the condition that the symptom 
occurs to review at a later time.  

Visual and Physical 
Checks 

 Check all ECM system fuses and circuit breakers. 

 Check the ECM ground for being clean, tight and in its proper location. 

 Check the vacuum hoses for splits, kinks and proper connections. 

 Check thoroughly for any type of leak or restriction. 

 Check for air leaks at all the mounting areas of the intake manifold sealing 
surfaces. 

 Check for proper installation of the mixer assembly. 

 Check for air leaks at the mixer assembly. 
 
Check the ignition wires for the following conditions: 

 Cracking 

 Hardening 

 Proper routing 

 Carbon tracking. 
 

 Check the wiring for the following items: proper connections, pinches or 
cuts. 

 The following symptom tables contain groups of possible causes for each 
symptom. The order of these procedures is not important. If the DST 
readings do not indicate a problem, then proceed in a logical order, 
easiest to check or most likely to cause the problem.  
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INTERMITTENT 
 

Checks Action 

DEFINITION: The problem may or may not turn ON the (MIL) or store a Diagnostic Trouble Code (DTC).  

Preliminary Checks 
Do not use the DTC tables. If a fault is an intermittent, the use of the DTC 
tables with this condition may result in the replacement of good parts.  

Faulty Electrical 
Connections or Wiring 

Faulty electrical connections or wiring can cause most intermittent problems. 
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. 

 Wire terminals poorly connected. 

 Terminal tension is insufficient. 

 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 (except those noted as “Not 
Serviceable”).  See section Wiring Schematics. 

 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, 
operate the vehicle with the DST connected. When the problem occurs, an 
abnormal voltage or scan reading indicates a problem circuit.  

Intermittent MIL 
Illumination 

The following components can cause intermittent MIL and no DTC(s): 
 

 A defective relay. 

 Switch that can cause electrical system interference. Normally, the 
problem will occur when the faulty component is operating. 

 The improper installation of add on electrical devices, such as lights, 2-
way radios, electric motors, etc. 

 The ignition secondary voltage shorted to a ground. 

 The MIL circuit or the Diagnostic Test Terminal intermittently shorted to 
ground. 

 The MIL wire grounds.  

Loss of DTC Memory 

To check for the loss of the DTC Memory: 
 
1. Disconnect the TMAP sensor. 
2. Idle the engine until the MIL illuminates. 
3. The ECM should store a TMAP DTC which should remain in the memory 

when the ignition is turned OFF. If the TMAP DTC does not store and 
remain, the ECM is faulty.  
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NO START 
 

Checks Action 

DEFINITION: The engine cranks OK but does not start. 

Preliminary Checks None 

ECM Checks 

Use the DST to : 

 Check for proper communication with both the ECM 

 Check all system fuses engine fuse holder.  Refer to Engine Controls 
Schematics. 

 Check battery power, ignition power and ground circuits to the ECM. 
Refer to Engine Control Schematics. Verify voltage and/or continuity for 
each. 

Sensor Checks 
 Check the TMAP sensor.  

 Check the cam angle sensor for output (RPM).  

Fuel System Checks 

Important: A closed LPG manual fuel shut off valve will create a no start 
condition. 
 

 Check for air intake system leakage between the mixer and the throttle 
body.  Verify proper operation of the low pressure lock-off solenoids. 

 Verify proper operation of the fuel control solenoids. 

 Check the fuel system pressures. 

 Refer to the LPG Fuel System Diagnosis. 

 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. 
 
1. Check for the proper ignition voltage output with J 26792 or the 

equivalent. 
2. Verify that the spark plugs are correct for use with LPG.  
 
Check the spark plugs for the following conditions:  

 Wet plugs. 

 Cracks. 

 Wear. 

 Improper gap. 

 Burned electrodes. 

 Heavy deposits. 

 Check for bare or shorted ignition wires.  

 Check for loose ignition coil connections at the coil.  
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NO START 
 

Checks Action 

Engine Mechanical 
Checks 

Important: The LPG Fuel system is more sensitive to intake manifold 
leakage than the gasoline fuel system.  

 
Check for the following: 

 Vacuum leaks. 

 Improper valve timing. 

 Low compression. 

 Improper valve clearance. 

 Worn rocker arms. 

 Broken or weak valve springs. 
Worn camshaft lobes. 

Exhaust System 
Checks 

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. Refer to Restricted 
Exhaust System Diagnosis. 
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HARD START 
 

Checks Action 

DEFINITION: The engine cranks OK, but does not start for a long time. The engine does eventually run, 
or may start but immediately dies.  

Preliminary Checks Make sure the vehicle’s operator is using the correct starting procedure.  

Sensor Checks 

 Check the Engine Coolant Temperature sensor with the DST.  Compare 
the engine coolant temperature with the ambient air temperature on a 
cold engine. If the coolant temperature reading is more than 10 degrees 
greater or less than the ambient air temperature on a cold engine, check 
for high resistance in the coolant sensor circuit. Check the cam angle 
sensor. 

 Check the Throttle Position (TPS) and Foot Pedal Position (FPP) sensor 
connections.  

Fuel System Checks 

Important: A closed LPG manual fuel shut off valve will create an extended 
crank OR no start condition. 
 

 Verify the excess flow valve is not tripped or that the manual shut-off 
valve is not closed. 

 
Check mixer assembly for proper installation and leakage. 

 Verify proper operation of the low pressure lock-off solenoid. 

 Verify proper operation of the EPR. 

 Check for air intake system leakage between the mixer and the throttle 
body.  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. 
 

 Check for the proper ignition voltage output with J 26792 or the 
equivalent. 

 Verify that the spark plugs are the correct type and properly gapped. 
 
Check the spark plugs for the following conditions: 

 Wet plugs. 

 Cracks. 

 Wear. 

 Burned electrodes. 

 Heavy deposits 

 Check for bare or shorted ignition wires.  

 Check for moisture in the distributor cap. 

 Check for loose ignition coil connections. 
 
Important:  
 
1. If the engine starts but then immediately stalls, check the cam angle 

sensor. 
2. Check for improper gap, debris or faulty connections.  
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HARD START 
 

Checks Action 

Engine Mechanical 
Checks 

Important: The LPG Fuel system is more sensitive to intake manifold 
leakage than the gasoline fuel supply system. 

 
Check for the following: 

 Vacuum leaks 

 Improper valve timing 

 Low compression 

 Improper valve clearance. 

 Worn rocker arms 

 Broken or weak valve springs 

 Worn camshaft lobes. 
 
Check the intake and exhaust manifolds for casting flash. 

Exhaust System Checks 

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. Refer to Restricted Exhaust 
System Diagnosis. 
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CUTS OUT, MISSES 
 

Checks Action 

DEFINITION: A surging or jerking that follows engine speed, usually more pronounced as the engine load 
increases, but normally felt below 1500 RPM. The exhaust has a steady spitting sound at idle, low speed, 
or hard acceleration for the fuel starvation that can cause the engine to cut-out.  

Preliminary Checks None 

Ignition System Checks  

1. Start the engine. 
2. Check for proper ignition output voltage with spark tester J 26792. 
3. Check for a cylinder misfire. 
4. Verify that the spark plugs are the correct type and properly gapped.  
 
Remove the spark plugs 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 and proper routing. 

 Cross-firing. 

 Ignition coils for cracks or carbon tracking  

Engine Mechanical 
Checks 

Perform a cylinder compression check.  Check the engine for the following: 
 

 Improper valve timing. 

 Improper valve clearance. 

 Worn rocker arms. 

 Worn camshaft lobes. 

 Broken or weak valve springs. 

 Check the intake and exhaust manifold passages for casting flash.   

Fuel System Checks 

Check the fuel system: 
 

 Plugged fuel filter. 

 Low fuel pressure, etc. Refer to LPG Fuel System Diagnosis. 

 Check the condition of the wiring to the low pressure lock-off solenoid.  

Additional Check 

Check for Electromagnetic Interference (EMI), which may cause a misfire 
condition.  Using the DST, monitor the engine RPM and note sudden 
increases in rpms displayed on the scan tool but with little change in the actual 
engine rpm.  If this condition exists, EMI may be present. Check the routing of 
the secondary wires and the ground circuit.  

 



 

108 

HESITATION, SAG, STUMBLE 
 

Checks Action 

DEFINITION: The engine has a momentary lack of response when putting it under load. The condition 
can occur at any engine speed. The condition may cause the engine to stall if it’s severe enough.  

Preliminary Checks  None.  

Fuel System Checks 

 Check the fuel pressure. Refer to LPG Fuel System Diagnosis. 

 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. 

 Check the TMAP sensor response and accuracy. 

 Check Shut-Off electrical connection. 

 Check the mixer air valve for sticking or binding. 

 Check the mixer assembly for proper installation and leakage. Check the 
EPR. 

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. 
 

 Check for the proper ignition voltage output with J 26792 or the 
equivalent. Verify that the spark plugs are the correct type and properly 
gapped.  

 Check for faulty spark plug wires. 

 Check for fouled spark plugs. 

Additional Check 
 Check for manifold vacuum or air induction system leaks. 

 Check the alternator output voltage.  
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BACKFIRE 
 

Checks Action 

DEFINITION: The fuel ignites in the intake manifold, or in the exhaust system, making a loud popping 
noise.  

Preliminary Check None.  

Ignition 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. 
 

 Check for the proper ignition coil output voltage using the spark tester 
J26792 or the equivalent. 

 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. 

 Check the connection at ignition coil. 

 Check for deteriorated spark plug wire insulation. 
 
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 is more sensitive to intake manifold 
leakage than a gasoline fuel supply system. 
 
Check the engine for the following: 

 Improper valve timing. 

 Engine compression. 

 Manifold vacuum leaks. 

 Intake manifold gaskets. 

 Sticking or leaking valves. 

 Exhaust system leakage. 

 Check the intake and exhaust system for casting flash or other 
restrictions.  

Fuel System Checks Perform a fuel system diagnosis. Refer to LPG Fuel System Diagnosis.  
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LACK OF POWER, SLUGGISHNESS, OR SPONGINESS 
 

Checks Action 

DEFINITION: The engine delivers less than expected power.  

Preliminary Checks 

 Refer to the LPG Fuel system OBD System Check. 

 Compare the customer’s vehicle with a similar unit to verify 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. 

 Remove the air filter and check for dirt or restriction. 

 Check the vehicle transmission. 

 Refer to the OEM transmission diagnostics.  

Fuel System Checks 

 Check for a restricted fuel filter, contaminated fuel, or improper fuel 
pressure. Refer to LPG Fuel System Diagnosis. 

 Check for the proper ignition output voltage with the spark tester J 26792 
or the equivalent. 

 Check for proper installation of the mixer assembly. Check all air inlet 
ducts for condition and proper installation. 

 Check for fuel leaks between the EPR and the mixer. 

 Verify that the LPG tank manual shut-off valve is fully open. 

 Verify that liquid fuel (not vapor) is being delivered to the EPR.  

Sensor Checks 

 Check the Heated Exhaust Gas Oxygen Sensors (HEGO) for 
contamination and performance. Check for proper operation of the TMAP 
sensor. 

 Check for proper operation of the TPS and FPP sensors.  

Exhaust System Checks  

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: 

 Engine compression. 

 Valve timing. 

 Improper or worn camshaft. 

 Refer to Engine Mechanical in the Service Manual.  

Additional Check 

 Check the ECM grounds for being clean, tight, and in their proper 
locations. 

 Check the alternator output voltage. 
 
If all procedures have been completed and no malfunction has been found, 
review and inspect the following items: 

 Visually and physically, inspect all electrical connections within the 
suspected circuit and/or systems. 

 Check the DST data.  
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ROUGH, UNSTABLE, OR INCORRECT IDLE, STALLING 
 

Checks Action 

DEFINITION: The engine runs unevenly at idle. If severe enough, the engine may shake.  

Preliminary Check None.  

Sensor Checks 

Check the Heated Exhaust Gas Oxygen Sensors (HEGO) performance: 

 Check for silicone contamination from fuel or improperly used sealant. If 
contaminated, the sensor may have a white powdery coating 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 
drivability problem.  

 
Check the Temperature Manifold Absolute Pressure (TMAP) sensor 
response and accuracy.  

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. 

 Check for a sticking mixer air valve. 

 Verify proper operation of the EPR. 

 Perform a cylinder compression test. Refer to Engine Mechanical in the 
Service Manual. 

 Check the EPR fuel pressure. Refer to the LPG Fuel System Diagnosis. 

 Check mixer assembly for proper installation and connection.  

Ignition System Checks 

 Check for the proper ignition output voltage using the spark tester 
J26792 or the equivalent. 

 Verify that the spark plugs are the correct type and properly gapped. 
 
Remove the plugs and inspect them for the following conditions: 

 Wet plugs. 

 Cracks. 

 Wear. 

 Improper gap. 

 Burned electrodes. 

 Blistered insulators. 

 Heavy deposits. 
 
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 is more sensitive to intake manifold 
leakage than the gasoline fuel supply system. 
 

 Check for vacuum leaks. Vacuum leaks can cause a higher than normal 
idle and low throttle angle control command. 

 Check the ECM grounds for being clean, tight, and in their proper 
locations. 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.  
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ROUGH, UNSTABLE, OR INCORRECT IDLE, STALLING 
 

Checks Action 

Engine Mechanical 
Check 

Check the engine for: 

 Broken motor mounts. 

 Improper valve timing. 

 Low compression. 

 Improper valve clearance. 

 Worn rocker arms. 

 Broken or weak valve springs. 

 Worn camshaft lobes. 
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Electrical Section 
 

NOTE:  YOU CAN OBTAIN A FULL SIZE ELECTRONIC WIRE DIAGRAM BY CONTACTING THE OEM.



 

114 

ECM Header Connectors 
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Diagnostic Scan Tool (DST)
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CONTENTS 
 

 Installation of the DST package to a personal computer (PC). 

 Software login and password functionality. 

 DST service pages. 

 Updating the ECM calibration using a MOT file. 

 DTC pages. 
 
Examples and snapshots used in this manual are based off of the initial DST tool release as of July, 
2007.  This tool is frequently updated and the illustrations may vary depending on the changes 
included in any updated DST display Interface.  For example, the Electronic Pressure Regulator 
(EPR) may be referred to as the “megajector.”  Terms, names and descriptions of parts and servicing 
procedures will be updated based on trade, brand, or common description to more accurately describe 
the part or service procedure. 

 
DST INSTALLATION INSTRUCTIONS 
 
Before installing the DST software, please be sure your computer meets the minimum system 
requirements. 
 
Supported operating systems are: 
 

 Windows Vista  

 Windows XP 

 Windows 2000 

 Windows 7 (must have most current ECOM Driver) 

 Windows 8 (must have most current ECOM Driver) 
 
Minimum processor speed: 
 

 Pentium II 450 MHz  

 Pentium III 1.0 GHz for Windows Vista 
 
Minimum RAM requirement: 
 

 Windows Vista 512 MB 

 Windows XP 256 MB 

 Windows 2000 128 MB 
 
* At least one available RS232 serial or USB port.   
* ECOM cable supports USB port only. 
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 Insert the CD into your computer and select LATEST_4G_DISPLAY 
 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

 Open the ECOM_Driver Folder 
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 Double Click the driver setup file (.exe file) - - - > This will launch the installation wizard 

 Select “NEXT” until you finish the installation as shown below 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 Return to the LATEST_4G_DISPLAY folder  
 

 

 Select the PC Display folder  
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 Select the 4G Display icon 
 
  

 
 
 
 
 
 
 
 

 
 
 
 
 

 Select the 4G Display icon - - - > This will launch the installation wizard 
 

 Select NEXT until it says you are finish 
 

 Restart your PC 
 

 Go to the START button on the lower 
left corner and find the 4G Display 
Program 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
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 a password applicable to all ECMs of a given original 

equipment manufacturer (OEM). 
 
2. Enter a “Single S/N Password” and corresponding ECM serial number for a single ECM.  A 

Single Serial Number password is unique to a specific ECM serial number and permits 
authorized service personnel to make changes or view information for a specific ECM. 
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3. 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 Spectrum customer and determines which pages and variables 
are visible through the software.  Passwords are assigned by the OEM support group and may 
change periodically.  Check the “save password” box to automatically retain the password for 
future use. 

 
Note: The password is printed on the CD disk.  If it does not have a password or you have questions 
please contact the OEM. 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 1: Populated Password Dialog Box 
PASSWORD DIALOG BOX FUNCTIONS 

 
 

 Clear Password Button Erases the current password from the password field. 

 Paste Password Button Allows the user to copy a 16-character string from any word 
processor and paste the string in the password field. 

 Single Serial Number Access Checkbox Tells the software that the password is applicable for 
single serial number access. 

 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 applies (NOTE:  Leading zero’s included in the serial number are 
not required). 

 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) will be 
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. 
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  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. 
 

 
 

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). 
 

 
 

Figure 4: Not Authorized to Connect Message 
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In the event you receive this error message call your OEM support group for more information.   
 
CONNECTING THE PC TO THE ENGINE WIRE HARNESS 

 

 
 

Connecting the DST cable 
 

A laptop computer, with the diagnostic cable and software is the required tool for performing proper 
diagnostic testing of the fuel system.  It is also used to monitor sensor and actuator values and to 
read and clear Diagnostic Trouble codes.  The DST software also performs several special tests. 
 
 

 Connect the system diagnostic cable to the USB port on the back of the computer.  

 Connect the diagnostic cable to the DLC (diagnostic link connector) labeled 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. 

 Turn the computer ON. 

 Start Windows. 

 From the start menu select Programs → 4G Display → 4G Display 

 Place the ignition key in the ON position. 
 

 
 

Within several seconds the system Gauge screen should now appear and a green banner in the 
upper left hand will read “Connected.” 

 
 
 
 
 
 

 Connecting to the PC using the ECOM cable 
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 To connect using the ECOM cable you must select ECOM from the COM Port drop down menu. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 You will now need to configure the ECOM communication protocol. 
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DST SERVICE PAGES 
 

 
 

Gauge Page 
 

Provides system data in large easy to read displays.  Displays ECM configuration information for 
the ECM software, hardware, serial numbers and calibration dates. 
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Raw Volts Page 
 

The raw volts page displays the sensor inputs and outputs in a raw voltage format.  This page is 
most commonly used to check values in the diagnostic trouble shooting charts.   
 
 

 
 

Service 1 
 

The Service 1 screen is used to clear the adaptive learn, shows the MIL status and provides a 
display for rpm, coolant temperature and spark advance. It also provides a large display to monitor 
the closed loop mixture control.  

 

 
 

Tests Page 
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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.  The disabled item menus are grayed out or rendered inoperative. 
 
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 into the position it was in when the test mode was entered.  If 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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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 sensor 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 “Clear All Faults.”   

 

 
 
 
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 plotting.   
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Figure 5:  Tagged Variables for Plot/Log 
 

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. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
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. 
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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. 

 

Start/Stop Button Start or stop plotting of selected variables 

Save Button 
Save plotted data displayed 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 

Single Shot Acquisition 
Checkbox* 

When checked, this does not allow the plot to scroll past the ‘Time 
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. 
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Figure 7: DST Plot 
 

 IF THE “RECORD” BUTTON IS GREEN THAT MEANS IT IS CURRENTLY RECORDINGS 
 

 
 

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. 
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 Start Menu → Programs → 4G 
Display → edis_sadbplot 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

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 1 
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MALFUNCTION INDICATOR LAMP (MIL) 
 
The Fuel system has built-in diagnostics for system trouble shooting.  The system has a dash 
mounted malfunction indicator lamp (MIL) that provides indications of engine or fuel system related 
problem.  Most engine control system related problems that affect emissions or drivability of the 
vehicle will set a (DTC) diagnostic trouble code and illuminate the MIL. 
 
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 DTCs 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 MIL 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. 

 
The MIL will be turned OFF after three (3) consecutive run cycles or by clearing the active code with 
the Diagnostic Scan Tool (DST). 
 
 
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 DTCs are stored as historic 
faults until they are cleared.  Most DTCs 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 or battery cable for at least 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 
DTCs are numbered in order of importance.  Both DTC 112 and DTC122 pertain to the oxygen 
sensor, so it is possible that a repair that corrects DTC 112 may also correct the problem causing the 
DTC 122. 
 
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.   
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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: 
 
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.   
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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: 
 

 Jump pins 1 and 4 at the DLC connector (see illustration below) 
 

 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. 

 

 If no DTC codes are found, the ECM will continue to flash 1654 only.  This means no stored 
DTC codes were found. 

 

 If one of the numbers in the DTC code is zero (0), no flash will occur to represent the zero 
value—it will be represented as a short pause. 
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Diagram 1 
 
When using the DST program to clear a DTC, always select the “Clear All Faults” function to 
immediately turn the MIL OFF after a successful repair (as shown in diagram 1 above). 
 
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 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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Engine Wire Harness 
Repair 
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ON-VEHICLE SERVICE 
WIRE HARNESS REPAIR 

 
The ECM harness electrically connects the 
ECM to a various components in both the 
engine and passenger compartments. 
  
Wire harnesses should be replaced with proper 
part number harnesses. When wires are spliced 
into a harness, use wire with high temperature 
insulation only.  
 
Low current and voltage levels are used in the 
system, so it is important that the best possible 
bond at all wire splices be made by soldering the 
splices. 

 
CONNECTORS AND TERMINALS 

 
Use care when probing a connector or replacing 
terminals in them to prevent shorting opposite 
terminals and damage certain components. 
Always use jumper wires between connectors, 
for circuit checking. Do not probe through the 
Weather-Pack seals with oversized wire probes. 
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. 
Do not solder oxygen sensor wire terminals as 
these wire ends are used for the sensors oxygen 
reference.  
 
Open circuits are often difficult to locate by sight 
due to dirt, oxidation, or terminal misalignment.  
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 connections.  
 
Before making a connector repair, be certain of 
the type of connector. Weather-Pack and 
Compact Three connectors look similar, but are 
serviced differently.  

 

 

 

 

REPAIRING TWISTED/SHIELDED CABLE 

 

1. Remove outer jacket 

2. Unwrap aluminum/Mylar tape. Do not 
remove Mylar. 

 

3. Untwist conductors, strip insulation as 
necessary. 

 

4. Splice wire using splice clips and rosin 
core solder.  Wrap each splice to 
insulate. 

5. Wrap with Mylar and drain wire 
(uninsulated) wire. 

 

6. Tape over entire juncture and secure. 
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REPAIRING TWISTED LEADS 

 

1. Locate Damaged Wire. 

2. Remove insulation as required. 

 

3. Splice two wires together suing splice 
clips and rosin core solder. 

 

4. Cover splice with tape to insulated from 
other wires. 

5. Retwist as before and tape with electrical 
tape and hold in place. 

 
MICRO-PACK  

 
Refer to Figure 2 and repair procedure for 
replacement of a Micro-Pack terminal.  
 

 
 

Micropack Connector 

1. Cable 
2. Terminal 
3. Locking Tang 
4. Tool J33095/BT8234-A 

 
 

METRI-PACK 
 
Some connectors use terminals called Metri-
Pack Series 150.  They are also called “Pull-To-
Seat” terminals because of the method of 
installation.  The wire is inserted through the 
seal and connector, the terminal is crimped on 
the wire and then pulled back into the connector 
to seat it in place.  
 

 
 

 
 

Metri-Pack Series 150 Terminal Removal 
 

1. Slide the seal back on the wire.  
2. Insert tool BT-8518, or J 35689, or 

equivalent, as shown in insert “A” and “B” to 
release the terminal locking tab (2). 

3. Push the wire and terminal out through the 
connector. If reusing the terminal, reshape 
the locking tab (2).  

 
WEATHER-PACK 

 
A Weather-Pack connector can be identified by a 
rubber seal, at the rear of the connector. The 
connector is used in the engine compartment to 
protect against moisture and dirt that may 
oxidize and/or corrode the terminals. Given the 
low voltage and current levels found in the 
electronic system, this protection is necessary to 
ensure a good connection. 
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WEATHER-PACK TERMINAL REPAIR 

 

 

1. Open secondary lock hinge on connector. 

 

2. Remove terminal using tool. 

 

3. Cut wire immediately behind cable seal 

 

4. Replace terminal. 
a. Slip new seal onto wire 
b. Strip 5 mm (.2”) of insulation from wire. 
c. Crimp terminal over wire and seal. 

5. Push terminal and connector and engage 
locking tangs. 

6. Close secondary lock hinge. 

 
Use tool J M28742, or BT8234-A or equivalent to 
remove the pin and sleeve terminals.  If the 
removal is attempted with an ordinary pick, there 
is a good chance that the terminal will be bent, 
or deformed. Unlike standard blade type 
terminals, these terminals cannot be 
straightened once they are bent. 
  
Verify that the connectors are properly seated 
and all of the sealing rings in place, when 
connecting leads. The hinge type flap provides a 
backup, or secondary locking feature for the 
connector. They are used to improve the 
connector reliability by retaining the terminals, if 
the small terminal lock tabs are not positioned 
properly.  
 
Weather-Pack connections cannot be replaced 
with standard connections. Additional 
instructions are provided with Weather-Pack 
connector and terminal packages.  
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Malfunction Indicator Lamp (MIL) Operation 
 
 
How does my MIL work? 
 

The emissions control system utilizes a MIL to warn the operator or technician of a possible 
issue with the engine or emissions control system.  The system will keep the MIL illuminated 
for the entire key cycle in which the trouble code was set.  It will keep the MIL illuminated for 
three additional engine run cycles under the following two circumstances: (1) The fault caused 
the engine to shut down or (2) the fault is related to the exhaust gas oxygen (EGO) sensors.  
This function is called MIL persistence.   
 
 
How does MIL persistence work?    
 
In the event the DTC is related to either an engine shutdown fault OR an oxygen sensor fault 
the following statement applies:  If the vehicle is not serviced by a technician and the condition 
causing the MIL illumination (DTC) no longer exists, the MIL will remain illuminated for the 3 
additional start cycles.  The MIL will go out on the 4th start cycle if the condition does not reoccur.  
 
In the event the DTC is not related to an engine shut down or an oxygen sensor fault and the 
condition causing the MIL illumination (DTC) no longer exists, the MIL will go out at the next run 
cycle. 
 
If the condition is serviced by a technician and the DTC is cleared using a Diagnostic Service 
Tool (DST), the MIL will go out immediately.   
 
Diagnostic Trouble Codes (DTC) are permanently retained in the historic DTC section until 
cleared with a DST or the auto clear requirements are met.  The auto clear feature will clear out 
historic faults after 40 run cycles. 
 
 
What are the requirements for a run cycle?  
 
A run cycle is when the engine speed is above the “run speed” set point for 1.5 seconds or 
longer.  The “run speed” is the transition point when the ECM recognizes the engine is going 
from the cranking parameters to the engine running parameters.  The run speed is typically set 
at 450 rpm.    
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Description SPN-2 FMI-2 Description SPN-2 FMI-2

DTC 11: Intake cam / distributor position error 520800 7 DTC 268: Injector 3 coil shorted 653 6

DTC 16: Crank and/or cam could not synchronize during start 636 8 DTC 270: Injector 4 open or short to ground 654 5

DTC 24: Exhaust cam position error 520801 7 DTC 271: Injector 4 coil shorted 654 6

DTC 87 Fuel pressure low er than expected 94 1 DTC 273: Injector 5 open or short to ground 655 5

DTC 88 Fuel pressure higher than expected 94 0 DTC 274: Injector 5 coil shorted 655 6

DTC 91: FP low  voltage 94 4 DTC 276: Injector 6 open or short to ground 656 5

DTC 92: FP high voltage 94 3 DTC 277: Injector 6 coil shorted 656 6

DTC 107: MAP voltage low 106 4 DTC 279: Injector 7 open or short to ground 657 5

DTC 108: MAP pressure high 106 16 DTC 280: Injector 7 coil shorted 657 6

DTC 111: IAT higher than expected stage 1 105 15 DTC 282: Injector 8 open or short to ground 658 5

DTC 112: IAT voltage low 105 4 DTC 283: Injector 8 coil shorted 658 6

DTC 113: IAT voltage high 105 3 DTC 285: Injector 9 open or short to ground 659 5

DTC 116: ECT higher than expected stage 1 110 15 DTC 286: Injector 9 coil shorted 659 6

DTC 117: ECT voltage low 110 4 DTC 288: Injector 10 open or short to ground 660 5

DTC 118: ECT voltage high 110 3 DTC 289: Injector 10 coil shorted 660 6

DTC 121: TPS1-2 low er than expected 51 1 DTC 1631: PWM1-Gauge1 open / ground short 697 5

DTC 122: TPS1 voltage low 51 4 DTC 299: Boost control underboost failure 1692 1

DTC 123: TPS1 voltage high 51 3 DTC 301: Cylinder 1 emissions/catalyst damaging misfire 1323 31

DTC 127: IAT higher than expected stage 2 105 0 DTC 302: Cylinder 2 emissions/catalyst damaging misfire 1324 31

DTC 129: BP pressure low 108 1 DTC 303: Cylinder 3 emissions/catalyst damaging misfire 1325 31

DTC 134: EGO1 open / lazy 724 10 DTC 304: Cylinder 4 emissions/catalyst damaging misfire 1326 31

DTC 140: EGO3 open / lazy 520209 10 DTC 305: Cylinder 5 emissions/catalyst damaging misfire 1327 31

DTC 154: EGO2 open / lazy 520208 10 DTC 306: Cylinder 6 emissions/catalyst damaging misfire 1328 31

DTC 160: EGO4 open / lazy 520210 10 DTC 307: Cylinder 7 emissions/catalyst damaging misfire 1329 31

DTC 171: Adaptive-learn gasoline bank1 high 4237 0 DTC 308: Cylinder 8 emissions/catalyst damaging misfire 1330 31

DTC 172: Adaptive-learn gasoline bank1 low 4237 1 DTC 326: Knock1 excessive or erratic signal 731 2

DTC 174: Adaptive-learn gasoline bank2 high 4239 0 DTC 327: Knock1 sensor open or not present 731 4

DTC 175: Adaptive-learn gasoline bank2 low 4239 1 DTC 331: Knock2 excessive or erratic signal 520241 2

DTC 182: FT low  voltage 174 4 DTC 332: Knock2 sensor open or not present 520241 4

DTC 183: FT high voltage 174 3 DTC 336: CRANK input signal noise 636 2

DTC 187: Gaseous fuel temperature sender low  voltage 520240 4 DTC 337: Crank signal loss 636 4

DTC 188: Gaseous fuel temperature sender high voltage 520240 3 DTC 341: CAM input signal noise 723 2

DTC 217: ECT higher than expected stage 2 110 0 DTC 342: Loss of CAM input signal 723 4

DTC 219: RPM higher than max allow ed govern speed 515 15 DTC 359: Fuel run-out longer than expected 1239 7

DTC 221: TPS1-2 higher than expected 51 0 DTC 420: Catalyst inactive on gasoline (Bank 1) 520211 10

DTC 222: TPS2 voltage low 520251 4 DTC 430: Catalyst inactive on gasoline (Bank 2) 520212 10

DTC 223: TPS2 voltage high 520251 3 DTC 502: Roadspeed input loss of signal 84 1

DTC 234: Boost control overboost failure 1692 0 DTC 508: IAC ground short 520252 6

DTC 236: TIP active 1692 2 DTC 509: IAC coil open/short 520252 5

DTC 237: TIP low  voltage 1127 4 DTC 520: Oil pressure sender low  pressure stage 1 100 18

DTC 238: TIP high voltage 1127 3 DTC 521: Oil pressure sender high pressure 100 0

DTC 261: Injector 1 open or short to ground 651 5 DTC 522: Oil pressure sender low  voltage 100 4

DTC 262: Injector 1 coil shorted 651 6 DTC 523: Oil pressure sender high voltage 100 3

DTC 264: Injector 2 open or short to ground 652 5 DTC 524: Oil pressure low 100 1

DTC 265: Injector 2 coil shorted 652 6 DTC 562: Vbat voltage low 168 17

DTC 267: Injector 3 open or short to ground 653 5 DTC 563: Vbat voltage high 168 15

DIAGNOSTIC TROUBLE CODE (DTC) CHART – SORTED BY DTC # (1 of 4) 
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Description SPN-2 FMI-2 Description SPN-2 FMI-2

DTC 601: Microprocessor failure - FLASH 628 13 DTC 1175: MegaJector voltage supply low 520260 4

DTC 604: Microprocessor failure - RAM 630 12 DTC 1176: MegaJector internal actuator fault detection 520260 12

DTC 606: Microprocessor failure - COP 629 31 DTC 1177: MegaJector internal circuitry fault detection 520260 12

DTC 615: Start relay coil open 1321 5 DTC 1178: MegaJector internal comm fault detection 520260 12

DTC 616: Start relay ground short 1321 4 DTC 1182: Fuel impurity level high 520401 0

DTC 617: Start relay coil short to pow er 1321 3 DTC 1183: MegaJector autozero / lockoff failure 520803 31

DTC 627: Fuel pump relay coil open 1348 5 DTC 1311: Cylinder 1 misfire detected 1323 11

DTC 628: Fuel-pump high-side open or short to ground 1347 5 DTC 1312: Cylinder 2 misfire detected 1324 11

DTC 628: Fuel pump relay control ground short 1348 4 DTC 1313: Cylinder 3 misfire detected 1325 11

DTC 629: Fuel-pump high-side short to pow er 1347 6 DTC 1314: Cylinder 4 misfire detected 1326 11

DTC 629: Fuel pump relay coil short to pow er 1348 3 DTC 1315: Cylinder 5 misfire detected 1327 11

DTC 642: Sensor supply voltage 1 low 1079 4 DTC 1316: Cylinder 6 misfire detected 1328 11

DTC 643: Sensor supply voltage 1 high 1079 3 DTC 1317: Cylinder 7 misfire detected 1329 11

DTC 650: MIL open 1213 5 DTC 1318: Cylinder 8 misfire detected 1330 11

DTC 652: Sensor supply voltage 2 low 1080 4 DTC 1411: EMWT1 voltage high 441 3

DTC 653: Sensor supply voltage 2 high 1080 3 DTC 1412: EMWT2 voltage high 442 3

DTC 685: Pow er relay coil open 1485 5 DTC 1413: EMWT1 voltage low 441 4

DTC 686: Pow er relay ground short 1485 4 DTC 1414: EMWT2 voltage low 442 4

DTC 687: Pow er relay coil short to pow er 1485 3 DTC 1415: EMWT1 higher than expected stage 1 441 15

DTC 916: Shift actuator feedback out-of-range 520226 3 DTC 1416: EMWT2 higher than expected stage 1 442 15

DTC 919: Shift unable to reach desired gear 520226 7 DTC 1417: EMWT1 higher than expected stage 2 441 0

DTC 920: Shift actuator or drive circuit failed 520226 31 DTC 1418: EMWT2 higher than expected stage 2 442 0

DTC 1111: RPM above fuel rev limit level 515 16 DTC 1419: ERWT1 voltage high 443 3

DTC 1112: RPM above spark rev limit level 515 0 DTC 1420: ERWT2 voltage high 444 3

DTC 1121: FPP1/2 simultaneous voltages out-of-range (redundancy lost)91 31 DTC 1421: ERWT1 voltage low 443 4

DTC 1122: FPP1/2 do not match each other or IVS (redundancy lost) 520250 31 DTC 1422: ERWT2 voltage low 444 4

DTC 1131: WGP voltage high 1192 3 DTC 1423: ERWT1 higher than expected stage 1 443 15

DTC 1132: WGP voltage low 1192 4 DTC 1424: ERWT2 higher than expected stage 1 444 15

DTC 1151: Closed-loop LPG high 4236 0 DTC 1425: ERWT1 higher than expected stage 2 443 0

DTC 1152: Closed-loop LPG low 4236 1 DTC 1426: ERWT2 higher than expected stage 2 444 0

DTC 1153: Closed-loop NG high 4236 0 DTC 1511: AUX analog Pull-Up 1 high voltage 520216 3

DTC 1154: Closed-loop NG low 4236 1 DTC 1512: AUX analog Pull-Up 1 low  voltage 520216 4

DTC 1155: Closed-loop gasoline bank1 high 4236 0 DTC 1513: AUX analog Pull-Up 2 high voltage 520217 3

DTC 1156: Closed-loop gasoline bank1 low 4236 1 DTC 1514: AUX analog Pull-Up 2 low  voltage 520217 4

DTC 1157: Closed-loop gasoline bank2 high 4238 0 DTC 1515: AUX analog Pull-Dow n 1 high voltage 520215 3

DTC 1158: Closed-loop gasoline bank2 low 4238 1 DTC 1516: AUX analog Pull-Dow n 1 low  voltage 520215 4

DTC 1161: Adaptive-learn LPG high 4237 0 DTC 1517: AUX analog Pull-Up 3 high voltage 520218 3

DTC 1162: Adaptive-learn LPG low 4237 1 DTC 1518: AUX analog Pull-Up 3 low  voltage 520218 4

DTC 1163: Adaptive-learn NG high 4237 0 DTC 1521: CHT higher than expected stage 1 110 16

DTC 1164: Adaptive-learn NG low 4237 1 DTC 1522: CHT higher than expected stage 2 110 0

DTC 1165: Catalyst inactive on LPG 3050 10 DTC 1531: Gov1/2/3 interlock failure 520270 31

DTC 1166: Catalyst inactive on NG 520214 10 DTC 1541: AUX analog Pull-Up/Dow n 1 high voltage 520219 3

DTC 1171: MegaJector delivery pressure higher than expected 520260 0 DTC 1542: AUX analog Pull-Up/Dow n 1 low  voltage 520219 4

DTC 1172: MegaJector delivery pressure low er than expected 520260 1 DTC 1543: AUX analog Pull-Up/Dow n 2 high voltage 520220 3

DTC 1173: MegaJector comm lost 520260 31 DTC 1544: AUX analog Pull-Up/Dow n 2 low  voltage 520220 4

DTC 1174: MegaJector voltage supply high 520260 3 DTC 1545: AUX analog Pull-Up/Dow n 3 high voltage 520221 3

DIAGNOSTIC TROUBLE CODE (DTC) CHART – SORTED BY DTC # (2 of 4) 
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Description SPN-2 FMI-2 Description SPN-2 FMI-2

DTC 1546: AUX analog Pull-Up/Down 3 low voltage 520221 4 DTC 1662: PWM6 short to power 925 3

DTC 1547: AUX analog Pull-Up/Down 4 high voltage 713 3 DTC 1663: PWM7 open / ground short 926 5

DTC 1548: AUX analog Pull-Up/Down 4 low voltage 713 4 DTC 1664: PWM7 short to power 926 3

DTC 1551: AUX digital 1 high voltage 520222 3 DTC 1665: PWM8 open / ground short 2646 5

DTC 1552: AUX digital 1 low voltage 520222 4 DTC 1666: PWM8 short to power 2646 3

DTC 1553: AUX digital 2 high voltage 520223 3 DTC 1669: PWM9 open / ground short 2647 5

DTC 1554: AUX digital 2 low voltage 520223 4 DTC 1670: PWM9 short to power 2647 3

DTC 1555: AUX digital 3 high voltage 520224 3 DTC 2111: Unable to reach lower TPS 51 7

DTC 1555: Water Intrusion Detection 520224 3 DTC 2112: Unable to reach higher TPS 51 7

DTC 1556: AUX digital 3 low voltage 520224 4 DTC 2115: FPP1 higher than IVS 91 0

DTC 1561: AUX analog Pull-Down 2 high voltage 0 3 DTC 2116: FPP2 higher than IVS 29 0

DTC 1561: AUX analog Pull-Down 3 high voltage 0 3 DTC 2120: FPP1 invalid voltage and FPP2 disagrees with IVS (redundancy lost)520250 31

DTC 1561: AUX analog Pull-Down 2 low voltage 0 4 DTC 2121: FPP1-2 lower than expected 91 18

DTC 1561: AUX analog Pull-Down 3 low voltage 0 4 DTC 2122: FPP1 voltage high 91 3

DTC 1611: Sensor supply voltage 1 and 2 out-of-range 1079 31 DTC 2123: FPP1 voltage low 91 4

DTC 1612: Microprocessor failure - RTI 1 629 31 DTC 2125: FPP2 invalid voltage and FPP1 disagrees with IVS (redundancy lost)520250 31

DTC 1613: Microprocessor failure - RTI 2 629 31 DTC 2126: FPP1-2 higher than expected 91 16

DTC 1614: Microprocessor failure - RTI 3 629 31 DTC 2127: FPP2 voltage low 29 4

DTC 1615: Microprocessor failure - A/D 629 31 DTC 2128: FPP2 voltage high 29 3

DTC 1616: Microprocessor failure - Interrupt 629 31 DTC 2130: IVS stuck at-idle, FPP1/2 match 558 5

DTC 1621: RS-485 Rx inactive 0 31 DTC 2131: IVS stuck off-idle, FPP1/2 match 558 6

DTC 1622: RS-485 Rx noise 0 31 DTC 2135: TPS1/2 simultaneous voltages out-of-range 51 31

DTC 1623: RS-485 Rx bad packet format 0 31 DTC 2139: FPP1 lower than IVS 91 1

DTC 1624: RS-485 remote shutdown request 0 31 DTC 2140: FPP2 lower than IVS 29 1

DTC 1625: J1939 shutdown request 1384 31 DTC 2229: BP pressure high 108 0

DTC 1626: CAN-J1939 Tx fault 639 12 DTC 2300: Spark coil 1 primary open or short to ground 1268 5

DTC 1627: CAN-J1939 Rx fault 639 12 DTC 2301: Spark coil 1 primary shorted 1268 6

DTC 1628: J1939 CAN address / engine-number conflict 639 13 DTC 2303: Spark coil 2 primary open or short to ground 1269 5

DTC 1629: J1939 TSC1 message receipt loss 639 9 DTC 2304: Spark coil 2 primary shorted 1269 6

DTC 1630: J1939 ETC message receipt loss 91 2 DTC 2306: Spark coil 3 primary open or short to ground 1270 5

DTC 1632: PWM1-Gauge1 short to power 697 6 DTC 2307: Spark coil 3 primary shorted 1270 6

DTC 1633: PWM2-Gauge2 open / ground short 698 5 DTC 2309: Spark coil 4 primary open or short to ground 1271 5

DTC 1634: PWM2-Gauge2 short to power 698 6 DTC 2310: Spark coil 4 primary shorted 1271 6

DTC 1635: PWM3-Gauge3 open / ground short 699 5 DTC 2312: Spark coil 5 primary open or short to ground 1272 5

DTC 1636: PWM3-Gauge3 short to power 699 6 DTC 2313: Spark coil 5 primary shorted 1272 6

DTC 1637: PWM4 open / ground short 700 5 DTC 2315: Spark coil 6 primary open or short to ground 1273 5

DTC 1638: PWM4 short to power 700 6 DTC 2316: Spark coil 6 primary shorted 1273 6

DTC 1639: PWM5 open / ground short 520230 5 DTC 2318: Spark coil 7 primary open or short to ground 1274 5

DTC 1640: PWM5 short to power 520230 6 DTC 2319: Spark coil 7 primary shorted 1274 6

DTC 1641: Buzzer control ground short 920 4 DTC 2321: Spark coil 8 primary open or short to ground 1275 5

DTC 1642: Buzzer open 920 5 DTC 2322: Spark coil 8 primary shorted 1275 6

DTC 1643: Buzzer control short to power 920 3 DTC 2324: Spark coil 9 primary open or short to ground 1276 5

DTC 1644: MIL control ground short 1213 4 DTC 2325: Spark coil 9 primary shorted 1276 6

DTC 1645: MIL control short to power 1213 3 DTC 2327: Spark coil 10 primary open or short to ground 1277 5

DTC 1651: J1939 ETC message receipt loss while in-gear 91 9 DTC 2328: Spark coil 10 primary shorted 1277 6

DTC 1661: PWM6 open / ground short 925 5 DTC 2428: EGT temperature high 173 0

DIAGNOSTIC TROUBLE CODE (DTC) CHART – SORTED BY DTC # (3 of 4) 
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Description SPN-2 FMI-2

DTC 2618: Tach output ground short 645 4

DTC 2619: Tach output short to power 645 3

DTC 8901: UEGO microprocessor internal fault 3221 31

DTC 8902: UEGO heater supply high voltage 3222 3

DTC 8903: UEGO heater supply low voltage 3222 4

DTC 8904: UEGO cal resistor voltage high 3221 3

DTC 8905: UEGO cal resistor voltage low 3221 4

DTC 8906: UEGO return voltage shorted high 3056 3

DTC 8907: UEGO return voltage shorted low 3056 4

DTC 8908: UEGO pump voltage shorted high 3218 3

DTC 8909: UEGO pump voltage shorted low 3218 4

DTC 8910: UEGO sense cell voltage high 3217 3

DTC 8911: UEGO sense cell voltage low 3217 4

DTC 8912: UEGO pump voltage at high drive limit 3225 3

DTC 8913: UEGO pump voltage at low drive limit 3225 4

DTC 8914: UEGO sense cell slow to warm up 3222 10

DTC 8915: UEGO pump cell slow to warm up 3225 10

DTC 8916: UEGO sense cell impedance high 3222 0

DTC 8917: UEGO pump cell impedance high 3225 0

DTC 8918: UEGO pump cell impedance low 3225 1

 

DIAGNOSTIC TROUBLE CODE (DTC) CHART – SORTED BY DTC # (4 of 4) 
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Description SPN-2 FMI-2 Description SPN-2 FMI-2

DTC 1561: AUX analog Pull-Down 2 high voltage 0 3 DTC 107: MAP voltage low 106 4

DTC 1561: AUX analog Pull-Down 3 high voltage 0 3 DTC 108: MAP pressure high 106 16

DTC 1561: AUX analog Pull-Down 2 low voltage 0 4 DTC 2229: BP pressure high 108 0

DTC 1561: AUX analog Pull-Down 3 low voltage 0 4 DTC 129: BP pressure low 108 1

DTC 1621: RS-485 Rx inactive 0 31 DTC 1522: CHT higher than expected stage 2 110 0

DTC 1622: RS-485 Rx noise 0 31 DTC 217: ECT higher than expected stage 2 110 0

DTC 1623: RS-485 Rx bad packet format 0 31 DTC 118: ECT voltage high 110 3

DTC 1624: RS-485 remote shutdown request 0 31 DTC 117: ECT voltage low 110 4

Undefined DTC - Index 10297 0 31 DTC 116: ECT higher than expected stage 1 110 15

Undefined DTC - Index 10298 0 31 DTC 1521: CHT higher than expected stage 1 110 16

Undefined DTC - Index 10299 0 31 DTC 563: Vbat voltage high 168 15

DTC 2116: FPP2 higher than IVS 29 0 DTC 562: Vbat voltage low 168 17

DTC 2140: FPP2 lower than IVS 29 1 DTC 2428: EGT temperature high 173 0

DTC 2128: FPP2 voltage high 29 3 DTC 183: FT high voltage 174 3

DTC 2127: FPP2 voltage low 29 4 DTC 182: FT low voltage 174 4

DTC 221: TPS1-2 higher than expected 51 0 DTC 1417: EMWT1 higher than expected stage 2 441 0

DTC 121: TPS1-2 lower than expected 51 1 DTC 1411: EMWT1 voltage high 441 3

DTC 123: TPS1 voltage high 51 3 DTC 1413: EMWT1 voltage low 441 4

DTC 122: TPS1 voltage low 51 4 DTC 1415: EMWT1 higher than expected stage 1 441 15

DTC 2112: Unable to reach higher TPS 51 7 DTC 1418: EMWT2 higher than expected stage 2 442 0

DTC 2111: Unable to reach lower TPS 51 7 DTC 1412: EMWT2 voltage high 442 3

DTC 2135: TPS1/2 simultaneous voltages out-of-range 51 31 DTC 1414: EMWT2 voltage low 442 4

DTC 502: Roadspeed input loss of signal 84 1 DTC 1416: EMWT2 higher than expected stage 1 442 15

DTC 2115: FPP1 higher than IVS 91 0 DTC 1425: ERWT1 higher than expected stage 2 443 0

DTC 2139: FPP1 lower than IVS 91 1 DTC 1419: ERWT1 voltage high 443 3

DTC 1630: J1939 ETC message receipt loss 91 2 DTC 1421: ERWT1 voltage low 443 4

DTC 2122: FPP1 voltage high 91 3 DTC 1423: ERWT1 higher than expected stage 1 443 15

DTC 2123: FPP1 voltage low 91 4 DTC 1426: ERWT2 higher than expected stage 2 444 0

DTC 1651: J1939 ETC message receipt loss while in-gear91 9 DTC 1420: ERWT2 voltage high 444 3

DTC 2126: FPP1-2 higher than expected 91 16 DTC 1422: ERWT2 voltage low 444 4

DTC 2121: FPP1-2 lower than expected 91 18 DTC 1424: ERWT2 higher than expected stage 1 444 15

DTC 1121: FPP1/2 simultaneous voltages out-of-range (redundancy lost)91 31 DTC 1112: RPM above spark rev limit level 515 0

DTC 88 Fuel pressure higher than expected 94 0 DTC 219: RPM higher than max allowed govern speed 515 15

DTC 87 Fuel pressure lower than expected 94 1 DTC 1111: RPM above fuel rev limit level 515 16

DTC 92: FP high voltage 94 3 DTC 2130: IVS stuck at-idle, FPP1/2 match 558 5

DTC 91: FP low voltage 94 4 DTC 2131: IVS stuck off-idle, FPP1/2 match 558 6

DTC 521: Oil pressure sender high pressure 100 0 DTC 601: Microprocessor failure - FLASH 628 13

DTC 524: Oil pressure low 100 1 DTC 606: Microprocessor failure - COP 629 31

DTC 524: Oil pressure sender low pressure 100 1 DTC 1612: Microprocessor failure - RTI 1 629 31

DTC 523: Oil pressure sender high voltage 100 3 DTC 1613: Microprocessor failure - RTI 2 629 31

DTC 522: Oil pressure sender low voltage 100 4 DTC 1614: Microprocessor failure - RTI 3 629 31

DTC 520: Oil pressure sender low pressure stage 1 100 18 DTC 1615: Microprocessor failure - A/D 629 31

DTC 127: IAT higher than expected stage 2 105 0 DTC 1616: Microprocessor failure - Interrupt 629 31

DTC 113: IAT voltage high 105 3 DTC 604: Microprocessor failure - RAM 630 12

DTC 112: IAT voltage low 105 4 DTC 336: CRANK input signal noise 636 2

DTC 111: IAT higher than expected stage 1 105 15 DTC 337: Crank signal loss 636 4

 
DIAGNOSTIC TROUBLE CODE (DTC) CHART – SORTED BY SPN:FMI (1 of 4) 
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Description SPN-2 FMI-2 Description SPN-2 FMI-2

DTC 16: Crank and/or cam could not synchronize during start636 8 DTC 1661: PWM6 open / ground short 925 5

DTC 1629: J1939 TSC1 message receipt loss 639 9 DTC 1664: PWM7 short to power 926 3

DTC 1626: CAN-J1939 Tx fault 639 12 DTC 1663: PWM7 open / ground short 926 5

DTC 1627: CAN-J1939 Rx fault 639 12 DTC 643: Sensor supply voltage 1 high 1079 3

DTC 1628: J1939 CAN address / engine-number conflict639 13 DTC 642: Sensor supply voltage 1 low 1079 4

DTC 2619: Tach output short to power 645 3 DTC 1611: Sensor supply voltage 1 and 2 out-of-range 1079 31

DTC 2618: Tach output ground short 645 4 DTC 653: Sensor supply voltage 2 high 1080 3

DTC 261: Injector 1 open or short to ground 651 5 DTC 652: Sensor supply voltage 2 low 1080 4

DTC 262: Injector 1 coil shorted 651 6 DTC 238: TIP high voltage 1127 3

DTC 264: Injector 2 open or short to ground 652 5 DTC 237: TIP low voltage 1127 4

DTC 265: Injector 2 coil shorted 652 6 DTC 1131: WGP voltage high 1192 3

DTC 267: Injector 3 open or short to ground 653 5 DTC 1132: WGP voltage low 1192 4

DTC 268: Injector 3 coil shorted 653 6 DTC 1645: MIL control short to power 1213 3

DTC 270: Injector 4 open or short to ground 654 5 DTC 1644: MIL control ground short 1213 4

DTC 271: Injector 4 coil shorted 654 6 DTC 650: MIL open 1213 5

DTC 273: Injector 5 open or short to ground 655 5 DTC 359: Fuel run-out longer than expected 1239 7

DTC 274: Injector 5 coil shorted 655 6 DTC 2300: Spark coil 1 primary open or short to ground 1268 5

DTC 276: Injector 6 open or short to ground 656 5 DTC 2301: Spark coil 1 primary shorted 1268 6

DTC 277: Injector 6 coil shorted 656 6 DTC 2303: Spark coil 2 primary open or short to ground 1269 5

DTC 279: Injector 7 open or short to ground 657 5 DTC 2304: Spark coil 2 primary shorted 1269 6

DTC 280: Injector 7 coil shorted 657 6 DTC 2306: Spark coil 3 primary open or short to ground 1270 5

DTC 282: Injector 8 open or short to ground 658 5 DTC 2307: Spark coil 3 primary shorted 1270 6

DTC 283: Injector 8 coil shorted 658 6 DTC 2309: Spark coil 4 primary open or short to ground 1271 5

DTC 285: Injector 9 open or short to ground 659 5 DTC 2310: Spark coil 4 primary shorted 1271 6

DTC 286: Injector 9 coil shorted 659 6 DTC 2312: Spark coil 5 primary open or short to ground 1272 5

DTC 288: Injector 10 open or short to ground 660 5 DTC 2313: Spark coil 5 primary shorted 1272 6

DTC 289: Injector 10 coil shorted 660 6 DTC 2315: Spark coil 6 primary open or short to ground 1273 5

DTC 1631: PWM1-Gauge1 open / ground short 697 5 DTC 2316: Spark coil 6 primary shorted 1273 6

DTC 1632: PWM1-Gauge1 short to power 697 6 DTC 2318: Spark coil 7 primary open or short to ground 1274 5

DTC 1633: PWM2-Gauge2 open / ground short 698 5 DTC 2319: Spark coil 7 primary shorted 1274 6

DTC 1634: PWM2-Gauge2 short to power 698 6 DTC 2321: Spark coil 8 primary open or short to ground 1275 5

DTC 1635: PWM3-Gauge3 open / ground short 699 5 DTC 2322: Spark coil 8 primary shorted 1275 6

DTC 1636: PWM3-Gauge3 short to power 699 6 DTC 2324: Spark coil 9 primary open or short to ground 1276 5

DTC 1637: PWM4 open / ground short 700 5 DTC 2325: Spark coil 9 primary shorted 1276 6

DTC 1638: PWM4 short to power 700 6 DTC 2327: Spark coil 10 primary open or short to ground 1277 5

DTC 1547: AUX analog Pull-Up/Down 4 high voltage 713 3 DTC 2328: Spark coil 10 primary shorted 1277 6

DTC 1548: AUX analog Pull-Up/Down 4 low voltage 713 4 DTC 617: Start relay coil short to power 1321 3

DTC 341: CAM input signal noise 723 2 DTC 616: Start relay ground short 1321 4

DTC 342: Loss of CAM input signal 723 4 DTC 615: Start relay coil open 1321 5

DTC 134: EGO1 open / lazy 724 10 DTC 1311: Cylinder 1 misfire detected 1323 11

DTC 326: Knock1 excessive or erratic signal 731 2 DTC 301: Cylinder 1 emissions/catalyst damaging misfire 1323 31

DTC 327: Knock1 sensor open or not present 731 4 DTC 1312: Cylinder 2 misfire detected 1324 11

DTC 1643: Buzzer control short to power 920 3 DTC 302: Cylinder 2 emissions/catalyst damaging misfire 1324 31

DTC 1641: Buzzer control ground short 920 4 DTC 1313: Cylinder 3 misfire detected 1325 11

DTC 1642: Buzzer open 920 5 DTC 303: Cylinder 3 emissions/catalyst damaging misfire 1325 31

DTC 1662: PWM6 short to power 925 3 DTC 1314: Cylinder 4 misfire detected 1326 11
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Description SPN-2 FMI-2 Description SPN-2 FMI-2

DTC 304: Cylinder 4 emissions/catalyst damaging misfire1326 31 DTC 171: Adaptive-learn gasoline bank1 high 4237 0

DTC 1315: Cylinder 5 misfire detected 1327 11 DTC 172: Adaptive-learn gasoline bank1 low 4237 1

DTC 305: Cylinder 5 emissions/catalyst damaging misfire1327 31 DTC 174: Adaptive-learn gasoline bank2 high 4239 0

DTC 1316: Cylinder 6 misfire detected 1328 11 DTC 175: Adaptive-learn gasoline bank2 low 4239 1

DTC 306: Cylinder 6 emissions/catalyst damaging misfire1328 31 DTC 1161: Adaptive-learn LPG high 4237 0

DTC 1317: Cylinder 7 misfire detected 1329 11 DTC 1162: Adaptive-learn LPG low 4237 1

DTC 307: Cylinder 7 emissions/catalyst damaging misfire1329 31 DTC 1163: Adaptive-learn NG high 4237 0

DTC 1318: Cylinder 8 misfire detected 1330 11 DTC 1164: Adaptive-learn NG low 4237 1

DTC 308: Cylinder 8 emissions/catalyst damaging misfire1330 31 DTC 1155: Closed-loop gasoline bank1 high 4236 0

DTC 628: Fuel-pump high-side open or short to ground1347 5 DTC 1156: Closed-loop gasoline bank1 low 4236 1

DTC 629: Fuel-pump high-side short to power 1347 6 DTC 1157: Closed-loop gasoline bank2 high 4238 0

DTC 629: Fuel pump relay coil short to power 1348 3 DTC 1158: Closed-loop gasoline bank2 low 4238 1

DTC 628: Fuel pump relay control ground short 1348 4 DTC 1151: Closed-loop LPG high 4236 0

DTC 627: Fuel pump relay coil open 1348 5 DTC 1152: Closed-loop LPG low 4236 1

DTC 1625: J1939 shutdown request 1384 31 DTC 1153: Closed-loop NG high 4236 0

DTC 687: Power relay coil short to power 1485 3 DTC 1154: Closed-loop NG low 4236 1

DTC 686: Power relay ground short 1485 4 DTC 154: EGO2 open / lazy 520208 10

DTC 685: Power relay coil open 1485 5 DTC 140: EGO3 open / lazy 520209 10

DTC 234: Boost control overboost failure 1692 0 DTC 160: EGO4 open / lazy 520210 10

DTC 299: Boost control underboost failure 1692 1 DTC 1166: Catalyst inactive on NG 520214 10

DTC 236: TIP active 1692 2 DTC 1515: AUX analog Pull-Down 1 high voltage 520215 3

DTC 1666: PWM8 short to power 2646 3 DTC 1516: AUX analog Pull-Down 1 low voltage 520215 4

DTC 1665: PWM8 open / ground short 2646 5 DTC 1511: AUX analog Pull-Up 1 high voltage 520216 3

DTC 1670: PWM9 short to power 2647 3 DTC 1512: AUX analog Pull-Up 1 low voltage 520216 4

DTC 1669: PWM9 open / ground short 2647 5 DTC 1513: AUX analog Pull-Up 2 high voltage 520217 3

DTC 420: Catalyst inactive on gasoline (Bank 1) 3050 10 DTC 1514: AUX analog Pull-Up 2 low voltage 520217 4

DTC 430: Catalyst inactive on gasoline (Bank 2) 3051 10 DTC 1517: AUX analog Pull-Up 3 high voltage 520218 3

DTC 1165: Catalyst inactive on LPG 3050 10 DTC 1518: AUX analog Pull-Up 3 low voltage 520218 4

DTC 8906: UEGO return voltage shorted high 3056 3 DTC 1541: AUX analog Pull-Up/Down 1 high voltage 520219 3

DTC 8907: UEGO return voltage shorted low 3056 4 DTC 1542: AUX analog Pull-Up/Down 1 low voltage 520219 4

DTC 8910: UEGO sense cell voltage high 3217 3 DTC 1543: AUX analog Pull-Up/Down 2 high voltage 520220 3

DTC 8911: UEGO sense cell voltage low 3217 4 DTC 1544: AUX analog Pull-Up/Down 2 low voltage 520220 4

DTC 8908: UEGO pump voltage shorted high 3218 3 DTC 1545: AUX analog Pull-Up/Down 3 high voltage 520221 3

DTC 8909: UEGO pump voltage shorted low 3218 4 DTC 1546: AUX analog Pull-Up/Down 3 low voltage 520221 4

DTC 8904: UEGO cal resistor voltage high 3221 3 DTC 1551: AUX digital 1 high voltage 520222 3

DTC 8905: UEGO cal resistor voltage low 3221 4 DTC 1552: AUX digital 1 low voltage 520222 4

DTC 8901: UEGO microprocessor internal fault 3221 31 DTC 1553: AUX digital 2 high voltage 520223 3

DTC 8916: UEGO sense cell impedance high 3222 0 DTC 1554: AUX digital 2 low voltage 520223 4

DTC 8902: UEGO heater supply high voltage 3222 3 DTC 1555: AUX digital 3 high voltage 520224 3

DTC 8903: UEGO heater supply low voltage 3222 4 DTC 1555: Water Intrusion Detection 520224 3

DTC 8914: UEGO sense cell slow to warm up 3222 10 DTC 1556: AUX digital 3 low voltage 520224 4

DTC 8917: UEGO pump cell impedance high 3225 0 DTC 916: Shift actuator feedback out-of-range 520226 3

DTC 8918: UEGO pump cell impedance low 3225 1 DTC 919: Shift unable to reach desired gear 520226 7

DTC 8912: UEGO pump voltage at high drive limit 3225 3 DTC 920: Shift actuator or drive circuit failed 520226 31

DTC 8913: UEGO pump voltage at low drive limit 3225 4 DTC 1639: PWM5 open / ground short 520230 5

DTC 8915: UEGO pump cell slow to warm up 3225 10 DTC 1640: PWM5 short to power 520230 6
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Description SPN-2 FMI-2

DTC 188: Gaseous fuel temperature sender high voltage520240 3

DTC 187: Gaseous fuel temperature sender low voltage520240 4

DTC 331: Knock2 excessive or erratic signal 520241 2

DTC 332: Knock2 sensor open or not present 520241 4

DTC 2120: FPP1 invalid voltage and FPP2 disagrees with IVS (redundancy lost)520250 31

DTC 2125: FPP2 invalid voltage and FPP1 disagrees with IVS (redundancy lost)520250 31

DTC 1122: FPP1/2 do not match each other or IVS (redundancy lost)520250 31

DTC 223: TPS2 voltage high 520251 3

DTC 222: TPS2 voltage low 520251 4

DTC 509: IAC coil open/short 520252 5

DTC 508: IAC ground short 520252 6

DTC 1171: MegaJector delivery pressure higher than expected520260 0

DTC 1172: MegaJector delivery pressure lower than expected520260 1

DTC 1174: MegaJector voltage supply high 520260 3

DTC 1175: MegaJector voltage supply low 520260 4

DTC 1176: MegaJector internal actuator fault detection520260 12

DTC 1177: MegaJector internal circuitry fault detection520260 12

DTC 1178: MegaJector internal comm fault detection520260 12

DTC 1173: MegaJector comm lost 520260 31

DTC 1531: Gov1/2/3 interlock failure 520270 31

DTC 1182: Fuel impurity level high 520401 0

DTC 11: Intake cam / distributor position error 520800 7

DTC 24: Exhaust cam position error 520801 7

DTC 1183: MegaJector autozero / lockoff failure 520803 31
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OBD System Check/MIL (Malfunction Indicator Lamp) 
 
 

80

ECM

C012

  G

+12 volts in start and run

MIL
GRN/YEL

Ground

 
 

Circuit Description 
 
The fuel system is equipped with OBD (On-Board Diagnostics). The system has a dash 
mounted MIL (Malfunction Indicator Lamp). The MIL serves as notification of an engine or fuel 
system related problem. The MIL also has the ability to flash DTC codes in what is referred to 
as the blink code mode. It will display DTCs that have been stored due to a possible 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 illuminate with the vehicle 
key ON and 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. The electrical schematic above shows the MIL power source supplied to the lamp. The 
ECM completes the circuit to ground to turn the lamp ON.  
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OBD System Check 
 

Step Action Value(s) Yes No 

1 
Key ON engine Off   Go to Step 

(2) 
Go to Step (3) 

2 

       Start the engine   MIL is 
working 
properly.  
OBD System 
Check is 
complete 

Go to Step 
(10)        Does the MIL Lamp Turn off?

  

3 

       Key ON engine OFF    Go to Step 
(4) 

Repair MIL 
voltage 
source.  

Refer to OEM 
body and 

chassis wiring 
diagrams 

       Check for voltage between MIL power 
source and engine ground.



Do you have voltage? 

4 

Replace the MIL Lamp   Go to Step 
(1)  

Go to Step (5) 

Did that solve the problem? 

5 

       Key OFF   Go to Step(6) Go to Step (8) 

       Disconnect ECM wire harness connector

       Using a DVOM check for continuity 
between MIL side of the customer interface 
connector and ECM pin 80

Do you have continuity?  

6 

       Inspect the MIL lamp socket, the customer 
interface connector, and ECM pin 80 for damage, 
corrosion, or contamination

  Repair the 
circuit as 

necessary.  
Refer to 

wiring repairs 
section in the 

manual 

Go to Step (7) 

Did you find a problem?  

7 

       Replace ECM   Go to Step 
(1) 

- 



Is the replacement complete? 

8 

       Backprobe both MIL and ECM side of 
terminal G at the customer interface connector

  Go to Step 
(9) 

Repair the 
open circuit 

       Using a DVOM check for continuity through 
the customer interface connector

Do you have continuity? 

9 

         Inspect the MIL lamp socket, customer 
interface connector, and ECM terminal number 
80 for damage, corrosion, or contamination

  Repair the 
damaged 
socket or 

terminal as 
required 

Repair the 
wire harness 

open circuit as 
necessary Did you find a problem?  
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10 

Active DTC (Diagnostic Trouble Code) is stored 
in memory.  Proceed with DTC diagnosis.  If no 
active DTC is found in ECM memory return to this 
page step (11) 
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OBD System Check 
 

Step Action Value(s) Yes No 

11 

         Key is off   Repair the 
shorted 

ground circuit 
as necessary.  

Refer to 
wiring repairs 

in engine 
electrical 

Go to Step (7) 

         Disconnect ECM wire harness connector 
at customer interface connector

         Using a DVOM check for continuity 
between ECM terminal 80 and battery voltage



Do you have continuity? 
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STEP Action Value(s) Yes No

1

Remove the back off of the fuse and relay block assembly.  Locate and 

inspect all wires/terminals for the starter relay circuit.  Insure that all crimps 

are good and that all terminals are completely engaged into the block.  Look 

for push back terminals or bad crimps.
All Okay

Go to Step (2) Repair the wiring issue.

         Using a DVOM, back probe the starter relay coil terminal 85 to a 

+12V while cranking the engine



 

Does the DVOM have a 12v signal while cranking?

      Using a DVOM, back probe the starter relay coil terminal 86 to a 

Ground source while cranking the engine

 

Does the DVOM have a 12v signal while cranking?

Does the DVOM have a 12v signal at all times?
       Using a DVOM, back probe relay contact terminal 30 to a Ground 

source

.

 

Does the DVOM have a 12v signal while cranking?

       Check terminals at the CIC pin F and terminal 86 at the relay.

       Check for continuity between pin F at terminal 86 of the relay

 

Do you have continuity?  Are the pins fully seated and not spread?

       Check circuit between terminal 87 and the 20A starter fuse.  

       Check for pushed back pins, broken or cracked fuses.  

 

Did the circuit have a fault between terminal 87 and the 20A fuse?

       Check circuit between terminal 30 at the relay and the starter solenoid

       Check terminal 30 for spread terminals and pushback

 

Is the circuit between terminal 30 and the starter okay?

Go to step (6)

4 12V Go to Step (5) Go to step (7)

Go to Step (3)

12v Go to Step (4)3

2

12v

5 12V Go to Step (8) Replace starter relay

Possible internal 

harness issue. 

6
Yes

Issue with switched 12v 

supply from OEM. 

Consult OEM

Repair the wiring issue.

Check wire from the 

relay terminal 85 to pin 

89 on the ECM.  Check 

all terminals for spread 

condition or push back. 

Repair harness.

         Using a DVOM, back probe starter relay contact feed terminal 87 to a 

Ground source

8 Replace Starter Repair the wiring issue.

7
 

Repair the fault in the 

circuit

 

Starter Circuit System Diagnostics 
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DTC 11 – Intake cam / distributor position error (SPN 520800:FMI 7) 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

 
Conditions for setting the DTC 
 
 Camshaft Position sensor 

 Check Condition- Engine cranking  

 Fault Condition- Engine RPM’s greater than 500 and difference between the desired CAM 
position and actual CAM position is greater than 30 CAD 

 MIL Command-ON 

 
Circuit Description 

 
The CAM position sensor is utilized to distinguish the cylinder event (compression or exhaust), 
thus making the cylinder identification available to the ECM.  The camshaft position sensor is a 3 
wire hall effect sensor.  One wire for current feed (5v), one for ground (CAM -), and one for the 
output signal (CAM +).  The sensor must have a good 5v reference and ground to operate 
properly.  The CAM position and CAM Position desired value is displayed on the “TESTS” page 
in the 4G display software.  This code will set when these two values are more than 30 CAD 
BTDC apart and the RPM is greater than 500.   
 
CAM Position is not adjustable in this engine.  The sensor is located on front of the timing cover 
(top portion) and reads a reluctor wheel off the camshaft.  
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DTC 16-Never Crank Synced At Start (SPN 636:FMI 8) 

 

 
 
 
 
 
 
 
 
 
 
 
 
Conditions for setting the DTC 
• Crankshaft Position sensor 
• Check Condition- Engine cranking 
• Fault Condition- Cranking RPM above 90 and more than 4 cranking revolutions without sync 
• MIL Command-ON 

 
 
Circuit Description 
The CKP (crankshaft position sensor) is a magnetic variable reluctance sensor 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 when the engine RPM is above 90 and there have been more than 4 
cranking revolutions without a sync. 
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DTC 87 – Fuel Pressure Low (SPN 87:FMI 1) 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Conditions for setting the DTC 

 

 Fuel Pressure is less than 40 psia 

 Fault must be active for 2.0 seconds to activate DTC 

 MIL light on during fault 

 Forced idle is enabled 

 

 

Circuit Description  

 

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 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 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, 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. 
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DTC 88 – Fuel Pressure High (SPN 94:FMI 0) 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Conditions for setting the DTC 

 

 Fuel Pressure is greater than 90 psia 

 Fault must be active for 2.0 seconds to activate DTC 

 MIL light on during fault 

 Forced idle is enabled 

 

 

Circuit Description  

 

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 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 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, 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. 
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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

         Key On

         DST (Diagnostic Scan Tool) connected 

On the FAULTS page, check the value for fuel rail pressure

Does the DST display 90 psia or greater?

       Check the fuel pressure using a manual fuel pressure gauge

 

Does the manual gauge display 90 psi or greater?

         Check for a short to ground in the fuel pump ground circuit (OEM 

supplied)

Is the ground circuit shorted to a ground?
       Jumper pins C and D at the fuel pressure sensor connector

       Monitor the FRP_Raw volts on the VOLTAGE page.

 

Does FRP_Raw display 5 volts?

       Check the OEM fuel hoses for proper installation and routing

       Check the OEM fuel hoses for blockages

 

Were the OEM fuel hoses improperly installed or have a blockage?

Intermittent problem.  

Go to intermittent 

section

Go to step (5)

4
Repair the short to 

ground
Go to step (6)

2

90 psia or 

greater
Go to Step (3)

90 psia or 

greater
Go to Step (4)

3

5
5 volts

Replace the Fuel 

pressure Sensor

Repair the wiring 

between the fuel pump 

pressure sensor and the 

ECM

6 Repair the OEM fuel 

hose issue
Replace ECM

DTC 88 – Fuel Pressure High 
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DTC 91-Gasoline Fuel Pressure Sensor Low Voltage  
(SPN 94: FMI 4) 

 

 
 

Conditions for Setting the DTC 


 Gasoline fuel temperature sensor voltage  

 Fuel pressure sensor voltage less than 0.2v for greater than 1 second 

 MIL-On for active fault and for 2 seconds after active fault 

 Adaptive Learn is disabled during fault condition 

 Forced idle is enabled 
 

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 C001.  You may need to consult additional wiring 
information supplied by the OEM.  The gasoline fuel pressure sensor voltage is read at less than 0.2v.  
This indicates a low voltage fault from the sensor or circuit.  This fault can occur when a ground is lost on 
the black/Lt Green circuit.  
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DTC 92-Gasoline Fuel Pressure Sensor High Voltage  

(SPN 94:FMI 3) 

 

 
 

 

 

Conditions for Setting the DTC 


 Gasoline fuel temperature sensor voltage  

 Fuel pressure sensor voltage greater than 4.8v for greater than 1 second 

 MIL-On for active fault and for 2 seconds after active fault 

 Adaptive Learn is disabled during fault condition 

 Forced Idle is enabled 
 

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 C001.  You may need to consult additional wiring information supplied by the 
OEM.  The gasoline fuel pressure sensor voltage is reading greater than 4.8v.  This 
indicates a high voltage fault from the sensor or circuit.   
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DTC 107-MAP Low Voltage (SPN 106:FMI 4) 

 

 
 

Conditions for Setting the DTC 
 

 Manifold Absolute Pressure Sensor 

 Check Condition-Engine cranking or running 

 Fault Condition-MAP voltage less than 0.050 with throttle position greater than 2.0% and 
engine RPM less than 3000.  

 MIL-ON  

 Adaptive-Disabled  
 

 

Circuit Description 
 
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 if the MAP voltage is less than 
0.050 with TPS greater than 2% and engine RPM is less than 3000. The Adaptive Learn will 
be disabled for the remainder of the key on cycle and the MIL command is on. 
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DTC 107-MAP Low Voltage  
 

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 

 Key ON, Engine running. 

 DSC (Diagnostic Scan Tool) connected in 
System Data Mode 

Does DST display MAP voltage of 0.050 or 
less with the engine running below 3000 rpm 
and TPS above 2.0 %? 

 

 

Go to Step 
(3) 

Intermittent 
problem 

Go to 
Intermittent 

section 

3 

 Key OFF 

 Disconnect the MAP sensor connector 
C006 from the wiring harness 

 Jump the 5 volt reference pin 3 and MAP 
signal circuit pin 4 together 

 Key ON 

Does the DST display MAP voltage of 4.5 
volts or greater? 

 Go to Step 
(4) 

 

Go to Step 
(8) 

4 

 Inspect MAP connector and pins for 
corrosion, contamination or mechanical 
damage  

Any problems found? 

 Repair the 
circuit as 

necessary. 
Refer to 
Wiring 

Repairs in 
Engine 

Electrical. 

Go to Step 
(5) 

5 

 Key OFF 

 Disconnect ECM connector C001 

 Check for continuity between MAP sensor 
connector signal pin 4 and ECM MAP 
signal pin 7. 

 Do you have continuity between them?  

 Go to Step 
(6) 

Repair the 
circuit as 

necessary. 
Refer to 
Wiring 

Repairs in 
Engine 

Electrical. 

6 

 Check for continuity between MAP sensor 
connector 5 volt supply signal pin 3 and 
ECM 5 volt supply pin 19 

Do you have continuity between them? 

 Go to Step 
(7) 

Repair the 
circuit as 

necessary. 
Refer to 
Wiring 

Repairs in 
Engine 

Electrical. 
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Step Action Value(s) Yes No 

7 

 Check for continuity between MAP sensor 
connector ground pin 1 and ECM sensor 
ground pin 20 

Do you have continuity between them? 

 Go to Step 
(17) 

Repair the 
circuit as 

necessary. 
Refer to 
Wiring 

Repairs in 
Engine 

Electrical. 

8 

 Probe MAP connector signal circuit pin 4 
with a test light connected to battery 
voltage. 

Does the DST display MAP voltage of 4.0 or 
greater? 

 Go to Step 
(9) 

Go to Step 
(13) 

9 

 Key OFF 

 Disconnect ECM connector 

 Check for continuity between MAP sensor 
connector pin 3 and ECM 5 volt pin 19. 

 Do you have continuity between them? 

 Go to Step 
(10) 

Repair the 
circuit as 

necessary. 
Refer to 
Wiring 

Repairs in 
Engine 

Electrical. 

10 

 Check for continuity between MAP sensor 
connector 5 volt reference pin 3 and 
engine ground 

 Do you have continuity? 

 Repair the 
circuit as 

necessary. 
Refer to 
Wiring 

Repairs in 
Engine 

Electrical. 

Go to Step 
(11) 

11 

 Inspect ECM and MAP wire harness 
connector and terminals for corrosion, 
contamination or mechanical damage 

Any problems found? 

 Repair the 
circuit as 

necessary. 
Refer to 
Wiring 

Repairs in 
Engine 

Electrical. 

Go to Step 
(16) 

12 

 Replace ECM. Refer to ECM replacement 
in the Engine Controls Section. 

Is the replacement complete?   

 Go to Step 
(17) 

- 

13 

 Disconnect ECM connector 

 Check for continuity between MAP sensor 
connector signal circuit pin 4 and ECM 
signal pin 7. 

Do you have continuity between them? 

 Go to Step 
(14) 

Repair the 
circuit as 

necessary. 
Refer to 
Wiring 

Repairs in 
Engine 

Electrical. 
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Step Action Value(s) Yes No 

14 

 Check for continuity between MAP sensor 
connector signal pin 4 and engine ground 

 Do you have continuity? 

 Repair the 
circuit as 

necessary. 
Refer to 
Wiring 

Repairs in 
Engine 

Electrical. 

Go to Step 
(15) 

15 

 Inspect ECM connector and wire harness 
connector  terminals for corrosion, 
contamination or mechanical damage 

Any problems found?  

 

 Repair the 
circuit as 

necessary. 
Refer to 
Wiring 

Repairs in 
Engine 

Electrical. 

Go to Step 
(16) 

16 

 Replace ECM. Refer to ECM replacement 
in the Engine Controls Section. 

Is the replacement complete? 

 Go to Step 
(18) 

- 

17 
 Replace MAP sensor 

Is the replacement complete? 

 Go to Step 
(18) 

- 

18 

 Remove all test equipment except the 
DST. 

 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 
drivability 

 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? 

 System OK Go to OBD 
System 
Check 
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DTC 108-MAP High Pressure (SPN 106:FMI 16) 

 
 

Conditions for Setting the DTC 


 MAP pressure test  

 Check condition-engine running 

 Fault Condition-MAP greater than 17.00 psia with TPS less than 8.0% and engine rpm greater 
than 800. 

 MIL-ON  

 Adaptive Learn disabled  
 

Circuit Description 
 

The MAP (Manifold Absolute Pressure) is estimated from the MAP 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 17.00 psia when the TPS is less than 8.0% with engine rpm greater than 800. 
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DTC 108-MAP High Pressure 
 

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 

 Key ON, Engine running at full operating 
temperature. 

 DST (Diagnostic Scan Tool) connected in 
System Data Mode 

Does DST display MAP pressure of 17 psia or 
greater with the engine running above 800 rpm 
with a TPS value less than 8.0%? 

 Go to Step 
(3) 

Intermittent 
problem 

Go to 
Intermittent 

section 

3 

 Key OFF 

 Disconnect the MAP sensor connector C006 

 Key ON 

Does the DST display MAP pressure less than 
0.05 psia? 

 Go to Step 
(4) 

 

Go to Step 
(6) 

4 

 Probe MAP connector ground pin 1 with a 
test light connected to battery voltage.  

Does the test light come on? 

 Go to Step 
(5) 

Go to Step 
(8) 

5 

 Check MAP mechanical vacuum connection 
for correct mounting or possible damage 
causing leakage. 

Is the MAP sensor mechanical connection OK? 

 Go to Step 
(6) 

Go to Step 
(10) 

6 

 Key OFF 

 Disconnect ECM connector and inspect 
terminals for damage corrosion or 
contamination.  

Is the connection OK? 

 Go to Step 
(7) 

Repair the 
circuit as 

necessary. 
Refer to 
Wiring 

Repairs in 
Engine 

Electrical. 

7 
 Replace MAP sensor. 
Is the repair complete? 

__ Go to Step 
(11) 

- 
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Step Action Value(s) Yes No 

8 

 Disconnect ECM connector and check for 
continuity between MAP connector sensor 
ground pin 1 and ECM sensor ground pin 20.  

Do you have continuity between them? 

 Go to Step 
(9) 

Repair the 
circuit as 

necessary. 
Refer to 
Wiring 

Repairs in 
Engine 

Electrical. 

9 
 Replace ECM. Refer to ECM replacement in 

the Engine Controls Section. 

Is the replacement complete? 

 Go to Step 
(11) 

- 

10 
 Correct MAP mechanical connection 
Has the MAP mechanical connection problem 
been corrected? 

 Go to Step 
(11) 

- 

11 

 Remove all test equipment except the DST. 

 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 drivability 

 After operating the engine within the test 
parameters of DTC-108 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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DTC 111-IAT Higher Than Expected 1 (SPN 105:FMI 15) 
 

 
 

Conditions for Setting the DTC 
 

 Intake Air Temperature 

 Check Condition-Engine Running  

 Fault Condition-Intake Air Temperature greater than 200 degrees F. with engine rpm 
greater than 600 

 Condition must be present for a minimum of 60 seconds 

 MIL-ON 

 Adaptive-Disabled during active fault 

 Derate level 1 will occur 
 

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 air 
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 200 degrees F. with engine speed greater than 600 rpm.  The engine will go into a 
level 1 derate mode to prevent engine damage.  This code is “delayed” at the startup of the 
engine, the ECM will not being to look at for this condition until the run-timer has reached 15 
seconds. 
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DTC 111-IAT Higher Than Expected 1  
(SPN 105:FMI 15) 

 

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 

 If none of the above can be found, follow the diagnostic steps for DTC 112-IAT Low 
Voltage. 
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DTC 112-IAT Low Voltage (SPN 105:FMI 4) 
 

 
 

Conditions for Setting the DTC 
 

 Intake Air Temperature 

 Check Condition Engine Cranking or Running 

 Fault Condition-IAT Sensor Voltage less than 0.050  

 MIL-ON during active fault  

 Adaptive-Disabled during active fault 

 
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 is located in the 
engine’s air intake or intake manifold.  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 signal voltage is less than 
0.050 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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DTC 112-IAT Voltage Low 
 

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 

 Key ON 

 DST (Diagnostic Scan Tool) connected in 
System Data Mode 

Does DST display IAT voltage of 0.050 or less? 

 Go to Step 
(3) 

Intermittent 
problem 

Go to 
Intermittent 

section 

3 

 Key OFF 

 Disconnect the TMAP sensor connector. 

 Key ON 

Does the DST display IAT voltage of 4.90 volts 
or greater? 

 Go to Step 
(4) 

 

Go to Step 
(5) 

4 
 Replace TMAP sensor. 

Is the replacement complete? 

 Go to Step (9) _ 

5 

 Key OFF 

 Disconnect ECM wire harness connector 
C001  

 Check for continuity between TMAP sensor 
connector ground pin 1 and TMAP sensor 
connector signal pin 2 

Do you have continuity between them? 

__ Repair the 
circuit as 

necessary. 
Refer to 
Wiring 

Repairs in 
Engine 

Electrical. 

Go to Step 
(6) 

6 

 Check for continuity between TMAP sensor 
connector signal circuit pin 2 and engine 
ground. 

Do you have continuity? 

__ Repair the 
circuit as 

necessary. 
Refer to 
Wiring 

Repairs in 
Engine 

Electrical. 

Go to Step 
(7) 
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Step Action Value(s) Yes No 

7 
 Replace ECM. Refer to ECM replacement in 

the Engine Controls Section. 

Is the replacement complete?  

_ Go to Step 
(8) 

_ 

8 

 Remove all test equipment except the DST. 

 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 drivability 

 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? 

 System OK Go to OBD 
System 
Check 
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DTC 113-IAT High Voltage (SPN 105:FMI 3) 
 

 
 

Conditions for Setting the DTC 
 
 Intake Air Temperature 

 Check Condition-Engine Running 

 Fault Condition-IAT Sensor Voltage greater than 4.950 volts 

 MIL-ON during active fault  

 Adaptive-Disabled during active fault 

 
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 is located in the 
engine’s air intake or intake manifold. 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 signal voltage is greater than 4.950 
volts for 1 second or longer. The ECM will use a default value for the IAT sensor in the event 
of this fault. 
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DTC 113-IAT Voltage High 
 

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 

 Key ON 

 DST (Diagnostic Scan Tool) connected in 
System Data Mode 

Does DST display IAT voltage of 4.950 or 
greater? 

 Go to Step 
(3) 

Intermittent 
problem 

Go to 
Intermittent 

section 

3 

 Key OFF 

 Disconnect the TMAP sensor connector 
C006  and jump pins 1 and 2 together 

 Key ON 

Does the DST display IAT voltage of 0.1 volts or 
less? 

 Go to Step 
(9) 

 

Go to Step 
(4) 

4 

 Key OFF 

 Jump TMAP sensor connector signal pin 2 to 
engine ground 

 Key ON 

Does DST display IAT voltage of 0.1 volts or 
less? 

 Go to Step 
(7) 

Go to Step 
(6) 

5 
 Replace TMAP sensor. 

Is the replacement complete? 

 Go to Step 
(11) 

_ 

6 

 Key OFF 

 Disconnect the ECM wire harness connector 
C001. 

 Check for continuity between TMAP sensor 
connector signal pin 2 and ECM IAT signal 
pin 39 

Do you have continuity between them? 

__ Go to Step 
(10) 

Repair the 
circuit as 

necessary. 
Refer to 
Wiring 

Repairs in 
Engine 

Electrical. 

7 

 Check for continuity between TMAP sensor 
connector ground circuit pin 1 and ECM 
sensor ground circuit pin 20 

Do you have continuity between them? 

__ Go to Step 
(10) 

Repair the 
circuit as 

necessary. 
Refer to 
Wiring 

Repairs in 
Engine 

Electrical. 
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Step Action Value(s) Yes No 

8 
  Replace the ECM. 

Is the replacement complete?  

_ Go to Step 
(11) 

_ 

9 

 Re-check wire harness and TMAP sensor 
connector for damage corrosion or 
contamination 

Any problems found? 

 Repair the 
circuit as 

necessary. 
Refer to 
Wiring 

Repairs in 
Engine 

Electrical 

Go to Step 
(5) 

10 

 Re-check wire harness and TMAP sensor 
connectors for damage corrosion or 
contamination 

Any problems found? 

 Repair the 
circuit as 

necessary. 
Refer to 
Wiring 

Repairs in 
Engine 

Electrical 

Go to Step 
(8) 

11 

 Remove all test equipment except the DST. 

 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 drivability 

 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? 

 System OK Go to OBD 
System 
Check 
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DTC 116-ECT Higher Than Expected 1 (SPN 110:FMI 15) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Conditions for Setting the DTC 

  Engine Coolant Temperature 

  Check Condition-Engine Running 

  Fault Condition-Engine Coolant Temperature reading or estimate greater than 220 degrees F. for 20   
seconds or longer 

  MIL-On 

  Power derate (level 1) 

  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, and 
ignition timing control and to enable certain other temperature dependent 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 220 
degrees F. for more than 20 seconds. Power derate level two will be enforced during this fault limiting the maximum 
throttle position to 20%.  There is a 15 second run time delay before the ECM will enable this fault, meaning the fault 
will not be active for 15 seconds which the engine is running.  NOTE:  ECT higher than expected faults temperatures 
are sometimes changed at the OEM’s request.   
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DTC 116-ECT Higher Than Expected 1 
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DTC 117-ECT/CHT Low Voltage (SPN 110:FMI 4) 
 

 
 

Conditions for Setting the DTC 
 

 Engine Coolant Temperature 

 Check Condition-Engine Running 

 Fault Condition-ECT sensor voltage less than 0.050 

 MIL-ON during 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, cold fuel enrichment and to enable other temperature 
dependent features. The ECM provides a voltage divider circuit so that 
when the coolant is cool, the signal reads higher voltage, and lower when 
warm (see table).  This fault will set if the signal voltage is less than 0.050 
volts for any period longer than 1 second.  The ECM will use a default 
value for the ECT sensor in the event of this fault. 

 

Temp 
(deg F) 

Ohms 
+/-10% 

242.4 101 

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 

-21.2 49,715 

-30.8 71,589 

-40.0 99,301 
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DTC 117-ECT/CHT Voltage Low 
 

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 

 Key ON 

 DST (Diagnostic Scan Tool) connected in 

 System Data Mode 

Does DST display ECT voltage of 0.050 or less? 

 Go to Step 
(3) 

Intermittent 
problem 

Go to 
Intermittent 

section 

3 

 Key OFF 

 Disconnect the ECT wire harness connector 
C007 

 Key ON 

Does the DST display ECT voltage of 4.90 volts 
or greater? 

 Go to Step 
(4) 

Go to Step 
(5) 

4 
 Replace ECT sensor. 

Is the replacement complete? 

 Go to Step 
(8) 

_ 

5 

 Key OFF 

 Disconnect ECM wire harness connector 
C001 

 Check for continuity between ECT sensor 
connector signal pin A and ECT sensor 
ground  pin B 

Do you have continuity between them? 

__ Repair the 
circuit as 

necessary. 
Refer to 
Wiring 

Repairs in 
Engine 

Electrical. 

Go to Step 
(6) 

6 

 Check for continuity between ECT sensor 
connector signal circuit pin A and engine 
ground. 

Do you have continuity? 

__ Repair the 
circuit as 

necessary. 
Refer to 
Wiring 

Repairs in 
Engine 

Electrical. 

Go to Step 
(7) 
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Step Action Value(s) Yes No 

7 
 Replace ECM. Refer to ECM replacement in 

the Engine Controls Section. 

Is the replacement complete?  

_ Go to Step 
(8) 

_ 

8 

 Remove all test equipment except the DST. 

 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 drivability 

 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? 

 System OK Go to OBD 
System 
Check 
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DTC 118-ECT/CHT High Voltage (SPN 110:FMI 3) 

 

 
 

Conditions for Setting the DTC 
 

 Engine Coolant Temperature 

 Check Condition-Engine Running 

 Fault Condition-ECT sensor voltage exceeds 4.950 volts  

 MIL-ON during active fault  

 Adaptive-Disabled  

  
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, 
cold fuel enrichment and to enable other temperature dependent features. The 
ECM provides a voltage divider circuit so that when the coolant is cool, the signal 
reads higher voltage, and lower when warm (see table). This fault will set if the 
signal voltage is greater than 4.950 volts anytime the engine is running. The ECM 

will use a default value for the ECT sensor in the event of this fault. 
 

Temp 
(deg F) 

Ohms 
+/-10% 

242.4 101 

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 

-21.2 49,715 

-30.8 71,589 

-40.0 99,301 
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DTC 118-ECT/CHT Voltage High 
 

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 

 Key ON 

 DST (Diagnostic Scan Tool) connected in 
System Data Mode 

Does DST display ECT voltage of 4.95 or 
greater? 

 
 

Go to Step 
(3) 

Intermittent 
problem 

Go to 
Intermittent 

section 

3 

 Key OFF 

 Disconnect the ECT sensor connector C007 
and Jump terminals A and B together 

 Key ON 

Does the DST display ECT voltage of 0.05 volts 
or less? 

 Go to Step 
(4) 

 

Go to Step 
(8) 

4 

 Using a DVOM check the resistance 
between the two terminals of the ECT sensor 
and compare the resistance reading to the 
chart 

Is the resistance value correct? 

See 
resistance 
chart vs. 

temperature 
in the DTC 
118 circuit 
description 

Go to Step 
(6) 

Go to Step 
(5) 

5 
 Replace ECT sensor 

Is the replacement complete? 

 Go to Step 
(14) 

- 

6 

 Inspect the ECT wire harness connector 
terminals A and B for damage, corrosion or 
contamination 

Did you find a problem? 

 Repair the 
circuit as 

necessary. 
Refer to 
Wiring 

Repairs in 
Engine 

Electrical. 

Go to Step 
(7) 

7 

 Key OFF 

 Disconnect ECM wire harness connector 
C001 

 Inspect ECM connector pins 10 and 20 for 
damage corrosion or contamination 

Did you find a problem? 

 Repair the 
circuit as 

necessary. 
Refer to 
Wiring 

Repairs in 
Engine 

Electrical. 

Intermittent 
problem 

Go to 
Intermittent 

section 
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Step Action Value(s) Yes No 

8 
 Jump the ECT signal pin A at the ECT 

connector to engine ground 

Does DST display ECT voltage of 0.05 or less? 

 Go to Step 
(9) 

Go to Step 
(12) 

9 

 Key OFF 

 Disconnect ECM wire harness connector 

 Using a DVOM check for continuity between 
ECT sensor ground pin B and ECM 
connector pin 20 

Do you have continuity between them? 

 Go to Step 
(10) 

Repair the 
circuit as 

necessary. 
Refer to 
Wiring 

Repairs in 
Engine 

Electrical. 

10 

 Inspect ECM connector pins 40 and 20 for 
damage, corrosion or contamination 

Did you find a problem? 

 Repair the 
circuit as 

necessary. 
Refer to 
Wiring 

Repairs in 
Engine 

Electrical. 

Go to Step 
(11) 

11 
 Replace ECM 
Is the replacement complete? 

 Go to Step 
(14) 

- 

12 

 Key OFF 

 Disconnect ECM wire harness connector 

 Using a DVOM check for continuity between 
ECT connector signal pin A and ECM 
connector terminal 40 

Do you have continuity between them? 

 Go to Step 
(13) 

Repair the 
circuit as 

necessary. 
Refer to 
Wiring 

Repairs in 
Engine 

Electrical. 

13 

 Inspect ECM connector pins 40 and 20 for 
damage, corrosion or contamination 

Did you find a problem? 

 Repair the 
circuit as 

necessary. 
Refer to 
Wiring 

Repairs in 
Engine 

Electrical. 

Go to Step 
(11) 

14 

 Remove all test equipment except the DST. 

 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 drivability 

 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? 

 System OK Go to OBD 
System 
Check 
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DTC 121-TPS 1 Lower Than TPS 2 (SPN 51:FMI 1) 

 

 


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 

 Engine shutdown 

 
Circuit description 
 
Dual throttle Position Sensors are used within the throttle that 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. The MIL command is on and 
the engine will shutdown.  
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DTC 121 TPS 1 Lower Than TPS 2 
 

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 

 Key ON, Engine OFF 

 DST (Diagnostic Scan Tool) connected in 
System Data Mode 

Does the DST display more than a 20% difference 
between TPS 1 and TPS 2 voltage?  

 Go to Step 
(3) 

Intermittent 
problem 

Go to 
Intermittent 

section 

3 

 Key OFF 

 Disconnect electronic throttle connector 
C017  

 Key ON 

 Change DST mode to DBW (drive by wire) 
test mode 

Is the voltage for TPS 1 less than 0.1 volts? 

 Go to Step 
(5) 

Go to Step (4) 

4 

 Key OFF 

 Disconnect ECM wiring harness connector 
C001 

 Key ON 

 Using a DVOM check for voltage between 
ECM connector TPS 1 signal pin 5 and 
engine ground 

Do you have voltage? 

 Repair the 
TPS 1 circuit 

shorted to 
voltage as 
necessary. 

Refer to 
Wiring 

Repairs in 
Engine 

Electrical. 

Go to Step (9) 

5 

 Jump TPS 1 signal pin 6 to the 5 volt 
reference pin 3 at connector C017 

Does DST display TPS 1 voltage over 4.90 volts 

 Go to Step 
(6) 

Go to Step (8) 

6 

 Inspect wire terminals at throttle connector 
for damage corrosion or contamination 

Any problems found? 

 Repair the 
circuit as 

necessary. 
Refer to 
Wiring 

Repairs in 
Engine 

Electrical. 

Go to Step (7) 

7 
 Replace the electronic Throttle 

Is the replacement complete? 

 Go to Step 
(12) 

- 

8 

 Key OFF 

 Disconnect ECM wire harness connector 
C001 

 Using a DVOM check for continuity between 
throttle connector TPS 1 signal pin 6 and 
ECM connector TPS 1 signal pin 5 

Do you have continuity between them? 

 Go to Step 
(9) 

Repair the 
open circuit as 

necessary. 
Refer to 
Wiring 

Repairs in 
Engine 

Electrical. 
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Step Action Value(s) Yes No 

9 

 Using a DVOM check for continuity between 
throttle connector signal ground pin 2 and 
ECM connector signal ground pin 20 

Do you have continuity between them? 

 Go to Step 
(10) 

Repair the 
open circuit as 

necessary. 
Refer to 
Wiring 

Repairs in 
Engine 

Electrical. 

10 

 Inspect ECM connector terminals for damage 
corrosion or contamination. 

Any problems found? 

 Repair the 
circuit as 

necessary. 
Refer to 
Wiring 

Repairs in 
Engine 

Electrical 

Go to Step 
(11) 

11 
 Replace ECM 

Is the replacement complete? 

 Go to Step 
(12) 

- 

12 

 Remove all test equipment except the DST. 

 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 drivability 

 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? 

 System OK Go to OBD 
System Check 
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DTC 122-TPS 1 Low Voltage (SPN 51:FMI 4) 
 

 
 
Conditions for Setting the DTC 
 
 Throttle Position Sensor 1 

 Check Condition-Cranking or Running 

 Fault Condition-TPS sensor less than 0.200 volts  

 MIL-ON during active fault  

 Engine shutdown 

 
Circuit Description 
 
Dual throttle Position Sensors are used within the throttle that 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 0.200 volts. The MIL command is ON and the engine will 
shut down. 
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DTC 122 TPS 1 Signal Voltage Low 
 

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 

 Key ON, Engine OFF 

 DST (Diagnostic Scan Tool) connected in 
DBW (Drive by Wire) throttle test mode 

Does the DST display TPS 1 voltage of 0.200 
volts or less with the throttle closed?  

 Go to Step 
(4) 

Go to Step (3) 

3 

 Slowly depress Foot Pedal while observing 
TPS 1 voltage 

Does TPS 1 voltage ever fall below 0.200 volts? 

 Go to Step 
(4) 

Intermittent 
problem 

Go to 
Intermittent 

section 

4 

 Key OFF 

 Disconnect the electronic throttle connector 
C017 

 Jump the 5 volt reference circuit pin 3 and 
TPS 1 signal circuit pin 6 together at the 
throttle connector 

 Key ON 

Does DST display TPS 1 voltage of 4.0 volts or 
greater?  

 Go to Step 
(7) 

Go to Step (5) 

5 

 Key OFF 

 Disconnect ECM wire harness connector 
C001 

 Using a DVOM check continuity between the 
electronic throttle connector signal pin 6 and 
ECM connector TPS 1 signal pin 5 

Do have continuity between them? 

 Go to Step 
(6) 

Repair the 
circuit as 

necessary. 
Refer to 
Wiring 

Repairs in 
Engine 

Electrical. 

6 
 Replace ECM 

Is the replacement complete? 

 Go to Step 
(9) 

- 

7 

 Inspect the throttle wire harness connector 
terminals for damage, corrosion or 
contamination 

Did you find a problem? 

 Repair the 
circuit as 

necessary. 
Refer to 
Wiring 

Repairs in 
Engine 

Electrical. 

Go to Step (8) 

8 
 Replace the electronic throttle  

Is the replacement complete? 

 Go to Step 
(9) 

- 
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Step Action Value(s) Yes No 

9 

 Remove all test equipment except the DST. 

 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 drivability 

 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? 

 System OK Go to OBD 
System Check 
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DTC 123-TPS 1 High Voltage (SPN 51:FMI 3) 

 

 
 

Conditions for Setting the DTC 
 

 Throttle Position Sensor 1 

 Check Condition-Cranking or Running 

 Fault Condition-TPS sensor voltage exceeds 4.800 volts  

 MIL-ON during active fault  

 Engine shutdown 

 
Circuit Description 
 
Dual throttle Position Sensors are used within the throttle that 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 4.800 
volts. The MIL command is ON and the engine will shut down.  
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DTC 123 TPS 1 Signal Voltage High 
 

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 

 Key ON, Engine OFF 

 DST (Diagnostic Scan Tool) connected  

Does the DST display TPS 1 voltage of 4.800 
volts or greater with the throttle closed?  

 Go to Step 
(4) 

Go to Step (3) 

3 

 Slowly depress Foot Pedal while observing 
TPS 1 voltage 

Does TPS 1 voltage ever exceed 4.800 volts? 

 Go to Step 
(4) 

Intermittent 
problem 

Go to 
Intermittent 

section 

4 

 Key OFF 

 Disconnect electronic throttle connector 

 Key ON 

Does DST display TPS 1 voltage less than 0.2 
volts?  

 Go to Step 
(7) 

Go to Step (5) 

5 

 Key OFF 

 Disconnect ECM wire harness connector 
C001 

 Key ON 

 Using a DVOM check for voltage between 
TPS 1 signal at the ECM connector pin 5 and 
engine ground 

Do you have voltage? 

 Repair the 
circuit as 

necessary. 
Refer to 
Wiring 

Repairs in 
Engine 

Electrical. 

Go to Step (6) 

6 
 Replace ECM 

Is the replacement complete? 

 Go to Step 
(11) 

- 

7 

 Back probe sensor ground circuit at the ECM 
side of the wire harness pin 3 with a test light 
connected to battery voltage 

Does the test light come on?  

 Go to Step 
(8) 

Go to Step 
(10) 

8 

 Inspect the electronic throttle connector 
terminals for damage, corrosion or 
contamination 

Did you find a problem? 

 Repair the 
circuit as 

necessary. 
Refer to 
Wiring 

Repairs in 
Engine 

Electrical. 

Go to Step (9) 

9 
 Replace the electronic throttle 

Is the replacement complete? 

 Go to Step 
(11) 

- 
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Step Action Value(s) Yes No 

10 

 Key OFF 

 Disconnect ECM connector C001 

 Using a DVOM check for continuity between 
the electronic throttle connector sensor  
ground pin 2 and ECM connector TPS 1 
sensor ground pin 20 

Do have continuity between them? 

 Go to Step 
(6) 

Repair the 
circuit as 

necessary. 
Refer to 
Wiring 

Repairs in 
Engine 

Electrical. 

11 

 Remove all test equipment except the DST. 

 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 drivability 

 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? 

 System OK Go to OBD 
System Check 
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DTC 127-IAT Higher Than Expected 2 (SPN 105:FMI 0) 

 
 

 
Conditions for Setting the DTC 
 

 Intake Air Temperature 

 Check Condition-Engine Running 

 Fault Condition-Intake Air Temperature greater than 210 degrees F. with engine 
speed greater than 600 rpm 

 Fault condition must be active for longer than 3 seconds 

 MIL-ON for active fault 

 Engine will shutdown 
 

 
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 
a higher voltage, and lower when warm. This fault will set if the intake air temperature is 
greater than 210 degrees F. with engine speed greater than 600 rpm. The MIL light 
command is on during this active fault and the engine will shutdown. 

 



 

198 

DTC 127-IAT Higher Than Expected 2 
 
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 

 If none of the above can be found, follow the diagnostic steps for DTC 112-IAT Low 
Voltage. 
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DTC 129-BP Low Pressure (SPN 108: FMI 1) 

 
 

Conditions for Setting the DTC 
 
 Barometric Pressure  

 Check Condition-Key ON 

 Fault Condition-BP less than 8.30 psia  

 MIL-ON for active fault  

 Adaptive-Disabled  

 
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 range. 
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DTC 129-BP Low Pressure  
 

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 

 Key ON. 

 DST (Diagnostic Scan Tool) connected in 
System Data Mode 

Does DST display BP pressure of 8.30 psia or 
less? 

 Go to Step 
(3) 

Intermittent 
problem.  Go 
to Intermittent 

section 

3 

 Key OFF 

 Disconnect the TMAP sensor connector  

 Jump the 5 volt reference pin 3 and MAP 
signal pin 4 together 

 Key ON 

Does the DST display BP pressure of 16.00 psia 
or greater? 

 Go to Step 
(4) 

 

Go to Step 
(8) 

4 

 Inspect TMAP connector and wire harness 
connector terminals for corrosion, 
contamination or mechanical damage  

Any problems found? 

 Repair the 
circuit as 

necessary. 
Refer to 
Wiring 

Repairs in 
Engine 

Electrical. 

Go to Step 
(5) 

5 

 Key OFF 

 Disconnect ECM connector C001 

 Check for continuity between TMAP sensor 
connector pin 4 and ECM connector pin 7  

Do you have continuity between them? 

 Go to Step 
(6) 

Repair the 
circuit as 

necessary. 
Refer to 
Wiring 

Repairs in 
Engine 

Electrical. 

6 

 Check for continuity between TMAP sensor 
connector 5 volt supply pin 3 and ECM 
connector pin 19 

Do you have continuity between them? 

 Go to Step 
(7) 

Repair the 
circuit as 

necessary. 
Refer to 
Wiring 

Repairs in 
Engine 

Electrical. 

7 

 Check for continuity between TMAP sensor 
connector ground pin 1 and ECM connector 
pin 20 

Do you have continuity between them? 

 Go to Step 
(17) 

Repair the 
circuit as 

necessary. 
Refer to 
Wiring 

Repairs in 
Engine 

Electrical. 
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Step Action Value(s) Yes No 

8 

 Remove the Jumper that was installed during 
step 3 

 Probe TMAP connector signal circuit pin 4 
with a test light connected to battery voltage 

Does the DST display BP pressure of 16.00 psia 
or greater? 

 Go to Step 
(9) 

Go to Step 
(13) 

9 

 Key OFF 

 Disconnect ECM connector C001 

 Check for continuity between TMAP sensor 
connector pin 3 and ECM connector pin 19  

 Do you have continuity between them? 

 Go to Step 
(10) 

Repair the 
circuit as 

necessary. 
Refer to 
Wiring 

Repairs in 
Engine 

Electrical. 

10 

 Check for continuity between TMAP sensor 
connector 5 volt reference pin 3 and engine 
ground 

 Do you have continuity? 

 Repair the 
open ground 

circuit as 
necessary. 

Refer to 
Wiring 

Repairs in 
Engine 

Electrical. 

Go to Step 
(11) 

11 

 Inspect TMAP and ECM connector pins for 
corrosion, contamination or mechanical 
damage  

Any problems found? 

 Repair the 
circuit as 

necessary. 
Refer to 
Wiring 

Repairs in 
Engine 

Electrical. 

Go to Step 
(16) 

12 
 Replace ECM. Refer to ECM replacement in 

the Engine Controls Section. 

Is the replacement complete?   

 Go to 
Step(17) 

- 

13 

 Disconnect ECM connector C001 

 Check for continuity between TMAP sensor 
connector pin 4 and ECM pin 7 

Do you have continuity between them? 

 Go to Step 
(14) 

Repair the 
circuit as 

necessary. 
Refer to 
Wiring 

Repairs in 
Engine 

Electrical. 

14 

 Check for continuity between TMAP sensor 
connector pin 4 and  engine ground 

 Do you have continuity? 

 Repair the 
open ground 

circuit as 
necessary. 

Refer to 
Wiring 

Repairs in 
Engine 

Electrical. 

Go to Step 
(15) 
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Step Action Value(s) Yes No 

15 

 Inspect ECM connector and wire harness 
connector pins for corrosion, contamination 
or mechanical damage 

Any problems found?  

 

 Repair the 
circuit as 

necessary. 
Refer to 
Wiring 

Repairs in 
Engine 

Electrical. 

Go to Step 
(16) 

16 
 Replace ECM. Refer to ECM replacement in 

the Engine Controls Section. 

Is the replacement complete? 

 Go to Step 
(18) 

- 

17 
 Replace TMAP sensor 

Is the replacement complete? 

 Go to Step 
(18) 

- 

18 

 Remove all test equipment except the DST. 

 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 drivability 

 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? 

 System OK Go to OBD 
System 
Check 
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DTC 134-EGO 1 Pre Cat Open/Lazy (SPN 724:FMI 10) 

 

 
 

 

 Conditions for Setting the DTC 
  

 Heated Oxygen Sensor 

 Check condition-Engine running 

 Fault condition-EGO 1 pre catalyst persistently cold for more than 120 seconds 

 MIL-ON during 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.  There are two most likely causes of this 
issue.  (1) Heater Element inside EGO sensor is broken and (2) Heater element is not getting 
power or ground to terminals C & D.  
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DTC 134-EGO 1 Open/Inactive 
 

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 

 Key ON, Engine Running 

 DST (Diagnostic Scan Tool) connected in 

      System Data Mode 

 Run engine to full operating temperature and 
then idle for a minimum of 2 minutes 

Does DST display EGO 1 voltage fixed between 
0.4 and 0.5 volts after at least 2 minutes of idle 
run time? 

 

 

Go to Step 
(3) 

Intermittent 
problem. See 

Electrical 
Section 

Intermittent 
Electrical 
Diagnosis 

3 

 Key OFF 

 Disconnect EGO 1 connector C005 

 Key ON 

 Using a DVOM check for voltage between 
EGO 1 connector pins C and D 

(Check must be made within 30 seconds or 
before power relay shuts down) 

Do you have voltage? 

 Go to Step 
(8) 

Go To Step 
(4) 

4 

 Key OFF 

 Using a DVOM check for voltage between 
EGO 1 connector pin C and engine ground 

 Key ON 

(Check must be made within 30 seconds or 
before power relay shuts down) 

Do you have voltage? 

System 
Voltage 

Go to Step 
(5) 

Repair 
system power 

relay open 
circuit 

5 

 Disconnect ECM connector C001 

 Using a DVOM check for continuity between 
EGO 1 connector pin D and ECM connector 
pin 72 

Do you have continuity? 

 Go to Step 
(6) 

Repair open 
heater ground 

circuit 

6 

 Inspect wire harness connector C005 pins B 
and D and C001 pins 1 and 72 for damage, 
corrosion or contamination 

Did You find a problem? 

 Correct the 
problem as 

required see 
Electrical 

Section wire 
harness 
repair 

Go to Step 
(7) 

7 
 Replace ECM 
Is the replacement complete? 

 Go to Step 
(11) 

- 
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Step Action Value(s) Yes No 

8 

 Key OFF 

 Disconnect ECM wire harness connector 
C001 

 Using a DVOM check for continuity between 
EGO 1 pin B and ECM connector pin 1 

Do you have continuity? 

 Go to Step 
(9) 

Repair open 
EGO 1 circuit 

9 
 Using a DVOM check for continuity between 

EGO 1 pin A and ECM connector pin 20 
Do you have continuity? 

 Go to Step 
(10) 

Repair open 
EGO 1 signal 

ground 

10 
 Replace EGO 1 sensor 
Is the replacement complete? 

 Go to Step 
(11) 

- 

11 

 Remove all test equipment except the DST. 

 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 drivability 

 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? 

 System OK Go to OBD 
System 
Check 
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DTC 154-EGO 2 Pre Cat Open/Lazy (SPN 520208:FMI 10) 
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DTC 171-Adaptive Learn High Gasoline (SPN 4237:FMI 0) 

 

 
 

Conditions for Setting the DTC 
    

 Heated Oxygen Sensor 

 Check Condition-Engine Running 

 Fault Condition-Adaptive multiplier out of range greater than 30% 

 MIL-ON 

 Engine ECM detects a lean condition and is trying to add fuel to the system 
 
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. Always run the fuel system diagnostic checks before using the following 
diagnostic chat. 
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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 pressure sensor, faulty pump, 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. 
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DTC 171-Adaptive Learn High Gasoline 
 

Step Action Value(s) Yes No 

1 

 Perform the On-Board (OBD) System Check? 

Are any other DTCs present? 

 

 Go to Step 
(3) 

Go to Step 
(2) 

2 

Visually and physically check the following items: 

 The air intake duct for being collapsed or 
restricted 

 The air filter for being plugged 

 System power fuses are good and in the 
proper location 

 The EGO 1 sensor installed securely and the 
wire leads not contacting the exhaust manifold 
or ignition wires 

 ECM grounds must be clean and tight. Refer 
to Engine Electrical Power and Ground 
Distribution 

 Fuel System Diagnostics. Refer to Fuel 
System Diagnostics 

Was a repair made? 

 Go to Step 
(9) 

Go to Step 
(4) 

3 

 Diagnose any other DTC codes before 
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? 

 Go to Step 
(9) 

Go to Step 
(4) 

4 

 Disconnect EGO1 connector C005 

 Using a DVOM check for voltage between 
EGO 1 connector pin B and engine ground 

 Key ON 

(CHECK MUST BE MADE WITHIN 30 SECONDS 
OR BEFORE POWER RELAY SHUTS DOWN) 

Do you have voltage?    

System 
voltage 

Go to Step 
(5) 

Repair the 
open EGO 

power circuit 
as necessary. 

Refer to 
Wiring 

Repairs in 
Engine 

Electrical. 

5 

 Key OFF  

 Disconnect EGO 1 sensor wire harness 

      connector C005 

 Disconnect ECM wire harness connector 
C001 

 Key ON 

 Using a high impedance DVOM check for 
continuity between EGO 1 connector signal 
pin A and engine ground 

Do you have continuity? 

 Repair the 
shorted circuit 
as necessary. 

Refer to 
Wiring 

Repairs in 
Engine 

Electrical. 

Go to Step 
(6) 
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Step Action Value(s) Yes No 

6 

 Using a high impedance DVOM check for 
continuity between EGO 1 connector signal 
ground pin C and EGO 1 signal pin A  

Do you have continuity? 

 Repair the 
shorted circuit 
as necessary. 

Refer to 
Wiring 

Repairs in 
Engine 

Electrical. 

Go to Step 
(7) 

7 

 Using a high impedance DVOM check for 
continuity between EGO 1 heater ground pin 
D and ECM pin 49  

Do you have continuity? 

 Go to Step 
(8) 

Repair the 
open EGO 

heater ground 

8 
 Replace EGO 1 sensor 

Is the replacement complete? 

 Go to Step 
(9) 

- 

9 

 Remove all test equipment except the DST. 

 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 drivability 

 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? 

 System OK Go to OBD 
System 
Check 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

213 

 
DTC 172-Adaptive Learn Low (Gasoline) (SPN 4237:FMI 1) 

 
 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Conditions for Setting the DTC 
 

 Heated Oxygen Sensor 

 Check Condition-Engine running 

 Fault Condition-Adaptive multiplier out of range greater than -30% 

 MIL-ON 

 Engine detects a rich condition is trying to remove fuel from the system 

 
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. Always run the fuel system diagnostics before using the following diagnostic chart. 

 
Diagnostic Aid 
 

Fuel System  High fuel pressure will cause the system to run rich.  Fuel pressure is controlled 
by the ECM using a ground side driver.  If the fuel pump is turned on all the time the fuel 
pressure will increase.  Open or leaking injector will cause a rich condition. 
Fuel Quality  A drastic variation in fuel quality may cause the fuel system to run rich.  
Air Filter  A plugged, damaged or modified air filter may cause the system to run rich.  
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DTC 172-Adaptive Learn Low (Gasoline) 

 

Step Action Value(s) Yes No 

1 

 Perform the On-Board (OBD) System Check? 

Are any other DTCs present? 

 

 Go to Step 
(3) 

Go to Step 
(2) 

2 

Visually and physically check the following items: 

 The air intake duct for being collapsed or 
restricted 

 The air filter for being plugged 

 The EGO sensor is installed securely and the 
wire leads not damaged or contacting the 
secondary ignition wires 

 ECM grounds for being clean and tight.  

 Fuel system diagnostic checks 

Was a repair made? 

 Go to Step 
(6) 

Go to Step 
(4) 

3 

 Diagnose any other DTC codes before 
proceeding with this chart. 

Have any other DTC codes been detected, 
diagnosed and repaired? 

 Go to Step 
(6) 

Go to Step 
(4) 

4 

 Key OFF  

 Disconnect EGO sensor wire harness 
connector C005 

 Disconnect ECM wire harness connector 
C001 

 Key ON 

 Using a DVOM check for voltage at EGO 1 
connector signal pin A and engine ground 

Do you have voltage? 

 Repair the 
circuit as 

necessary. 
Refer to 
Wiring 

Repairs in 
Engine 

Electrical. 

Go to Step 
(5) 

5 
 Replace EGO sensor 

Is the replacement complete? 

 Go to Step 
(6) 

- 
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Step Action Value(s) Yes No 

6 

 Remove all test equipment except the DST. 

 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 drivability 

 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? 

 System OK Go to OBD 
System 
Check 
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DTC 182-Gasoline Fuel Temperature Low (SPN 174:FMI 4) 

 

 
 

 

Conditions for Setting the DTC 


 Gasoline fuel temperature low 

 Faulty fuel temp sensor 

 Fuel temperature sensor voltage lower than .05v for 5 seconds or greater 

 Fuel temperature is -35F or less for 5 seconds or greater 

 MIL-On for active fault and for 2 seconds after active fault 

 Adaptive Learn is disabled while this fault is active. 
 

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 C001.  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.  This could also indicate a low fuel temperature 
reading.  Inspect the fuel temperature for extreme cold.   
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DTC 183-Gasoline Fuel Temperature High (SPN 174:FMI 3)  

 

 
 

 

Conditions for Setting the DTC 


 Gasoline fuel temperature high 

 Faulty fuel temp sensor 

 Fuel temperature sensor voltage greater than 4.95v for 5 seconds or greater 

 Fuel temperature is 130F or higher for 5 seconds or greater 

 MIL-On for active fault and for 2 seconds after active fault 

 Adaptive Learn is disabled while this fault is active. 
 

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 C001.  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 high voltage fault from the sensor or circuit.  This could also indicate a high fuel 
temperature reading.  Inspect the fuel temperature for extreme hot temperatures.    
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DTC 217-ECT Higher Than Expected 2 (SPN 110:FMI 0) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Conditions for Setting the DTC 
 

  Engine Coolant Temperature 

  Check Condition-Engine Running 

  Fault Condition-Engine Coolant Temperature reading or estimate greater than 239 degrees F. for greater 
than 3 seconds while engine is above 600 rpms 

  MIL-On 

  Engine will shutdown 
 

 
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, and 
ignition timing control and to enable certain other temperature dependent 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 239 
degrees F. for more than 3 seconds. Engine shutdown will occur if this code occurs.  
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DTC 217-ECT Higher Than Expected 2 
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DTC 219-Max Govern Speed Override (SPN 515:FMI 15) 
 

 

 
 

Conditions for Setting the DTC 
 

 Max Govern Speed Override 

 Check Condition-Engine Running 

 Fault Condition-Engine rpm greater than 2,850 

 Fault condition active for 2 or more seconds  

 MIL-ON during active fault 
 

Circuit description 
 
This fault will set anytime the engine rpm exceeds 2,850 for longer than 2 seconds. The 
MIL command is ON during this active fault 
 

Diagnostic Aid 
 
Check for other stored DTC codes before using the following DTC chart for this code set. 
Always diagnose and repair any existing codes starting with the lowest numerical code first.  
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DTC 219-Max Govern Speed Override 
 

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 

 Key ON, Engine OFF 

 DST connected 

Are any other DTC codes present with DTC 219? 

  

 Go to Step 
(3) 

Go to Step 
(4) 

3 

 Diagnose and repair any other DTC codes 
stored before proceeding with this chart. 

Have any other DTC codes been diagnosed and 
repaired? 

 Go to Step 
(4) 

- 

4 

 Check the service part number on the ECM to 
ensure the correct calibration is in use 

Is the Service Part Number Correct? 

 Go to Step 
(6) 

Go to Step 5 

5 
 Replace ECM with correct service part 

number 

Is the replacement complete? 

 Go to Step 
(9) 

- 

6 
 Check the mechanical operation of the throttle 

Is the mechanical operation of the throttle OK? 

 Go to Step 
(8) 

Go to Step 
(7) 

7 

 Correct mechanical operation of the throttle. 
Refer to Engine & Component section  

Has the mechanical operation of the throttle been 
corrected? 

 Go to Step 
(9) 

- 

8 

 Check engine for large manifold vacuum 
leaks. Refer to Symptom Diagnostic section 

Did you find and correct the vacuum leak? 

 Go to Step 
(9) 

Go to OBD 
System 
Check 
Section 

9 

 Remove all test equipment except the DST. 

 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 drivability 

 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? 

 System OK Go to OBD 
System 
Check 
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DTC 221-TPS 1 Higher Than TPS 2 (SPN 51:FMI 0) 

 

 

 

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 
 
Dual throttle Position Sensors are used within the throttle that 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 1 is 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 the engine will 
shutdown. 
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DTC 221 TPS 1 Higher Than TPS 2 
 

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 

 Key ON, Engine OFF 

 DST (Diagnostic Scan Tool) connected in     
System Data Mode 

Does the DST display more than a 20% difference 
between TPS 1 and TPS 2?  

 Go to Step 
(3) 

Intermittent 
problem 

Go to 
Intermittent 
section 

3 

 Key OFF 

 Disconnect electronic throttle connector 
C017  

 Key ON 

 Change DST mode to DBW (drive by wire) 
test mode 

Is the voltage for TPS 1 less than 0.1 volts? 

 Go to Step 
(5) 

Go to Step (4) 

4 

 Key OFF 

 Disconnect ECM wiring harness connector 
C001 

 Key ON 

 Using a DVOM check for voltage between 
ECM connector TPS 1 signal pin 5 and 
engine ground 

Do you have voltage? 

 Repair the 
TPS 1 circuit 

shorted to 
voltage as 
necessary. 

Refer to 
Wiring 

Repairs in 
Engine 

Electrical. 

Go to Step (9) 

5 

 Jump TPS 1 signal pin 6 to the 5 volt 
reference pin 3 at connector C017 

Does DST display TPS 1 voltage over 4.900 
volts? 

 Go to Step 
(6) Go to Step (8) 

6 

 Inspect wire terminals at throttle connector 
for damage corrosion or contamination 

Any problems found? 

 Repair the  
circuit as 

necessary. 
Refer to 
Wiring 

Repairs in 
Engine 

Electrical. 

Go to Step (7) 

7 
 Replace the electronic Throttle 

Is the replacement complete? 

 Go to Step 
(12) 

- 

8 

 Key OFF 

 Disconnect ECM wire harness connector 
C001 

 Using a DVOM check for continuity between 
throttle connector TPS 1 signal pin 6 and 
ECM connector TPS 1 signal pin 5 

Do you have continuity between them? 

 Go to Step 
(9) 

Repair the 
open circuit as 

necessary. 
Refer to 
Wiring 

Repairs in 
Engine 

Electrical. 
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Step Action Value(s) Yes No 

9 

 Using a DVOM check for continuity between 
throttle connector signal ground pin 2 and 
ECM connector signal ground pin 3 

Do you have continuity between them? 

 Go to Step 
(10) 

Repair the 
open circuit as 

necessary. 
Refer to 
Wiring 

Repairs in 
Engine 

Electrical. 

10 

 Inspect ECM connector terminals for damage 
corrosion or contamination. 

Any problems found? 

 Repair the 
circuit as 

necessary. 
Refer to 
Wiring 

Repairs in 
Engine 

Electrical 

Go to Step 
(11) 

11 
 Replace ECM 

Is the replacement complete? 

 Go to Step 
(12) 

- 

12 

 Remove all test equipment except the DST. 

 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 drivability 

 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? 

 System OK Go to OBD 
System Check 
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DTC 222-TPS 2 Signal Voltage Low (SPN 520251:FMI 4) 

 

 

 
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  

 MIL-ON during active fault  

 Engine will Shutdown 
 

 
Circuit Description 
 
Dual throttle Position Sensors are used within the throttle that 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. The MIL command 
is ON and engine will shutdown.  
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DTC 222 TPS 2 Signal Voltage Low 
 

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 

 Key ON, Engine OFF 

 DST (Diagnostic Scan Tool) connected in 
DBW (Drive by Wire) throttle test mode 

Does the DST display TPS 2 voltage of 0.200 
volts or less with the throttle closed? 

 Go to Step 
(4) 

Go to Step (3) 

3 

 Slowly depress Foot Pedal while observing 
TPS 2 voltage 

Does TPS 2 voltage ever fall below 0.200 volts? 

 Go to Step 
(4) 

Intermittent 
problem 

Go to 
Intermittent 

section 

4 

 Key OFF 

 Disconnect electronic throttle connector 
C017 

 Jumper the 5 volt reference circuit pin 3 and 
TPS 2 signal circuit pin 5 together at the 
throttle connector 

 Key ON 

Does DST display TPS 2 voltage of 4.0 volts or 
greater?  

 Go to Step 
(7) 

Go to Step (5) 

5 

 Key OFF 

 Disconnect ECM wire harness connector 
C001 

 Using a DVOM check continuity between 
TPS 2 connector signal pin 5 and ECM 
connector TPS 2 Signal pin 6 

Do have continuity between them? 

 Go to Step (6) Repair the 
circuit as 

necessary. 
Refer to 
Wiring 

Repairs in 
Engine 

Electrical. 

6 
 Replace ECM 

Is the replacement complete? 

 Go to Step 
(9) 

- 

7 

 Inspect the electronic throttle wire harness 
connector terminals for damage, corrosion or 
contamination 

Did you find a problem? 

 Repair the 
circuit as 

necessary. 
Refer to 
Wiring 

Repairs in 
Engine 

Electrical. 

Go to Step (8) 

8 
 Replace the electronic throttle 

Is the replacement complete? 

 Go to Step 
(9) 

- 
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Step Action Value(s) Yes No 

9 

 Remove all test equipment except the DST. 

 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 drivability 

 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? 

 System OK Go to OBD 
System Check 
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DTC 223-TPS 2 Signal Voltage High (SPN 520251:FMI 3) 

 

 

 

Conditions for Setting the DTC 
 

 Throttle Position Sensor 2 

 Check Condition-Cranking or Running 

 Fault Condition-TPS 2 sensor exceeds 4.800 volts  

 MIL-ON during active fault  

 Engine will shutdown 

 
 
Circuit Description 
 
Dual throttle Position Sensors are used within the throttle that 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 4.800 
volts. The MIL command is ON and the engine will shutdown. 

 



 

229 

DTC 223 TPS 2 Signal Voltage High 
 

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 

 Key ON, Engine OFF 

 DST (Diagnostic Scan Tool) connected in 
DBW (Drive by Wire) throttle test mode 

Does the DST display TPS 2 voltage of 4.800 
volts or greater with the throttle closed?  

 Go to Step 
(4) 

Go to Step (3) 

3 

 Slowly depress Foot Pedal while observing 
TPS 2 voltage 

Does TPS 2 voltage ever exceed 4.800 volts? 

 Go to Step 
(4) 

Intermittent 
problem 

Go to 
Intermittent 

section 

4 

 Key OFF 

 Disconnect electronic throttle connector 
C017 

 Key ON 
Does DST display TPS 2 voltage less than 0.2 
volts?  

 Go to Step 
(7) 

Go to Step (5) 

5 

 Key OFF 

 Disconnect ECM wire harness connector 
C001 

 Key ON 

 Using a DVOM check for voltage between 
electronic throttle connector TPS 2 signal pin 
5 and engine ground 

Do you have voltage? 

 Repair the 
circuit as 

necessary. 
Refer to 
Wiring 

Repairs in 
Engine 

Electrical. 

Go to Step (6) 

6 
 Replace ECM 
Is the replacement complete? 

 Go to Step 
(11) 

- 

7 

 Probe sensor ground circuit at the ECM side 
of the wire harness pin 3 with a test light 
connected to battery voltage 

Does the test light come on?  

 Go to Step 
(8) 

Go to Step 
(10) 

8 

 Inspect the electronic throttle wire harness 
connector and terminals for damage, 
corrosion or contamination 

Did you find a problem? 

 Repair the 
circuit as 

necessary. 
Refer to 
Wiring 

Repairs in 
Engine 

Electrical. 

Go to Step (9) 

9 
 Replace electronic throttle 
Is the replacement complete? 

 Go to Step 
(11) 

- 
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Step Action Value(s) Yes No 

10 

 Key OFF 

 Disconnect ECM connector C001 

 Using a DVOM check for continuity between 
throttle connector C017 sensor  ground pin 
2 and ECM connector sensor ground pin 20 

Do have continuity between them? 

 Go to Step 
(6) 

Repair the 
circuit as 

necessary. 
Refer to 
Wiring 

Repairs in 
Engine 

Electrical. 

11 

 Remove all test equipment except the DST. 

 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 drivability 

 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? 

 System OK Go to OBD 
System Check 
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DTC 261: Injector driver 1 (cyl 1) open or short to ground 
SPN 651:FMI 5 

 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
Conditions for Setting the DTC 


 Injector is in the Off State 

 Low side voltage is less than 4.0 volts 

 Battery voltage is above 9.0 volts 

 MIL Light turned on 

 Closed Loop is disabled while this fault is active 

 Adaptive Learn is disabled while this fault is active. 

 

Circuit Description 
 
The fuel injectors turn on when the 4G Controller provides a ground circuit to the injector.  Battery 
positive is constantly provided through the ignition fuse and the Pink / Tan wire.  Each Injector has 
a ground side driver assigned to it inside the 4G Controller.  The driver number does not match up 
with the mating cylinder number in each case.  The driver is assigned in numerical order according 
to the engine firing order (1-3-4-2).  The ECM is monitoring the low side voltage internally in the 
ECM.  This code will set if it sees a low voltage on the low side during an “injector off” state.  This 
indicates the injector is open or there is a short to ground in the circuit.   
 
The technician should check the wiring and the injector resistance.  If the resistance is out of specification or you get 

an infinite reading on the DVOM you should replace the injector.  If there is a short to ground in the wiring circuit 

you should repair the faulty circuit in accordance with the recommended wire repair instructions provided in this 

manual.  
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DTC 264: Injector driver 2 (Cyl 3) open or short to ground 
SPN 264:FMI 5 

 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
Conditions for Setting the DTC 


 Injector is in the Off State 

 Low side voltage is less than 4.0 volts 

 Battery voltage is above 9.0 volts 

 MIL Light turned on 

 Closed Loop is disabled while this fault is active 

 Adaptive Learn is disabled while this fault is active. 

 

Circuit Description 
 
The fuel injectors turn on when the 4G Controller provides a ground circuit to the injector.  Battery 
positive is constantly provided through the ignition fuse and the Pink / Tan wire.  Each Injector has 
a ground side driver assigned to it inside the 4G Controller.  The driver number does not match up 
with the mating cylinder number in each case.  The driver is assigned in numerical order according 
to the engine firing order (1-3-4-2).  The ECM is monitoring the low side voltage internally in the 
ECM.  This code will set if it sees a low voltage on the low side during an “injector off” state.  This 
indicates the injector is open or there is a short to ground in the circuit.   
 
The technician should check the wiring and the injector resistance.  If the resistance is out of specification or you get 

an infinite reading on the DVOM you should replace the injector.  If there is a short to ground in the wiring circuit 

you should repair the faulty circuit in accordance with the recommended wire repair instructions provided in this 

manual.  
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DTC 267: Injector driver 3 (Cyl 4) open or short to ground 
SPN 653:FMI 5 

 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
Conditions for Setting the DTC 


 Injector is in the Off State 

 Low side voltage is less than 4.0 volts 

 Battery voltage is above 9.0 volts 

 MIL Light turned on 

 Closed Loop is disabled while this fault is active 

 Adaptive Learn is disabled while this fault is active. 

 

Circuit Description 
 
The fuel injectors turn on when the 4G Controller provides a ground circuit to the injector.  Battery 
positive is constantly provided through the ignition fuse and the Pink / Tan wire.  Each Injector has 
a ground side driver assigned to it inside the 4G Controller.  The driver number does not match up 
with the mating cylinder number in each case.  The driver is assigned in numerical order according 
to the engine firing order (1-3-4-2).  The ECM is monitoring the low side voltage internally in the 
ECM.  This code will set if it sees a low voltage on the low side during an “injector off” state.  This 
indicates the injector is open or there is a short to ground in the circuit.   
 
The technician should check the wiring and the injector resistance.  If the resistance is out of specification or you get 

an infinite reading on the DVOM you should replace the injector.  If there is a short to ground in the wiring circuit 

you should repair the faulty circuit in accordance with the recommended wire repair instructions provided in this 

manual.  
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DTC 270: Injector driver 4 (Cyl 2) open or short to ground 
SPN 654:FMI 5 

 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
Conditions for Setting the DTC 


 Injector is in the Off State 

 Low side voltage is less than 4.0 volts 

 Battery voltage is above 9.0 volts 

 MIL Light turned on 

 Closed Loop is disabled while this fault is active 

 Adaptive Learn is disabled while this fault is active. 

 

Circuit Description 
 
The fuel injectors turn on when the 4G Controller provides a ground circuit to the injector.  Battery positive is 
constantly provided through the ignition fuse and the Pink / Tan wire.  Each Injector has a ground side driver 
assigned to it inside the 4G Controller.  The driver number does not match up with the mating cylinder 
number in each case.  The driver is assigned in numerical order according to the engine firing order (1-3-4-
2).  The ECM is monitoring the low side voltage internally in the ECM.  This code will set if it sees a low 
voltage on the low side during an “injector off” state.  This indicates the injector is open or there is a short to 
ground in the circuit.   
 
The technician should check the wiring and the injector resistance.  If the resistance is out of specification or you get 

an infinite reading on the DVOM you should replace the injector.  If there is a short to ground in the wiring circuit 

you should repair the faulty circuit in accordance with the recommended wire repair instructions provided in this 

manual.  
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DTC 262: Injector driver 1 (Cyl 1) Coil Shorted (SPN 651:FMI 6) 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
Conditions for Setting the DTC 


 Injector is in the On State 

 Low side voltage is greater than 4.0 volts 

 Battery voltage is less than 16.0 volts 

 MIL Light turned on 

 Closed Loop is disabled while this fault is active 

 Adaptive Learn is disabled while this fault is active. 

 
Circuit Description 
The fuel injectors turn on when the 4G Controller provides a ground circuit to the injector.  Battery positive is 
constantly provided through the ignition fuse and the Pink / Tan wire.  Each Injector has a ground side driver 
assigned to it inside the 4G Controller.  The driver number does not match up with the mating cylinder 
number in each case.  The driver is assigned in numerical order according to the engine firing order (1-3-4-
2).  The ECM is monitoring the low side voltage internally in the ECM.  This code will set if it sees a high 
voltage on the low side during an “injector on” state.  This indicates the injector likely has a short circuit 
internal to the injector.  It could also be a result of a short from power to the ground circuit.     
 
The technician should check the wiring and the injector resistance.  If the resistance is out of specification 
on the DVOM you should replace the injector.  If there is a short from a power circuit to the ground circuit 
you should repair the faulty circuit in accordance with the recommended wire repair instructions provided in 
this manual.  
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DTC 265: Injector driver 2 (Cyl 3) Coil Shorted (SPN:652:FMI 6) 

 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
Conditions for Setting the DTC 


 Injector is in the On State 

 Low side voltage is greater than 4.0 volts 

 Battery voltage is less than 16.0 volts 

 MIL Light turned on 

 Closed Loop is disabled while this fault is active 

 Adaptive Learn is disabled while this fault is active. 

 
Circuit Description 

The fuel injectors turn on when the 4G Controller provides a ground circuit to the injector.  Battery 
positive is constantly provided through the ignition fuse and the Pink / DK Green wire.  Each 
Injector has a ground side driver assigned to it inside the 4G Controller.  The driver number does 
not match up with the mating cylinder number in each case.  The driver is assigned in numerical 
order according to the engine firing order (1-3-4-2).  The ECM is monitoring the low side voltage 
internally in the ECM.  This code will set if it sees a high voltage on the low side during an “injector 
on” state.  This indicates the injector likely has a short circuit internal to the injector.  It could also 
be a result of a short from power to the ground circuit.     
 
The technician should check the wiring and the injector resistance.  If the resistance is out of 
specification on the DVOM you should replace the injector.  If there is a short from a power circuit 
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to the ground circuit you should repair the faulty circuit in accordance with the recommended wire 
repair instructions provided in this manual.  

 

DTC 268: Injector driver 3 (Cyl 4) Coil Shorted (SPN 653:FMI 6) 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
Conditions for Setting the DTC 


 Injector is in the On State 

 Low side voltage is greater than 4.0 volts 

 Battery voltage is less than 16.0 volts 

 MIL Light turned on 

 Closed Loop is disabled while this fault is active 

 Adaptive Learn is disabled while this fault is active. 

 
Circuit Description 
The fuel injectors turn on when the 4G Controller provides a ground circuit to the injector.  Battery positive is 
constantly provided through the ignition fuse and the Pink / Tan wire.  Each Injector has a ground side driver 
assigned to it inside the 4G Controller.  The driver number does not match up with the mating cylinder 
number in each case.  The driver is assigned in numerical order according to the engine firing order (1-3-4-
2).  The ECM is monitoring the low side voltage internally in the ECM.  This code will set if it sees a high 
voltage on the low side during an “injector on” state.  This indicates the injector likely has a short circuit 
internal to the injector.  It could also be a result of a short from power to the ground circuit.     
 
The technician should check the wiring and the injector resistance.  If the resistance is out of specification 
on the DVOM you should replace the injector.  If there is a short from a power circuit to the ground circuit 
you should repair the faulty circuit in accordance with the recommended wire repair instructions provided in 
this manual.  
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DTC 271: Injector driver 4 (Cyl 2) Coil Shorted (SPN 654:FMI 6) 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
Conditions for Setting the DTC 


 Injector is in the On State 

 Low side voltage is greater than 4.0 volts 

 Battery voltage is less than 16.0 volts 

 MIL Light turned on 

 Closed Loop is disabled while this fault is active 

 Adaptive Learn is disabled while this fault is active. 

 
Circuit Description 

The fuel injectors turn on when the 4G Controller provides a ground circuit to the injector.  Battery 
positive is constantly provided through the ignition fuse and the Pink / Tan wire.  Each Injector has 
a ground side driver assigned to it inside the 4G Controller.  The driver number does not match up 
with the mating cylinder number in each case.  The driver is assigned in numerical order according 
to the engine firing order (1-3-4-2).  The ECM is monitoring the low side voltage internally in the 
ECM.  This code will set if it sees a high voltage on the low side during an “injector on” state.  This 
indicates the injector likely has a short circuit internal to the injector.  It could also be a result of a 
short from power to the ground circuit.     
 
The technician should check the wiring and the injector resistance.  If the resistance is out of 
specification on the DVOM you should replace the injector.  If there is a short from a power circuit 
to the ground circuit you should repair the faulty circuit in accordance with the recommended wire 
repair instructions provided in this manual.  
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DTC 336-Crank Sync Noise (SPN 636:FMI 2) 

 

 
 
 
Conditions for setting the DTC 
 
 Crankshaft Position sensor 

 Check Condition- Engine running 

 Fault Condition- 1 invalid crank re-sync in less than 800 ms 
 Adaptive- Disabled 

 MIL- On during active fault  
 

Circuit Description 
 
The CKP (crankshaft position sensor) is a magnetic variable reluctance sensor 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 no signal is 
present for 800ms or longer. 
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DTC 336 Crank Sync Noise  
 

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 

 Check that the ECM ground terminals C010, 
C022 and C023 are clean and tight 

 Are the ground terminals clean and tight? 

 Go to Step 
(3) 

Repair the 
circuit as 

necessary. 
Refer to 
Wiring 

Repairs in 
Engine 

Electrical. 

3 

 Key On, Engine OFF 

 Disconnect the CKP (Crankshaft position) 
Sensor connector C015 

 Using A DVOM check for voltage at the CKP 
sensor connector pin 1 and engine ground 

(CHECK THIS BEFORE THE POWER RELAY 
SHUTS OFF) 

Do you have voltage? 

5.0 volts Go to Step (4 Repair the 
circuit as 

necessary. 
Refer to 
Wiring 

Repairs in 
Engine 

Electrical. 

4 

 Key OFF 

 Disconnect ECM connector C001 

 Using a DVOM check for continuity between 
CKP connector pin B and ECM connector pin 
22 

Do you have continuity between them? 

 Go to Step 
(5) 

Repair the 
circuit as 

necessary. 
Refer to 
Wiring 

Repairs in 
Engine 

Electrical. 

5 

 Using a DVOM check for continuity between 
CKP connector pin A and ECM connector pin 
21 

Do you have continuity between them? 

 Go to Step 
(6) 

Repair the 
circuit as 

necessary. 
Refer to 
Wiring 

Repairs in 
Engine 

Electrical. 

6 

 Inspect the CKP connector C015 terminals 
for damage, corrosion or contamination 

Did you find a problem? 

 Repair the 
circuit as 

necessary. 
Refer to 
Wiring 

Repairs in 
Engine 

Electrical. 

Go to Step 
(7) 
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Step Action Value(s) Yes No 

7 

 Inspect the ECM connector C001 terminals 
22 and 21 for damage, corrosion or 
contamination 

Did you find a problem? 

 Repair the 
circuit as 

necessary. 
Refer to 
Wiring 

Repairs in 
Engine 

Electrical. 

Go to step (8) 

8 
 Replace CKP sensor  

Is the replacement complete? 

 Go to Step 
(10) 

- 

9 
 Replace ECM 

Is the replacement complete? 

 Go to Step 
(11) 

- 

10 

 Remove all test equipment except the DST. 

 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 drivability 

 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? 

 System OK Go to Step 
(9) 

11 

 Remove all test equipment except the DST. 

 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 drivability 

 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? 

 System OK Go to OBD 
System 
Check 
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DTC 337-Crank Loss (SPN 636:FMI 4)  

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Conditions for setting the DTC 
 
 Crankshaft position sensor 

 Check Condition- Engine cranking  

 Fault Condition- 6 cam pulse signals without crankshaft activity 

 MIL- On during active fault  
 Adaptive- Disabled  

 
Circuit Description 
 
The CKP (crankshaft position sensor) is a magnetic variable reluctance sensor 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. The ECM must 
see a valid Crankshaft position signal while cranking. If no crankshaft signal is present for 6 cam 
pulses this fault will set. 
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DTC 337-Crank Loss  
 

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 

 Check that the ECM ground terminals C010, 
C022 and C023 are clean and tight 

Are the ground terminals clean and tight? 

 Go to Step 
(3) 

Repair the 
circuit as 

necessary. 
Refer to 
Wiring 

Repairs in 
Engine 

Electrical. 

3 

 Key OFF 

 Disconnect the CKP (Crankshaft Position) 
Sensor connector C015 

 Using A DVOM check for voltage at the CKP 
sensor connector pin 1 and engine ground 

(CHECK THIS BEFORE THE POWER RELAY 
SHUTS OFF) 

Do you have voltage? 

5.0 volts Go to Step (4 Repair the 
circuit as 

necessary. 
Refer to 
Wiring 

Repairs in 
Engine 

Electrical. 

4 

 Key OFF 

 Disconnect ECM connector C001 

 Using a DVOM check for continuity between 
CKP connector pin B and ECM connector pin 
22 

Do you have continuity between them? 

 Go to Step 
(5) 

Repair the 
circuit as 

necessary. 
Refer to 
Wiring 

Repairs in 
Engine 

Electrical. 

5 

 Using a DVOM check for continuity between 
CKP connector pin A and ECM connector pin 
21 

Do you have continuity between them? 

 Go to Step 
(6) 

Repair the 
circuit as 

necessary. 
Refer to 
Wiring 

Repairs in 
Engine 

Electrical. 

6 

 Inspect the CKP connector C015 terminals 
for damage, corrosion or contamination 

Did you find a problem? 

 Repair the 
circuit as 

necessary. 
Refer to 
Wiring 

Repairs in 
Engine 

Electrical. 

Go to Step 
(7) 
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Step Action Value(s) Yes No 

7 

 Inspect the ECM connector C001 terminals 
22 & 21 for damage, corrosion or 
contamination 

Did you find a problem 

 Repair the 
circuit as 

necessary. 
Refer to 
Wiring 

Repairs in 
Engine 

Electrical. 

Go to step (8) 

8 
 Replace the CKP sensor  

Is the replacement complete? 

 Go to Step 
(10) 

- 

9 
 Replace ECM 

Is the replacement complete? 

 Go to Step 
(11) 

- 

10 

 Remove all test equipment except the DST. 

 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 drivability 

 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? 

 System OK Go to Step 
(9) 

11 

 Remove all test equipment except the DST. 

 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 drivability 

 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? 

 System OK Go to OBD 
System 
Check 
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DTC 341-Camshaft Sync Noise (SPN 723:FMI 2) 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Conditions for Setting the DTC 
 

 Camshaft position sensor 

 Check Condition-Cranking or Running 

 Fault Condition-1 invalid cam re-sync in 700ms or less  

 Adaptive Learn disabled 

 MIL-ON  

 
Circuit Description 
 
The CMP (Camshaft Position Sensor) is used to synchronize the fuel and ignition systems. This 
fault will set if the ECM detects erroneous pulses from the camshaft position sensor causing invalid 
cam re-sync.  MIL light will become active and Adaptive Learn will be disabled. 
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DTC 341-Camshaft Sensor Noise  
 

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 

 Check that the ECM ground terminal C010 is 
clean, tight and in the proper location 

Are the ground terminals clean and tight? 

 Go to Step 
(3) 

Repair the 
circuit as 

necessary. 
Refer to 
Wiring 

Repairs in 
Engine 

Electrical. 

3 

 Key OFF 

 Disconnect the CMP (Camshaft position) 
Sensor connector C016 

 Using A DVOM check for voltage at the CMP 
sensor connector pin C and engine ground 

Do you have voltage? 

5.0 volts Go to Step 
(4) 

Repair the 
circuit as 

necessary. 
Refer to 
Wiring 

Repairs in 
Engine 

Electrical. 

4 

 Key OFF 

 Disconnect ECM connector C001 

 Using a DVOM check for continuity between 
CMP connector pin A and ECM connector 
pin 24 

Do you have continuity between them? 

 Go to Step 
(5) 

Repair the 
circuit as 

necessary. 
Refer to 
Wiring 

Repairs in 
Engine 

Electrical. 

5 

 Using a DVOM check for continuity between 
CMP connector pin B and ECM connector 
pin 23 

Do you have continuity between them? 

 Go to Step 
(6) 

Repair the 
circuit as 

necessary. 
Refer to 
Wiring 

Repairs in 
Engine 

Electrical. 

6 

 Inspect the CMP connector  terminals for 
damage, corrosion or contamination 

Did you find a problem? 

 Repair the 
circuit as 

necessary. 
Refer to 
Wiring 

Repairs in 
Engine 

Electrical. 

Go to Step 
(7) 
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Step Action Value(s) Yes No 

7 

 Inspect the ECM connector C001 terminals 
4, 23, and 24 for damage, corrosion or 
contamination 

Did you find a problem? 

 Repair the 
circuit as 

necessary. 
Refer to 
Wiring 

Repairs in 
Engine 

Electrical. 

Go to Step 
(8) 

8 
 Replace CMP sensor  

Is the replacement complete? 

 Go to Step 
(10) 

- 

9 
 Replace ECM 

Is the replacement complete? 

 Go to Step 
(11) 

- 

10 

 Remove all test equipment except the DST. 

 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 drivability 

 After operating the engine within the test 
parameters of DTC-341 check for any stored 
codes. 

Does the engine operate normally with no stored 
codes? 

 System OK Go to Step 
(9) 

11 

 Remove all test equipment except the DST. 

 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 drivability 

 After operating the engine within the test 
parameters of DTC-341 check for any stored 
codes. 

Does the engine operate normally with no stored 
codes? 

 System OK Go to OBD 
System 
Check 

 



 

248 

DTC 342-Camshaft Sensor Loss (SPN 723:FMI 4) 
 

 
 
 
Conditions for Setting the DTC 
 

 CMP (Camshaft Position Sensor) 

 Check Condition-Engine Cranking or Running 

 Fault Condition-No cam pulse in 2.5 cycles with engine speed greater than 100 rpm  

 MIL-ON for active fault  

 Adaptive-Disabled  
 

Circuit Description 
 
The CMP (Camshaft Position Sensor) is used to synchronize the fuel and ignition systems. This 
fault will set if the ECM does not detect a cam pulse in 2.5 engine cycles whenever the engine is 
greater than 100 rpm. The engine may not run with this fault present. 
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DTC 342-Camshaft Sensor Loss  
 

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 

 Check that the ECM ground terminal C010 is 
clean, tight and in the proper location 

Is the ground terminal clean tight and in the 
proper location? 

 Go to Step 
(3) 

Repair the 
circuit as 

necessary. 
Refer to 
wiring 

harness 
repair 

section. 

3 

 Key OFF 

 Disconnect the CMP (Camshaft Position) 
Sensor connector C016 

 Key ON 

 Using A DVOM check for voltage at the CMP 
sensor connector pin C and engine ground 

(RUN THIS VOLTAGE CHECK BEFORE THE 
POWER RELAY SHUTS OFF) 
Do you have voltage? 

5.0 volts Go to Step 
(4) 

Repair the 
circuit as 

necessary. 
Refer to 
wiring 

harness 
repair 

section. 

4 

 Key OFF 

 Disconnect ECM connector C001 

 Using a DVOM check for continuity between 
CMP connector pin A and ECM connector 
pin 24 

Do you have continuity between them? 

 Go to Step 
(5) 

Repair the 
circuit as 

necessary. 
Refer to 
wiring 

harness 
repair 

section. 

5 

 Using a DVOM check for continuity between 
CMP connector pin B and ECM connector 
pin 23 

Do you have continuity between them? 

 Go to Step 
(6) 

Repair the 
circuit as 

necessary. 
Refer to 
wiring 

harness 
repair 

section. 

6 

 Inspect the CMP connector terminals for 
damage, corrosion or contamination 

Did you find a problem? 

 Repair the 
circuit as 

necessary. 
Refer to 
wiring 

harness 
repair 

section. 

Go to Step 
(7) 
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Step Action Value(s) Yes No 

7 

 Inspect the ECM connector terminals 2, 23 
and 24 for damage, corrosion or 
contamination 

Did you find a problem? 

 Repair the 
circuit as 

necessary. 
Refer to 
wiring 

harness 
repair 

section. 

Go to Step 
(8) 

8 
 Replace the CMP. 
Is the replacement complete? 

 Go to Step 
(10) 

- 

9 
 Replace ECM 
Is the replacement complete? 

 Go to Step 
(11) 

- 

10 

 Remove all test equipment except the DST. 

 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 drivability 

 After operating the engine within the test 
parameters of DTC-342 check for any stored 
codes. 

Does the engine operate normally with no stored 
codes? 

 System OK Go to Step 
(9) 

11 

 Remove all test equipment except the DST. 

 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 drivability 

 After operating the engine within the test 
parameters of DTC-342 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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DTC-359 Fuel Run-out Longer Than Expected (SPN 1239:FMI 7) 
 

 
 
Conditions for Setting the DTC 
 

 LPG lock-off valve 

 Check Condition-Key OFF  

 Fault Condition-Engine run down time greater than 20 seconds 

 MIL-ON  

 
Circuit Description 
 
The LPG lock off valve is supplied system battery power from the VSW fused source. The 
ECM then provides a path to ground to turn the valve on. This fault will set in the event the 
engine continues to run for more than 20 seconds after the key is turned off.  This fault 
indicates a possible problem with the electric LPG lock off solenoid or associated wiring. 
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DTC-359 Fuel Run-out Longer Than Expected 
 

Step Action Value(s) Yes No 

1 
Did you perform the On-Board (OBD) System 
Check? 

- Go to Step 
(2) 

 

2 

 Disconnect the LPG shut off solenoid 
connector C003 

 Using a DVOM check for power across 
terminals A and B while cranking the engine, 
then turn the key to the OFF position  

Did the voltage immediately turn OFF with the 
key cycle?  

System 
Voltage 

Go to Step 
(3) 

Go to Step 
(5) 

3 

 Turn off the LPG manual valve at the fuel 
tank 

 Start the engine and let it idle until the 
engine stops. 

 (THIS MAY TAKE SEVERAL MINUTES) 
Did the engine ever stop? 

 Intermittent 
problem. See 
intermittent 
problems in 
the electrical 
section of this 

manual. 

Go to Step 
(4) 

4 
 Replace the LPG shut off solenoid 
Is the replacement complete? 

 Go to Step 
(8) 

_ 

5 

 Key OFF 

 Disconnect the ECM wire harness connector 
C001 

 Using a DVOM check for continuity between 
ECM pin 12 and engine ground 

Do you have continuity? 

 Repair the 
LPG solenoid 
control short 

to ground 

Go to Step 
(6) 

6 

 Inspect the ECM wire harness and 
connector for damage corrosion or 
contamination 

Did you find a problem? 

 Correct the 
problem as 

required. See 
wire harness 

repair. 

Go to Step 
(7) 

7 
 Replace the ECM 
Is the replacement complete? 

 Go to Step 
(8) 

_ 

8 

 Remove all test equipment except the DST. 

 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 drivability 

 After operating the engine within the test 
parameters of DTC-359 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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DTC 420 Gasoline Catalyst Monitor (SPN 3050:FMI 10) 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

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.  If there are no exhaust leaks 
or other exhaust related issues there may be a problem internally with the catalyst muffler.  
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DTC 502 – Loss of Road Speed (SPN 84:FMI 1) 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Conditions for setting the DTC 

 

 Road speed input is less than 0.1 km/hr  

 Fault must be active for 5.0 seconds to activate DTC 

 Engine speed is greater than 1,500 rpms 

 MAP pressure is greater than 10.00 PSIA 

 SPDF signal indicates vehicle is moving 

 MIL light on during fault 

 Power Derate 2 enabled 

 

 

Circuit Description  

 

The ECM is provided a pulse width modulation (PWM) signal from the OEM vehicle controller to 

determine the road speed of the vehicle.  The PWM signal is supplied to the engine VIC1 Pin N and 

finally to pin 25 at the 4G Controller connector.  The DTC will set when the PWM signal is lost and the 

engine speed is greater than 1,500 rpms ,  MAP pressure is greater than 10.0 psia and the SPDF signal 

indicates the vehicle is moving.  The technician should check the OEM system including vehicle speed 

controller along with circuit between the vehicle speed controller and the engine ECM.  
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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

         Key Off

         

Check the wiring for continuity between terminals 25 at the GCP Connector 

and Pin N of the VIC 1

 

Do you have continuity between the terminals?

       Check Pin N and Pin 25 for spread terminals or poor connections with 

the mating terminals.

 

Are the pins acceptable for use?

          Key off 

          Disconnect battery

          Install Test GCP

          Reconnect battery

           Start engine and check for fault

Did the fault go away?

Repair wire circuit 

between Pin N and Pin 

25.

Repair damaged 

terminal

4

- Replace GCP Module

Refer to OEM wiring 

and/or speed detection 

system

2

No 

Resistance
Go to Step (3)

- Go to Step (4)3

DTC 502 – Loss of Road Speed 
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DTC 520-Oil Pressure Low Stage 1 (SPN 100:FMI 18) 
 

 
 

Conditions for Setting the DTC 
 
 Engine Oil Pressure low. 

 Engine running with engine speed less than 1200 rpm and oil pressure is less than 6 psi for 5 
or more seconds  

 Engine running with engine speed greater than 1450 rpm and oil pressure is less than 8 psi 
for 5 or more seconds  

 MIL is active 

 
Circuit Description 
 
The Oil Pressure Sender is used to communicate the oil pressure condition to the ECM. Engine 
damage can occur if the engine is operated with low oil pressure. The ECM sends a 5v signal to 
the oil pressure sender.  The sender will report a signal back to the ECM on the signal wire 
depending on the pressure that is applied on its diaphragm.  The voltage is linear in comparison 
to the pressure applied (see chart below).   The MIL command is ON. 
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DTC 520-Oil Pressure Low Stage 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 

 Verify that the engine has oil pressure using 
a mechanical oil pressure gauge before 
proceeding with this chart. See Engine 
Specifications Section.  

Does the engine have oil pressure above 6 psi?  

6 psi Go to Step 
(3) 

Repair faulty 
Oiling System 

3 

 Key ON, Engine Running DST connected in 
System Data Mode  

 Clear DTC 520 

 Warm the engine by idling until the ECT 
temperature is above 160 degrees F. and 
has been running for at least 20 seconds or 
more  

 Increase engine speed above 600 RPM 
Does DTC 520 reset and cause the engine to 
shut down?  

 Go to Step 
(4) 

Intermittent 
problem Go 

to Intermittent 
section 

4 

 With a volt meter, check terminal B on the 
sensor for a 5 volt reference from the ECM. 

 
Do you have 5 volts on terminal B?  

5v Go to Step 
(6) 

Go to Step 
(5) 

5 

 With a volt meter, check terminal 19 on the 
ECM for a 5 volt reference. 

  
Do you have a 5v reference coming out of the 
ECM?  

5v Repair faulty 
wiring 

between 
ECM and Oil 

pressure 
sensor 

Go to Step 
(8) 

6 

 With the oil pressure sender connected 
check for a signal coming out of terminal C.  

Do you have a voltage signal coming out of 
terminal C?  

 Go to Step 
(7) 

Replace 
faulty oil 
pressure 
sender 

7 

 With the oil pressure sender connected 
check for a signal at terminal 53 of the ECM.   

 
Do you have a signal voltage at pin 53 of the 
ECM?  

 Go to Step 
(8) 

Repair faulty 
wiring 

between 
terminal C 

and Terminal 
25.  
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Step Action Value(s) Yes No 

8 
 Replace ECM 
Is the replacement complete?  

 Go to Step 
(9) 

- 

9 

 Remove all test equipment except the DST. 

 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 drivability  

 After operating the engine within the test 
parameters of DTC-520 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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DTC 521- Oil Pressure High (SPN 100:FMI 0) 
 

 
 

Conditions for Setting the DTC 
 
 Engine Oil Pressure high. 

 Check Condition-Engine running for 5 seconds. 

 Fault Condition- Oil pressure greater than 95 psi for 5 or more seconds 

 Forced idle is active 

 
Circuit Description 
 
The Oil Pressure Sender is used to communicate the oil pressure condition to the ECM. Engine 
damage can occur if the engine is operated with low oil pressure. The ECM sends a 5v signal to 
the oil pressure sender.  The sender will report a signal back to the ECM on the signal wire 
depending on the pressure that is applied on its diaphragm.  The voltage is linear in comparison 
to the pressure applied (see chart below).   The MIL command is ON and the engine will go into 
a forced idle condition in the event of this fault to help prevent possible engine damage. 
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DTC 521-Oil Pressure High 

 

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 

 Verify that the engine has oil pressure using 
a mechanical oil pressure gauge before 
proceeding with this chart. See Engine 
Specifications Section 1F.  

Does the engine have oil pressure above 95 psi?  

 Repair faulty 
oiling system 

Go to step (3) 

3 

 With the engine running measure the signal 
voltage on terminal C of the oil pressure 
sender.  

 
Do you have more than 3.8v?  

> 3.8v. Replace 
faulty oil 
pressure 
sender. 

Go to step (4)  

4 

 With the engine running measure the signal 
voltage on terminal 53 of the ECM. 

 
Do you have more than 3.8v? 
  

> 3.8v. Repair faulty 
wiring 

between 
terminal C 

and 25. 

Replace 
faulty IEPR / 

ECM 
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DTC 522- Oil Pressure Sender low voltage (SPN 100:FMI 4) 
 

 
 

Conditions for Setting the DTC 
 
 Engine Oil Pressure low. 

 Check Condition-Engine running for 20 seconds or more with engine speed greater than 600 
rpm. 

 Fault Condition- Voltage on terminal 25 is less than 0.2v for more than 1 second 

 MIL-ON during active fault and for 2 seconds after active fault. 

 Forced idle active 

 
Circuit Description 
 
The Oil Pressure Sender is used to communicate the oil pressure condition to the ECM. Engine 
damage can occur if the engine is operated with low oil pressure. The ECM sends a 5v signal to 
the oil pressure sender.  The sender will report a signal back to the ECM on the signal wire 
depending on the pressure that is applied on its diaphragm.  The voltage is linear in comparison 
to the pressure applied (see chart below).   The MIL command is ON and the engine will go into 
a forced idle in the event of this fault to help prevent possible engine damage. 
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DTC 522- Oil Pressure Sender low voltage 
 

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 

 Using the Diagnostic Service Tool (DST)  
with the key on engine running, check the 
OILP_raw value on the “RAW VOLTS” page. 

 
Is the voltage less than 0.2 volts 

< 0.2v Go to Step 
(3) 

Check for 
faulty harness 
or intermittent 
ECM issue. 

3 

 Using a voltmeter measure the voltage at 
terminal 53 of the ECM 

 Key on engine running 
 
Is the voltage less than 0.2 volts?  

< 0.2v Go to Step 
(4) 

Replace 
faulty ECM 

4 

 Key on engine running 

 Check for the voltage supply signal to the oil 
pressure switch at terminal B of the pressure 
switch. 

 
Does the terminal have 5 volts?  

5v Go to step (4)   Go to step (6) 

5 

 Using a voltmeter measure the voltage at 
terminal C at the oil pressure sender. 

 Key on engine running 
 
Is the voltage less than 0.2 volts?  

< 0.2v Replace 
faulty oil 
pressure 
sender.  

Intermittent 
problem, go 

to intermittent 
section 

6 

 Key on  

 Check for voltage supply signal at terminal 19 
of the ECM 

 
Does the ECM terminal 19 provide a 5v signal?  

5v Replace 
ECM.  

Repair wiring 
issue 

between pin 
19 and oil 
pressure 
sender 

terminal B 
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DTC 523- Oil Pressure Sender high voltage (SPN 100:FMI 3) 

 

 
 

Conditions for Setting the DTC 
 
 Engine Oil Pressure sender voltage is high  

 Check Condition-Engine running for 20 seconds or more with engine speed greater than 600 
rpm. 

 Fault Condition- Voltage on terminal 25 is greater than 4.8v for more than 1 second 

 MIL-ON during active fault and for 2 seconds after active fault. 

 Forced idle active 

 
Circuit Description 
 
The Oil Pressure Sender is used to communicate the oil pressure condition to the ECM. Engine 
damage can occur if the engine is operated with low oil pressure. The ECM sends a 5v signal to 
the oil pressure sender.  The sender will report a signal back to the ECM on the signal wire 
depending on the pressure that is applied on its diaphragm.  The voltage is linear in comparison 
to the pressure applied (see chart below).   The MIL command is ON and the engine will go into 
forced idle in the event of this fault to help prevent possible engine damage. 

 
 
 
 
 
 
 
 
 
 
 



 

264 

 
DTC 523- Oil Pressure Sender high voltage 

 

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 

 Using the Diagnostic Service Tool (DST) 
check the OILP_raw value on the “RAW 
VOLTS” page. 

 
Is the voltage over 4.8 volts 

> 4.8v Go to Step 
(3) 

Check for 
faulty harness 
or intermittent 

ECM issue 

3 

 Using a voltmeter measure the voltage at 
terminal 53 of the ECM 

 
Is the voltage over 4.8 volts?  

> 4.8v Go to Step 
(4) 

Replace 
faulty IEPR / 

ECM 

4 

 Using a voltmeter measure the voltage at 
terminal C at the oil pressure sender. 

 
Is the voltage over 4.8 volts?  

> 4.8v Replace 
faulty oil 
pressure 
sender.  

Intermittent 
problem, go 

to intermittent 
section 
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DTC 524-Oil Pressure Low Stage 2 (SPN 100:FMI 1) 

 

 
 

Conditions for Setting the DTC 
 
 Engine Oil Pressure low 

 Fault Condition- Oil pressure less than 3 psi for 5 or more seconds 

 Engine Shut Down. 

 
Circuit Description 
 
The Oil Pressure Sender is used to communicate the oil pressure condition to the ECM. Engine 
damage can occur if the engine is operated with low oil pressure. The ECM sends a 5v signal to 
the oil pressure sender.  The sender will report a signal back to the ECM on the signal wire 
depending on the pressure that is applied on its diaphragm.  The voltage is linear in comparison 
to the pressure applied (see chart below).   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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DTC 524-Oil Pressure Low 
 

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 

 Verify that the engine has oil pressure using 
a mechanical oil pressure gauge before 
proceeding with this chart. See Engine 
Specifications Section 1F.  

Does the engine have oil pressure above 3 psi?  

3 psi Go to Step 
(3) 

Repair faulty 
Oiling System 

3 

 Key ON, Engine Running DST connected in 
System Data Mode  

 Clear DTC 524 

 Warm the engine by idling until the ECT 
temperature is above 160 degrees F. and 
has been running for at least 20 seconds or 
more  

 Increase engine speed above 600 RPM 
Does DTC 524 reset and cause the engine to 
shut down?  

 Go to Step 
(4) 

Intermittent 
problem Go 

to Intermittent 
section 

4 

 With a volt meter, check terminal B on the 
sensor for a 5 volt reference from the ECM. 

 
Do you have 5 volts on terminal B?  

5v Go to Step 
(6) 

Go to Step 
(5) 

5 

 With a volt meter, check terminal 19 on the 
ECM for a 5 volt reference. 

  
Do you have a 5v reference coming out of the 
ECM?  

5v Repair faulty 
wiring 

between 
ECM and Oil 

pressure 
sensor 

Go to Step 
(8) 

6 

 With the oil pressure sender connected 
check for a signal coming out of terminal C.  

Do you have a voltage signal coming out of 
terminal C?  

See Linear 
graph on 

page 204 for 
expected  
approx 
Voltage 

Go to Step 
(7) 

Replace 
faulty oil 
pressure 
sender 

7 

 With the oil pressure sender connected 
check for a signal at terminal 53 of the ECM. 

 
Do you have a signal voltage at pin 53 of the 
ECM?  

 Go to Step 
(8) 

Repair faulty 
wiring 

between 
terminal C 

and Terminal 
25.  
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Step Action Value(s) Yes No 

8 
 Replace ECM 
Is the replacement complete?  

 Go to Step 
(9) 

- 

9 

 Remove all test equipment except the DST. 

 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 drivability  

 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?  

 System OK Go to OBD 
System 
Check 
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 DTC 562-System Voltage Low (SPN 168:FMI 17) 
 

 

 

Conditions for Setting the DTC 
 

 System Voltage to ECM 

 Check Condition-Key on with engine speed greater than 1000 RPM 

 Fault Condition-Battery voltage at ECM less than 9.0  

 Fault Condition is present for longer than 5 seconds. 

 MIL-ON for active fault  

 Adaptive-Disabled  

 
Circuit Description 
 
The battery voltage powers the ECM and must be measured to correctly to properly operate injector 
drivers, solenoid valves and ignition coils. This fault will set if the ECM detects system voltage less 
than 9.00 volts while the alternator should be charging. The adaptive learn is disabled during this 
fault. 
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DTC 562-System Voltage Low 
 

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 

 Key ON, Engine Running 

 DST (Diagnostic Scan Tool) connected in 
System Data Mode 

Does DST display system voltage greater than 
9.50 volts? 

- Intermittent 
problem 

Go to Engine 
Electrical 

Intermittent 
section 

Go to Step 
(3) 

3 
 Check battery condition 
Is it OK? 

- Go to Step 
(4) 

Replace 
Battery 

4 
 Check charging system 
Is it OK? 

- Go to Step 
(5) 

Repair 
charging 
System 

5 

 Key OFF 

 Disconnect the ECM connector C001 

 Check the voltage between ECM connector 
C001 pins 60, 79 and engine ground. 

 Measure voltage with DVOM between each 
pin and engine ground 

Is the voltage greater than for each pin 9.50 
volts?  

- Repair ECM 
Ground 

circuit. Go to 
Power and 

Ground 
section in 

engine 
Electrical 

Go to Step 
(6) 

6 

 Check the voltage at ECM connector pins 69 
and 81 

 Measure voltage with DVOM between each 
pin and battery positive 

Is the voltage greater than 9.50 volts? 

- Repair ECM 
power circuit. 
Go to Power 
and Ground 
section in 

engine 
Electrical 

Go to Step 
(7) 

7 
 Replace ECM 
Is the replacement complete? 

- Go to Step 
(8) 

- 

8 

 Remove all test equipment except the DST. 

 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 drivability 

 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? 

- System OK Go to OBD 
System 
Check 
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DTC 563-System Voltage High (SPN 168:FMI 15) 


 
 

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  

 Fault must be present for 3 or more seconds 

 MIL-ON for active fault  

 Adaptive-Disabled  

 
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 
anytime the engine is cranking or running. The adaptive learn function is disabled during this fault. 
The ECM will shut down with internal protection if the system voltage ever exceeds 26 volts.  
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DTC 563-System Voltage High 
 

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 

 Key ON, Engine Running 

 DST (Diagnostic Scan Tool) connected in 
System Data Mode 

 Run engine greater than 1500 rpm. 

Does DST display system voltage greater than 
18 volts? 

- Go To Step 
(3) 

Intermittent 
problem 

Go to Engine 
Electrical 

Intermittent 
section 

3 

 Check voltage at battery terminals with 
DVOM with engine speed greater than 1500 
rpm 

Is it greater than 18 volts? 

- Go to Step 
(4) 

Go to Step 
(5) 

4 
 Repair the charging system 

Has the charging system been repaired? 

- Go to Step 
(6) 

- 

5 
 Replace ECM 

Is the replacement complete? 

 Go to Step 
(6) 

- 

6 

 Remove all test equipment except the DST. 

 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 drivability 

 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? 

- System OK Go to OBD 
System 
Check 

 



 

272 

DTC 601-Flash Checksum Invalid (SPN 628:FMI 13) 

 

ECM

Microprocesso

r

RAM

Microprocessor

Ram

Flash

 

 
Conditions for Setting the DTC 
 

 Engine Control Module 

 Check Condition-Key on 

 Fault Condition-Internal microprocessor error 

 MIL-ON  

 Engine Shutdown will occur 

 

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.  The engine will shut down when this fault occurs.   
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DTC 601-Flash Checksum Invalid 
 

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 

 Key ON, Engine Running 

 DST (Diagnostic Scan Tool) connected in 
System Data Mode 

 Clear system fault code 

Does DTC 601 reset with the engine idling? 

 Go to Step 
(3) 

Intermittent 
problem 

Go to 
Intermittent 

section 

3 

 Check ECM power and ground circuits 

Did the power and ground circuits check OK? 

 Go to Step 
(4) 

Repair the 
circuit as 

necessary. 
Refer to 
Wiring 

Repairs in 
Engine 

Electrical. 

4 
 Replace ECM 

Is the replacement complete? 

 Go to Step 
(5) 

- 

5 

 Remove all test equipment except the DST. 

 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 drivability 

 After operating the engine within the test 
parameters of DTC-601 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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DTC 604-RAM Failure (SPN 630:FMI 12) 

 

ECM

Microprocesso

r

RAM

Microprocessor

Ram

Flash

 
 
Conditions for Setting the DTC 
 

 Engine Control Module 

 Check Condition-Key on 

 Fault Condition-Internal microprocessor error 

 MIL-ON  

 Engine Shutdown will occur 
 
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. The engine will shut down if this fault occurs. 
 



 

275 

DTC 604-RAM Failure 
 

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 

 Key ON, Engine Running 

 DST (Diagnostic Scan Tool) connected in 
System Data Mode 

 Clear system fault code 

Does DTC 604 reset with the engine idling? 

 Go to Step 
(3) 

Intermittent 
problem 

Go to 
Intermittent 

section 

3 

 Check ECM power and ground circuits 

Did the power and ground circuits check OK? 

 Go to Step 
(4) 

Repair the 
circuit as 

necessary. 
Refer to 
Wiring 

Repairs in 
Engine 

Electrical. 

4 
 Replace ECM 

Is the replacement complete? 

 Go to Step 
(5) 

- 

5 

 Remove all test equipment except the DST. 

 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 drivability 

 After operating the engine within the test 
parameters of DTC-604 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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DTC 606-COP Failure (SPN 629:FMI 31) 
 

ECM

Microprocesso

r

RAM

Microprocessor

Ram

Flash

 
 

Conditions for Setting the DTC 
 

 Engine Control Module 

 Check Condition-Key on 

 Fault Condition-Internal microprocessor error 

 MIL-ON  

 Engine Shutdown will occur 
 
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. The engine will shut down if this fault occurs. 
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DTC 606-COP Failure 
 

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 

 Key ON, Engine Running 

 DST (Diagnostic Scan Tool) connected in 
System Data Mode 

 Clear system fault code 

Does DTC 606 reset with the engine idling? 

 Go to Step 
(3) 

Intermittent 
problem 

Go to 
Intermittent 

section 

3 

 Check ECM power and ground circuits 

Are the power and ground circuits OK? 

 Go to Step 
(4) 

Repair the 
circuit as 

necessary. 
Refer to 
Wiring 

Repairs in 
Engine 

Electrical. 

4 
 Replace ECM 

Is the replacement complete? 

 Go to Step 
(5) 

- 

5 

 Remove all test equipment except the DST. 

 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 drivability 

 After operating the engine within the test 
parameters of DTC-606 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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DTC 627-Fuel Pump Relay Coil Open (SPN 1348:FMI 5) 

 

 
 
 
Conditions for Setting the DTC 
 

 Fuel Pump relay check 

 Check Condition-Key ON 

 Fault Condition-Relay coil open 

 
Circuit Description 
 
The fuel pump relay switches power out to the gasoline fuel pump. This fault will set if the ECM 
detects an open circuit on the relay control output. 

 
Diagnostic Aid 
 
Relay coil resistance changes with temperature. The following diagnostic charts have steps to 
measure relay coil resistance values. When checking the resistance values be sure the relay is 
at a reasonable temperature, between +20 and +100 degrees F.  
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DTC 627-Fuel Pump Relay Coil Open 
 

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 

 DST connected and in the system data mode 

 Key OFF 

 Remove the power relay from the fuse block 

 Using a DVOM check the resistance of the 
relay coil between terminals 1 and 2 

Is the resistance value less than 100 ohms? 

 Go to Step 
(4) 

Go to Step 
(3) 

 

3 

 Replace the fuel pump relay 

Is the replacement complete? 

 Go to Step 
(9) 

_ 

4 
 Check fuse F3 

Is the fuse open?  

 Replace fuse 
F2 

Go to Step 
(5) 

5 

 Disconnect ECM connector C001 

 Using a DVOM check for continuity between 
ECM pin 84 and fuse block cavity for relay 
terminal 2 

Do you have continuity?  

 Go to Step 
(6) 

Repair the 
open circuit 
as required. 
See wiring 
harness 
repairs 

6 

 Remove fuse F3 

 Using a DVOM check for continuity between 
fuse block cavity for relay terminal 1 and the 
power out of the F3 fuse holder 

Do you have continuity? 

  

  

 Go to Step 
(7) 

Repair the 
open circuit 
as required. 
See wiring 
harness 
repairs 

7 

 Check all system fuses. 

 Check all relay placement positions in fuse 
block. 

 Run complete pin to pin checks on chassis 
wiring to fuel system harness. 

 See complete fuel system schematic for 
further details 

Did you find the problem?   

 Go to Step 
(9) 

Go to Step 
(8) 



 

280 

Step Action Value(s) Yes No 

 
8 

 Replace the ECM 

Is the replacement complete? 

 Go to Step 
(9) 

_ 

9 

 Remove all test equipment except the DST. 

 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 drivability 

 After operating the engine within the test 
parameters of DTC-627 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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DTC 628- Fuel Pump Relay Control Ground Short (SPN 1347:FMI 5) 

 

 
 
 
Conditions for Setting the DTC 
 

 Fuel Pump relay ground control 

 Check Condition-Key ON 

 Fault Condition-Relay control shorted to ground 
 

Circuit Description 
 
The fuel pump relay switches power out to the gasoline fuel pump. This fault will set if the ECM 
detects an open circuit on the relay control output 
 

Diagnostic Aid 
 
Relay coil resistance changes with temperature. The following diagnostic charts have steps to 
measure relay coil resistance values. When checking the resistance values be sure the relay is 
at a reasonable temperature, between +20 and +100 degrees F.  
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DTC 628- Fuel Pump Relay Control Ground Short 
 

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 

 Key ON, DST connected in the System Data   
mode 

 Clear DTC 628 

 Start the engine 

Does DTC 628 re-set? 

 Go to Step 
(4) 

Intermittent 
problem 

Go to 
Intermittent 

section 

3 

 Disconnect ECM connector C001 

 Using a DVOM check the resistance value 
between ECM pin 84 and engine ground 

Is the resistance less than 60 ohms?  

 Go to Step 
(5) 

Go to Step 
(7) 

4 

 Remove the fuel pump relay from the fuse 
block 

 Using a DVOM check the resistance value 
again between ECM pin 84 and engine 
ground 

Is the resistance less than 60 ohms? 

 Repair the 
shorted to 

ground relay 
control circuit 
as necessary. 

See wiring 
harness 
repairs 

Go to Step 
(6) 

5 
 Replace the fuel pump relay 

Is the replacement complete? 

 Go to Step 
(8) 

_ 

6 
 Replace ECM 

Is the replacement complete? 

 Go to Step 
(8) 

_ 

7 

 Remove all test equipment except the DST. 

 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 drivability 

 After operating the engine within the test 
parameters of DTC-628 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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DTC 629- Fuel Pump Relay Coil Short to Power (SPN 1347:FMI 3) 

 

 
 

Conditions for Setting the DTC 
 

 Fuel pump relay check 

 Check Condition-Key ON 

 Fault Condition-Relay coil shorted to power 

 
Circuit Description 
 
The fuel pump relay switches power out to the gasoline fuel pump. This fault will set if the ECM 
detects an open circuit on the relay control output 

 
Diagnostic Aid 
 
Relay coil resistance changes with temperature. The following diagnostic charts have steps to 
measure relay coil resistance values. When checking the resistance values be sure the relay is at 
a reasonable temperature, between +20 and +100 degrees F.  
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DTC 629- Fuel Pump Relay Coil Short to Power 
 

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 

 DST connected and in the system data mode 

 Key OFF 

 Remove the power relay from the fuse block 

 Using a DVOM check the resistance of the 
relay coil between terminals 1 and 2 

Is the resistance value less than 60 ohms? 

 Go to Step 
(3) 

Go to Step 
(4) 

3 
 Replace the power relay 

Is the replacement complete? 

 Go to Step 
(9) 

_ 

4 
 Using a DVOM check for continuity between 

relay terminals 2 and 3 

Do you have continuity between them? 

 Go to Step 
(3) 

Go to Step 
(5) 

5 

 Key OFF 

 Disconnect ECM wire harness connector 
C001 

 Using a DVOM check for power between 
ECM pin 84 and engine ground with the key 
ON 

Do you have power? 

System 
battery 
voltage 

Repair the 
short to 

power. See 
wiring 

harness 
repair. 

Go to Step 
(6) 

6 
 Replace the power relay 

Is the replacement complete? 

 Go to Step 
(7) 

_ 

7 

 Remove all test equipment except the DST. 

 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 drivability 

 After operating the engine within the test 
parameters of DTC-629 check for any stored 
codes. 

Does DTC 629 still re-set? 

 Go to Step 
(8) 

Go to Step 
(9) 
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Step Action Value(s) Yes No 

8 
 Replace the ECM 

Is the replacement complete? 

 Go to Step 
(9) 

_ 

9 

 Remove all test equipment except the DST. 

 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 drivability 

 After operating the engine within the test 
parameters of DTC-629 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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DTC 642-External 5 Volt 1 Reference Low (SPN 1079:FMI 4) 
 

 
 

Conditions for Setting the DTC 
 

 External 5 volt reference 

 Check Condition-Engine cranking or running 

 Fault Condition-5 volt reference voltage lower than 4.60 volts  

 MIL-ON during 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 4.60 volts. Adaptive Learn will be 
disabled during this fault 
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DTC 642 External 5 Volt 1 Reference Low 
 

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 

 Key ON, Engine Running 

 DST (Diagnostic Scan Tool) connected in 
System Fault Mode 

Does DST display DTC 642? 

 Go to Step 
(3) 

Intermittent 
problem 

Go to 
Intermittent 

section 

3 

 Key OFF 

 Disconnect ECM connector C001 

 Using DVOM check for continuity between 
ECM 5 volt reference pin 19 and engine 
ground 

Do you have continuity? 

 Go to Step 
(5) 

Go to Step 
(4) 

4 
 Replace ECM 

Is the replacement complete? 

 Go to Step 
(7) 

- 

5 

 While monitoring DVOM for continuity 
between ECM 5 volt reference and engine 
ground 

 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. 

 TMAP 

 Electronic Throttle 

 FPP 

 Crankshaft Sensor 

 Camshaft Sensor 

While disconnecting each sensor one at a time 
did you lose continuity? 

 Go to Step 
(6) 

Repair 
shorted wire 

harness 

6 
 Replace the last disconnected sensor 

Is the replacement complete? 

 Go to Step 
(7) 

- 
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Step Action Value(s) Yes No 

7 

 Remove all test equipment except the DST. 

 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 drivability 

 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? 

 System OK Go to OBD 
System 
Check 
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DTC 643-External 5 Volt 1 Reference High (SPN 1079:FMI 3) 
 

 
 

Conditions for Setting the DTC 
 

 External 5 volt reference 

 Check Condition-Engine cranking or running  

 Fault Condition-5 volt reference higher than 5.40 volts  

 MIL-ON during active fault 

 Adaptive-Disabled during active fault 

 
Circuit Description 
 
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 greater than 5.40 volts anytime the engine is cranking or running. Adaptive Learn will 
be disabled during this fault 
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DTC 643 External 5 Volt 1 Reference High 
 

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 

 Key ON, Engine running 

 DST (Diagnostic Scan Tool) connected in 
System Data Mode 

Does DST display DTC 643? 

 Go to Step 
(3) 

Intermittent 
problem 

Go to 
Intermittent 

section 

3 

 Check all ECM ground connections 

 Refer to Engine electrical power and ground 
distribution. 

Are the ground connections OK? 

 Go to Step 
(4) 

Repair the 
circuit as 

necessary. 
Refer to 
Wiring 

Repairs in 
Engine 

Electrical. 

4 

 Key OFF 

 Disconnect ECM connector C001 

 Key ON 

 Using DVOM check for Voltage between 
ECM harness wire pin 19 and engine ground 

Do you have voltage? 

 Repair the 
circuit as 

necessary. 
Refer to 
Wiring 

Repairs in 
Engine 

Electrical. 

Go to Step 
(5) 

5 
 Replace ECM 

Is the replacement complete? 

 Go to Step 
(6) 

- 

6 

 Remove all test equipment except the DST. 

 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 drivability 

 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? 

 System OK Go to OBD 
System 
Check 
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DTC 650-MIL Control Open (SPN:1213:FMI 5) 
 
 

 
 
Conditions for setting the DTC 
 

 MIL check 

 Check Condition-Key ON engine OFF 

 Fault Condition-ECM MIL circuit open 

 MIL Command-ON 
 
Circuit Description 
 
The fuel system is equipped with OBD (On-Board Diagnostics). The system has a dash 
mounted MIL (Malfunction Indicator Lamp). 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 as the 
blink code mode. It will display DTCs that have been stored due to a possible 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 illuminate with the 
vehicle key ON and 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. The electrical schematic above shows the MIL power source supplied to the 
lamp. The ECM completes the circuit to ground to turn the lamp ON. This fault will set if the 
ECM MIL control circuit is open. 
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DTC 650-MIL Control Open 
 

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 

 Key ON, Engine Running 

 DST (Diagnostic Scan Tool) connected in 
System Data Mode 

 Clear system fault code 

 Key OFF 

 Key ON 

Does DTC 650 reset? 

 Go to Step 
(3) 

Intermittent 
problem 

Go to 
Intermittent 

section 

3 

 Remove the MIL bulb or driver circuit 

 Using a DVOM check for continuity through 
the bulb or driver device 

Do you have continuity?  

 Go to Step 
(5) 

Go to Step 
(4) 

4 
 Replace the open bulb or driver device 

Is the replacement complete? 

 Go to Step 
(8) 

_ 

5 

 Key OFF 

 Re-install the bulb or driver device 

 Disconnect vehicle interface connector C012 

 Using a DVOM check for continuity between 
vehicle interface connector pin G and battery 
positive 

 Key ON 

Do you have continuity? 

 Go to Step 
(6) 

Repair the 
open circuit 
as required. 

See wire 
harness 
repair 

6 

 Disconnect ECM wire harness connector 
C001 

 Using a DVOM check for continuity between 
ECM harness connector pin 80 and vehicle 
interface connector pin G 

Do you have continuity? 

 Go to Step 
(7) 

Repair the 
open circuit 
as required. 

See wire 
harness 
repair 

7 

 Inspect ECM wire harness connector pin 80 
and vehicle interface connector pin G for 
damage, corrosion or contamination 

Did you find a problem?  

 Correct the 
problem as 

required. See 
wiring 

harness 
repair 

Go to Step 
(8) 
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Step Action Value(s) Yes No 

8 

 Remove all test equipment except the DST. 

 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 drivability 

 After operating the engine within the test 
parameters of DTC-650 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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DTC 652-External 5 Volt 2 Reference Low (SPN 1080:FMI 4) 
 

49

LT GRN/PPL
+ 5 Volts

ECM

 
 

 

Conditions for Setting the DTC 
 
 External 5 volt reference 

 Check Condition-Engine cranking or running 

 Fault Condition-5 volt reference voltage lower than 3.00 volts  

 MIL-On during active fault  

 Adaptive-Disabled during active fault 
 
Circuit Description 
 
The External 5 volt supply is normally dedicated to the FPP sensor 5 volt supply circuit. The 
accuracy of the 5 volt supply is very important to the accuracy of the FPP sensor circuit. The ECM 
is able to determine if the circuit is open, shorted, or otherwise out of specification by monitoring 
this 5 volt supply.  This fault will set if the 5 volt reference is below 3.00 volts. Adaptive Learn will 
be disabled during this fault. 
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DTC 652 External 5 Volt 2 Reference Low 
 

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 

 Key ON, Engine Running 

 DST (Diagnostic Scan Tool) connected in 

      System Fault Mode 

Does DST display DTC 652? 

 Go to Step 
(3) 

Intermittent 
problem 

Go to 
Intermittent 

section 

3 

 Key OFF 

 Disconnect ECM connector C001 

 Using DVOM check for continuity between 
ECM 5 volt reference pin 49 and engine 
ground 

Do you have continuity? 

 Go to Step 
(5) 

Go to Step 
(4) 

4 
 Replace ECM 

Is the replacement complete? 

 Go to Step 
(7) 

- 

5 

 While monitoring DVOM for continuity 
between ECM 5 volt reference and engine 
ground 

 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. 

 FPP 

While disconnecting each sensor one at a time 
did you lose continuity?  

 Go to Step 
(6) 

Repair 
shorted wire 

harness 

6 
 Replace the last disconnected sensor 

Is the replacement complete? 

 Go to step (7) - 

7 

 Remove all test equipment except the DST. 

 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 drivability 

 After operating the engine within the test 
parameters of DTC-652 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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DTC 653-External 5 Volt 2 Reference High (SPN 1080:FMI 3) 
 

49

LT GRN/PPL
+ 5 Volts

ECM

 
 

 

Conditions for Setting the DTC 
 
 External 5 volt reference 

 Check Condition-Engine cranking or running  

 Fault Condition-5 volt reference higher than 5.40 volts  

 MIL-On during active fault 

 Adaptive-Disabled during active fault 
 
Circuit Description 
 
The External 5 volt supply is normally dedicated to the FPP sensor 5 volt supply circuit. The 
accuracy of the 5 volt supply is very important to the accuracy of the FPP sensor circuit. The ECM 
is able to determine if the circuit is open, shorted, or otherwise out of specification by monitoring 
this 5 volt supply.  This fault will set if the 5 volt reference is above 5.40 volts. Adaptive Learn will 
be disabled during this fault. 
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DTC 653 External 5 Volt 2 Reference High 
 

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 

 Key ON, Engine running 

 DST (Diagnostic Scan Tool) connected in 
System Data Mode 

Does DST display DTC 653? 

 Go to Step 
(3) 

Intermittent 
problem 

Go to 
Intermittent 
section 

3 

 Check all ECM ground connections.  Refer 
to Engine electrical power and ground 
distribution. 

Are the ground connections Ok? 

 Go to Step 
(4) 

Repair the 
circuit as 

necessary. 
Refer to 
Wiring 

Repairs in 
Engine 

Electrical. 

4 

 Key OFF 

 Disconnect ECM connector C001 

 Key ON 

 Using DVOM check for Voltage between 
ECM harness wire pin 49 and engine ground 

Do you have voltage? 

 Repair the 
circuit as 

necessary. 
Refer to 
Wiring 

Repairs in 
Engine 

Electrical. 

Go to Step 
(5) 

5 
 Replace ECM 

Is the replacement complete? 

 Go to Step 
(6) 

- 

6 

 Remove all test equipment except the DST. 

 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 drivability 

 After operating the engine within the test 
parameters of DTC-653 check for any stored 
codes. 

Does the vehicle engine normally with no stored 
codes? 

 System OK Go to OBD 
System 
Check 
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 DTC 685-Relay Coil Open (SPN 1485:FMI 5) 

 

 
 
 
Conditions for Setting the DTC 
 

 Power relay check 

 Check Condition-Key ON 

 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. 

 
Diagnostic Aid 
 
Relay coil resistance changes with temperature. The following diagnostic charts have steps to 
measure relay coil resistance values. When checking the resistance values be sure the relay is 
at a reasonable temperature, between +20 and +100 degrees F.  

 



 

299 

DTC 685-Relay Coil Open 
 

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 

 DST connected and in the system data mode 

 Key OFF 

 Remove the power relay from the fuse block 

 Using a DVOM check the resistance of the 
relay coil between terminals 1 and 2 

Is the resistance value less than 100 ohms? 

 Go to Step 
(4) 

Go to Step 
(3) 

 

3 

 Replace the power relay 

Is the replacement complete? 

 Go to Step 
(9) 

_ 

4 
 Check fuse F2  

Is the fuse open?  

 Replace fuse 
F2 

Go to Step 
(5) 

5 

 Disconnect ECM connector C001 

 Using a DVOM check for continuity between 
ECM pin 71 and fuse block cavity for relay 
terminal 2 

Do you have continuity?  

 Go to Step 
(6) 

Repair the 
open circuit 
as required. 
See wiring 
harness 
repairs 

6 

 Remove fuse F2 

 Using a DVOM check for continuity between 
fuse block cavity for relay terminal 1 and the 
power out of the F2 fuse holder 

Do you have continuity? 

  

  

 Go to Step 
(7) 

Repair the 
open circuit 
as required. 
See wiring 
harness 
repairs 

7 

 Check all system fuses. 

 Check all relay placement positions in fuse 
block. 

 Run complete pin to pin checks on chassis 
wiring to fuel system harness. 

 See complete fuel system schematic for 
further details 

Did you find the problem?   

 Go to Step 
(9) 

Go to Step 
(8) 
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Step Action Value(s) Yes No 

 
8 

 Replace the ECM 

Is the replacement complete? 

 Go to Step 
(9) 

_ 

9 

 Remove all test equipment except the DST. 

 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 drivability 

 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? 

 System OK Go to OBD 
System 
Check 
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DTC 686-Relay Control Ground Short (SPN 1485:FMI 4) 

 

 
 
 
Conditions for Setting the DTC 
 

 Power relay ground control 

 Check Condition-Key ON 

 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 short to ground on the relay control output. 
 

Diagnostic Aid 
 
Relay coil resistance changes with temperature. The following diagnostic charts have steps to 
measure relay coil resistance values. When checking the resistance values be sure the relay is 
at a reasonable temperature, between +20 and +100 degrees F.  
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DTC 686-Relay Control Ground Short  
 

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 

 Key ON, DST connected in the System Data   
mode 

 Clear DTC 686 

 Start the engine 

Does DTC 686 re-set? 

 Go to Step 
(4) 

Intermittent 
problem 

Go to 
Intermittent 

section 

3 

 Disconnect ECM connector C001 

 Using a DVOM check the resistance value 
between ECM pin 71 and engine ground 

Is the resistance less than 60 ohms?  

 Go to Step 
(5) 

Go to Step 
(7) 

4 

 Remove the power relay from the fuse block 

 Using a DVOM check the resistance value 
again between ECM pin 71 and engine 
ground 

Is the resistance less than 60 ohms? 

 Repair the 
shorted to 

ground relay 
control circuit 
as necessary. 

See wiring 
harness 
repairs 

Go to Step 
(6) 

5 
 Replace the power relay 

Is the replacement complete? 

 Go to Step 
(8) 

_ 

6 
 Replace ECM 

Is the replacement complete? 

 Go to Step 
(8) 

_ 

7 

 Remove all test equipment except the DST. 

 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 drivability 

 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? 

 System OK Go to OBD 
System 
Check 
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DTC 687-Relay Coil Short to Power (SPN 1485:FMI 3) 

 

 
 

Conditions for Setting the DTC 
 

 Power relay check 

 Check Condition-Key ON 

 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. 

 
Diagnostic Aid 
 
Relay coil resistance changes with temperature. The following diagnostic charts have steps to 
measure relay coil resistance values. When checking the resistance values be sure the relay is at 
a reasonable temperature, between +20 and +100 degrees F.  
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DTC 687-Relay Coil Short to Power 
 

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 

 DST connected and in the system data mode 

 Key OFF 

 Remove the power relay from the fuse block 

 Using a DVOM check the resistance of the 
relay coil between terminals 1 and 2 

Is the resistance value less than 60 ohms? 

 Go to Step 
(3) 

Go to Step 
(4) 

3 
 Replace the power relay 

Is the replacement complete? 

 Go to Step 
(9) 

_ 

4 
 Using a DVOM check for continuity between 

relay terminals 2 and 3 

Do you have continuity between them? 

 Go to Step 
(3) 

Go to Step 
(5) 

5 

 Key OFF 

 Disconnect ECM wire harness connector 
C001 

 Using a DVOM check for power between 
ECM pin 71 and engine ground with the key 
ON 

Do you have power? 

System 
battery 
voltage 

Repair the 
short to 

power. See 
wiring 

harness 
repair. 

Go to Step 
(6) 

6 
 Replace the power relay 

Is the replacement complete? 

 Go to Step 
(7) 

_ 

7 

 Remove all test equipment except the DST. 

 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 drivability 

 After operating the engine within the test 
parameters of DTC-687 check for any stored 
codes. 

Does DTC 687 still re-set? 

 Go to Step 
(8) 

Go to Step 
(9) 
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Step Action Value(s) Yes No 

8 
 Replace the ECM 

Is the replacement complete? 

 Go to Step 
(9) 

_ 

9 

 Remove all test equipment except the DST. 

 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 drivability 

 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? 

 System OK Go to OBD 
System 
Check 
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DTC 1111-Fuel Rev Limit (SPN 515:FMI 16) 

 

 
 

Conditions for Setting the DTC 
 

 Fuel Rev Limit 

 Check Condition-Engine Running 

 Fault Condition-Engine rpm greater than set limit 

 MIL-ON during active fault 

 
Circuit Description 
 
This fault will set anytime the engine rpm exceeds the specified speed settings in the 
calibration.  This is generally set at 3000 rpms. 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.  
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DTC 1111-Fuel Rev Limit 
 

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 

 Key ON, Engine OFF 

 DST in  Active Fault Mode 

Are any other DTC codes present with DTC 
1111?  

 Go to Step 
(3) 

Go to Step 
(4) 

3 

 Diagnose and repair any other DTC codes 
before proceeding with this chart. 

Have any other DTC codes been diagnosed and 
repaired? 

 Go to Step 
(4) 

- 

4 
 Check the service part Number on the ECM to 

ensure correct calibration is in use 

Is the service part Number Correct? 

 Go to Step 
(6) 

Go to Step 5 

5 

 Replace ECM with the correct service part 
number 

Is the replacement complete? 

 Go to Step 
(9) 

- 

6 
 Check the mechanical operation of the throttle 

Is the mechanical operation of the throttle OK? 

 Go to Step 
(8) 

Go to Step 
(7) 

7 

 Correct mechanical operation of the throttle. 
Refer to Engine & Component section  

Has the mechanical operation of the throttle been 
corrected? 

 Go to Step 
(9) 

- 

8 

 Check engine for large manifold vacuum 
leaks. Refer to Fuel Systems symptom 
diagnostics 

Did you find and correct the vacuum leak? 

 Go to Step 
(9) 

Go to OBD 
System 
Check 
Section 

9 

 Remove all test equipment except the DST. 

 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 drivability 

 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? 

 System OK Go to OBD 
System 
Check 
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DTC 1112-Spark Rev Limit (SPN 515: FMI 0) 

 

 

 
Conditions for Setting the DTC 
 

 Spark Rev Limit 

 Check Condition-Engine running 

 Fault Condition-Engine rpm greater than set limit 

 MIL-ON during active fault 

 Engine Shut Down 
 

Circuit description 
 
This fault will set anytime the engine rpm exceeds the specified speed settings installed in 
the calibration.  This is generally set at 3200 rpms. 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.  

 
 

 



 

309 

DTC 1112-Spark Rev Limit 
 

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 

 Key ON, Engine OFF 

 DST connected 

Are any other DTC codes present with DTC 
1112?  

 Go to Step 
(3) 

Go to Step 
(4) 

3 

 Diagnose any other DTC codes before 
proceeding with this chart. 

Have any other DTC codes been diagnosed and 
repaired? 

 Go to Step 
(4) 

- 

4 
 Check the service part number on the ECM to 

ensure correct calibration is in use 

Is the service part number correct? 

 Go to Step 
(6) 

Go to Step 5 

5 

 Replace ECM with correct service part 
number 

Is the replacement complete? 

 Go to Step 
(9) 

- 

6 
 Check the mechanical operation of the throttle 

Is the mechanical operation of the throttle OK? 

 Go to Step 
(8) 

Go to Step 
(7) 

7 

 Correct mechanical operation of the throttle. 
Refer to Engine & Component section  

Has the mechanical operation of the throttle been 
corrected? 

 Go to Step 
(9) 

- 

8 

 Check engine for large manifold vacuum 
leaks. Refer to Fuel Systems section 
Symptom Diagnostics 

Did you find and correct the vacuum leak? 

 Go to Step 
(9) 

Go to OBD 
System 
Check 
Section 

9 

 Remove all test equipment except the DST. 

 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 drivability 

 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? 

 System OK Go to OBD 
System 
Check 
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DTC 1121 FPP 1 And 2 Redundancy Lost (SPN 91: FMI 31) 

 

19M

ECM

K

L

S

J

R

FPP 1

FPP 2

9

20

49

10

50

5 volts

FPP 1 Signal

Sensor Ground

5 volts

FPP 2 Signal

Sensor Ground

C012

LT GRN/PPL

PPL/YEL

LT GRN/BLK

LT GRN/RED 

DK BLU/ORN

BLK/LT GRN

 
 

 

Conditions for Setting the DTC 
 

 Foot pedal position sensor 1 and 2  

 Check Condition-Key ON 

 Fault Condition-FPP1 and FPP 2 redundancy lost 

 MIL-ON 

 Force idle 

 Low rev limit  

 
Circuit Description 
 
The foot pedal position sensor uses variable resistors to determine signal voltage based on 
foot pedal position. Although the voltage outputs are different, the calculated throttle position 
values should be very close to the same. This fault will set if FPP 1 or FPP 2 positions are 
20% greater or 20% less than the expected throttle position target. The MIL command is ON. 
Forced idle and low rev limit are in effect during this fault limiting full power output. 

 
Diagnostic Aid 
 
It is very likely that in the event this code sets, other codes will set along with it. Always 
diagnose and repair codes starting with the lowest numerical value first. It is possible that by 
correcting the lower code sets first the problem will be corrected. FPP sensors are OEM 
specific and vary in configuration. The exact wire color and pin numbers for the FPP must be 
verified in the OEM chassis wiring schematic. The FPP sensor used in this system provides 
two sensors in one packaged assembly. FPP1 and FPP 2 are not serviceable individually, and 
in the event of a failure the complete FPP assembly must be replaced. 
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DTC-1121 FPP 1 And 2 Redundancy Lost 
 

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 

2 
 Diagnose any other lower numerical value 

codes that may be present first 

Did this resolve the problem? 

 Go to Step 
(7) 

Go to Step 
(3) 

3 
 Follow the diagnostic chart for DTC 2126 

Did the chart resolve the problem? 

 Go to Step 
(7) 

Go to Step 
(4) 

4 
 Follow the diagnostic chart for DTC 2121 

Did the chart resolve the problem? 

 
Go to Step 

(7) 

Go to Step 
(5) 

5 

 Inspect FPP and C012 connector pins for 
damage corrosion or contamination 

Did you find the problem? 

 Correct the 
problem as 

required. See 
wiring 

harness 
repair. 

Go to Step 
(6) 

6 

 Key OFF 

 Disconnect ECM connector C001 

 Inspect pins 9, 10, 19, 20, 49 and 50 for 
damage corrosion or contamination. 

Did you find a problem? 

 Correct the 
problem as 

required. See 
wiring 

harness 
repair. 

_ 

7 

 Remove all test equipment except the DST. 

 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 drivability 

 After operating the engine within the test 
parameters of DTC-1121 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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 DTC 1151-Closed Loop Multiplier High LPG (SPN 4236:FMI 0) 
 

 
             

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 EGO 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 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.  
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DTC 1151-Closed Loop High LPG 
 

Step Action Value(s) Yes No 

1 
 Perform the On-Board (OBD) System Check? 

Are any other DTCs present? 

 Go to Step 
(3) 

Go to Step 
(2) 

2 

Visually and physically check the following items: 

 The air intake duct for being collapsed or 
restricted 

 The air filter for being plugged 

 System power fuses are good and in the 
proper location 

 The EGO 1 sensor installed securely and the 
wire leads not contacting the exhaust manifold 
or ignition wires 

 ECM grounds must be clean and tight. Refer 
to Engine Electrical Power and Ground 
Distribution 

 Fuel System Diagnostics. Refer to Fuel 
System Diagnostics 

Was a repair made? 

 Go to Step 
(9) 

Go to Step 
(4) 

3 

 Diagnose any other DTC codes before 
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? 

 Go to Step 
(9) 

Go to step (4) 

4 

 Disconnect EGO1 connector C005 

 Using a DVOM check for voltage between 
EGO 1 connector pin D and engine ground 

 Key ON 

(CHECK MUST BE MADE WITHIN 30 
SECONDS OR BEFORE POWER RELAY 
SHUTS DOWN) 

Do you have voltage? 

System 
voltage 

Go to Step 
(5) 

Repair the 
open EGO 

power circuit 
as necessary. 

Refer to 
Wiring 

Repairs in 
Engine 

Electrical. 

5 

 Key OFF  

 Disconnect EGO 1 sensor wire harness 
connector C005 

 Disconnect ECM wire harness connector 
C001 

 Key ON 

 Using a high impedance DVOM check for 
continuity between EGO 1 connector signal 
pin A and engine ground 

Do you have continuity? 

 Repair the 
shorted circuit 
as necessary. 

Refer to 
Wiring 

Repairs in 
Engine 

Electrical. 

Go to Step 
(6) 
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Step Action Value(s) Yes No 

6 

 Using a high impedance DVOM check for 
continuity between EGO 1 connector signal 
ground pin A and EGO 1 signal pin B.  

Do you have continuity? 

 Repair the 
shorted circuit 
as necessary. 

Refer to 
Wiring 

Repairs in 
Engine 

Electrical. 

Go to Step 
(7) 

7 

 Using a high impedance DVOM check for 
continuity between EGO 1 heater ground pin 
D and ECM pin 72  

Do you have continuity? 

 Go to step (8) Repair the 
open EGO 

heater ground 

8 
 Replace EGO 1 sensor 

Is the replacement complete? 

 Go to Step 
(9) 

- 

9 

 Remove all test equipment except the DST. 

 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 drivability 

 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? 

 System OK Go to OBD 
System 
Check 
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DTC 1152-Closed Loop Multiplier Low LPG (SPN 4236:FMI 1) 

 

 
 

 

Conditions for Setting the DTC 
 

 Heated Oxygen Sensor 

 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 will cause the system to run rich. A worn fuel mixer, faulty 
EPR (Electronic Pressure Regulator) may also cause the system to run rich.  
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 LPG is used. 
Air Filter A plugged, damaged or modified air filter may cause the system to run rich.  
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DTC 1152 –Closed Loop Low LPG 
 

Step Action Value(s) Yes No 

1 
 Perform the On-Board (OBD) System Check? 

Are any other DTCs present? 

 Go to Step 
(3) 

Go to Step 
(2) 

2 

Visually and physically check the following items: 

 The air intake duct for being collapsed or 
restricted 

 The air filter for being plugged 

 The EGO sensor installed securely and the 
wire leads not damaged contacting the 
secondary ignition wires 

 ECM grounds for being clean and tight.  

 Run the fuel system diagnostic checks  

Was a repair made? 

 Go to Step 
(6) 

Go to Step 
(4) 

3 

 Diagnose any other DTC codes before 
proceeding with this chart. 

Have any other DTC codes been detected, 
diagnosed and repaired? 

 Go to Step 
(6) 

Go to Step 
(4) 

4 

 Key OFF  

 Disconnect EGO sensor wire harness 
connector 

 Disconnect ECM wire harness connector 

 Key ON 

 Using a DVOM check for voltage at the EGO 
1 connector C005 signal pin C and engine 
ground 

Do you have voltage? 

 Repair the 
circuit short to 

voltage as 
necessary. 

Refer to 
wiring 

harness 
repair. 

Go to Step 
(5) 

5 
 Replace EGO sensor 

Is the replacement complete? 

 Go to Step 
(6) 

- 

6 

 Remove all test equipment except the DST. 

 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 drivability 

 After operating the engine within the test 
parameters of DTC-1152 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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DTC 1155-Closed Loop Multiplier High Gasoline  
(SPN 4236 :FMI 0) 

 

 
             

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 EGO 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 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.  
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DTC 1155-Closed Loop Multiplier High Gasoline 
 

 

Step Action Value(s) Yes No 

1 
 Perform the On-Board (OBD) System Check? 

Are any other DTCs present? 

 Go to Step 
(3) 

Go to Step 
(2) 

2 

Visually and physically check the following items: 

 The air intake duct for being collapsed or 
restricted 

 The air filter for being plugged 

 System power fuses are good and in the 
proper location 

 The EGO 1 sensor installed securely and the 
wire leads not contacting the exhaust manifold 
or ignition wires 

 ECM grounds must be clean and tight. Refer 
to Engine Electrical Power and Ground 
Distribution 

 Fuel System Diagnostics. Refer to Fuel 
System Diagnostics 

Was a repair made? 

 Go to Step 
(9) 

Go to Step 
(4) 

3 

 Diagnose any other DTC codes before 
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? 

 Go to Step 
(9) 

Go to step (4) 

4 

 Disconnect EGO1 connector C005 

 Using a DVOM check for voltage between 
EGO 1 connector pin B and engine ground 

 Key ON 

(CHECK MUST BE MADE WITHIN 30 
SECONDS OR BEFORE POWER RELAY 
SHUTS DOWN) 

Do you have voltage? 

System 
voltage 

Go to Step 
(5) 

Repair the 
open EGO 

power circuit 
as necessary. 

Refer to 
Wiring 

Repairs in 
Engine 

Electrical. 

5 

 Key OFF  

 Disconnect EGO 1 sensor wire harness 
connector C005 

 Disconnect ECM wire harness connector 
C001 

 Key ON 

 Using a high impedance DVOM check for 
continuity between EGO 1 connector signal 
pin A and engine ground 

Do you have continuity? 

 Repair the 
shorted circuit 
as necessary. 

Refer to 
Wiring 

Repairs in 
Engine 

Electrical. 

Go to Step 
(6) 
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Step Action Value(s) Yes No 

6 

 Using a high impedance DVOM check for 
continuity between EGO 1 connector signal 
ground pin C and EGO 1 signal pin A  

Do you have continuity? 

 Repair the 
shorted circuit 
as necessary. 

Refer to 
Wiring 

Repairs in 
Engine 

Electrical. 

Go to Step 
(7) 

7 

 Using a high impedance DVOM check for 
continuity between EGO 1 heater ground pin 
D and ECM pin 72  

Do you have continuity? 

 Go to step (8) Repair the 
open EGO 

heater ground 

8 
 Replace EGO 1 sensor 

Is the replacement complete? 

 Go to Step 
(9) 

- 

9 

 Remove all test equipment except the DST. 

 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 drivability 

 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? 

 System OK Go to OBD 
System 
Check 
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DTC 1156-Adaptive Learn Low (Gasoline) (SPN 4236:FMI 1) 

 

 
 

 
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 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. Always run the fuel system diagnostics before using the following 
diagnostic chart. 

Diagnostic Aid 
 

Fuel System  High fuel pressure will cause the system to run rich.  Fuel pressure is controlled 
by the ECM using a ground side driver.  If the fuel pump is turned on all the time the fuel 
pressure will increase.  Open or leaking injector will cause a rich condition. 
Fuel Quality  A drastic variation in fuel quality may cause the fuel system to run rich.  
Air Filter  A plugged, damaged or modified air filter may cause the system to run rich.  
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DTC 1156-Adaptive Learn Low (Gasoline) 

 

Step Action Value(s) Yes No 

1 

 Perform the On-Board (OBD) System Check? 

Are any other DTCs present? 

 

 Go to Step 
(3) 

Go to Step 
(2) 

2 

Visually and physically check the following items: 

 The air intake duct for being collapsed or 
restricted 

 The air filter for being plugged 

 The EGO sensor is installed securely and the 
wire leads not damaged or contacting the 
secondary ignition wires 

 ECM grounds for being clean and tight.  

 Fuel system diagnostic checks 

Was a repair made? 

 Go to Step 
(6) 

Go to Step 
(4) 

3 

 Diagnose any other DTC codes before 
proceeding with this chart. 

Have any other DTC codes been detected, 
diagnosed and repaired? 

 Go to Step 
(6) 

Go to Step 
(4) 

4 

 Key OFF  

 Disconnect EGO sensor wire harness 
connector C005 

 Disconnect ECM wire harness connector 
C001 

 Key ON 

 Using a DVOM check for voltage at EGO 1 
connector signal pin A and engine ground 

Do you have voltage? 

 Repair the 
circuit as 

necessary. 
Refer to 
Wiring 

Repairs in 
Engine 

Electrical. 

Go to Step 
(5) 

5 
 Replace EGO sensor 

Is the replacement complete? 

 Go to Step 
(6) 

- 

6 

 Remove all test equipment except the DST. 

 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 drivability 

 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? 

 System OK Go to OBD 
System 
Check 
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DTC 1161-Adaptive Learn High LPG (SPN 4237:FMI 0) 

 

 
 

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. Always run the fuel system diagnostic checks before using the following 
diagnostic chat. 

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 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. 
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DTC 1161 Adaptive Learn High LPG 
 

Step Action Value(s) Yes No 

1 

 Perform the On-Board (OBD) System Check? 

Are any other DTCs present? 

 

 Go to Step 
(3) 

Go to Step 
(2) 

2 

Visually and physically check the following items: 

 The air intake duct for being collapsed or 
restricted 

 The air filter for being plugged 

 System power fuses are good and in the 
proper location 

 The EGO 1 sensor installed securely and the 
wire leads not contacting the exhaust manifold 
or ignition wires 

 ECM grounds must be clean and tight. Refer 
to Engine Electrical Power and Ground 
Distribution 

 Fuel System Diagnostics. Refer to Fuel 
System Diagnostics 

Was a repair made? 

 Go to Step 
(9) 

Go to Step 
(4) 

3 

 Diagnose any other DTC codes before 
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? 

 Go to Step 
(9) 

Go to Step 
(4) 

4 

 Disconnect EGO1 connector C005 

 Using a DVOM check for voltage between 
EGO 1 connector pin B and engine ground 

 Key ON 

(CHECK MUST BE MADE WITHIN 30 SECONDS 
OR BEFORE POWER RELAY SHUTS DOWN) 

Do you have voltage?    

System 
voltage 

Go to Step 
(5) 

Repair the 
open EGO 

power circuit 
as necessary. 

Refer to 
Wiring 

Repairs in 
Engine 

Electrical. 

5 

 Key OFF  

 Disconnect EGO 1 sensor wire harness 

      connector C005 

 Disconnect ECM wire harness connector 
C001 

 Key ON 

 Using a high impedance DVOM check for 
continuity between EGO 1 connector signal 
pin A and engine ground 

Do you have continuity? 

 Repair the 
shorted circuit 
as necessary. 

Refer to 
Wiring 

Repairs in 
Engine 

Electrical. 

Go to Step 
(6) 
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Step Action Value(s) Yes No 

6 

 Using a high impedance DVOM check for 
continuity between EGO 1 connector signal 
ground pin C and EGO 1 signal pin A  

Do you have continuity? 

 Repair the 
shorted circuit 
as necessary. 

Refer to 
Wiring 

Repairs in 
Engine 

Electrical. 

Go to Step 
(7) 

7 

 Using a high impedance DVOM check for 
continuity between EGO 1 heater ground pin 
D and ECM pin 49  

Do you have continuity? 

 Go to Step 
(8) 

Repair the 
open EGO 

heater ground 

8 
 Replace EGO 1 sensor 

Is the replacement complete? 

 Go to Step 
(9) 

- 

9 

 Remove all test equipment except the DST. 

 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 drivability 

 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? 

 System OK Go to OBD 
System 
Check 
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DTC 1162-Adaptive Learn Low (LPG) (SPN 4237:FMI 1) 

 
 

 
 

 
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 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. Always run the fuel system diagnostics before using the following 
diagnostic chart. 

 
Diagnostic Aid 
 

Fuel System  High secondary fuel pressure will cause the system to run rich. A worn fuel mixer, 
faulty EPR (Electronic Pressure Regulator) may also cause the system to run rich.  
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.  
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DTC 1162-Adaptive Learn Low LPG 
 

Step Action Value(s) Yes No 

1 

 Perform the On-Board (OBD) System Check? 

Are any other DTCs present? 

 

 Go to Step 
(3) 

Go to Step 
(2) 

2 

Visually and physically check the following items: 

 The air intake duct for being collapsed or 
restricted 

 The air filter for being plugged 

 The EGO sensor is installed securely and the 
wire leads not damaged or contacting the 
secondary ignition wires 

 ECM grounds for being clean and tight.  

 Fuel system diagnostic checks 

Was a repair made? 

 Go to Step 
(6) 

Go to Step 
(4) 

3 

 Diagnose any other DTC codes before 
proceeding with this chart. 

Have any other DTC codes been detected, 
diagnosed and repaired? 

 Go to Step 
(6) 

Go to Step 
(4) 

4 

 Key OFF  

 Disconnect EGO sensor wire harness 
connector C005 

 Disconnect ECM wire harness connector 
C001 

 Key ON 

 Using a DVOM check for voltage at EGO 1 
connector signal pin A and engine ground 

Do you have voltage? 

 Repair the 
circuit as 

necessary. 
Refer to 
Wiring 

Repairs in 
Engine 

Electrical. 

Go to Step 
(5) 

5 
 Replace EGO sensor 

Is the replacement complete? 

 Go to Step 
(6) 

- 

6 

 Remove all test equipment except the DST. 

 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 drivability 

 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? 

 System OK Go to OBD 
System 
Check 
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DTC 1165-LPG Catalyst Monitor (SPN 3050:FMI 10) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

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. 
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DTC 1171-EPR Pressure Higher Than Expected  
(SPN 520260:FMI 0) 

 

 
 
Conditions for Setting the DTC 
 

 EPR delivery pressure 

 Check condition-Engine running or cranking 

 MIL-ON during active fault 

 Fault condition-EPR actual pressure greater than 1.5 inches above commanded pressure 

 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.  This code will set in the event the actual pressure is 1.5 inches water 
pressure higher than the actual commanded pressure. Adaptive learn is disabled and the MIL 
command is ON during this fault.   

 

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 

 



 

329 

DTC 1171-EPR Pressure Higher Than Expected 
 

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 
Did you run the fuel pressure diagnostic test in 
the fuel system diagnostic section with no 
problems found? 

 Go to Step 
(4) 

Go to Step 
(3) 

3 

 Run the EPR pressure test in the fuel system 
diagnostic section 

Did the EPR pass the fuel pressure test 
specifications?  

 Go to Step 
(4) 

Follow the 
EPR service 

recommendat
ions from the 
fuel pressure 

test chart. 

4 

 Inspect the EPR electrical connector pins 
C018 for damage, corrosion or 
contamination. 

Did you find a problem? 

 Repair the 
circuit as 

necessary. 
Refer to wire 

harness 
repair 

section. 

Go to Step 
(5) 

5 
 Replace or repair the EPR 

Is the replacement complete? 

 Go to Step 
(6) 

_ 

6 

 Remove all test equipment except the DST. 

 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 drivability 

 After operating the engine within the test 
parameters of DTC1171 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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DTC 1172-EPR Pressure Lower Than Expected  
(SPN 520260:FMI 1) 

 

 

 
 
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 1.5 inches below commanded pressure 

 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.  This code will set in the event the actual pressure is 1.5 inches water 
pressure lower than the actual commanded pressure. Adaptive is disabled and the MIL command is 
ON during this fault.   
 

 

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. 
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DTC 1172-EPR Pressure Lower Than Expected 
 

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 
Did you run the fuel pressure diagnostic test in 
the fuel system diagnostic section with no 
problems found? 

 Go to Step 
(4) 

Go to Step 
(3) 

3 

 Run the EPR pressure test in the fuel system 
diagnostic section 

Did the EPR pass the fuel pressure test 
specifications? 

 Go to Step 
(4) 

Follow the 
EPR service 

recommendat
ions from the 
fuel pressure 

test chart. 

4 

 Inspect the EPR electrical connector C018 
for damage, corrosion or contamination. 

Did you find a problem? 

 Repair the 
circuit as 

necessary. 
Refer to wire 

harness 
repair 

section. 

Go to Step 
(5) 

5 
 Replace or repair the EPR  
Is the replacement complete? 

 Go to Step 
(6) 

_ 

6 

 Remove all test equipment except the DST. 

 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 drivability 

 After operating the engine within the test 
parameters of DTC1172 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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DTC 1173-EPR Communication Lost (SPN 520260:FMI 31) 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
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.  This code will set in the event communication with the ECM is lost. The 
MIL command is on.  
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DTC 1173-EPR Communication Lost 
 

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 

 Key ON 

 DST (Diagnostic Scan Tool) connected in the 
system data mode 

 Clear DTC1173 

 Key OFF 

 Key ON, and attempt to start the engine 

Does DTC1173 re-set? 

 Go to step (3) Intermittent 
problem. Go 

to Intermittent 
Problem 

section in the 
electrical 

section of this 
manual. 

3 

 Key OFF 

 Disconnect EPR electrical connector C018 

 Key ON 

 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? 

System 
battery 
voltage 

Go to step (7) Go to step (4) 

4 
 Check the 10A (F5) fuse 

Is the fuse open? 

 Go to step (5) Go to step (6) 

5 
 Replace the F5 fuse 

Is the replacement complete? 

 Go to step 
(17) 

_ 

6 

 Using a DVOM check for system power at 
power relay terminal 3 

(Be sure to activate relay control ON using the 
DST function or check before ECM relay control 
times out) 

Do you have power? 

System 
battery 
voltage 

Repair the 
open circuit 

between 
power relay 
pin 3 and 
EPR pin 7 

Go to step 
(17) 

Repair the 
power relay 

circuit as 
required 

Go to step 
(17) 

7 

 Using a DVOM check for continuity between 
EPR connector pin 6 and engine ground 

Do you have continuity? 

 Go to step (8) Repair the 
open ground 

circuit as 
necessary. 

Refer to 
wiring repairs 

in engine 
electrical 
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Step Action Value(s) Yes No 

8 

 Key OFF 

 Disconnect the EPR connector C018 

 Disconnect the ECM connector C001 

 Using a DVOM check for continuity between 
EPR pin 5 and ECM pin 15 

Do you have continuity? 

 Go to step (9) Repair the 
open circuit 

as necessary. 
Refer to 

wiring repairs 
in engine 
electrical 

9 

 Using a DVOM check for continuity between 
EPR pin 2 and ECM pin 14 

Do you have continuity? 

 Go to step 
(10) 

Repair the 
open circuit 

as necessary. 
Refer to 

wiring repairs 
in engine 
electrical 

10 

 Using a DVOM check for continuity between 
EPR pin 4 and ECM pin 81 

Do you have continuity? 

 Go to step 
(11) 

Repair the 
open circuit 

as necessary. 
Refer to 

wiring repairs 
in engine 
electrical 

11 

 Using a DVOM check for continuity between 
EPR pin 3 and B+ 

Do you have continuity? 

 Go to step 
(12) 

Repair the 
open circuit 

as necessary. 
Refer to 

wiring repairs 
in engine 
electrical 

12 

 Using a DVOM check for continuity between 
EPR pin 6 and B+ 

Do you have continuity? 

 Go to step 
(13) 

Repair the 
open circuit 

as necessary. 
Refer to 

wiring repairs 
in engine 
electrical 

13 

 Disconnect DST from the DLC connector 
C014 

 Using a DVOM check for continuity between 
engine ground and EPR pin 4 

Do you have continuity? 

 Repair the 
shorted to 

ground CAN 
circuit as 

necessary. 
Refer to 

wiring repairs 
in engine 
electrical 

Go to step 
(14) 

14 
 Replace the EPR 

Is the replacement complete? 

 Go to step 
(15) 

_ 
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Step Action Value(s) Yes No 

15 

 Remove all test equipment and reconnect 
the DST. 

 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 drivability 

 After operating the engine within the test 
parameters of DTC1173 check for any stored 
codes. 

Does DTC1173 still re-set? 

 Go to step 
(16) 

System OK 

16 
 Replace the ECM 
Is the replacement complete? 

 Go to step 
(17) 

_ 

17 

 Remove all test equipment except the DST. 

 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 drivability 

 After operating the engine within the test 
parameters of DTC1173 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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DTC 1174-EPR Supply Voltage High  
(SPN 520260:FMI 3) 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
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 DTCs 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 
 

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 

 DST connected and in the system data mode 

 Engine running 

 Check the system battery voltage. 

Is the charging voltage within specifications? 

 Go to Step 
(3) 

Repair the 
charging 
system 

3 

 Using a DVOM compare the system battery 
voltage to the DST display. 

Is the voltage reading within 1 volt between the 
two of them? 

1 volt Go to Step 
(4) 

Go to Step 
(5) 

4 
 Replace the EPR 

Is the replacement complete? 

 Go to Step 
(6) 

_ 

5 
 Replace the ECM 

Is the replacement complete? 

 Go to Step 
(6) 

_ 

6 

 Remove all test equipment except the DST. 

 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 drivability 

 After operating the engine within the test 
parameters of DTC1174 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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DTC 1175-EPR Supply Voltage Low   
(SPN 520260:FMI 4) 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
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 

 

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. Adaptive is disabled and the MIL 
command is ON. 

 
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 DTCs 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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DTC 1175-EPR Voltage Supply Low 
 

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 

 DST connected and in the system data 
mode 

 Engine running 

 Check the system battery voltage. 

Is the charging voltage within specifications? 

 Go to Step 
(3) 

Repair the 
charging 
system 

3 

 Key OFF 

 Disconnect the EPR electrical connector 
C018 

 Using a DVOM check for power between the 
EPR connector pin 7 and engine ground. 

 Key ON 

 Record the voltage reading. 

(Be sure to activate relay control ON using the 
DST function or check before ECM relay control 
times out) 

 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? 

 Go to Step 
(6) 

Go to Step 
(4) 

4 

 Inspect the EPR connector and F5  fuse 
holder terminals for damage corrosion or 
contamination 

Did you find a problem? 

 Correct the 
problem as 
necessary. 
See wiring 
harness 

repair in the 
electrical 

section of this 
manual 

Go to Step 
(5) 

5 

 Check the power relay circuit. Check the 
power relay connections for damage 
corrosion or contamination 

Did you find a problem? 

 Correct the 
problem as 
necessary. 
See wiring 
harness 

schematic in 
the electrical 
section of this 

manual 

_ 
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Step Action Value(s) Yes No 

6 

 Key OFF 

 Disconnect the ECM connector C001 

 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 your test cables) 

Is the resistance reading less than 0.5 ohms? 

Less than 
0.5 ohms 

Go to Step 
(7) 

Repair the 
poor EPR 

power ground 
circuit. See 

wiring 
harness 

repair in the 
electrical 

section of this 
manual 

7 
 Replace the EPR 

Is the replacement complete? 

 Go to Step 
(8) 

_ 

8 

 Remove all test equipment except the DST. 

 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 drivability 

 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 

9 
 Replace the ECM 
Is the replacement complete? 

 Go to Step 
(10) 

_ 

10 

 Remove all test equipment except the DST. 

 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 drivability 

 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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DTC 1176-EPR Internal Actuator Fault  
(SPN 520260:FMI 12) 

 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
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 

 

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. 
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DTC 1176-EPR Internal Actuator Fault 
 

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 

 DST connected and in the system data 
mode. 

 Check for any other current or active DTCs 

Does the DST show any other codes set? 

 Go to Step 
(3) 

Go to Step 
(6) 

3 
 Repair any other DTCs set starting with the 

lowest DTC number first. 

Have the other DTCs set been corrected?  

 Go to Step 
(4) 

_ 

4 

 Remove all test equipment except the DST. 

 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 drivability 

 After operating the engine within the test 
parameters of DTC1176 check for any stored 
codes. 

Does DTC 1176 still re-set? 

 Go to Step 
(5) 

System OK 

5 
 Replace the EPR 
Is the replacement complete? 

 Go to Step 
(6) 

_ 

6 

 Remove all test equipment except the DST. 

 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 drivability 

 After operating the engine within the test 
parameters of DTC1176 check for any stored 
codes. 

Does the engine operate normally with no stored 
codes? 

 System OK Go to OBD 
System 
Check 

 



 

343 

DTC 1177-EPR internal Circuitry Fault  
(SPN 520260:FMI 12) 

 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Conditions for Setting the DTC 

 

 EPR internal circuitry test 

 Check condition-Engine running or cranking 

 MIL-ON during active fault 

 Fault condition- 

 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 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. 



 

344 

DTC 1177-EPR Internal Circuitry Failure 
 

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 

 DST connected and in the system data 
mode 

 Check for any other current or active DTCs 

Does the DST show any other codes set? 

 Go to Step 
(3) 

Go to Step 
(6) 

3 
 Repair any other DTCs set starting with the 

lowest DTC number first 

Have the other DTCs set been corrected?  

 Go to Step 
(4) 

_ 

4 

 Remove all test equipment except the DST. 

 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 drivability 

 After operating the engine within the test 
parameters of DTC1177 check for any stored 
codes. 

Does DTC 1177 still re-set? 

 Go to Step 
(5) 

System OK 

5 
 Replace the EPR 
Is the replacement complete? 

 Go to Step 
(6) 

_ 

6 

 Remove all test equipment except the DST. 

 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 drivability 

 After operating the engine within the test 
parameters of DTC1177 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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DTC 1178-EPR Internal Communication Error  
(SPN 520260:FMI 12) 

 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Conditions for Setting the DTC 

 

 EPR internal communication test 

 Check condition-Engine running or cranking 

 MIL-ON during active fault 

 Fault condition- 

 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 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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DTC 1178-EPR Internal Comm Fault 
 

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 

 DST connected and in the system data 
mode. 

 Check for any other current or active DTCs 

Does the DST show any other codes set? 

 Go to Step 
(3) 

Go to Step 
(6) 

3 
 Repair any other DTCs set starting with the 

lowest DTC number first. 

Have the other DTCs set been corrected?  

 Go to Step 
(4) 

_ 

4 

 Remove all test equipment except the DST. 

 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 drivability 

 After operating the engine within the test 
parameters of DTC1178 check for any stored 
codes. 

Does DTC 1178 still re-set? 

 Go to Step 
(5) 

System OK 

5 
 Replace the EPR 
Is the replacement complete? 

 Go to Step 
(6) 

_ 

6 

 Remove all test equipment except the DST. 

 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 drivability 

 After operating the engine within the test 
parameters of DTC1178 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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 DTC 1511 – Auxiliary Analog PU 1 High Voltage  

(SPN 520216:FMI 3) 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Conditions for setting the DTC 

 

 Voltage on Aux Analog PU1 is 5.0v or greater for longer than 1 second 

 Wiring issue between Vehicle Interface Connector 1 (VIC 1) and pin 46 at ECM 

 Wiring issue between VIC 1 and OEM supplied speed computer 

 MIL light on during fault 

 Power Derate 2 enabled 

 

 

Circuit Description  

 

The AUX PU1 is pulled-up to 5 VDC inside the ECM therefore; if SPDF input becomes an open-circuit 

into the ECU the input will remain at 5 VDC. The OEM supplied controller grounds the SPDF circuit 

when the vehicle is stopped. As a result, the fault 

is configured in the ECU on an AUX PU1 High Voltage state if voltage reached 5.0v  for longer than 1 

second.  This informs the technician that the circuit is open.  The technician should verify the wiring is 

good from the OEM supplied speed computer to the 4G Controller module.  If the wiring is ok, the 

problem is likely in the OEM system. 
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DTC 1511 – Auxiliary Analog PU 1 High Voltage 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

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

         Key ON Intermittent problem

         DST (Diagnostic Scan Tool) connected Go to Intermittent 

section

On the Raw Volts page, check the value for Aux_ana_PU1

 Check for bad wiring

Does the DST display 4.9v or greater? in the circuit

         Key off and battery disconnected

         Provide a good ground circuit to pin H at VIC 1

 

Reconnect battery and turn the key on, does the page still indicate 4.9v or 

greater?

          Key off and battery disconnected

          Remove ground circuit installed in step 3, reinstall OEM wiring

          Provide a good ground circuit to Pin 46 at the GCP Connector

Reconnect battery and turn the the key on, does the raw volts page still 

indicate 4.9v or greater?

2

4.9v or 

Greater
Go to Step (3)

4.9v or 

Greater
Go to Step (4)

3
Repari circuit issue 

between OEM supplied 

speed computer and Pin 

H at the VIC 1

4
4.9v or 

Greater

Refer to OEM for 

diagnosis of speed 

control system

Repair wire circuit issue 

between VIC 1 and GCP 

pin 46
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DTC 1554: AUX digital 2 low voltage (SPN 520222: FMI 04) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Conditions for setting the DTC 

 

 Engine RPM between 60 rpm and 220 rpm 

 Voltage at Aux Dig 2 at the ECM (Pin 43) is less than 4 volts for greater than 1 second 

 Check Condition- Engine cranking  
 

 

Circuit Description 

 
 

Aux Digital 2 is used to detect when the operator is cranking the engine by monitoring the key 
switch “start” position voltage potential.  When the operator attempts to start the engine a 12 volt 
signal is sent through the customer interface connector “start in” terminal.  The circuit carries the 
voltage to the S-Terminal of the starter which will begin engine cranking.  The circuit has a splice 
which also carries the voltage to terminal 43 of the ECM “Aux Dig 2”.  When B+ voltage is present 
at terminal 43 Aux Dig 2, the ECM knows the engine is cranking.  This fault code is used to detect 
a circuit malfunction in which the engine is cranking and there is less than 4 volts at terminal 43 at 
the ECM.  
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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 

         Engine Cranking

< 4 Volts 
Go to Step 

(3) 

  

         DST (Diagnostic Scan Tool) 
connected on the Raw volts page

ECM 
Defective, 

Replace ECM 

Does AUX_DIG2_Raw Display less 
than 4 volts? 

  

     

3 

         Engine Cranking

> 4 Volts 

Repair 
faulty 
terminal at 
pin 43 of 
the wire 
harness 

Repair open 
circuit from 

starter 
solenoid 
splice to 

terminal 3 at 
the ECM 
header 

connector 

         Connect DVOM as instructed 
below

  

Backprobe Aux Dig 2 White wire at 
terminal 43 of the ECM header connector 
and ground other DVOM lead  

 
Do you get greater than 4 volts? 

Aux dig 1 
White wire 

  

  
    - - 
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DTC 1612-RTI 1 Loss (SPN 629:FMI 31) 

ECM

Microprocesso

r

RAM

Microprocessor

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 
 

 
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.   
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DTC 1612-RT 1 Loss 
 

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 

 Key ON, Engine Running 

 DST (Diagnostic Scan Tool) connected in 
System Data Mode 

 Clear system fault code 

Does DTC 1612 reset with the engine idling? 

 Go to Step 
(3) 

Intermittent 
problem 

Go to 
Intermittent 

section 

3 

 Check ECM power and ground circuits 

Did the power and ground circuits check OK? 

 Go to Step 
(4) 

Repair the 
circuit as 

necessary. 
Refer to 
Wiring 

Repairs in 
Engine 

Electrical. 

4 
 Replace ECM 

Is the replacement complete? 

 Go to Step 
(5) 

- 

5 

 Remove all test equipment except the DST. 

 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 drivability 

 After operating the engine within the test 
parameters of DTC-1612 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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DTC 1613-RTI 2 Loss (SPN 629:FMI 31) 

 

ECM

Microprocesso

r

RAM

Microprocessor

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 
 

 
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.   
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DTC 1613-RTI 2 Loss 
 

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 

 Key ON, Engine Running 

 DST (Diagnostic Scan Tool) connected in 
System Data Mode 

 Clear system fault code 

Does DTC 1613 reset with the engine idling? 

 Go to Step 
(3) 

Intermittent 
problem 

Go to 
Intermittent 

section 

3 

 Check ECM power and ground circuits 

Did the power and ground circuits check OK? 

 Go to Step 
(4) 

Repair the 
circuit as 

necessary. 
Refer to 
Wiring 

Repairs in 
Engine 

Electrical. 

4 
 Replace ECM 

Is the replacement complete? 

 Go to Step 
(5) 

- 

5 

 Remove all test equipment except the DST. 

 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 drivability 

 After operating the engine within the test 
parameters of DTC-1613 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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DTC 1614-RTI 3 Loss (SPN 629:FMI 31) 

 

ECM

Microprocesso

r

RAM

Microprocessor

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 
 

 
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.   
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DTC 1614-RTI 3 Loss 
 

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 

 Key ON, Engine Running 

 DST (Diagnostic Scan Tool) connected in 
System Data Mode 

 Clear system fault code 

Does DTC 1614 reset with the engine idling? 

 Go to Step 
(3) 

Intermittent 
problem 

Go to 
Intermittent 

section 

3 

 Check ECM power and ground circuits 

Did the power and ground circuits check OK? 

 Go to Step 
(4) 

Repair the 
circuit as 

necessary. 
Refer to 
Wiring 

Repairs in 
Engine 

Electrical. 

4 
 Replace ECM 

Is the replacement complete? 

 Go to Step 
(5) 

- 

5 

 Remove all test equipment except the DST. 

 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 drivability 

 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? 

 System OK Go to OBD 
System 
Check 
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DTC 1615-A/D Loss (SPN 629:FMI 31) 

 

ECM

Microprocesso

r

RAM

Microprocessor

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 
 

 
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.   
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DTC 1615-A/D Loss 
 
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 

 Key ON, Engine Running 

 DST (Diagnostic Scan Tool) connected in 
System Data Mode 

 Clear system fault code 

Does DTC 1615 reset with the engine idling? 

 Go to Step 
(3) 

Intermittent 
problem 

Go to 
Intermittent 

section 

3 

 Check ECM power and ground circuits 

Did the power and ground circuits check OK? 

 Go to Step 
(4) 

Repair the 
circuit as 

necessary. 
Refer to 
Wiring 

Repairs in 
Engine 

Electrical. 

4 
 Replace ECM 

Is the replacement complete? 

 Go to Step 
(5) 

- 

5 

 Remove all test equipment except the DST. 

 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 drivability 

 After operating the engine within the test 
parameters of DTC-1615 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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DTC 1616-Invalid Interrupt (SPN 629:FMI 31) 

 

ECM

Microprocesso

r

RAM

Microprocessor

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 
 

 
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.   
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DTC 1616-Invalid Interrupt 
 

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 

 Key ON, Engine Running 

 DST (Diagnostic Scan Tool) connected in 
System Data Mode 

 Clear system fault code 

Does DTC 1616 reset with the engine idling? 

 Go to Step 
(3) 

Intermittent 
problem 

Go to 
Intermittent 

section 

3 

 Check ECM power and ground circuits 

Did the power and ground circuits check OK? 

 Go to Step 
(4) 

Repair the 
circuit as 

necessary. 
Refer to 
Wiring 

Repairs in 
Engine 

Electrical. 

4 
 Replace ECM 

Is the replacement complete? 

 Go to Step 
(5) 

- 

5 

 Remove all test equipment except the DST. 

 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 drivability 

 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? 

 System OK Go to OBD 
System 
Check 
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DTC 1625 - J1939 Shutdown Request (SPN 1384:FMI 31) 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Conditions for Setting the DTC 
 

 Fault signal from OEM device 

 Check Condition-Engine running 

 MIL-ON 

 

Circuit description 
 

The OEM can connect to the J1939 circuit (CAN circuit) at the customer interface connector 2.  

The terminals are N and P and continue through the engine wire harness into the 4G Controller 

header connector.  The terminals at the 4G Controller for J1939 are pins 14 and 15.  This DTC 

will set if the OEM device connected into terminals N and P at the customer interface connector 

commands the engine to shutdown.   
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DTC 1626-CAN Tx Failure 
 

 
 

Conditions for Setting the DTC 
 

 CAN Tx 

 Check Condition-Engine running 

 Fault Condition-CAN Tx error 120 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 120 packets lost within a one second time period. The MIL command is ON. 
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DTC 1626-CAN Tx Failure 
 

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 

 Key ON, Engine Running 

 DST (Diagnostic Scan Tool) connected in 
System Data Mode 

 Clear system fault code 

Does DTC1626 reset with the engine idling? 

 Go to Step 
(3) 

Intermittent 
problem 

Go to 
Intermittent 

section 

3 

 Check that the ECM power connection C019 
is clean, tight and in the proper location. 

 Check that the ECM ground connection 
C010 is clean, tight and in the proper 
location. 

Are the power and ground circuits OK? 

 Go to Step 
(4) 

Repair the 
circuit as 

necessary. 
Refer to 
Wiring 

Repairs in 
Engine 

Electrical. 

     

4 

 Using a DVOM check for continuity between 
ECM pins 14 and 15 

Do you have continuity between them? 

 Repair the 
shorted circuit 
as necessary. 

Refer to 
Wiring 

Repairs in 
Engine 

Electrical. 

Go to Step 
(5) 

5 

 Using a DVOM check for continuity to engine 
ground on pins 69 and 81 

Do have continuity to engine ground? 

 Repair the 
shorted to 

ground circuit 
as necessary. 

Refer to 
Wiring 

Repairs in 
Engine 

Electrical. 

Go to Step 
(6) 

6 

 Using a DVOM check for continuity to battery 
positive on pins 69 and 81 

Do have continuity them? 

 Repair the 
shorted to 

ground circuit 
as necessary. 

Refer to 
Wiring 

Repairs in 
Engine 

Electrical. 

Go to Step 
(7) 

7 
 Replace the ECM 

Is the replacement complete? 

 Go to Step 
(8) 

_ 
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Step Action Value(s) Yes No 

8 

 Remove all test equipment except the DST. 

 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 drivability 

 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? 

 System OK Go to OBD 
System 
Check 
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DTC 1627-CAN Rx Failure (SPN 639:FMI 12) 
 

 
 

Conditions for Setting the DTC 
 

 CAN Rx 

 Check Condition-Engine running 

 Fault Condition-CAN Rx error 120 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 120 packets lost within a one second time period. The MIL command is ON. 
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DTC 1627-CAN Rx Failure 
 

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 

 Key ON, Engine Running 

 DST (Diagnostic Scan Tool) connected in 
System Data Mode 

 Clear system fault code 

Does DTC1627 reset with the engine idling? 

 Go to Step 
(3) 

Intermittent 
problem 

Go to 
Intermittent 

section 

3 

 Check that the ECM power connection C019 
is clean, tight and in the proper location. 

 Check that the ECM ground connection 
C010 is clean, tight and in the proper 
location. 

Are the power and ground circuits OK? 

 Go to Step 
(4) 

Repair the 
circuit as 

necessary. 
Refer to 
Wiring 

Repairs in 
Engine 

Electrical. 

     

4 

 Using a DVOM check for continuity between 
ECM pins 14 and 15 

Do you have continuity between them? 

 Repair the 
shorted circuit 
as necessary. 

Refer to 
Wiring 

Repairs in 
Engine 

Electrical. 

Go to Step 
(5) 

5 

 Using a DVOM check for continuity to engine 
ground on pin 14. 

Do have continuity to engine ground? 

 Repair the 
shorted to 

ground circuit 
as necessary. 

Refer to 
Wiring 

Repairs in 
Engine 

Electrical. 

Go to Step 
(6) 

6 

 Using a DVOM check for continuity to battery 
positive on pin 14. 

Do have continuity between them? 

 Repair the 
shorted to 

ground circuit 
as necessary. 

Refer to 
Wiring 

Repairs in 
Engine 

Electrical. 

Go to Step 
(7) 

7 
 Replace the ECM 

Is the replacement complete? 

 Go to Step 
(8) 

_ 
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Step Action Value(s) Yes No 

8 

 Remove all test equipment except the DST. 

 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 drivability 

 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? 

 System OK Go to OBD 
System 
Check 
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DTC 1628-CAN Address Conflict (SPN 639:FMI 13) 
 

 
 

 

Conditions for Setting the DTC 
 

 CAN Rx 

 Check Condition-Engine running 

 Fault Condition-5 or more address conflict errors 

 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 
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DTC 1628-CAN Address Conflict 
 

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 

 Key ON, Engine Running 

 DST (Diagnostic Scan Tool) connected in 
System Data Mode 

 Clear system fault code 

Does DTC1628 reset with the engine idling? 

 Go to Step 
(3) 

Intermittent 
problem 

Go to 
Intermittent 

section 

3 

 Key OFF 

 Disconnect one CAN device  

 Clear DTC 1628 

 Key ON (start engine if possible if not 
continue cranking for at least 3 seconds) 

 Wait 5 seconds 

Does DTC 1628 re-set? 

 Repeat step 3 
until all CAN 
devices have 

been 
disconnected 
one at a time 

Contact the 
CAN device 

manufacturer 
for additional 
CAN address 
information 

Go to Step 
(4) 

4 
Has the CAN device been replaced or address 
conflict resolved? 

 Go to Step 
(5) 

_ 

5 

 Remove all test equipment except the DST. 

 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 drivability 

 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? 

 System OK Go to OBD 
System 
Check 
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DTC 1644-MIL Control Ground Short (SPN 1213:FMI 4) 
 

 
 

Conditions for setting the DTC 
 

 MIL 

 Check Condition-Key ON engine OFF 

 Fault Condition-ECM MIL output shorted to ground 

 MIL Command-ON 

 
Circuit Description 
 
The Spectrum Fuel system is equipped with OBD (On-Board Diagnostics). The system has a dash 
mounted MIL (Malfunction Indicator Lamp). 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 as the blink code mode. 
It will display DTCs that have been stored due to a possible 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 illuminate with the vehicle key ON and 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. The electrical schematic above shows the MIL power source supplied to the lamp. The ECM 
completes the circuit to ground to turn the lamp ON. This fault will set if the ECM MIL control is shorted 
to ground. 
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DTC 1644-MIL Control Ground Short 
 

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 

 Key ON, Engine Running 

 DST (Diagnostic Scan Tool) connected in 
System Data Mode 

 Clear system fault code 

 Key OFF 

 Key ON 

Does DTC 1644 reset? 

 Go to Step 
(3) 

Intermittent 
problem 

Go to 
Intermittent 

section 

3 

 Key OFF 

 Disconnect the ECM wire harness connector 
C001 

 Using  a DVOM check for continuity 
between ECM connector pin 5 and engine 
ground 

Do you have continuity? 

 Go to Step 
(4) 

Intermittent 
problem 

Go to 
Intermittent 

section 

4 

 Disconnect vehicle interface connector C012 

 Using  a DVOM check for continuity 
between ECM connector pin 80 and engine 
ground 

Do you have continuity? 

 Repair the 
shorted to 

ground circuit 
between the 

ECM 
connector 
and engine 

ground. Then 
go to step (6) 

Repair the 
MIL control 
wire short to 

ground 
between the 

vehicle 
interface 
connector 

and vehicle 
chassis.  

Then go to 
step (6) 

5 
 Replace the ECM 

Is the replacement complete? 

 Go to Step 
(7) 

_ 

6 

 Remove all test equipment except the DST. 

 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 drivability 

 After operating the engine within the test 
parameters of DTC-1644 check for any 
stored codes. 

Does the engine operate normally with no stored 
codes? 

 System OK Go to Step 
(5) 
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Step Action Value(s) Yes No 

7 

 Remove all test equipment except the DST. 

 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 drivability 

 After operating the engine within the test 
parameters of DTC-1644 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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DTC 1645-MIL Control Ground Short To Power  
(SPN 1213:FMI 3) 

 
 

 
 
 

Conditions for setting the DTC 
 
 MIL check 

 Check Condition-Key ON engine OFF 

 Fault Condition-ECM MIL output shorted to voltage 

 MIL Command-ON 

 
Circuit Description 
 
The Spectrum Fuel system is equipped with OBD (On-Board Diagnostics). The system has a dash 
mounted MIL (Malfunction Indicator Lamp). 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 as the blink code mode. 
It will display DTCs that have been stored due to a possible 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 illuminate with the vehicle key ON and 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. The electrical schematic above shows the MIL power source supplied to the lamp. The ECM 
completes the circuit to ground to turn the lamp ON. This fault will set if the ECM MIL control is shorted 
to voltage. 
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DTC 1645-MIL Control Short to Power 
 

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 

 Key ON, Engine Running 

 DST (Diagnostic Scan Tool) connected in 
System Data Mode 

 Clear system fault code 

 Key OFF 

 Key ON 

Does DTC 1644 reset? 

 Go to Step 
(3) 

Intermittent 
problem 

Go to 
Intermittent 

section 

3 

 Key OFF 

 Disconnect the ECM wire harness connector 
C001 

 Using  a DVOM check for voltage between 
ECM connector pin 80 and engine ground 

 Key ON 

Do you have voltage? 

 Go to Step 
(4) 

Intermittent 
problem 

Go to 
Intermittent 

section 

4 

 Disconnect vehicle interface connector C012 

 Using  a DVOM check for voltage between 
ECM connector pin 80 and engine ground 

Do you have voltage? 

 

 Repair the 
shorted to 

voltage circuit 
between the 

ECM 
connector 
and engine 

ground. Then 
go to step (6) 

Repair the MIL 
control wire 

short to 
voltage 

between the 
vehicle 

interface 
connector and 

vehicle 
chassis. 

Then go to 
step (6) 

5 
 Replace the ECM 

Is the replacement complete? 

 Go to Step 
(7) 

_ 

6 

 Remove all test equipment except the DST. 

 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 drivability 

 After operating the engine within the test 
parameters of DTC-1645 check for any 
stored codes. 

Does the engine operate normally with no stored 
codes? 

 System OK Go to Step 
(5) 
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Step Action Value(s) Yes No 

7 

 Remove all test equipment except the DST. 

 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 drivability 

 After operating the engine within the test 
parameters of DTC-1645 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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DTC 2111-Unable To Reach Lower TPS (SPN 51:FMI 7) 
 

 

 

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 shutdown 

 
Circuit Description 
 
Dual throttle Position Sensors are used within the throttle that 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 
shutdown.  
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DTC 2111 Unable To Reach Lower TPS 
 

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 

 Key ON, Engine OFF 

 DST (Diagnostic Scan Tool) connected in 
DBW (Drive By Wire) test mode 

 Depress foot pedal until the throttle 
command is between 63%-68% 

Is the TPS 1 voltage greater than 2.0 volts? 

 Go to Step 
(3) 

Intermittent 
problem 

Go to 
Intermittent 

section 

3 

 Key OFF 

 Disconnect electronic throttle connector 
C017 

 Probe TPS 1 signal pin 6 with a test light 
connected to battery voltage 

 Key ON 

Does DST display TPS 1 voltage less than 0.2 
volts? 

 Go to Step 
(6) 

Go to Step (4) 

4 

 Key OFF 

 Disconnect ECM wire harness connector 
C001 

 Key ON 

 Using a DVOM check for voltage between 
throttle connector TPS 1signal pin 6 and 
engine ground 

Do you have voltage? 

 Repair the 
circuit as 

necessary. 
Refer to 
Wiring 

Repairs in 
Engine 

Electrical. 

Go to Step (5) 

5 
 Replace ECM 

Is the replacement complete? 

 Go to Step 
(13) 

- 

6 

 Probe sensor ground circuit at ECM 
connector C001 with a test light connected to 
battery voltage 

Does the test light come on? 

 Go to Step 
(9) 

Go to Step (7) 

7 

 Key OFF 

 Disconnect ECM wire harness connector 
C001 

 Using a DVOM check for continuity between 
throttle connector signal ground pin 2 and 
ECM signal ground circuit pin 20 

Do you have continuity between them? 

 Go to Step 
(8) 

Repair the 
circuit as 

necessary. 
Refer to 
Wiring 

Repairs in 
Engine 

Electrical. 

8 
 Replace ECM 

Is the replacement complete? 

 Go to Step 
(13) 

- 

9 
 Check throttle for foreign object in bore 

Did you find a foreign object in the bore? 

 Go to Step 
(10) 

Go to Step 
(11) 

10 
 Remove foreign object 

Is the removal complete? 

 Go to Step 
(13) 

- 
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Step Action Value(s) Yes No 

11 

 Inspect the throttle wire harness connector 
terminals for damage, corrosion or 
contamination 

Did you find the problem? 

 Repair the 
circuit as 

necessary. 
Refer to 
Wiring 

Repairs in 
Engine 

Electrical. 

Go to Step 
(12) 

12 
 Replace throttle 

Is the replacement complete? 

 Go to Step 
(13) 

- 

13 

 Remove all test equipment except the DST. 

 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 drivability 

 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? 

 System OK Go to OBD 
System Check 
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DTC 2112-Unable To Reach Higher TPS  
(SPN 51:FMI 7) 

 

 
 

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 shutdown 

 
Circuit Description 
 
Dual throttle Position Sensors are used within the throttle that 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. The MIL command is ON and the engine will shutdown.  
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DTC 2112-Unable To Reach Higher TPS 
 

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 

 Key ON, Engine OFF 

 DST (Diagnostic Scan Tool) connected in 
DBW (Drive By Wire) test mode 

 Depress foot pedal until the throttle 
command is 63%-68% 

Is the TPS voltage less than 2.0 volts? 

 Go to Step 
(3) 

Intermittent 
problem 

Go to 
Intermittent 

section 

3 

 Key OFF 

 Disconnect electronic throttle connector 
C017 

 Probe TPS 1 signal circuit pin 6 with test light 
connected to battery voltage 

 Key ON 

Is TPS voltage 4.0 volts or greater? 

 Go to Step 
(4) 

Go to Step (8) 

4 
 Check throttle bore for foreign object   

Did you find a problem? 

 Go to Step 
(5) 

Go to Step (6) 

5 
 Remove the foreign object 

Has the object been removed?  

 Go to Step 
(11) - 

6 

 Check the electronic throttle connector 
terminals for damage corrosion or 
contamination 

Did you find a problem? 

 Repair the 
circuit as 

necessary. 
Refer to 
Wiring 

Repairs in 
Engine 

Electrical. 

Go to Step (7) 

7 
 Replace throttle 

Is the replacement complete? 

 Go to Step 
(11) 

- 

8 

 Key OFF 

 Disconnect ECM wire harness connector 
C001 

 Using a DVOM check for continuity between 
throttle connector TPS 1 signal pin 6 and 
ECM TPS 1 signal pin 5 

Do you have continuity between them? 

 Go to Step 
(9) 

Repair the 
circuit as 

necessary. 
Refer to 
Wiring 

Repairs in 
Engine 

Electrical. 

9 

 Using a DVOM check for continuity between 
throttle connector TPS 1 signal pin 6 and 
engine ground 

Do you have continuity between them? 

 Repair the 
shorted to 

ground circuit 
as necessary. 

Refer to 
Wiring 

Repairs in 
Engine 

Electrical. 

Go to Step 
(10) 
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Step Action Value(s) Yes No 

10 
 Replace ECM 

Is the replacement complete? 

 Go to Step 
(11) 

- 

11 

 Remove all test equipment except the DST. 

 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 drivability 

 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? 

 System OK Go to OBD 
System Check 
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DTC 2121-FPP 1 Lower Than FPP 2  
(SPN 91:FMI 18)  

 

19M

ECM

K

L

S

J

R

FPP 1

FPP 2

9

20

49

10

50

5 volts

FPP 1 Signal

Sensor Ground

5 volts

FPP 2 Signal

Sensor Ground

C012

LT GRN/PPL

PPL/YEL

LT GRN/BLK

LT GRN/RED 

DK BLU/ORN

BLK/LT GRN

 
 

Conditions for Setting the DTC 
 
 Foot pedal position sensor 1 and 2  

 Check Condition-Key ON 

 Fault Condition-FPP1 sensor higher than FPP 2  

 MIL-ON 

 Force idle 

 Low rev limit  

 
Circuit Description 
 
The foot pedal position sensor uses variable resistors to determine signal voltage based on foot 
pedal position. Although the voltage outputs are different, the calculated throttle position values 
should be very close to the same. This fault will set if FPP 1 is 20% or greater than the FPP 2. The 
MIL command is ON. Forced idle and low rev limit are in effect during this fault limiting full power 
output. 

 
Diagnostic Aid 
 
FPP sensors are OEM specific and vary in configuration. The exact wire color and pin numbers for 
the FPP must be verified in the OEM chassis wiring schematic. The FPP sensor used in this system 
provides two sensors in one packaged assembly. FPP1 and FPP 2 are not serviceable individually, 
and in the event of a failure the complete FPP assembly must be replaced. 
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DTC 2121 FPP 1 Lower than FPP 2 
 

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 

 DST (Diagnostic Scan Tool) connected and 
in the system data mode 

 Clear DTC 2126 

 Start and run the engine to full operating 
temperature 

 Depress the foot pedal from idle to the wide 
open position several times 

Does DTC 2121 re-set? 

 Go to Step 
(4) 

Go to Step 
(3) 

3 

 Key OFF 

 Slowly depress the foot pedal from idle to the 
wide open position while observing the FPP1 
and FPP 2 calculated percentage positions 

Does the DST display a 20% or more difference 
between FPP1 and FPP2 calculated positions? 

 Go to Step 
(4) 

Intermittent 
problem 

Go to 
Intermittent 

section 

4 

 Disconnect FPP sensor connector  

 Jump the pins that that lead from the FPP 
sensor connector to C012 signal pin K and 5 
volt supply pin M pin 3 

Does the DST show FPP 1 voltage above 0.200 
volts? 

Greater than 
0.200 volts 

Go to Step 
(5) 

Go to Step 
(7) 

5 

 Inspect the FPP and vehicle interface 
connectors for damage corrosion or 
contamination 

Did you find a problem? 

 Repair the 
circuit as 

required. See 
wiring 

harness 
repair section 

Go to Step 
(6) 

6 
 Replace the FPP sensor 

Is the replacement complete? 

 Go to Step 
(12) 

- 

7 

 Key OFF 

 Disconnect ECM connector C001 

 Using a DVOM check for continuity between 
C017 pin 3 and ECM 5 volt pin 19 

Do you have continuity? 

 Go to Step 
(8) 

Repair the 
open 5 volt 
circuit as 

required. See 
wiring 

harness 
repair section 

8 

 Using a DVOM check for continuity between 
C012 signal pin K and ECM signal pin 9. 

Do you have continuity? 

 Go to Step 
(9) 

Repair the 
open signal 

circuit as 
required. See 

wiring 
harness 

repair section 
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Step Action Value(s) Yes No 

9 

 Using a DVOM check for continuity between 
ECM connector signal pin 9 and engine 
ground 

Do you have continuity? 

 Repair the 
signal shorted 

to ground 
circuit as 

required. See 
wiring 

harness 
repair section 

Go to Step 
(10) 

10 

 Inspect FPP connector and ECM connector 
pins for damage corrosion or contamination 

Did you find a problem?  

 Repair the 
circuit as 

required. See 
wiring 

harness 
repair section 

Go to Step 
(11) 

11 
 Replace ECM 
Is the replacement complete? 

 Go to Step 
(12) 

- 

12 

 Remove all test equipment except the DST. 

 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 drivability 

 After operating the engine within the test 
parameters of DTC-2121 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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DTC 2122-FPP 1 High Voltage (SPN 91:FMI 3) 
 

9

20

19

*

*

*

5 volts

Signal

Sensor Ground

ECM

FPP 1

L

K

M

C012

LT GRN/RED

BLK/LT GRN

DK BLU/ORN

*Check OEM chassis 

wiring diagram for 

specific pin  numbers 

and wire colors

 
 

Conditions for Setting the DTC 
 

 Foot Pedal Position  

 Check Condition-Key On 

 Fault Condition-FPP1 sensor voltage exceeds 4.800 volts  

 MIL-On during active fault 

 Low rev limit 

 Forced idle 
 
Circuit Description 
 
The Foot Pedal Position sensor uses a variable resistor to determine signal voltage based on pedal 
position. This fault will set if the FPP 1 voltage exceeds 4.800 volts for longer than 0.5 seconds. If 
the voltage exceeds 4.800 volts the FPP is considered to be out of specification. The MIL command 
is ON. Forced idle will be in effect during this code set limiting full power output.  
 
Diagnostic Aid 
 
FPP sensors are OEM specific and vary in configuration. The exact wire color and pin numbers for 
the FPP connection must be verified in the OEM chassis wiring schematic. The FPP sensor used in 
this system provides two sensors in one packaged assembly. FPP1 and FPP 2 are not serviceable 
individually, and in the event of a failure the complete foot pedal sensor assembly must be 
replaced. 

  
  



 

386 

DTC 2122 FPP 1 Voltage High 
 

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 

 Key ON, Engine OFF 

 DST (Diagnostic Scan Tool) connected in 
System Data Mode 

Does the DST display FPP voltage of 4.800 volts 
or greater with the foot pedal in the idle position? 

Greater than 
4.800 volts 

Go to Step 
(3) 

Go to Step 
(3) 

3 

 Slowly increase FPP while observing FPP 1 
voltage 

Does DST FPP voltage ever exceed 4.800 
volts? 

 Go to step (4) Intermittent 
problem 

Go to 
Intermittent 

section 

4 
 Disconnect the FPP sensor connector 

Does the DST now show FPP 1 voltage below 
0.200 volts? 

0.200 volts 
or less 

Go to step (5) Go to step (6) 

5 
 Replace FPP sensor 

Is the replacement complete? 

 Go to step 
(10) 

- 

6 

 Key OFF 

 Disconnect ECM connector C001 

 Disconnect vehicle interface connector C012 
Using a DVOM check continuity between 
connector C012 pin L and ECM sensor 
ground pin 20 

Do you have continuity? 

 Go to step (7) Repair the 
open ground 

circuit as 
required 

7 

 Key ON 

 Using a DVOM check for voltage between 
the FPP connector pin K and engine ground 

Do you have voltage? 

No voltage Repair the 
signal shorted 

to voltage 
circuit 

Go to step (8) 

8 

 Inspect ECM and FPP connectors for 
damage corrosion or contamination 

Did you find a problem? 

 Repair the 
circuit as 

required. See 
wire harness 
repair section 

Go to step (9) 

9 
 Replace ECM 

Is the replacement complete? 

 Go to step 
(10) 

- 
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Step Action Value(s) Yes No 

10 

 Remove all test equipment except the DST. 

 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 drivability 

 After operating the engine within the test 
parameters of DTC-2122 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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DTC 2123-FPP 1 Low Voltage (SPN 91:FMI 4) 
 

9

20

19

*

*

*

5 volts

Signal

Sensor Ground

ECM

FPP 1

L

K

M

C012

LT GRN/RED

BLK/LT GRN

DK BLU/ORN

*Check OEM chassis 

wiring diagram for 

specific pin  numbers 

and wire colors

 
 

Conditions for Setting the DTC 
 
 Foot Pedal Position 

 Check Condition-Key On 

 Fault Condition-FPP sensor voltage less than 0.200 

 MIL-On during active  

 Low rev limit 

 Force idle 
 
Circuit Description 
 
The Foot Pedal Position sensor uses a variable resistor to determine signal voltage based on pedal 
position. This fault will set if the FPP 1 voltage is less than 0.200 volts at any operating condition 
while the key is on.  If the voltage drops below 0.200 volts the FPP is considered to be out of 
specification. The MIL command is ON. Forced idle will be in effect during this code set limiting full 
power output.   

 
Diagnostic Aid 
 
FPP sensors are OEM specific and vary in configuration. The exact wire color and pin numbers for 
the FPP connection must be verified in the OEM chassis wiring schematic. The FPP sensor used in 
this system provides two sensors in one packaged assembly. FPP1 and FPP 2 are not serviceable 
individually, and in the event of a failure the complete foot pedal sensor assembly must be 
replaced. 
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DTC 2123 FPP 1 Voltage Low 
 

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 

 Key ON, Engine OFF 

 DST (Diagnostic Scan Tool) connected in 
System Data Mode 

Does the DST display FPP 1 voltage of 0.200 
volts or less with the foot pedal in the idle 
position? 

0.200 volts 
or less 

Go to Step 
(3) 

Go to Step 
(3) 

3 

 Slowly increase FPP while observing the 
FPP 1 voltage 

Does the DST ever display FPP voltage below 
0.200 volts? 

 Go to step (4) Intermittent 
problem 

Go to 
Intermittent 

section 

4 

 Disconnect the FPP sensor connector  

 Jump the FPP sensor pins at the FPP 1 
connector that lead to C012 5 volt pin M and 
signal pin K  

Does the DST now show FPP 1 voltage above  

0.200 volts? 

Greater than 
0.200 volts 

Go to step (5) Go to step (7) 

5 

 Inspect FPP 1 and C012 connectors for 
damage corrosion or contamination 

Did you find a problem? 

 Repair the 
circuit as 

required. See 
wiring 

harness 
repair section 

Go to step (6) 

6 
 Replace FPP 1 sensor 

Is the replacement complete? 

 Go to step 
(12) 

- 

7 

 Key OFF 

 Disconnect ECM connector C001 

 Using a DVOM check for continuity between 
ECM 5 volt pin 19 and FPP connector pin 
that leads to C012 pin M 

Do you have continuity? 

 Go to step (8) Repair the 
open circuit 
as required. 
See wiring 
harness 

repair section 

8 

 Using a DVOM check for continuity between 
ECM signal pin 9 and FPP connector pin that 
leads to C012 pin K 

Do you have continuity? 

 Go to step (9) Repair the 
open circuit 
as required. 
See wiring 
harness 

repair section 
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Step Action Value(s) Yes No 

9 

 Key ON 

 Using a DVOM check for continuity between 
ECM connector signal pin 9 and engine 
ground 

Do you have continuity? 

 Repair the 
signal shorted 

to ground 
circuit as 

required. See 
wiring 

harness 
repair section 

Go to step 
(10) 

10 

 Inspect FPP1, C012 and ECM connectors for 
damage corrosion or contamination 

Did you find a problem?  

 Repair the 
circuit as 

required. See 
wiring 

harness 
repair section 

Go to step 
(11) 

11 
 Replace ECM 
Is the replacement complete? 

 Go to step 12 - 

12 

 Remove all test equipment except the DST. 

 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 drivability 

 After operating the engine within the test 
parameters of DTC-2123 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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DTC 2126-FPP 1 Higher Than FPP 2  
(SPN 91:FMI 16) 

 

19M

ECM

K

L

S

J

R

FPP 1

FPP 2

9

20

49

10

50

5 volts

FPP 1 Signal

Sensor Ground

5 volts

FPP 2 Signal

Sensor Ground

C012

LT GRN/PPL

PPL/YEL

LT GRN/BLK

LT GRN/RED 

DK BLU/ORN

BLK/LT GRN

 
 

Conditions for Setting the DTC 
 

 Foot pedal position sensor 1 and 2  

 Check Condition-Key ON 

 Fault Condition-FPP 1 20% higher than FPP 2  

 MIL-ON  

 Force idle 

 Low rev limit 

 
Circuit Description 
 
The foot pedal position sensor uses variable resistors to determine signal voltage based on 
foot pedal position. Although the voltage outputs are different, the calculated throttle position 
values should be very close to the same. This fault will set if FPP 1 is 20% or more higher that 
FPP 2. The MIL command is ON. Forced idle and low rev limit are in effect during this fault 
limiting full power output. 

 
Diagnostic Aid 
 
FPP sensors are OEM specific and vary in configuration. The exact wire color and pin 
numbers for the FPP must be verified in the OEM chassis wiring schematic. The FPP sensor 
used in this system provides two sensors in one packaged assembly. FPP1 and FPP 2 are 
not serviceable individually, and in the event of a failure the complete FPP assembly must be 
replaced. 
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DTC 2126 FPP 1 Higher Than FPP 2  
 

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 

 DST (Diagnostic Scan Tool) connected in 
System Data Mode 

 Clear DTC 2126 

 Start the engine and run to full operating 
temperature. 

 Depress the foot pedal from idle to wide 
open throttle several times. 

Does DTC 2126 re-set? 

 Go to Step 
(4) 

Go to Step 
(3) 

3 

 Key OFF 

 Slowly depress the foot pedal from idle to the 
wide open position while observing the FPP1 
and FPP 2 calculated percentage positions 

Does the DST display a 20% or more difference 
between FPP1 and FPP2 calculated positions? 

 Go to Step 
(4) 

Intermittent 
problem 

Go to 
Intermittent 

section 

4 
 Disconnect FPP sensor connector 

Does the DST now show FPP 1 voltage below 
0.200 volts? 

Below 0.200 
volts 

Go to Step 
(5) 

Go to Step 
(6) 

5 
 Replace the FPP sensor 

Is the replacement complete? 

 Go to Step 
(10) 

- 

6 

 Key OFF 

 Disconnect ECM connector C001 

 Disconnect vehicle interface connector C012  

 Using a DVOM check continuity between the 
interface connector pin L and ECM sensor 
ground pin 20 

Do you have continuity? 

 Go to Step 
(7) 

Repair the 
open ground 

circuit as 
required 

7 

 Key ON 

 Using a DVOM check for voltage between 
the FPP connector that leads to the vehicle 
interface connector signal pin K and engine 
ground 

Do you have voltage? 

No voltage Repair the 
signal shorted 

to voltage 

Go to Step 
(8) 

8 

 Inspect ECM and FPP connectors for 
damage corrosion or contamination 

Did you find a problem? 

 Repair the 
circuit as 

required. See 
wire harness 
repair section 

Go to Step 
(9) 

9 
 Replace ECM 

Is the replacement complete? 

 Go to Step 
(10) 

- 
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Step Action Value(s) Yes No 

10 

 Remove all test equipment except the DST. 

 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 drivability 

 After operating the engine within the test 
parameters of DTC-2126 check for any 
stored codes. 

Does the engine operate normally with no stored 
codes? 

 System OK Go to OBD 
System 
Check 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

394 

DTC 2127-FPP 2 Low Voltage (SPN 29:FMI 4) 
 

10

50

49

*

*

*

5 volts

FPP 2 Signal

Sensor Ground

ECM

FPP 2

R

J

S

C012

LT GRN/PPL

PPL/YEL

*Check OEM chassis 

wiring diagram for 

specific pin  numbers 

and wire colors

LT GRN/BLK

 
 

Conditions for Setting the DTC 
 

 Foot Pedal Position 

 Check Condition-Key On 

 Fault Condition-FPP sensor voltage less than 0.400 

 MIL-On  

 Low Rev Limit 

 Force Idle 
 
Circuit Description 
 
The Foot Pedal Position sensor uses a variable resistor to determine signal voltage based on 
pedal position. This fault will set if the FPP 2 voltage is less than 0.200 volts at any operating 
condition while the key is on. If the voltage drops below 0.400 volts the FPP is considered to be 
out of specification. The MIL command is ON. Low rev limit and forced idle will be effect during 
this fault limiting power output. 

 
Diagnostic Aid 
 
FPP sensors are OEM specific and vary in configuration. The exact wire color and pin numbers 
for the FPP must be verified in the OEM chassis wiring schematic. The FPP sensor used in this 
system provides two sensors in one packaged assembly. FPP1 and FPP 2 are not serviceable 
individually, and in the event of a failure the complete FPP assembly must be replaced. 



 

395 

DTC 2127 FPP 2 Voltage Low 
 

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 

 Key ON, Engine OFF 

 DST (Diagnostic Scan Tool) connected in 
System Data Mode 

Does the DST display FPP 2 voltage of less than 
0.400 volts with the foot pedal in the idle position? 

Less than 
0.400 volts 

Go to Step 
(3) 

Go to Step 
(3) 

3 

 Slowly increase the FPP while observing the 
FPP 2 voltage 

Does the DST ever display FPP voltage below 
0.400 volts? 

 Go to step (4) Intermittent 
problem 

Go to 
Intermittent 

section 

4 

 Disconnect the FPP sensor connector  

 Jump the pins from the FPP sensor 
connector that leads to C012 signal pin J and  
5 volt supply pin S 

Does the DST now show FPP 1 voltage above  

0.400 volts? 

Greater than 
0.400 volts 

Go to step (5) Go to step (7) 

5 

 Inspect  the FPP and C012 connectors for 
damage corrosion or contamination 

Did you find a problem? 

 Repair the 
circuit as 

required. See 
wiring 

harness 
repair section 

Go to step (6) 

6 
 Replace FPP sensor 

Is the replacement complete? 

 Go to step 
(12) 

- 

7 

 Key OFF 

 Disconnect ECM connector C001 

 Disconnect the vehicle interface connector 
C012 

 Using a DVOM check for continuity between 
C012 pin S and ECM 5 volt pin 49 

Do you have continuity? 

 Go to step (8) Repair the 
open 5 volt 
circuit as 

required. See 
wiring 

harness 
repair section 

8 

 Using a DVOM check for continuity between 
C012 signal pin J and ECM signal pin 10  

Do you have continuity? 

 Go to step (9) Repair the 
open signal 

circuit as 
required. See 

wiring 
harness 

repair section 
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Step Action Value(s) Yes No 

9 

 Using a DVOM check for continuity between 
ECM connector signal pin 10 and engine 
ground 

Do you have continuity? 

 Repair the 
signal shorted 

to ground 
circuit as 

required. See 
wiring 

harness 
repair section 

Go to step 
(10) 

10 

 Inspect FPP connector C012 and ECM 
connector pins for damage corrosion or 
contamination 

Did you find a problem?  

 Repair the 
circuit as 

required. See 
wiring 

harness 
repair section 

Go to step 
(11) 

11 
 Replace ECM 
Is the replacement complete? 

 Go to step 12 - 

12 

 Remove all test equipment except the DST. 

 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 drivability 

 After operating the engine within the test 
parameters of DTC-2127 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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DTC 2128-FPP 2 High Voltage (SPN 29:FMI 3)  

 

10

50

49

*

*

*

5 volts

FPP 2 Signal

Sensor Ground

ECM

FPP 2

R

J

S

C012

LT GRN/PPL

PPL/YEL

*Check OEM chassis 

wiring diagram for 

specific pin  numbers 

and wire colors

LT GRN/BLK

 
 
Conditions for Setting the DTC 
 

 Foot pedal position sensor 2  

 Check Condition-Key On 

 Fault Condition-FPP2 sensor voltage exceeds 4.800 volts  

 MIL-On  

 Forced idle 

 Low rev limit 
 
Circuit Description 
 
The Foot Pedal Position sensor uses a variable resistor to determine signal voltage based on foot 
pedal position. This fault will set if the FPP 2 voltage exceeds 4.800 volts at any operating 
condition while the key is on.  If the voltage exceeds 4.800 volts the FPP is considered to be out 
of specification. The MIL command is ON. Forced idle and low rev limit will be in effect limiting 
power output during this fault. 

 
Diagnostic Aid 
 
FPP sensors are OEM specific and vary in configuration. The exact wire color and pin numbers 
for the FPP must be verified in the OEM chassis wiring schematic. The FPP sensor used in this 
system provides two sensors in one packaged assembly. FPP1 and FPP 2 are not serviceable 
individually, and in the event of a failure the complete FPP assembly must be replaced.  
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DTC 2128 FPP 2 Voltage High 
 
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 

 Key ON, Engine OFF 

 DST (Diagnostic Scan Tool) connected in 
System Data Mode 

Does the DST display FPP voltage of 4.800 volts 
or greater with the foot pedal in the idle position? 

4.800 volts 
or greater 

Go to Step 
(3) 

Go to Step 
(3) 

3 

 Slowly increase FPP while observing FPP 2 
voltage 

Does DST FPP voltage ever exceed 4.800 
volts? 

 Go to step (4) Intermittent 
problem 

Go to 
Intermittent 

section 

4 

 Disconnect the FPP sensor connector  

Does the DST now show FPP 2 voltage below 

0.200 volts? 

Below 0.200 
volts 

Go to step (5) Go to step (6) 

5 
 Replace FPP sensor 

Is the replacement complete? 

 Go to step 
(10) 

- 

6 

 Key OFF 

 Disconnect ECM connector C001 

 Disconnect vehicle interface connector C012 

 Using a DVOM check continuity between 
connector C012 pin R and ECM sensor 
ground pin 50 

Do you have continuity? 

 Go to step (7) Repair the 
open ground 

circuit as 
required 

7 

 Key ON 

 Using a DVOM check for voltage between 
the FPP connector pin J and engine ground 

Do you have voltage? 

No voltage Repair the 
signal shorted 

to voltage 
circuit 

Go to step (8) 

8 

 Inspect ECM and FPP connectors and pins 
for damage corrosion or contamination 

Did you find a problem? 

 Repair the 
circuit as 

required. See 
wire harness 
repair section 

Go to step (9) 

9 
 Replace ECM 

Is the replacement complete? 

 Go to step 
(10) 

- 
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Step Action Value(s) Yes No 

10 

 Remove all test equipment except the DST. 

 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 drivability 

 After operating the engine within the test 
parameters of DTC-2128 check for any 
stored codes. 

Does the engine operate normally with no stored 
codes? 

 System OK Go to OBD 
System 
Check 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

400 

 
DTC 2135: TPS1/2 simultaneous voltages out-of-range  

(SPN 51:FMI 31) 
 

 

 

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 
 
Dual throttle Position Sensors are used within the throttle that 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 1 is 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 the engine will 
shutdown. 
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DTC 2135: TPS1/2 simultaneous voltages out-of-range 
 

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 

 Key ON, Engine OFF 

 DST (Diagnostic Scan Tool) connected in     
System Data Mode 

Does the DST display more than a 20% difference 
between TPS 1 and TPS 2?  

 Go to Step 
(3) 

Intermittent 
problem 

Go to 
Intermittent 
section 

3 

 Key OFF 

 Disconnect electronic throttle connector 
C017  

 Key ON 

 Change DST mode to DBW (drive by wire) 
test mode 

Is the voltage for TPS 1 less than 0.1 volts? 

 Go to Step 
(5) 

Go to Step (4) 

4 

 Key OFF 

 Disconnect ECM wiring harness connector 
C001 

 Key ON 

 Using a DVOM check for voltage between 
ECM connector TPS 1 signal pin 5 and 
engine ground 

Do you have voltage? 

 Repair the 
TPS 1 circuit 

shorted to 
voltage as 
necessary. 

Refer to 
Wiring 

Repairs in 
Engine 

Electrical. 

Go to Step (9) 

5 

 Jump TPS 1 signal pin 6 to the 5 volt 
reference pin 3 at connector C017 

Does DST display TPS 1 voltage over 4.900 
volts? 

 Go to Step 
(6) Go to Step (8) 

6 

 Inspect wire terminals at throttle connector 
for damage corrosion or contamination 

Any problems found? 

 Repair the  
circuit as 

necessary. 
Refer to 
Wiring 

Repairs in 
Engine 

Electrical. 

Go to Step (7) 

7 
 Replace the electronic Throttle 

Is the replacement complete? 

 Go to Step 
(12) 

- 

8 

 Key OFF 

 Disconnect ECM wire harness connector 
C001 

 Using a DVOM check for continuity between 
throttle connector TPS 1 signal pin 6 and 
ECM connector TPS 1 signal pin 5 

Do you have continuity between them? 

 Go to Step 
(9) 

Repair the 
open circuit as 

necessary. 
Refer to 
Wiring 

Repairs in 
Engine 

Electrical. 
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Step Action Value(s) Yes No 

9 

 Using a DVOM check for continuity between 
throttle connector signal ground pin 2 and 
ECM connector signal ground pin 3 

Do you have continuity between them? 

 Go to Step 
(10) 

Repair the 
open circuit as 

necessary. 
Refer to 
Wiring 

Repairs in 
Engine 

Electrical. 

10 

 Inspect ECM connector terminals for damage 
corrosion or contamination. 

Any problems found? 

 Repair the 
circuit as 

necessary. 
Refer to 
Wiring 

Repairs in 
Engine 

Electrical 

Go to Step 
(11) 

11 
 Replace ECM 

Is the replacement complete? 

 Go to Step 
(12) 

- 

12 

 Remove all test equipment except the DST. 

 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 drivability 

 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? 

 System OK Go to OBD 
System Check 
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DTC 2229-BP High Pressure (SPN 108:FMI 0) 
 

 
 
Conditions for Setting the DTC 
 

 Barometric Pressure  

 Check Condition-Key ON 

 Fault Condition-BP greater than 16 psia   

 MIL-ON for active fault  

 Adaptive-Disabled  

 
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 range. 
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DTC 2229-BP High Pressure 
 

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 

 Key ON 

 DST (Diagnostic Scan Tool) connected in 

 System Data Mode 

Does DST display MAP pressure of 16 psia or 
greater? 

 Go to Step 
(3) 

Intermittent 
problem 

Go to 
Intermittent 

section 

3 
 Replace TMAP sensor. 

Is the repair complete? 

 Go to Step 4 - 

4 

 Remove all test equipment except the DST. 

 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 drivability 

 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? 

 System OK Go to OBD 
System 
Check 
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Definitions
Air Valve Vacuum (AVV): The vacuum signal taken from below the air valve assembly and 

above the throttle butterfly valve. 
ADP:  Adaptive Digital Processor. 
Air/Fuel Ratio: The amount or balance of air and fuel in the air fuel mixture that enters the 

engine. 
Analog Voltmeter:  A meter that uses a mechanical needle to point to a value on a scale of 

numbers.  It is usually of the low impedance type and used to measure voltage and 
resistance. 

Aromatics: Pertaining to or containing the six-carbon ring characteristic of the benzene series. 
Found in many petroleum distillates.  

Backfire: Combustion of the air/fuel mixture in the intake or exhaust manifolds.  A backfire can 
occur if the intake or exhaust valves are open when there is a mis-timed ignition spark.  

Benzene: An aromatic (C6H6). Sometimes blended with gasoline to improve anti-knock value. 
Benzene is toxic and suspected of causing cancer.  

Bi-Fueled: A vehicle equipped to run on two fuels. 
Blow-By: Gases formed by the combustion of fuel and air, which ordinarily should exert 

pressure only against the piston crown and first compression ring. When rings do not seal, 
these gases escape or “blow by” the side of the piston into the crankcase.  

BTU: British Thermal Unit. A measurement of the amount of heat required to raise the 
temperature of 1lb. of water 1 degree F.  

Butane: An odorless, colorless gas, C4H10 found in natural gas and petroleum. One of the five 
LP gases.  

CAFE: Corporate Average Fuel Economy.  
CARB: California Air Resources Board.  
Carbon Monoxide (CO): A chemical compound of a highly toxic gas that is both odorless and 

colorless.  
Carburetor: An apparatus for supplying an internal-combustion engine a mixture of vaporized 

fuel and air.  
Cathode Ray Tube: A vacuum tube in which cathode rays usually in the form of a slender beam 

are projected on a fluorescent screen and produce a luminous spot.  
Circuit: A path of conductors through which electricity flows.  
Closed Loop Operation: Applies to systems utilizing an oxygen sensor.  In this mode of 

operation, the system uses oxygen sensor information to determine air/fuel ratio. Adjustments 
are made accordingly and checked by comparing the new oxygen sensor to previous signals. 
No stored information is used.  

CNG: Compressed Natural Gas.  
CKP: Crankshaft Position Sensor  
CMP: Camshaft Position Sensor  
Conductor: A material, normally metallic, that permits easy passage of electricity.  
Contaminants: Impurities or foreign material present in fuel.  
Control Module: One of several informal names for a solid state microcomputer which monitors 

engine conditions and controls certain engine functions; i.e. air/fuel ratio, injection and ignition 
time, etc.  The formal name and the one used throughout this manual is ECM, or Engine 
Control Module. 

Converter: A LPG fuel system component containing varying stages of fuel pressure regulation 
combined with a vaporizer.  

Cryogen: A refrigerant used to obtain very low temperatures.  
Current: The volume or flow of electrons through a conductor. Measured in amperes or amps.  
DBW: Drive By Wire 
Dedicated Fuel System: A motor fuel system designed to operate on only one fuel type. 
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Diaphragm: A thin, flexible membrane that separates two chambers. When the pressure in one 
chamber is lower than in the other chamber, the diaphragm will move toward the side with the 
low pressure.  

Diaphragm Port: The external port located at the fuel inlet assembly and connected to the 
vacuum chamber above the air valve diaphragm.  

DLC: Data Link Connector. 
DTC: Diagnostic Trouble Code  
DST: Diagnostic Scan Tool.  
DVOM: Digital Volt/ohm Meter. A meter that uses a numerical display in place of a gauge and is 

usually of the high impedance type.   
ECT: Engine Coolant Temperature.  
ECM: Electronic Control Module  
ECOM: A DLC cable supporting CAN and serial communication with a PSI/EControls ECM. 
EFI: Electronic Fuel Injection. A fuel injection system, which uses a microcomputer (ECM) to 

determine and control the amount of fuel, required by, and injected into, a particular engine.  
EGO: Exhaust Gas Oxygen, used to describe a sensor.  Also known as “HEGO” (Heat Exhaust 

Gas Oxygen) sensor, “O2” or “Oxygen sensor. 
EGR: Exhaust Gas Recirculation.  
EPA: Environmental Protection Agency: A regulating agency of the Federal government which, 

among other duties, establishes and enforces automotive emissions standards.  
Ethanol: Grain alcohol (C2H5OH), generally produced by fermenting starch or sugar.  
Evaporative Emissions Controls: An automotive emission control system designed to reduce 

hydrocarbon emissions by trapping evaporated fuel vapors from the fuel system.  
Excess Flow Valve: A check valve that is caused to close by the fuel when the flow exceeds a 

predetermined rate.  
FTV: Fuel Trim Valve.  
FFV: Flexible Fuel Vehicle.  
Firing Line: The portion of an oscilloscope pattern that represents the total amount of voltage 

being expended through the secondary circuit.  
FMVSS: Federal Motor Vehicle Safety Standards.  
FPP: Foot Pedal Position Sensor  
Fuel Injector: a spring loaded, electromagnetic valve which delivers fuel into the intake 

manifold, in response to an electrical input from the control module.  
Fuel Lock: A solenoid-controlled valve located in the fuel line to stop the flow when the engine 

stops or the ignition switch is off.  
Gasohol: 10 percent ethanol, 90 percent gasoline. Often referred to as E-10.  
Gasoline: A motor vehicle fuel that is a complex blend of hydrocarbons and additives. Typical 

octane level is 89.  
GCP: (90-pin) ECM. 
Greenhouse Effect: A scientific theory suggesting that carbon dioxide from the burning of fossil 

fuels is causing the atmosphere to trap heat and cause global warming. 
HC: Hydrocarbon.  An organic chemical compound.  
HD 10: A fuel of not less than 80% liquid volume propane and not more than 10% liquid volume 

propylene.  
HD 5: A fuel of not less than 90% liquid volume propane and not more than 5% liquid volume 

propylene.  
HDV: Heavy Duty Vehicle. 
Heavy Ends: A term used to describe the buildup of wax-like impurities that fall out of LPG 

when vaporized.  
HEGO: Heated Exhaust Gas Oxygen, used to describe a sensor.  Also known as “EGO” 

(Exhaust Gas Oxygen sensor), “O2” or “Oxygen sensor. 
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Hg: Chemical symbol for the element mercury. Used in reference to a measure of vacuum 
(inches of Hg). 

Histogram: The graphical version of a table which shows what proportion of values fall into 

specific categories over a specific period of time. 
 
Hydrocarbon: A chemical compound made up of hydrogen and carbon (HC).  Gasoline and 

almost all other fuels are hydrocarbons.  
Hydrostatic Relief Valve: A pressure relief device installed in the liquid LPG hose on a LPG 

fuel system.  
IAT: Intake Air Temperature  
Ideal Mixture: The air/fuel ratio at which the best compromise of engine performance to exhaust 

emissions is obtained. Typically 14.7:1.  
Ignition Reserve: The difference between available voltage and the required voltage.  
ILEV: Inherently Low Emission Vehicle.  
Impedance: A form of opposition of AC electrical current flow (resistance) measured in ohms.  
Insulation: A nonconductive material used to cover wires in electrical circuits to prevent the 

leakage of electricity and to protect the wire from corrosion.  
Intercept: An electrical term for a type of splice where the original circuit is interrupted and 

redirected through another circuit.  
Knock: Sound produced when an engine’s air/fuel mixture is ignited by something other than 

the spark plug, such as a hot spot in the combustion chamber. Also caused by a fuel with an 
octane rating that is too low and/or incorrect ignition timing. Also called detonation or ping.  

Lambda Sensor: A feedback device, usually located in the exhaust manifold, which detects the 
amount of oxygen present in exhaust gases in relation to the surrounding atmosphere.  (See 
HEGO). 

LDV: Light Duty Vehicle.  
Lean Mixture: An air to fuel ratio above the stoichiometric ratio; too much air. 
LEV: Low Emission Vehicle. 
Limp-in or Limp Home:  A mode where the ECM or a component has failed, but the vehicle 

remains operational although the engine may operate minimally.  This term may also describe 
the drivability characteristics of a failed computer system. 

Liquid Petroleum Gas (LPG): A fuel commonly known as propane consisting mostly of propane 
(C3H8), derived from the liquid components of natural gas stripped out before the gas enters 
the pipeline, and the lightest hydrocarbons produced during petroleum refining. Octane level of 
LPG is 107. 

LPG: Liquified Petroleum Gas.  
M85: A blend of gasoline and methanol consisting of 85% methanol and 15% gasoline.  
Measurements of Pressure: 1 PSI=2.06” Hg (mercury) = 27.72” H2O (water column). At sea 

level atmospheric pressure is 29.92” Hg.  
Methanol: Known as wood alcohol (CH3OH), a light, volatile, flammable alcohol commonly 

made from natural gas.  
MIL: Malfunction Indicator Lamp. 
Misfire: Failure of the air/fuel mixture to ignite during the power stroke.  
Mixer: Fuel introduction device that does not include a throttle plate.  
MFI: Multiport Fuel Injection. A fuel injection system that uses one injector per cylinder mounted 

on the engine to spray fuel near the intake valve area of combustion chamber.  
MSV: Manual Shut-Off Valve.  Refers to the manually operated valve on the LPG tank. 
MTBE: Methyl Tertiary Butyl Ether. Oxygenate add to gasoline to reduce harmful emissions and 

to improve the octane rating.  
Multi-fuel System: A motor fuel system designed to operate on two different fuels, such as LPG 

and gasoline.  



 

408 

Natural Gas: A gas formed naturally from buried organic material, composed of a mixture of 
hydrocarbons, with methane (CH4) being the dominant component.  

NGV: Natural Gas Vehicle.  
NOX: See Oxides of Nitrogen.  

OBD: On Board Diagnostic 
Octane Rating: The measurement of the antiknock value of a motor fuel.  
OEM: Original Equipment Manufacturer, the vehicle manufacturer.  
Open-Loop: An operational mode during which control module memory information is used to 

determine air/fuel ratio, injection timing, etc., as opposed to actual oxygen sensor input.  
Orifice: A port or passage with a calibrated opening designed to control or limit the amount of 

flow through it.  
Oscilloscope: An instrument that converts voltage and frequency readings into traces on a 

cathode ray tube (also see Cathode Ray Tube).  
Oxides of Nitrogen: Chemical compounds of nitrogen bonded to various amounts of oxygen 

(NOX). A chief smog forming-agent.  
Oxygen Sensor: An automotive fuel system that produces a signal in accordance with the 

oxygen content of the exhaust gas. (See Lambda Sensor).  
Oxygenate: Oxygenates (such as MTBE, ethanol and methanol) added to gasoline to increase 

the oxygen content and therefore reduce exhaust emissions.  
Ozone: A radical oxygen module (O3) that is found in the upper atmosphere and filters out 

ultraviolet radiation from the sun. Ground level ozone is formed by NOX, during the formation 
of photochemical smog.  

Particulates: Microscopic pieces of solid or liquid substances such as lead and carbon that are 
discharged into the atmosphere by internal combustion engines.  

Positive Crankcase Ventilation (PCV): An automotive emission control system designed to 
reduce hydrocarbon emissions by routing crankcase fumes into the intake manifold rather than 
to the atmosphere.  

Power Derate: A mode of reduced engine power output for the purposes of protecting engine 
components during a failure or malfunction. 

Pressure Differential: The differential between atmospheric pressure and intake manifold 
(referred to as vacuum) pressure.  

Pressure Regulator: A device to control the pressure of fuel delivered to the fuel injector(s).  
Primary Circuit: The low-voltage or input side of the ignition coil.  
Propane: An odorless and colorless gas, C3H8, found in natural gas and petroleum. 
Psia: pounds per square inch absolute 
PTV: Pressure Trim Valve  
Reactivity: Refers to the tendency of an HC in the presence of NOX and sunlight to cause a 

smog-forming reaction. The lighter the HC, the lower reactivity tends to be.  
Regulator: An assembly used to reduce and control the pressure of a liquid or vapor.  
Resistance: The opposition to the flow of current in an electrical circuit. Measured in ohms. 
Rest Pressure: Fuel pressure maintained within the system after engine shutdown. 
Rich Mixture: An air to fuel ratio below the stoichiometric ratio; too much fuel. 
SAE: Society of Automotive Engineers. 
Secondary Circuit: The high-voltage output side of the ignition coil. 
SEFI or SFI: Sequential Electronic Fuel Injection or Sequential Fuel Injection.  
Sensors: Devices that provide the control module with engine information as needed to properly 

control engine function. 
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Spark Line: The portion of an oscilloscope pattern that represents the time during which the 
air/fuel mixture is being burned in the combustion chamber.  

Splice: An electrical term for the joining of two or more conductors at a single point.  
Stoichiometric Ratio: An ideal fuel/air ratio for combustion in which all of the fuel and most of 

the oxygen will be burned.  
Sulfur Oxides: Chemical compounds where sulfur is bonded to oxygen produced by the 

combustion of gasoline or any other fuel that contains sulfur. As sulfur oxides combine with 
water in the atmosphere to form sulfuric acid.  

System Pressure: The fuel pressure maintained in the system during normal engine operation.  
Tap: An electrical term for a type of splice where the original circuit is not interrupted.  
TBI: Throttle Body Injection. Any of several injection systems that have the fuel injector(s) 

mounted in a centrally located throttle body.  
Throttle Body:  Controls engine RPM by adjusting the engine manifold vacuum to the mixer. 

Consists of a housing shaft, throttle liner and butterfly valve.  
TLEV: Transitional Low Emission Vehicle.  
TMAP: Combined Air Inlet and Manifold Pressure Sensor.  
Toluene: A liquid aromatic hydrocarbon C7H8.  
TPS: Throttle Position Sensor.  

TSB: Technical Service Bulletin. 
ULEV: Ultra Low Emission Vehicle.  
USB: Universal Serial Bus. A plug or interface supplied on most personal computers. 
Vaporization: A process in which liquid changes states into gas.  
Venturi Air Valve Vacuum (VAVV): An amplified air valve vacuum signal coming from the 

venturi area of the mixer, directly exposed to airflow before the addition of vaporized LPG.  
Volt/ohmmeter (VOM): A combination meter used to measure voltage and resistance in an 

electrical circuit. Available in both analog and digital types. May also referred to as AVOM and 
DVOM.  

Voltage: The electrical pressure that causes current to flow in a circuit.  Measured in volts.  
Voltage Drop: A lowering of the voltage in a circuit when resistance or electrical load is added. 
Voltmeter: A meter that uses a needle to point to a value on a scale of numbers usually of the 

low impedance type; used to measure voltage and resistance.  
VSS: Vehicle Speed Sensor 
Xylene: C6H4 (CH3)2. Any of three toxic, flammable, and oily isomeric aromatic hydrocarbons 

that are dimethyl homologues of benzene and usually obtained from petroleum or natural gas 
distillates.  

ZEV: Zero Emission Vehicle. 
 
. 
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Section I – Introduction

A. Purpose of Manual
This manual has been prepared to assist the users of
Vickers balanced vane type hydraulic single pumps in
properly installing, maintaining and repairing their units. In
the sections which follow, the single pumps are described in
detail, their theory of operation is discussed and instructions
are given for their proper installation, maintenance and
overhaul.

The general series of models covered are V10, V20, V10F,
V10P, V20F and V20P. The information given applies to the
latest design configuration listed in Table 1. Earlier designs
are covered only insofar as they are similar to the present
equipment.

B. General Information
Related Publications – Service parts information and
installation dimensions are not contained in this manual. The

parts catalogs and installation drawings listed in Table 1 are
available from Vickers.

Model Codes – There are many variations within each basic
model series, which are covered by variables in the model code.
Table 2 is a complete breakdown of the code covering these
units. Service inquiries should always include the complete unit
model number, which is stamped on the pump cover.

Model Service Drawing Application Catalog

V10 698

V10F M–2005–S
353

V10P
353

V20 698

V20F M–2004–S
353

V20P
353

Table 1. Service drawings and Application catalogs

Outlet port

Pressure
plate

Spring

Body

Bearing

Drive
shaft

Seal

Inlet port

Pumping
cartridge

Rotor

Ring

Vane

Figure 1.



4

Model  Code

2

2 4 5 6 7 8 9 10 13111

Vane pump1

3 12

3

10 or 20 series

Integral valve options

(Omit if not required)
F – Flow control & relief
P – Priority valve & relief

Mounting
1 – 2-bolt flange (SAE “A” size)
2 – Foot bracket at 12 o’clock 
    (viewed from shaft end)
23 – Foot bracket at 3 o’clock 
26 – Foot bracket at 6 o’clock 
29 – Foot bracket at 9 o’clock

4

V10 model series
H - 1” O.D. tube connection
K - 1.3125”-12 UN 2B thd.
P - 1” NPT thd
S - 1.3123“-12 Straight thd.
T - 1.1875”-12 Straight thd.

Inlet port connections

V20 model series
E - 1.5” dia. – 2 bolt flange
F - 1.156” dia. –2 bolt flange
P - 1.25” NPT thd
R - 1” NPT thd
S - 1.625” –12 UN 2B thd.

5

V10 series

SAE rated capacity – USgpm
(1200 rpm & 100 psi)

1 – 1 USgpm
2 – 2 USgpm
3 – 3 USgpm
4 – 4 USgpm
6 – 6 USgpm
7 – 7 USgpm
6 – 6 USgpm
7 – 7 USgpm
8 – 8 USgpm
9 – 9 USgpm
11 – 11 USgpm
12 – 12 USgpm
13 – 13 USgpm

V20 series

6 Outlet port connections

Code Std.
cover

Flow control cover

Pressure Tank

Priority valve cover
Primary
outlet

Secondary
outlet Tank

K – – –
9/16-18
St. thd.
(V10P)

3/4-16
St. thd.
(V10P)

9/16-18
St. thd.
(V10P)

.50” NPT thd.
(V10)

.75” NPT thd.
(V20)

3/4-16
St. thd.
(V10F &
V20F)

1/2” NPT thd.
(V10F & V20F)

.750”–16
St. thd.
(V10)

1.062–12
St. thd.
(V20)

3/4-16
St. thd.
(V20F)

1-1/16–12
St. thd.
(V20F)

3/4-16
St. thd.
(V10F)

3/4-16
St. thd.
(V10F)

3/4-16
St. thd.
(V20P)

7/8-14
St. thd.
(V20P)

3/4-16
St. thd.
(V20P)

P

S

T

– – – – –

– – –

– – –

– – – – –

–

R 1.062–12
St. thd. (V10)

– – – – –

Y .875–14
St. thd

– – – – –

7 Shafts
1 – Straight keyed
3 – Threaded with woodruff key
4 – Threaded
11 –Splined 9 teeth
12 –Splined 13 teeth (V10 only)
15 –Splined 13 teeth
27 –Tang
34 –Threaded
38 –Splined 11 teeth
62 –SAE A Spline (V20 only)

8 Position of outlet or primary 
outlet port

A – Opposite inlet port
B – 90� CCW from inlet
C – In line with inlet
D – 90� CW from inlet

(Viewed from cover end of pump)

9 Flow rate through orifice in cover

1 – 1 USgpm (V10P)
2 – 2 USgpm (V10F)
8 – 8 USgpm (V20F)

10 Pressure setting

A –   250 psi F –1500 psi
B –   500 psi G –1750 psi
C –   750 psi H – 2000 psi
D – 1000 psi J  – 2250 psi
E – 1250 psi K – 2500 psi

13 Shaft rotation

(Viewed from shaft end of pump)
L – Left hand for counterclockwise.
Omit for right hand.

11 Design

Subject to change. Installation
dimensions remain the same
for designs –20 through –29.

12 Special feature suffix
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Section II – Description

A. General
Pumps in this series are used to develop hydraulic fluid flow for
the operation of Mobile and Industrial equipment. The positive
displacement pumping cartridges are the rotary vane type with
shaft side loads hydraulically balanced. The flow rate depends
on the pump size and the speed at which it is driven.

All units are designed so that the direction of rotation,
pumping capacity and port positions can be readily changed
to suit particular applications.

B. Assembly and Construction
The V10 series pump illustrated in the cut away of Figure 1
is representative of all single pumps in this series. The unit
consists principally of a ported body, a ported cover and a
pumping cartridge. Components of the pumping cartridge
are an elliptical cam ring, a slotted rotor splined to fir the
drive shaft and twelve vanes fitted to the rotor slots.

The pumping cartridge cam ring is sandwiched between the
body and cover. A ball bearing and bushing located in the
body and pressure plate respectively support each end of
the drive shaft and center the rotor within the cam ring. As
the drive shaft is driven by the prime mover, the rotor and
vanes generate flow by carrying fluid around the elliptical
cam ring contour. Fluid enters the cartridge through the inlet

port in the body and is discharged through the pressure plate
into the outlet port of the cover.

C. Flow Control and Relief Valve
V10 and V20 pumps are available with an integral flow
control and relief valve in the pump cover. This limits the final
flow in the system to a maximum prescribed rate and
prevents excessive pressure buildup. Fluid not required in
the system is recirculated to tank.

D. Priority Valve
V10 and V20 pumps are also available with a priority valve
located in the pump cover. The priority valve maintains nearly
a constant flow to a primary circuit and diverts the remaining
flow to a secondary circuit. Flow going to the secondary circuit
is determined by pump delivery. The primary circuit is
protected by an integral relief valve, but an external relief
valve must be provided for the secondary circuit.

E. Application
Pump ratings in USgpm, as shown in the model coding are
at 1200 rpm and 100 psi. For ratings at other speeds,
methods of installation and other application information
Vickers Engineering personnel should be consulted.

Section III – Principles of Operation

A. Pumping Cartridge
As mentioned in Section II, fluid flow is developed by the
pumping cartridge. The action of the cartridge is illustrated in
Figure 2. The rotor is driven within the cam ring by the
driveshaft, which is coupled to a power source. As the rotor
turns, centrifugal force causes the vanes to follow the
elliptical inner surface of the cam ring.

Radial movement of the vanes and turning of the rotor
causes the chamber volume between the vanes to increase

as the vanes pass the inlet sections of the cam ring. This
results in a low pressure condition which allows atmospheric
pressure to force fluid into the chambers. (Fluid outside the
inlet is at atmospheric pressure or higher.)

This fluid is trapped between the vanes and carried past the
large diameter or dwell section of the cam ring. As the outlet
section is approached, the cam ring diameter decreases and
the fluid is forced out into the system. System pressure is fed
under the vanes, assuring their sealing contact against the
cam ring during normal operation.

Cam ring

Vane

Outlet

Rotor

Drive shaft

Inlet

Outlet

Inlet

Inlet

Outlet

Figure 2.
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B. Hydraulic Balance
The pump cam ring is shaped so that the two pumping
chambers are formed diametrically opposed. Thus, hydraulic
forces which would impose side loads on the shaft are
cancelled.

C. Pressure Plate
The pressure plate seals the pumping chamber as shown in
Figure 3. A light spring holds the plate against the cartridge
until pressure builds up in the system. System pressure is
effective against the area at the back of the plate, which is
larger than the area exposed to the pumping cartridge. Thus,
an unbalanced force holds the plate against the cartridge,
sealing the cartridge and providing the proper running
clearance for the rotor and vanes.

Back pressure
in system
effective here

Cover

Pressure plate
Pressure in
cartridge

Spring

Shaft

Rotor

Vane

Ring

Discharge

Figure 3.

D. Flow Control and Relief Valve
1. Maximum flow to the operating circuit and maximum

system pressure are determined by the integral flow
control and relief valve in a special outlet cover used on
some V10 and V20 pumps. This feature is illustrated
pictorially in Figure 4. An orifice in the cover limits
maximum flow. A pilot operated type relief valve shifts to
divert excess fluid delivery to tank, thus limiting the
system pressure to a predetermined maximum.

2. Figure 4A shows the condition when the total pump
delivery can be passed through the orifice. This condition
usually occurs only at low drive speeds. The large spring
chamber is connected to the pressure port through an
orifice. Pressure plus spring load in this chamber slightly
exceeds pressure at the other end of the relief valve
spool and the spool remains closed. Pump delivery is
blocked from the tank port by the spool land.

3. When pump delivery is more than the flow rate
determined by the orifice plug, pressure builds up
across the orifice and forces the spool open against the
light spring. Excess fluid is throttled past the spool to the
tank port as shown in Figure 4B.

4. If pressure in the system builds up to the relief valve
setting (Figure 4C), the pilot poppet is forced off its seat.
Fluid in the large spring chamber flows through the spool
and out to tank. This flow through the small sensing
orifice, causes a pressure drop and prevents pressure in
the large spring area from increasing beyond the relief
valve setting. As pressure against the right end of the
spool starts to exceed the relief valve setting, the
pressure differential forces the spool to the left, against
the light spring, porting the full pump flow to tank.

Light spring
holds relief
valve closed
when pressure
is equal on
both ends

Pilot poppet

To
tank

Spool blocks
tank port off

Relief valve
spring

System
pressure
sensed in
spring
chamber
through
orifice Pressure

port

Orifice
determines
flow rate

Delivery
from
pumping
cartridge

To
tank

Pressure
port

To
tank

Pressure
port

Excess fluid
throttled past
valve to tank

Pressure in spring
chamber lower
than system due
to pressure drop
across sensing
orifice

Poppet
forced
off seat as
relief valve
setting is
reached

Spring
orifice

Figure 4A
Low Drive Speed – All Pump

Delivery to System

Figure 4B
Normal Operation

Figure 4C
Excessive Pressure
Build-Up in System



7

E. Priority Valve Operation
Referring to the V20P cover schematic, Figure 5, pressure is
sensed in cavities “A”, “B” and “C”. Primary flow into cavity
“A” is restricted by the controlled flow orifice “O”. Secondary
flow will be zero until the pump flow rate through orifice “O”
develops a pressure differential across the control spool.

When pump delivery is increased, pressure builds up in
cavities “B” and “C” because of the resistance to flow through
orifice “O”. This causes the spool to shift toward cavity “A”
against the spring. The amount of spool shift is proportional to
the pressure differential between cavities “A” and “C”.

Flow from the primary port is held to an almost constant
volume, as determined by orifice “O” and the metering action
of the  control spool at area “D”. Flow to the secondary port
varies with pump delivery. Metering are “E” diverts excess
flow to the secondary port.

This single spool design cannot give precisely controlled flow
to the primary circuit because of the effects of varying
conditions of flows and pressures. For example: If the
primary circuit is operating at 1000 psi and the secondary at
100 psi, the spool must be metering at “E”. However, if
primary pressure is 100 psi and secondary is 1000 psi, the
spool must be metering at “D”. As the two systems approach
the same pressure, the probability of flow fluctuation
increases because the spool may shift between these two
metering points.

CAUTION

The pump has a built-in relief valve in the primary
circuit. However, an external relief valve must be
provided for the secondary circuit to protect the pump.

“E” Metering area
Control spool

Pump
discharge

Cavity “A”

Metering
area “D”

Primary outlet port Tank port

Relief valve
for primary
circuit

Cavity “B”

Cavity “C”

Figure 5.

Section IV – Installation and Operating Instructions

A. Installation Drawings
The application catalogs listed in Table 1 show the correct
installation dimensions and port locations.

B. Drive Connections

CAUTION

Pump shafts are designed to be installed in couplings,
pulley, etc., with a slip fit or very tight tap. Pounding
can injure the bearings. Shaft tolerances are shown
on pump installation drawings. (See Table 1.)

1. Direct Mounting – A pilot on the pump mounting flange
(Figure 6) assures correct mounting and shaft
alignment. Make sure the pilot is firmly seated in the
accessory pad of the power source. Care should be
exercised in tightening the mounting screws to prevent

misalignment.. If gaskets are used, they should be
installed carefully and should lay flat. Shaft keys and
couplings must be properly seated to avoid slipping and
possible shearing.

Key

Shaft

Pilot

Figure 6.
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2. Indirect Drive – Chain, spur gear or v-belt pulley drives
may also be used with these pumps. Flat belt drives are
not recommended because of the possibility of slipping.

To prevent excessive side loads on pump bearings, it is
important to check for correct alightment and guard
against excessive belt or chain tension.

For best results on indirect drive applications, use the
largest permissible pulley diameter at the pump and
position it as close as possible to the pump mounting
face. For specific indirect drive application data, contact
your Vickers representative.

C. Shaft Rotation
Pumps are normally assembled for right-hand (clockwise)
rotation as viewed from the shaft end. A pump made for
left-hand rotation is identified by an “L” in the model code

NOTE

These pumps must be driven in the direction of the
arrows cast on the pump ring. If it is desired to
change the direction of drive rotation, it is
necessary to reverse the ring. (See Section 6, B–D
and Figure 10.)

CAUTION

Never drive a pump in the wrong direction of
rotation. Seizure may result, necessitating
expensive repairs.

D. Piping and Tubing
1. All pipes and tubing must be thoroughly cleaned before

installation. Recommended methods of cleaning are
sand blasting, wire brushing and pickling.

NOTE

For instructions on pickling refer to catalog 674.

2. To minimize flow resistance and the possibility of
leakage, only as many fittings and connections as are
necessary for proper installation should be used.

3. The number of bends in tubing should be kept to a minimum
to prevent excessive turbulence and friction of oil flow.
Tubing must not be bent too sharply. Recommended radius
for bends is three times the inside diameter of the tube.

E. Hydraulic Fluid Recommendations
General Data

Oil in a hydraulic system performs the dual function of
lubrication and transmission of power. It constitutes a vital
factor in a hydraulic system, and careful selection of it should
be made with the assistance of a reputable supplier. Proper
selection of oil assures satisfactory life and operation of
system components with particular emphasis on hydraulic
pumps. Any oil selected for use with pumps is acceptable for
use with valves or motors.

NOTE

For oil recommendations refer to catalog 674.

Where special considerations indicate a need to depart from
the recommended oils or operating conditions, see your
Vickers representative.

Cleanliness

Thorough precautions should always be observed to insure
the hydraulic system is clean:

1. Clean (flush) entire new system to remove paint, metal
chips, welding shot, etc.

2. Filter each change of oil to prevent introduction of
contaminants into the system.

3. Provide continuous oil filtration to remove sludge and
products of wear and corrosion generated during the life of
the system.

4. Provide continuous protection of system from entry of
airborne contamination by sealing the system and/or by
proper filtration of the air.

5. During usage, proper oil filling and servicing of filter,
breathers, reservoirs, etc., cannot be over emphasized.

6. Thorough precautions should be taken by proper system
and reservoir design, to insure that aeration of the oil will be
kept to a minimum.

Vickers supports and recommends the hydraulic Systems
Standards for Stationary Industrial Machinery advanced by the
American National Standards Institute; ANSI/(NFPA/JIC)
T2.24.1–1991. Key elements of this Standard as well as other
vital information on the correct methods for treating hydraulic
fluid are included in Vickers publication #561; “Vickers Guide to
Systemic Contamination Control,” available from your local
Vickers distributor or by contacting Vickers, Incorporated.
Recommendations on filtration and the selection of products to
control fluid condition are included in this publication.
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F. Overload Protection
A relief valve must be installed in the system, unless it is an
integral part of the pump. The relief valve limits pressure in
the system to a prescribed maximum and protects the
component from excessive pressure. The setting of the relief
valve depends on the work requirements of the system
components.

G. Port Positions
The pump cover can be assembled in four positions with
respect to the body. A letter in the model code (Table 2)
identifies the cover position as shown in Figure 7.

Disassembly and assembly procedures are in Section 6 B
and D.

A – Opposite inlet
B – 90� CCW from inlet
C – Inline with inlet
D – 90� CW from inlet

A

B

C

DOutlet
cover
(ref.)

Inlet
body
(ref.)

Figure 7.

H. Start-Up
With a minimum drive speed of 600 rpm, a pump should
prime almost immediately, if provision is made to initially
purge the air from the system. Failure to prime within a
reasonable length of time may result in damage due to lack
of lubrication. Inlet lines must be tight and free from air leaks.
However, it may be necessary to crack a fitting on the outlet
side of the pump to purge entrapped air.

Section V – Service, Inspection and Maintenance

A. Service Tools
No special tools are required to service these pumps.

B. Inspection
Periodic inspection of the fluid condition and tube or piping
connections can save time–consuming breakdowns and
unnecessary parts replacement. The following should be
checked regularly.

1. All hydraulic connections must be kept tight. A loose
connection in a pressure line will permit the fluid to leak
out. If the fluid level becomes so low as to uncover the
inlet pipe opening in the reservoir, extensive damage to
the pump can result. In suction or return lines, loose
connections permit air to be drawn into the system
resulting in noisy and/or erratic operation.

2. Clean fluid is the best insurance for long service life.
Therefore, the reservoir should be checked periodically
for dirt or other contaminants. If the fluid becomes
contaminated, the system should be drained and the
reservoir cleaned before new fluid is added.

3. Filter elements also should be checked and replaced
periodically. A clogged filter element results in a higher
pressure drop. This can force particles through the filter
which would ordinarily be trapped, or can cause the

by-pass to open, resulting in a partial or complete loss of
filtration.

4. Air bubbles in the reservoir can ruin the pump and other
components. If bubbles are seen, locate the source of
the air and seal the leak.

5. A pump which is running excessively hot or noisy is a
potential failure. Should a pump become noisy or
overheated, the machine should be shut down immediately
and the cause of improper operation corrected.

C. Adding Fluid to the System
When hydraulic fluid is added to the system, it should be
pumped through a 10 micron absolute filter. The use of a
Clean–Cart unit  to filter clean fluid into the system is
recommended. For further information on the Clean–Cart
unit, obtain catalog 601.

It is important that the fluid be kept clean and free from any
substance that may cause improper operation or wear to the
pump and other hydraulic units. Therefore, the use of cloth
to strain the fluid should be avoided to prevent lint from
entering the system.

D. Adjustments
No periodic adjustments are required other than to maintain
proper shaft alignment with the driving medium.



10

Sound Level

Noise is only indirectly affected by the fluid selection, but the
condition of the fluid is of paramount importance in obtaining
optimum reduction of system sound levels.

Some of the major factors affecting the fluid conditions that
cause the loudest noises in a hydraulic system are:

1. Very high viscosities at start–up temperature can cause
pump noises due to cavitation.

2. Running with a moderately high viscosity fluid will slow
the release of air captured in the fluid. The fluid will not be
completely purged of such air in the time it remains in the
reservoir before recycling through the system.

3. Aerated fluid can be caused by ingestion of air through
the pipe joints of inlet lines, high velocity discharge lines,
cylinder rod packings or by fluid discharging above the fluid
level in the reservoir. Air in the fluid causes a noise similar to
cavitation.

4. Contaminated fluids can cause excessive wear of
internal pump parts which may result in increased sound
levels.

E. Lubrication
Internal lubrication is provided by the fluid in the system.
Lubrication of the shaft couplings should be as specified by
their manufacturers.

F. Replacement Parts
Reliable operation throughout the specified operating range is
assured only if genuine parts are used. Sophisticated design
process and material are used in the manufacture of our
parts. Substitutes may result in early failure. Part numbers are
shown in the service parts drawings listed on page 3.

G. Product Life
The service life of these products is dependent upon
environment, duty cycle, operating parameters and system
cleanliness. Since these parameters vary from application to
application, the ultimate user must determine and establish
the periodic maintenance required to maximize life and
detect component failure.

H. Fluid Cleanliness
Proper fluid condition is essential for long and satisfactory
life of hydraulic components and systems. Hydraulic fluid
must have the correct balance of cleanliness, materials and
additives for protection against wear of components,
elevated viscosity and inclusion of air.

Essential information on the correct methods for treating
hydraulic fluid is included in Vickers publication 561; “Vickers
Guide to Systemic Contamination control,” available from your
local Vickers distributor or by contacting Vickers, Incorporated.

Recommendation of filtration and the selection of products to
control fluid condition are included in 561.

Recommended cleanliness levels using petroleum oil under
common conditions is based on the highest fluid pressure
levels in the system.

Piston pumps, regardless of manufacturer, will operate with
fluids showing a higher cleanliness code. The operating life of
the pump, and other components in the system, will be less
however. For maximum life and best system performance,
cleanliness codes as defined below should be achieved.

Fluids other than petroleum, severe service cycles or
temperature extremes are cause for adjustment of these
cleanliness codes. See Vickers Publication 561 for exact details.

System Pressure Level
Product 1000psi 2000 psi 3000+ psi

Vane pumps, fixed 20/18/15 19/17/14 18/16/13
Vane pumps, variable 18/16/14 17/15/13
Piston pumps, fixed 19/17/15 18/16/14 17/15/13
Piston pumps, variable 18/16/14 17/15/13 16/14/12
Directional valves 20/18/15 19/17/14
Proportional valves 17/15/12 15/13/11
Pressure/Flow controls 19/17/14 19/17/14
Cylinders 20/18/15 20/18/15 20/18/15
Vane motors 20/18/15 19/17/14 18/16/13
Axial piston motors 19/17/14 18/16/13 17/15/12
Radial piston motors 20/18/14 19/17/13 18/16/13

I. Troubleshooting
Table 6 lists the common difficulties experienced with vane
pumps and hydraulic systems. It also indicates the probable
causes and remedies for each of the troubles listed.

It should always be remembered that many apparent pump
failures are actually the failures of other parts of the system.
The cause of improper operation is best diagnosed with
adequate testing equipment and a thorough understanding
of the complete hydraulic system.
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Troubleshooting

TROUBLE PROBABLE CAUSE REMEDY

Pump not delivering fluid Driven in the wrong direction of rotation The drive direction must be changed
immediately to prevent seizure. Figure
10 shows the correct ring position for
each direction of rotation.

Coupling or shaft sheared or
disengaged.

Disassemble the pump and check the
shaft and cartridge for damage. (See
Section VI.) Replace the necessary
parts.

Fluid intake pipe in reservoir restricted Check all strainers and filters for dirt and
sludge. Clean if necessary.

Fluid viscosity too heavy to pick up
prime.

Completely drain the system. Add new
filtered fluid of the proper viscosity.

Air leaks at the intake. Pump not
priming

Check the inlet connections to
determine where air is being drawn in.
Tighten any loose connections. See that
the fluid in the reservoir is above the
intake pipe opening. Check the
minimum drive speed which may be too
slow to prime the pump.

Relief valve stuck open. (Models with
integral relief valve only)

Disassemble the pump and wash the
valve in clean solvent. Return the valve
to its bore and check for any stickiness.
A gritty feeling on the valve periphery
can be polished with crocus cloth. Do
not remove excess material, round off
the edges of the lands or attempt to
polish the bore. Wash all parts and
reassemble the pump.

Vane(s) stuck in the rotor slot(s) Disassemble the pump. Check for dirt or
metal chips. Clean the part thoroughly
and replace any damaged pieces. If
necessary, flush the system and refill it
with clean fluid.

Insufficient pressure build–up System relief valve set too low Use a pressure gage to correctly adjust
the relief valve.

Complete loss of flow from pump. – A valve is stuck open permitting free 
flow to tank.

– Broken inlet or pressure line.
– Actuator bypassing the full flow. 

(Motor valve plate lift)

Pump making noise Pump intake partially blocked Service the intake strainers. Check the
fluid condition and, if necessary, drain
and flush the system. Refill with clean
fluid.

Air leaks at the intake or shaft seal. (Oil
in reservoir would probably be foamy)

Check the inlet connections and seal to
determine where air is being drain in.
Tighten any loose connections and
replace the seal if necessary. See that
the fluid in the reservoir is above the
intake pipe opening.

Pump drive speed too slow or too fast Operate the pump at the recommended
speed

Coupling misalignment Check if the shaft seal bearing or other
parts have been damaged. Replace any
damaged parts. Realign the coupled
shafts.

Figure 6. Trouble Shooting Chart
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Section VI – Overhaul

WARNING

Before breaking the circuit connection, make sure
power is OFF and system pressure is released.
Lower all vertical cylinders, discharge accumulators,
and block any load that could generate pressure.

A. General
Plug all removed units and cap al lines to prevent the entry
of dirt into the system. During disassembly, pay particular
attention to identification of the parts, especially the
cartridges, for correct assembly.

Pump bearings are pressed in the bodies or on the shafts
are should not be removed unless defective. Figure 8 is an
exploded view which shows the proper relationship of the
parts for disassembly and assembly. Refer to Figure 1 and
Figure 8 for the correct assembled relationship of the parts.

B. Disassembly
1. Disassembly of Basic Pump – See Figure 8. If a foot

bracket is used, remove before dismantling the pump.
Clamp the pump body in a vise (not too tightly), cover
end up, and remove the four cover screws. Note the
position of the cover port with respect to the body port
before lifting off the cover and “O” ring. (See paragraph
2 for disassembly of flow control covers and paragraph
3 for disassembly of the priority valve covers).

Remove the pressure plate and spring. Note the
position of the ring for correct reassembly. Lift off the
ring and remove the locating pins. Separate the vanes
from the rotor and remove the rotor from the shaft.

Turn the pump body over, then remove the shaft key and
the snap ring which retains the bearing. Tap with a soft
hammer on the splined end of the shaft to force the shaft
out of the body. Remove the small snap ring, located on
the shaft, behind the bearing. Support the bearing inner
race and press the shaft out of the bearing. Pull the shaft
seal out of the body with a suitable hooked tool.

CAUTION

Do not disassemble the relief valve S/A removed in
the following step. The unit is factory set and could
malfunction if disassembled.

2. Disassembly of Flow Control and Relief Valve Covers –
See Figure 8. Remove the plug and “O” ring from the
snap ring side of the cover. Then remove the plug and
“O” ring that releases the spring and relief valve S/A.
Insert a suitable tool from the snap ring end of the bore.

Slide the relief valve S/A from the cover. Remove the
snap ring with care DO NOT scratch the bore.

3. Disassembly of the Priority Valve Cover – See Figure 8.
Remove the plug, “O” ring and spring from one end of the
priority valve bore, and the plug and “O” ring from the
other end of the bore. Insert a suitable tool into the snap
ring end of the bore (Snap ring used with pipe thread
plugs only) and slide the priority valve spool from the
cover. If the snap ring exists, remove it from the cover.
Disassemble the relief valve by removing the plug, spring,
poppet and shims. On later designs a spring guide is
used. See Figure 8. DO NOT remove the seat unless
inspection of the poppet contact area reveals a problem in
the seat area. If removal of the seat is required, thread the
seat with a suitable tap approximately 3/8 inch into the
seat. Thread a long bolt into the seat and pull the bolt and
seat from the bore with a small gear puller.

C. Inspection and Repair
Cleaning

All parts must be thoroughly cleaned and kept clean during
inspection and assembly. The close tolerance of the parts
makes this requirement more stringent than usual. Clean all
removed parts using a commercial solvent that is compatible
with the system fluid. Compressed air may be used in
cleaning, but it must be filtered to remove water and
contamination. Clean compressed air is particularly useful in
cleaning spools, orifices and cover passages.

1. Discard the used shaft seal and all “O” rings. Wash the
metal parts in a solvent, blow them dry with filtered
compressed air and place them on a clean surface for
inspection.

2. Check the wearing surfaces of the body, pressure plate,
ring and rotor for scoring and excessive wear. Remove
light score marks by lapping. Replace any heavily
scored or badly worn parts.

3. Inspect the vanes for burrs, wear and excessive play in
the rotor slots. Replace the vanes and rotor if the slots
are worn.

4. Check the bearings for wear and looseness. Rotate the
bearings while applying pressure to check for pitted or
cracked races.

5. Inspect the oil seal mating surface on the shaft for
scoring or wear. If marks on the shaft cannot be
removed by light polishing, replace the shaft.

6. Flow Control Cover – Check the relief valve sub-assembly
for free movement in the cover bore. Remove burrs from
the valve by polishing, but DO NOT round off the corners
of the lands. DO NOT attempt to rework the valve bore. If
the bore is damaged, replace the cover.
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Priority Valve Cover
V10-10 / V20-11/-12

Plug

Spring

Piston

Cover

Snap Ring (V20 only)

“O” Ring
Plug

Plug

Primary Port
(Used to determine
cover position) Seat

Piston
Spring

Spring Guide Shim
“O” Ring

Plug

Plug
“O” Ring

Plug

Spring

Plug
“O” Ring

Relief Valve S/A

Cover

Tank Port

Snap Ring

Plug

Flow Control Valve Cover
“O” Ring

Plug

Cover

Screw
Torque to
35-45 lb.ft. (V10)
75-85 lb.ft. (V20)

“O” Ring

Spring

Pressure Plate

Rotor

Vane

Ring

Pin

“O” Ring

Screw

Body
Seal

Snap Ring

Shaft

Key

Foot Bracket

NOTE
Priority Cover Information

V10-10 early models and V20-11 design
models use pipe threaded plugs.

V10-10 current design and V20-12 models
use straight threaded plugs and “O” rings.

Flow Control Cover Information
V10-20 early models and V20-11 design
models use pipe threaded plugs.
V10-20 current design models use straight
threaded plugs and “O” rings. The V20-11 is the
current design and uses pipe threaded plugs.

Figure 8.

Bearing

Snap Ring
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7. Priority Valve Cover – Inspect the priority valve spool and
bore for burrs. Remove burrs from the spool by light
polishing with crocus or #500 grit paper. DO NOT round
off sharp corners of the lands. Inspect the cover bore for
scratches, wear and/or a pitted surface. DO NOT
attempt to rework the bore. If the bore is damaged,
replace the cover. The priority valve spool must fit and
move within the bore without evidence of bind. Rotate
the spool through 360� while inspecting for bind. Inspect
the snap ring for damage. (V20 units only). If worn or
bent, replace with a new snap ring. If the snap ring is
bent, inspect the snap ring groove in the cover for
sufficient depth and rounded edges of the snap ring
groove. If the groove is defective, replace the cover.

Integral Relief Valve – Inspect the spring. The spring ends
must be parallel to prevent cocking of the poppet. The
poppet requires a close inspection in the seat contact area.
A slight wear pattern should exist around the poppet area of
seat contact. If the wear pattern is broken, a possible
leakage path exists between the poppet and seat. Inspect
the seat for possible erosion or other defects. Refer to the
seat removal procedure if the seat is defective.

D. Assembly
Coat all parts with hydraulic fluid to facilitate assembly and
provide initial lubrication. Use small amounts of petroleum
jelly to hold “O” rings in place during assembly.

IMPORTANT

During handling and shipping of the precision
machined cartridge parts, it is possible to raise burrs
on the sharp edges. Al sharp edges on the parts of a
new cartridge kit should be stoned, prior to installation.

1.  Assembly of Flow Control Cover – See Figure 8. Assemble
the snap ring in place within the bore, (early design only)
seat firmly in the groove. Insert the valve in the bore,
smallest land first. Then install the spring and both plugs.
Use new “O” rings if straight thread plugs are used.

2.  Assembly of Priority Valve Cover – See Figure 8. If the
relief valve seat was removed, a new seat must be
pressed into the body. Lubricate and insert the new seat
chamfered end first into the cover opening Align square
and press into place, Use a short length of brass rod as a
pressing tool, to prevent seat damage. Clean the relief
valve bore to remove chips and filings. Insert the poppet
into the bore, align square and lightly tap the stem of the
poppet to mate the poppet and seat. Install the spring,
shims and plug into the cover. (Later designs use a spring
guide and straight thread plug with “O” rings). Be sure to
check the pressure setting of the relief valve against the
model code. If the setting is out of tolerance, readjust by
removing or adding shims. (Removing shims reduces
pressure while adding shims increases pressure.)

Priority Valve – Install the snap ring within the priority
valve cover bore (earlier V20 series only); make sure
the snap ring is seated within its groove. Insert the

priority valve spool, small land first, into the bore. Install
plugs at each end of the bore and secure. Refer to
Figure 8 for spool orientation.

3.  Assembly of Pump – See Figure 8. Begin assembly by
pressing the shaft into the front bearing while supporting the
bearing inner race. Install the small snap ring on the shaft.

NOTE

Before assembling the shaft seal, determine the
correct position of the sealing lip. (See Figure 9.) Seals
are assembled with the garter spring toward the
pumping cartridge. Press the seal firmly in place and
lubricate the lip with petroleum jelly or other grease
compatible with the system fluid. Slide the drive shaft
into the body until the bearing is seated. Tap lightly on
the end of the shaft if necessary. Install the snap ring.

Garter
Spring

Shaft Seal
Assemble with spring toward cover end of pump

Figure 9.

Install new “O” rings in the body and cover. Insert the ring
locating pins in the body and assemble the ring so that the
arrow on the perimeter points in the direction of rotation.
Check the assembly against Figure 10. Install the rotor on
the shaft and insert the vanes in the rotor slots. Be certain
the radius edges of the vanes are toward the cam ring.

Place the pressure plate on the locating pins and flat
against the ring. Place the spring over the pressure
plate and then install the cover with the outlet port in the
correct position. Tighten the cover screws to the torque
shown in Figure 8. Rotate the shaft by hand to insure
that there is no internal binding. Install the shaft key.

If a foot mounting is used, assemble the pump to its foot
mounting. If a gasket is used, be certain it is flat to avoid
misalignment of the shaft.

View from Cover End

Right Hand Rotation Left Hand Rotation
Figure 10.

Section VII – Testing
If a test stand is available, the pump should be tested at the
recommended speeds and pressures shown in the
application catalog. See Table 1.
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21 W033-1 1/2" WASHER 4

20 W1-12 CAP SCREW, 1/2-13 x 3-1/2" 4

19 TA-2995-153 SQUARE GASKET SEAL, MOTOR 2

18 280-1971-071 DOWEL PIN 4

17 947-01141 THRUST PLATE END SEAL, MOTOR 4

16 947-01140 THRUST PLATE SIDE SEAL, MOTOR 4

15 947-01139 THRUST PLATE BACKUP, MOTOR 2

14 947-01138 THRUST PLATE, MOTOR 2

13 L-0280-K CHECK VALVE 2

12 W046-38 HEX PLUG, -6 ORB 1

11 226-01645 SHAFT SEAL, .875 ID, 2" OD 1

10 565-00407-ISR SNAP RING 1

9 961-01193 SHAFT SEAL RETAINER, MOTOR 1

8 226-01527 SHAFT SEAL, .875" ID, 1.5" OD 1

7 921-01108 BUSHING 4

6 996-01103-12ID IDLER GEAR, 1-1/4" 1

5 W09-59 3/16" x 3/16" x 1-9/16" KEY 1

4 024-01528-12DR GEARSHAFT, 3/4" KEYED, 2.66" EXT. 1

3 592-01195-2116 PEC, MOTOR, 3/4" x 3/4" NPT 1

2 577-01158-12 GEAR HOUSING, MOTOR, 1-1/4" 1

1 574-01469 SEC, 2 BOLT-A, MOTOR, -6 ORB DRAIN 1

ITEM 
NO. PART NUMBER DESCRIPTION QTY.

M124A(882SPLSPL)CMDA12-24XLSP(Z) 
Exploded View

THIS PRINT AND THE DESIGN  AND DETAIL SHOWN
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Overview

This manual includes information for the installation, maintenance, and minor repair of the Series 40 M46
pump. It includes a description of the unit and its individual components, troubleshooting information,
and minor repair procedures.

Performing minor repairs requires the unit to be removed from the vehicle/machine. Thoroughly clean
the unit before beginning maintenance, or repair activities. Since dirt and contamination are the greatest
enemies of any type of hydraulic equipment, follow cleanliness requirements strictly. This is especially
important when changing the system filter and when removing hoses or plumbing.

A worldwide network of Danfoss Global Service Partners is available for major repairs. Danfoss trains
Global Service Partners and certifies their facilities on a regular basis. You can locate your nearest Global
Service Partner using the distributor locator at www.powersolutions.danfoss.com.

Warranty

Performing installation, maintenance, and minor repairs according to the procedures in this manual will
not affect your warranty. Major repairs requiring the removal of a unit’s front flange voids the warranty
unless done by a Danfoss Global Service Partner.

General instructions

Follow these general procedures when repairing Series 40 M46 variable displacement closed circuit
pumps.

Remove the unit

Prior to performing repairs, remove the unit from the vehicle/machine. Chock the wheels on the vehicle
or lock the mechanism to inhibit movement. Be aware that hydraulic fluid may be under high pressure
and/or hot. Inspect the outside of the pump and fittings for damage. Cap hoses and plug ports after
removal to prevent contamination.

Keep it clean

Cleanliness is a primary means of assuring satisfactory pump life, on either new or repaired units. Clean
the outside of the pump thoroughly before disassembly. Take care to avoid contamination of the system
ports. Cleaning parts using a clean solvent wash and air drying is usually adequate.

As with any precision equipment, keep all parts free of foreign materials and chemicals. Protect all
exposed sealing surfaces and open cavities from damage and foreign material. If left unattended, cover
the pump with a protective layer of plastic.

Replace all O-rings and gaskets

Danfoss reccommends you replace all O-rings, seals, and gaskets during repair. Lightly lubricate all O-
rings with clean petroleum jelly prior to assembly.

Service Manual Series 40 M46 Variable Pumps

Introduction

11026743 • Rev BA • June 2014 5



Safety precautions

Always consider safety precautions before beginning a service procedure. Protect yourself and others
from injury. Take the following general precautions whenever servicing a hydraulic system.

Unintended machine movement

W Warning

Unintended movement of the machine or mechanism may cause injury to the technician or bystanders.
To protect against unintended movement, secure the machine or disable/disconnect the mechanism
while servicing.

Flammable cleaning solvents

W Warning

Some cleaning solvents are flammable. To avoid possible fire, do not use cleaning solvents in an area
where a source of ignition may be present.

Fluid under pressure

W Warning

Escaping hydraulic fluid under pressure can have sufficient force to penetrate your skin causing serious
injury and/or infection. This fluid may also be hot enough to cause burns. Use caution when dealing with
hydraulic fluid under pressure. Relieve pressure in the system before removing hoses, fittings, gauges, or
components. Never use your hand or any other body part to check for leaks in a pressurized line. Seek
medical attention immediately if you are cut by hydraulic fluid.

Personal safety

W Warning

Protect yourself from injury. Use proper safety equipment, including safety glasses, at all times.

Hazardous material

W Warning

Hydraulic fluid contains hazardous material. Avoid prolonged contact with hydraulic fluid. Always
dispose of used hydraulic fluid according to state, and federal environmental regulations.

Service Manual Series 40 M46 Variable Pumps
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Symbols used in Danfoss literature

WARNING may result in injury Tip, helpful suggestion

CAUTION may result in damage to product or
property

Lubricate with hydraulic fluid

Reusable part Apply grease / petroleum jelly

Non-reusable part, use a new part Apply locking compound

Non-removable item Inspect for wear or damage

Option - either part may exist Clean area or part

Superseded - parts are not interchangeable Be careful not to scratch or damage

Measurement required Note correct orientation

Flatness specification Mark orientation for reinstallation

Parallelism specification Torque specification

External hex head Press in - press fit

Internal hex head Pull out with tool – press fit

Torx head Cover splines with installation sleeve

O-ring boss port Pressure measurement/gauge location or
specification

The symbols above appear in the illustrations and text of this manual. They are intended to communicate
helpful information at the point where it is most useful to the reader. In most instances, the appearance
of the symbol itself denotes its meaning. The legend above defines each symbol and explains its purpose.

Design

Danfoss Series 40 M46 closed-circuit axial-piston pumps convert input torque into hydraulic power. The
input shaft transmits rotational force to the cylinder block. Bearings at the front and rear of the pump
support the input shaft. Splines connect the cylinder block to the input shaft. A lip-seal at the front end of
the pump prevents leakage where the shaft exits the pump housing. The spinning cylinder block
contains seven reciprocating pistons. A ball joint connects a brass slipper to each piston. A spring washer
and the force of charge pressure holds the slippers to the swashplate. The reciprocating movement of the
pistons occurs as the slippers slide against the inclined swashplate during rotation. Via the valve plate,
one half of the cylinder block connects to low pressure and the other half to high pressure. As each piston
cycles in and out of its bore, fluid displaces from inlet to outlet imparting hydraulic power into the
system. A small amount of fluid flows from the cylinder block/valve plate and slipper/swashplate
interfaces for lubrication and cooling. The pump also uses excess flow from the charge pressure relief
valve for cooling. Case drain ports return this fluid to the reservoir. A gerotor-style charge pump provides
this flow and maintains a minimum pressure in the system loop.
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The angle of the swashplate controls the volume of fluid displaced into the system. The servo piston sets
swashplate angle. The pump control modulates servo piston position by varying differential pressure
across the piston.

Cross section view

Piston

Slipper

Valve plate Ball bearing

Shaft

Journal Bearing

Swashplate bearing pin

Servo piston

SwashplateCylinder block
Sleeve Bearing

Needle bearing

Manual displacement Control

Gerotor

Shaft Seal

The system circuit

The basic closed circuit

Hydraulic lines connect the main ports of the pump to the main ports of the motor. Fluid flows in either
direction from the pump to the motor and back in this closed circuit. Either of the hydraulic lines can be
under high pressure. In pumping mode the angle of the pump swashplate determines which line is high
pressure as well as the direction of fluid flow.

Case drain and heat exchanger

The pump and motor require case drain lines to remove hot fluid from the system. The pump and motor
should be drained from their top most drain port to ensure the case remains full of fluid. Flow from the
motor case drain may route to the lower drain port on the pump housing and out the top most port, or
feed directly to the heat exchanger. The system requires a heat exchanger with a bypass valve to cool the
case drain fluid before it returns to the reservoir.
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System circuit diagram
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Above schematic shows the function of a Series 40 M46 axial piston variable displacement pump.
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Fluid and filter recommendations

To ensure optimum life, perform regular maintenance of the fluid and filter. Contaminated fluid is the
main cause of unit failure. Take care to maintain fluid cleanliness when servicing.

Check the reservoir daily for proper fluid level, the presence of water, and rancid fluid odor. Fluid
contaminated by water may appear cloudy or milky, or free water may settle in the bottom of the
reservoir. Rancid odor indicates the fluid was exposed to excessive heat. Change the fluid immediately if
these conditions occur. Correct the problem immediately. Inspect vehicle for leaks daily.

Change the fluid and filter per the vehicle/machine manufacturer’s recommendations or at these
intervals:

We recommend first fluid change at 500 hours.

C Caution

High temperatures and pressures accelerate fluid aging. More frequent fluid changes may be required.

Change the fluid more frequently if it becomes contaminated with foreign matter (dirt, water, grease,
etc.) or if the fluid is subjected to temperature levels greater than the recommended maximum.

Dispose of used hydraulic fluid properly. Never reuse hydraulic fluid.

Change filters whenever you change the fluid or when the filter indicator shows that it is necessary to
change the filter. Replace all fluid lost during filter change.

Fluid and filter change interval

Reservoir type Max oil change interval

Sealed 2000 hours

Breather 500 hours

Hazardous material

W Warning

Hydraulic fluid contains hazardous material. Avoid contact with hydraulic fluid. Always dispose of used
hydraulic fluid according to state, and federal environmental regulations.

Service Manual Series 40 M46 Variable Pumps
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General

Follow this procedure when starting-up a new pump installation or when restarting an installation in
which the pump was removed. Ensure pump is thoroughly tested on a test stand before installing.

W Warning

Unintended movement of the machine or mechanism may cause injury to the technician or bystanders.
To protect against unintended movement, secure the machine or disable/disconnect the mechanism
while servicing.

Prior to installing the pump, inspect for shipping damage.

Start-up procedure

1. Ensure the machine hydraulic oil and system components (reservoir, hoses, valves, fittings, and heat
exchanger) are clean and free of any foreign material.

2. Install new system filter element(s) if necessary. Check that inlet line fittings are properly tightened
and there are no air leaks.

3. Install the pump. Install a 50 bar [1000 psi] gauge in the charge pressure gauge port M

4. Fill the housing by adding filtered oil in the upper case drain port. Replace plug.

5. Fill the reservoir with hydraulic fluid of the recommended type and viscosity. Use a 10-micron
reservoir filler filter. Ensure inlet line from reservoir to pump is filled.

6. Disconnect the pump from all control input signals.

After start-up the oil level in the reservoir may drop due to filling of the system components. Check
the level in the reservoir to maintain a full oil level throughout start-up.

W Warning

Damage to hydraulic components may occur if you fail to maintain the oil supply.

7. Use a common method to disable the engine to prevent it from starting. Crank the starter for several
seconds. Do not to exceed the engine manufacturer’s recommendation. Wait 30 seconds and then
crank the engine a second time as stated above. This operation helps remove air from the system
lines. Refill the reservoir to recommended full oil level.

8. Check the pressure gauge at M3. When charge pressure begins to build, enable and start engine. Let
the engine run for a minimum of 30 seconds at low idle to allow the air to work itself out of the
system. Check for leaks at all line connections and listen for cavitation. Check for proper fluid level in
reservoir.

C Caution

Air entrapment in oil under high pressure may damage hydraulic components. Do not run at
maximum pressure until system is free of air and fluid has been thoroughly filtered.

9. When the pump estabishes adequate charge pressure (as shown in model code), increase engine
speed to normal operating rpm to further purge residual air from the system.

10. Shut off engine. Connect pump control signal. Start engine, checking to be certain pump remains in
neutral. Run engine at normal operating speed and carefully check for forward and reverse control
operation.

11. Continue to cycle between forward and reverse for at least five minutes to bleed all air and flush
system contaminants out of loop.

Normal charge pressure fluctuation may occur during forward and reverse operation.

12. Check that the reservoir is full. Remove charge pressure gauge. Re-intall charge pressure plug. The
pump is now ready for operation.

Service Manual Series 40 M46 Variable Pumps
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Required tools

The service procedures described in this manual can be performed using common mechanic’s hand
tools. Special tools, if required, are shown. When testing system pressures, calibrate pressure gauges
frequently to ensure accuracy. Use snubbers to protect gauges.

Port locations and gauge installation

The following tables and drawing show the port locations and gauge sizes needed.

Port information

Port identifier Port size Wrench size Pressure obtained Gauge size, bar [psi]

L1, L2 1-1/16 12 SAE 9/16 internal hex Case drain 10 [150]

MA, MB 9/16 18 SAE 11/16 hex System pressure 600 [9,000]

M3 9/16 18 UNF 11/16 hex Charge pressure 50 [750]

M4, M5 9/16 18 SAE 11/16 hex Servo pressure 50 [750]

System valves

Port identifier Relief Port size Wrench size

RA A port pressure relief valve 1-5/16 12 UNF 1-1/4 hex

RB B port pressure relief valve 1-5/16 12 UNF 1-1/4 hex

R Charge pressure relief valve 3/4 16 UNF 7/8 hex

BP Bypass valve 5/8 18 UNF 1 inch hex

System ports

Port identifier Port size

A system pressure port 1-5/16 12 SAE

B system pressure port 1-5/16 12 SAE

S (charge pressure inlet) 1-5/16 12 SAE

Service Manual Series 40 M46 Variable Pumps

Required tools and pressure measurements
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Port locations
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Overview

This section provides general steps to follow if undesirable system conditions occur. Follow these steps
until you solve the problem. Some of the items are system specific. For areas this manual covers, we
reference the section. Always observe the safety precautions in Introduction on page 5 and those related
to your specific equipment.

Safety precautions

C Caution

High inlet vacuum causes cavitation which can damage internal pump components. Ensure charge pump
supply plumbing is adequate. Locating pump below the level of the reservoir, when possible, improves
inlet conditions.

C Caution

Contamination can damage internal components and void the manufacturer’s warranty. Take
precautions to ensure system cleanliness when removing and reinstalling system lines

System noise or vibration

Item Description Action

Reservoir oil level Low oil level leads to cavitation. Fill reservoir.

Aeration of the oil/pump inlet vacuum Air in system decreases efficiency of units and
controls. Excessive noise, foaming oil, and heat may
indicate air in system.

Find location where air is entering into the
system and repair leak.
Check that inlet line is not restricted and is the
proper size.

Cold oil Cold oil may be too viscous for proper function:
pump cavitates.

Allow the oil to warm up to it’s normal operating
temperature with engine at idle speed.

Pump inlet vacuum High inlet vacuum causes noise/cavitation. Check that inlet line is not restricted and is the
proper size.
Check filter and bypass valve.

Shaft couplings A loose shaft coupling causes excessive noise. Replace loose shaft coupling. Replace pump
shaft.

Shaft alignment Misaligned shafts creates noise. Align shafts.

Charge/system relief valves Unusual noise may indicate sticking valves, possible
contamination.

Clean/replace valves and test pump. May be a
normal condition.

System operating hot

Item Description Action

Oil level in reservoir Insufficient hydraulic fluid will not meet the
cooling demands of system.

Fill the reservoir to the proper level with clean
hydraulic oil.

Heat exchanger (if equipped) The heat exchanger is not sufficiently cooling the
system.

Check the air flow and input air temperature for
the heat exchanger. Clean, repair, or replace the
heat exchanger as necessary.

Heat exchanger bypass valve A partially activated heat exchanger bypass valve
may result in heat generation within the system.

Verify that the bypass valve is fully closed and that
the valve is seating properly. Repair or replace as
necessary.

Service Manual Series 40 M46 Variable Pumps
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Item Description Action

SCR (System Check / Relief) Valves A partially activated SCR valve or SCR valves with
relief settings too low may generate heat within
the system.

Verify that the SCR valve is seating properly and is
at the correct relief setting. Repair or replace it as
necessary.

Oil filters Clogged oil filters may result in an insufficient
supply of cool oil to the system.

Inspect the oil filters and verify that they are still
operable. Replace them if necessary.

Machine load Excessive loads or extreme duty cycles can result in
the pump and/or motor operating at speeds and
pressures beyond system design limitations. 

Verify that the machine is operating within the
parameters for which it was designed. If necessary,
reduce the load on the machine.

System will not operate in one direction

Item Description Action

Input control signal (linkage, current, or
pressure)

A faulty control signal is being received at the
pump. (MDC - binding or broken linkage, EDC -
faulty or inadequate electrical signal, HDC -
blocked or incorrectly orificed control lines).

Verify that the input signal being received is
correct and identical in both directions. Adjust,
clean, repair, or replace the control module as
necessary.

Displacement limiters (if equipped) The displacement limiters may be improperly
adjusted such that the servo piston is prevented
from moving in one direction.

Verify that the displacement limiters are adjusted
properly.

SCR (system check / relief) valves The SCR valves are malfunctioning or improperly
set.

Verify that the SCR valves are operating properly.
Repair or replace them as necessary.

Pump control A damaged or biased pump control may be
sending a signal commanding the pump to stroke
only in one direction.

Verify that the pump’s control is functioning
properly. Repair or replace it as necessary.

Servo pressure The drain or supply path to one side of the servo
piston may be blocked.

Verify that the servo supply and drain paths are
unobstructed and that each orifice is of the correct
size and free of debris. Clean or repair them as
necessary.

System will not operate in either direction

Item Description Action

Oil level in reservoir There is insufficient hydraulic fluid to supply the
system loop.

Fill the reservoir to the proper level with clean
hydraulic oil.

Displacement limiters Displacement limiters may be improperly adjusted
such that the servo piston is locked in place.

Verify that the displacement limiters are adjusted
to the proper setting.

Input control signal
(linkage, current, or pressure)

A faulty control signal being received at the pump.
(MDC - binding or broken linkage, EDC - faulty or
inadequate electrical signal, HDC - blocked or
incorrectly orificed control lines)

Verify that the input signal being received is
correct and identical in both directions. Adjust,
clean, repair, or replace the input device as
necessary.

Oil filters Clogged oil filters may result in an insufficient
supply of oil to the system.

Inspect the oil filters and verify that they are still
serviceable. Replace them as necessary.

Bypass valve A partially activated bypass valve (one or both)
may result in a cross port leakage.

Verify that the bypass valves are closed and that
the valves are seating properly. Clean, repair, or
replace them as necessary.

Charge pressure
(in neutral)

Charge pressure may be insufficient to recharge
the system loop.

Inspect the charge pump for damage and verify
that the charge pressure relief valve is at the proper
setting. Repair or replace it as necessary.

Charge pressure
(in stroke)

There is low charge pressure resulting from internal
leakage within the system.

Repair or replace the component or components
within the system causing the internal leakage.

Service Manual Series 40 M46 Variable Pumps
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Item Description Action

Servo pressure There is an insufficient pressure differential across
the servo piston.

Check servo pressures to verify sufficient pressure
delta. Verify that the servo supply and drain paths
are unobstructed and that each orifice is of the
correct size and free of debris. Clean, repair, or
replace them as necessary.

Charge pump The charge pump is damaged or has been installed
with the incorrect rotational orientation.

Verify that the charge pump is in good working
order and that it is correctly installed. Repair or
replace it as necessary.

SCR (system check / relief) valves The SCR valves are malfunctioning or improperly
set.

Verify that the SCR valves are operating and
properly set. Repair or replace them as necessary.

Neutral difficult or impossible to find

Item Description Action

Input control signal (linkage, current, or
pressure)

A faulty control signal is being received at the
pump. (MDC - binding or broken linkage, EDC -
faulty or inadequate electrical signal, HDC -
blocked or incorrectly orificed control lines)

Verify that the input signal being received is
correct and identical in both directions. Adjust,
clean, repair, or replace control module as
necessary.

System pressure With no input signal to the control, a pressure delta
may exist between the two sides of the working
loop.

Readjust pump neutral setting. Refer to Swashplate
neutral adjustment on page 22.

Servo pressure With no input signal to the control, a pressure delta
may exist across the servo piston.

Readjust the control neutral setting. Refer to 
Manual Displacement Control Neutral-Return Bracket
Adjustment on page 23 and Electric Displacement
Control/Hydraulic Displacement Control Neutral
Adjustment on page 24

PCP pressure (EDCs only) With no input signal to the control, a pressure
difference may exist across the control spool.

Replace the EDC.

System response is sluggish

Item Description Action

Reservoir oil level There is an insufficient amount of hydraulic fluid,
resulting in an inadequate supply for the system
loop.

Fill the reservoir to the proper level with clean
hydraulic fluid.

Input control signal
(linkage, current, or pressure)

A faulty control signal is being received at the
pump. (MDC - binding or broken linkage; EDC -
faulty or inadequate electrical signal; HDC -
blocked or incorrectly orificed control lines)

Verify that the input signal being received is correct
and identical in both directions.

Pump control A damaged pump control or control spool will not
correctly transmit the control input signal to the
pump.

Verify that the pump’s control is operating properly
and that the control spool is not damaged or worn
and moves freely within its bore. Clean, repair, or
replace it as necessary.

Bypass valve A partially activated bypass valve causes cross port
leakage.

Verify that the bypass valve is closed and that the
valve is seating properly. Clean, repair, or replace it as
necessary.

SCR (system check / relief) valves One or both of the SCR valves may be binding
within their bores.

Verify that the SCR valves operate freely. Repair or
replace them as necessary.

Charge pressure (in neutral) There is low charge pressure resulting from a
damaged charge pump or low charge pressure
relief valve setting.

Inspect the charge pump for damage and verify the
charge pressure relief valve setting. Repair or replace
as necessary.
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Item Description Action

Charge pressure (in stroke) There is low charge pressure resulting from internal
leakage within the system.

Repair or replace the component or components
within the system causing the internal leakage.

Servo pressure There is insufficient pressure differential across the
servo piston.

Check servo pressures at port M4 and M5 to verify
sufficient pressure delta. Verify that the servo supply
and drain paths are unobstructed and that each
orifice is of the correct size and free of debris. Clean,
repair, or replace as necessary.

Charge pump The charge pump has been damaged or installed
with the incorrect rotational orientation.

Verify that the charge pump is in good working order
and that it is correctly installed. Repair or replace it as
necessary.

Electrical troubleshooting

Item Description Action

Control operates pump in one direction
only

Control coil had failed (EDC). Measure resistance at coil pins. Resistance should be
14.20 ohms (24V) or 3.66 ohms (12V) at 20°C [70°F].
Replace coil.

No pump function No power to controller. Restore power to controller.

Erratic pump function Electrical connection to pump is bad. Disconnect connection, check wires, reconnect
wires.

Filter bypass indicator switch Filter switch may be bad. Check/replace filter switch. Add gauge to filter
bypass port to verify proper fluid flow and verify
switch operation by measuring resistance.
open resistance=>510 ohms, closed
resistance<=122 ohms.
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Standard procedures, inspections, and adjustments

Before working on the pump, clean all dirt and grime from the outside of the pump and surrounding
area.

C Caution

Contamination can damage internal components and void the manufacturer’s warranty. Take
precautions to ensure system cleanliness when removing and reinstalling system lines.

1. If removing the pump, tag each hydraulic line. If you disconnect hydraulic lines, plug each open port
to ensure that dirt and contamination do not get into the pump.

2. Inpect the hydraulic fluid for signs of system contamination, oil discoloration, foam in the oil, sludge,
or small metal particles.

3. If there are signs of contamination in the hydraulic fluid, replace all filters and drain and clean the
hydraulic system. Fill with the correct hydraulic fluid.

4. Flush the lines before replacing the hydraulic fluid.

5. Before re-installing the pump, test for leaks.

Warranty

Performing installation, maintenance, and minor repairs according to the procedures in this manual will
not affect your warranty. Major repairs requiring the removal of a unit’s front flange voids the warranty
unless done by a Danfoss Global Service Partner.

Pump adjustment

This section offers instruction on adjustment of pump components. Read through the entire topic before
beginning a service activity. Refer to Port locations and gauge installation on page 12, for location of
gauge ports and suggested gauge size.

Charge pressure relief valve

This procedure explains how to check and adjust the charge pressure relief valve.

1. Install a 50 bar [1000 psi] pressure gauge in charge pressure gauge port M3. Install a 10 bar [100 psi]
gauge in one of the case pressure ports L1 or L2. Operate the system with the pump in neutral (zero
displacement) when measuring charge pressure.

2. To adjust charge pressure, shut down system.

3. Using a 1 inch hex wrench, remove charge pressure relief plug (102). Add or remove shims (101) in
relief valve. Adding shims increases charge pressure, while removing shims decreases charge
pressure.

4. Lubricate and install new O-ring (103).

5. Using a 1 inch hex wrench, reinstall plug. Torque to 108 N•m [80 lbf•ft].

6. Operate pump in neutral to verify proper charge setting. Charge pressure is referenced to case
pressure. Subtract case pressure (L1/L2) from charge pressure (M3) to compute actual setting. Repeat
steps 1-5 if necessary.

7. Remove gages and replace plugs (M3, L1/L2). Using an 11/16 in. hex wrench, torque plug (M3) to 37
N•m [27 lbf•ft]. Using a 9/16 in. internal hex wrench, torque plug (L1/L2) to 115 N•m [85 lbf•ft].
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Charge pressure adjustment

P106 634E

103

105

104

101

102
        1 in.

M3
11/16 in

Charge pressure
gage port

Engaging the bypass function

Test the bypass function with the pump installed on the machine. The bypass function is engaged by
unscrewing the bypass valve. Do not open the bypass valve when the machine is operating.

1. To engage the bypass function, use a 5/8 in. hex wrench to unthread the bypass valve.Rotate the
bypass valve approximately three turns counterclockwise. Do not rotate more than 3 revolutions:
additional rotation permits external leakage.

2. To close the bypass valve, rotate the bypass valve clockwise until seated. Torque to 20 N•m [15 lbf•ft].

3. Vehicle/machine should move with bypass valve open. Close valve for normal operation.

C Caution

Bypass valve is not a tow-valve. Damage to pump and motor is possible when operating without
charge pressure. Limit speed of movement to 20% of the vehicle/machine’s maximum for no longer
than 3 minutes.
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Using the bypass function

P106 633E

Bypass check valve
        5/8 in

System check/relief (SCR) valves

The SCR valve is a high pressure relief valve and a system check valve in combination. Whenever an SCR
valve is replaced or opened, opperate the pump in its full range of functions to ensure proper machine
operation. The SCR valves are pre-set at the factory, no adjustment is possible. Pressure code is marked
on the valve. Refer to the model code for pressure designation. If you suspect SCR malfunction, replace
valve and test operation of pump.

This procedure explains how to replace the SCR valves.

1. Shut down the system.

2. Using a 1-1/4 in. hex wrench, remove relief valve plug (166).

3. Remove spring (165) and relief valve (1103) from pump housing.

4. Insert new relief valve and spring into pump housing.

5. Lubricate and install new O-ring (106).

6. Using a 1-1/4 in. hex wrench, install relief valve plug. Torque to 176 N•m [130 lbf•ft].
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Installing the SCRs

P106 635E

106

165

1103

166
        1-1/4 in
         176 Nm [130 ft•lb]

106

165

1103

166
        1-1/4 in
         176 Nm [130 ft•lb]

Displacement limiter adjustment

Pump may have a displacement limiter on each side of the servo. Each limiter may be adjusted to a
different setting.

1. Remove snap ring (928) and sleeve (929).

2. Using a flat screw driver to hold the displacement limiter, loosen the locking nut (927) with a 9/16 hex
wrench.

3. Rotate the displacement limiter (911) to adjust maximum displacement. Rotating the adjusting screw
clockwise decreases the maximum displacement of the pump while rotating the adjusting screw
counterclockwise increases the maximum displacement. The displacement changes approximately 4
cm³ per revolution.

4. After establishing the desired maximum displacement setting, hold displacement limiter in place
using a flat screw driver and tighten the locking nut with a 9/16 in. hex wrench. Torque to 12 N•m [9
lbf•ft]. Repeat if necessary to adjust maximum displacement in other direction.

5. After adjustment, verify proper maximum vehicle/machine speed. Readjust if necessary.
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Displacement limiter adjustment

P106 626E

927
        9/16 in

911

929

928

Swashplate neutral adjustment

With the pump properly plumbed, primed, and mounted on a vehicle or test stand, use this procedure to
adjust mechanical neutral. If pump is on a vehicle, securely block the wheels to prevent movement.

Measured data

• System pressure at MA

• System pressure at MB

• Pressure differential between MA and MB (optional)

Pump Setup

1. Attach 600 bar [10,000 psi] gauge to system pressure gage ports MA and MB.

2. Using a hydraulic line and fittings, shunt the servo piston by connecting servo pressure ports (M4 and
M5).

Connecting servo ports M4 and M5 defeats the affect of any control pressure on the servo piston.

3. Run prime mover at normal operating speed.

4. Use a 1/4 hex wrench to hold adjusting screw (908) in place and a 9/16 hex wrench to loosen servo
lock nut (115).

5. Turn neutral adjustment screw (908) until one system pressure gage begins to show an increase in
pressure. Note position of screw. Turn the neutral adjustment screw (908) in the opposite direction
until the other system pressure gage begins to show an increase in pressure. Note position of screw.
Turn the neutral adjustment screw half way between the two postitions.

Service Manual Series 40 M46 Variable Pumps

Adjustments

22 11026743 • Rev BA • June 2014



6. Use a 1/4 hex wrench to hold the servo adjustment screw in place, and a 9/16 hex wrench to tighten
servo lock nut (115). Torque to 37 N•m [27 lbf•ft].

7. Shut down prime mover and remove previously installed gauges and fittings. Plug ports MA, MB, M4,
and M5.

Servo neutral adjustment

P106 630E

908
        1/4 in
        

115
         11/16 in

Connect Ports
M4 and M5
        

Manual Displacement Control Neutral-Return Bracket Adjustment

With the pump properly plumbed, primed, and mounted on a vehicle or test stand, use the following
procedure to adjust the pump displacement control to neutral position. If pump is on a vehicle, securely
block the wheels to prevent movement. Check swashplate mechanical neutral adjustment before
adjusting control bracket. Refer to previous topic Swashplate neutral adjustment on page 22 for
instructions. If swashplate neutral is properly adjusted and system is not in neutral, adjust MDC bracket as
described below.

Measured data

• Servo pressure at M4

• Servo pressure at M5

• Pressure differential between M4 and M5 (optional)

Procedure

1. Attach 20 bar [300 psi] gauge to each servo gage port M4 and M5. Run prime mover at normal
operating speed.

2. Using a 3/8 in. hex wrench, loosen screw (1210) allowing the neutral bracket to move, but not freely.

3. Start prime mover and slowly accelerate to normal operating rpm.

4. Using your hand, press neutral bracket towards the pump housing, and rotate it until one of the servo
pressure gages indicates an increase in pressure. Note position of bracket. Rotate neutral bracket in
opposite direction until the other servo pressure gage indicates an increase in pressure. Note position
of bracket. Rotate neutral bracket half way between the two positions.

5. Holding the neutral adjustment bracket in place, use a 3/8 in. hex wrench to tighten screw (1210).
Torque to 14 N•m [10 lbf•ft].
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6. Shut down prime mover and remove previously installed gauges. Plug ports M4, M5. Torque to 37
N•m [27 lbf•ft]

Manual displacement control bracket adjustment

P106 631E

1210
        3/8 in

Neutral bracket

Electric Displacement Control/Hydraulic Displacement Control Neutral Adjustment

With the pump properly plumbed, primed, and mounted on a vehicle or test stand, use this procedure to
adjust the pump displacement control to neutral position. If pump is on a vehicle, block the wheels to
prevent movement.

Measured data

• Servo pressure at M4

• Servo pressure at M5

• Pressure differential between M4 and M5 (optional)

Procedure

1. Attach 20 bar [300 psi] gauge to each servo gage port.

2. Use a 5/32in. internal hex wrench to hold the adjusting screw in place and a 1/2 hex wrench, loosen
locknut.

3. Start prime mover and slowly accelerate to normal opperating rpm.

4. Rotate adjustment screw until one of the servo pressure gages indicates an increase in pressure. Note
position of screw. Rotate adjustment screw in opposite direction until the other servo pressure gage
indicates an increase in pressure. Note position of screw. Rotate adjustment screw halfway between
the two positions.

5. While holding the neutral adjustment screw in place, tighten locknut. Torque to 3 N•m [27 lbf•in].

6. Stop prime mover and remove previously installed gauges. Plug ports M4, M5. Torque to 37 N•m [27
lbf•ft]
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EDC / HDC control adjustment

Adjustment screw
        5/32 in

Lock nut
        9/16 in

P106 643

HC EDC Control

Control Neutral Adjustment

All functions of the Electric Displacement Control (EDC), are preset at the factory. If necessary, adjust the
pump to neutral with the pump running on a test stand or on the vehicle/machine with the prime mover
operating. If adjustment fails to give satisfactory results, you may need to replace the control or coils. See
Minor repair for details.

W Warning

Unintended movement of the machine or mechanism may cause injury to the technician or bystanders.
To protect against unintended movement, secure the machine or disable/disconnect the mechanism
while servicing.

1. Install a 50 bar [1000 psi] gauge in each of the two servo gauge ports (M4 and M5). Disconnect the
external control input (electrical connections) from the control. Start the prime mover and operate at
normal speed.

2. Use a 4mm internal hex wrench to hold the neutral adjusting screw (D015) stationary while loosening
the locknut (D060) with a 13mm wrench.

3. Observe pressure gauges. If necessary, turn adjusting screw (D015) to reduce pressure differential.

EDC adjustment is very sensitive. Be sure to hold the hex wrench steady while loosening the locknut.
Total adjustment is less than 120 degrees.
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Adjusting screw
        4 mm

Locknut
13 mm

12 N•m [9 lbf•ft]

Servo pressure gauge port M5

0 - 50 bar [0 - 1000 psi]
3/16 in
19 N•m [14 lbf•ft] 

Servo pressure gauge port M4

0 - 50 bar [0 - 1000 psi]
3/16 in
19 N•m [14 lbf•ft] 

P108773

4. Rotate the neutral adjusting screw (D015) clockwise until the pressure increases on the gauge. Note
the angular position of the wrench. Then rotate the neutral adjusting screw counterclockwise until
the pressure increases by an equal amount on the other gauge. Again note the angular position of
the wrench.

5. Rotate the neutral adjusting screw clockwise half the distance between the wrench positions noted
above. The gauges should read the same pressure, indicating that the control is in its neutral position.

6. Hold the neutral adjusting screw stationary and tighten the locknut (D060). Torque to 12 N•m [9
lbf•ft]. Do not over torque the nut.

7. When the neutral position is set, stop the prime mover, remove the gauges, and install the gauge
port plugs. Reconnect the external control input.

A small pressure differential of 1.5 bar [22 psi] or less is acceptable. Zero differential is usually not
possible.
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Neutral Adjustment (EDC) (bottom view)

Solenoid shaft

Feedback pin

Adjusting 
screw
(cam)

P106 046E

Maximum
adjustment
less than 120°

Control spool

Illustration shows how cam on adjusting pin rotates to adjust for neutral position after pump is re-
installed.
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Standard procedures, removing the pump

Before working on the pump, clean all dirt and grime from the outside.

If the pump has an auxiliary pump attached, remove both pumps as a single unit.Tag all hydraulic lines as
they are disconnected and plug all open ports to ensure that dirt and contamination do not get into the
pump.

C Caution

Contamination can damage internal components and void the manufacturer’s warranty. Take
precautions to ensure system cleanliness when removing and reinstalling system lines.

Removal

1. With the prime mover off, thoroughly clean all dirt and grime from the outside of the pump.

2. Tag and disconnect each hydraulic line connected to the pump. As hydraulic lines are disconnected,
plug each open port, to ensure that dirt and contamination do not get into the pump.

3. Remove the pump and its auxiliary pump (if applicable) as a single unit.

C Caution

Be careful not to damage solenoids and electrical connections when using straps or chains to remove
pump from machine.

Inspection

1. Ensure the work surface and surrounding area are clean and free of contaminants such as dirt and
grime.

2. Inspect the hydraulic fluid for signs of system contamination, oil discoloration, foam in the oil, sludge,
or small metal particles.

Reassembly

1. Before replacing the pump on the machine, replace all filters and drain the hydraulic system. Fill the
system with the correct, filtered, hydraulic fluid.

2. Flush the lines before replacing the hydraulic fluid.

For repair part information, see Danfoss publication Series 40 M46 Variable Pump Parts Manual
BLN-2-41701 for your model.

Displacement limiter

Removal

Only remove displacement limiter (911) if replacement is necessary. Mark the location of displacement
adjustment and neutral adjustment screws before disassembly. This saves time during re-assembly.

1. Remove snap ring (928) and sleeve (929). Use a 1/4 in. hex wrench to hold neutral adjustment screw
in place. Use a 9/16 in. hex wrench to remove hex nut (115).

2. Use a flat screw driver to hold displacement limiter (911) in place. Use a 9/16 in. hex wrench to
remove lock nut (927).

3. Using a 3/8 in. hex wrench, remove five bolts (921) from servo cover (902).

4. Unscrew servo cover (902) to remove it from neutral adjustment screw. Remove and discard gasket
(936).

5. Turn displacement limiter (911) out of servo cover (902).
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Inspection

Inspect all parts for damage. Inspect the mating surfaces of the servo cover (902) and pump housing
for scratches, grooves, and other damage. Inspect threads of screws and nuts for damage. Replace
any damaged parts.

Reassembly

1. Turn displacement limiter (911) into servo cover (902). Install new gasket (936) and turn servo cover
(902) onto neutral adjustment screw.

2. Using a 3/8 in. hex wrench, install five bolts (921). Torque to 15 N•m [11 lbf•ft].

3. Adjust displacement limiter to position originally noted during disassembly. Use a flat screw driver to
hold displacement limiter. Use a 9/16 in. hex wrench to install seal nut (927) onto displacement
limiter (911). Torque to 12 N•m [9 lbf•ft].

4. Set neutral adjustment screw at the position noted during disassembly. Use a 1/4 in. hex wrench to
hold neutral adjustment screw and a 9/16 in. hex wrench to install hex nut (115). Torque to 37 N•m
[27 lbf•ft]. Install sleeve (929) and snap ring (928).

Displacement limiter removal/installation

P106 641E

936

902

921
        3/8 in
      

 
911

115
        9/16 in
    

927
        9/16 in   
 

Servo neutral 
adjustment screw

929

928

Pressure filtration adapter

Removal

1. Using an 11/16 in. hex wrench, remove plug (810). Remove and discard O-ring (810A).

2. Using a 1/2 in. hex wrench, remove screws (806).

3. Remove pressure filtration cover (801). Remove and discard seal adapter (805).

Inspection

Inspect the machined surface on the control. If any nicks or scratches are found, replace the damaged
component.

Reassembly

1. Install new seal adapter (805) and filtration cover (801).
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2. Using a 1/2 hex wrench, install three screws (806). Torque to 30 N•m [22 lbf•ft].

3. Lubricate and install O-ring (810A) onto plug (810). Using an 11/16 in. hex wrench, install plug (810).
Torque to 37 N•m [27 lbf•ft].

Pressure filtration adapter removal/installation

805

801

810
       11/16 in
       

810A P106 642E
806
       1/2 in
          

 

Charge pump

Removal

If a gear pump is attached to the auxiliary pad, remove the gear pump and O-ring or gasket.

1. Using a 9/16 in. hex wrench, remove screws (1506) and cover plate (1505). Remove and discard seal
(1504).

2. Using a 9/16 in. hex wrench, remove screws (1502). Remove auxiliary pad (1503).

3. Remove and discard O-ring (141) and load ring (142).

4. Remove gerotor cover (155) and gerotor (603).

5. Remove pin (604) and key (605).
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Charge pump removal/installation

155

141

142

603

605

604

1503

1502
        9/16 in
         43Nm [32 ft•lb]

1504

1506
         9/16 in 
         30Nm [20 ft•lb]

1505

P106 636E

Inspection

Inspect the gerotor (603) and gerotor cover (155) for wear, scratches or pitting. If any component
shows signs of wear, scratching, or pitting, relpace all components. Inspect pin (604) and key (605) for
damage, and replace parts if necessary. Replace O-ring (141), load ring (142), and seal (1504)
whenever charge pump is disassembled.

Reassembly

Charge pump parts are available as a complete set

1. Install key (605). Lubricate and install gerotor assembly (603).

2. Install pin (604) and gerotor cover (155).

3. Lubricate and install new O-ring (141) and load ring (142). Install auxiliary pad (1503).

4. Using a 9/16 in. hex wrench, install screws (1502). Torque to 43 N•m [32 lb•ft].

5. Lubricate and press seal (1504) onto auxiliary pad (1503).

If a gear pump is a ttached to the auxiliary pad, install a new O-ring or gasket and gear pump

6. Install cover plate (1505). Using a 9/16 in. hex wrench, install capscrews (1506). Torque to 30 N•m [22
lbf•ft].

If a gear pump is attached, seal (1504), cover (1505), and bolts (1506) are not used. Replace O-ring or
gasket between gear pump and M46 pump.
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Shaft seal, roller bearing and shaft replacement

The shaft assembly is serviceable without removing the front cover of the pump, but the charge pump
must be removed first. Orient the pump on the work surface so the shaft is pointing up with the charge
pump (603) and key (605) removed from shaft. See Charge pump on page 30

Removal

1. Using a snap-ring pliers, remove snap-ring (132) from pump cover. Remove and discard seal (301).
Remove second snap-ring (132).

2. Remove shaft assembly from pump cover.

C Caution

Do not damage the housing bore, shaft, or bearing when removing the shaft and shaft seal.

3. Using a snap ring pliers, remove both snap-rings (133). Press bearing (131) off of shaft.

C Caution

Do not rotate or move pump after removing shaft. Internal components may be dislodged making
shaft replacement impossible without complete disassembly.

Shaft assembly

P106 637E

401

132

132

133

133

131

301

Inspection

Inspect the shaft and bearing for wear, scratching and pits. If wear, scratching or pitting is found,
replace the shaft and bearing. Rotate bearing while feeling for roughness. Replace bearing if it
doesn’t spin freely.
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Reassembly

1. Using a snap ring pliers, install snap-ring (133 ). Lubricate and press bearing (131) onto shaft. Install
second snap-ring (133).

2. Install shaft and bearing assembly into front cover. Rotate shaft to align with block-splines. Ensure
bearing is installed deep enough to clear snapring groove.

3. Using a snap ring pliers, install snapring (132).

4. Cover shaft splines with an installation sleeve to protect lipseal during installation. Lubricate and
press new seal (301) into pump cover.

5. Install second snap-ring (132). Remove installation sleeve.

Shaft seal installation tool

P106 652E

7 in

2.75 in

0.370 in

0.750 in

3 in

2.45 in

1.5 in

1.24 in

SCR valves

The SCR valves are factory set and are not field adjustable.

Removal

1. Using a 1-1/4 in. hex wrench, remove relief valve plug (166). Remove and discard Oring (106).

2. Remove spring (165) and relief valve (1103) from pump housing.

Inspection

Inspect the sealing surfaces of the pump for nicks or scratches. Inspect the relief valve (1103) sealing
surface for nicks or scratches. If the relief valve (1103) is damaged, replace it.

Reassembly

1. Lubricate and insert relief valve (1103) and spring (165) into pump housing.

2. Lubricate and install new O-ring (106) onto plug (166). Using a 1-1/4 in. hex wrench install relief valve
plug (166). Torque to 176 N•m [130 lbf•ft].

Service Manual Series 40 M46 Variable Pumps

Minor repair

11026743 • Rev BA • June 2014 33



SCR valves

P106 635E

106

165

1103

166
        1-1/4 in
         176 Nm [130 ft•lb]

106

165

1103

166
        1-1/4 in
         176 Nm [130 ft•lb]

Charge pressure relief valve

Replace the charge pressure relief valve components if they are damaged or if you suspect failure. See 
Charge pressure relief valve on page 18, for adjustment instructions.

Removal

1. Using a 1 inch hex wrench, remove charge pressure relief plug (102). Remove and discard O-ring
(103).

2. Remove shims (101), spring (104), and charge pressure relief valve (105).

Inspection

Inspect the sealing surfaces of the pump for nicks or scratches. Inspect the relief valve (105) sealing
surface for nicks or scratches. If the relief valve (105) is damaged, replace it.

Reassembly

1. Install charge pressure relief valve, spring, and shims.

2. Lubricate and install O-ring onto plug. Using a 1 in. hex wrench, install plug. Torque to 108 N•m [80
lbf•ft].

3. Operate pump at full range of controls to ensure proper machine operation.
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Charge pressure relief valve

P106 638E

103

105

104

101

102
        1 in

Bypass valve

Removal

1. Using a 5/8 in. hex wrench, remove bypass valve (1001).

2. Remove and discard O-ring (1003) and backup ring (1002).

Inspection

Inspect the sealing surfaces of the pump for nicks or scratches. Inspect the bypass valve (1001)
sealing surface for nicks or scratches. Replace any damaged parts.

Reassembly

1. Lubricate and install new O-ring (1003) and backup ring (1002) onto bypass valve (1001).

2. Using a 5/8 in. hex wrench, install bypass valve (1001). Torque to 20 N•m [15 lbf•ft].

3. Operate pump at full range of controls to ensure proper machine operation.
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Bypass valve

P106 653E

1002

1003

1001
         5/8 in
         20 Nm [15 ft•lb]

Manual displacement control

Removal

1. Using a 3/8 in. hex wrench, remove screw (1210). Remove manual control spool assembly from pump
housing.

2. Using a 1/2 in. hex wrench, remove lock nut (1213). Remove lock washer (1235), handle (1215),
neutral return bracket (1216), and spring (1214) from spool (1207).

Mark the location of neutral return bracket (1216) before disassembly.

3. Remove and discard backup ring (1209) and O-ring (303) from spool.

4. Remove sleeve (1402). Remove and discard backup ring (1208) and O-ring (302).

Inspection

Inspect all parts of control assembly. Replace any damaged parts. Inspect spool and sleeve for
grooves, scratches, and other damage. If spools are damaged, replace them. Inspect sleeve bore in
housing for damage.

Reassembly

1. Lubricate and install O-ring (302) and backup ring (1208) onto sleeve (1402). Lubricate and install
sleeve (1402) into motor housing.

When installing sleeve (1402), ensure that sleeve groove engages spring pin on swashplate.

2. Lubricate and install O-ring (303) and backup ring (1209) onto spool (1207).

Install control spool (1207) with alignment slot facing servo piston.
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P107 958E

Servo piston

Alignment slot

3. Install neutral return spring (1214), neutral return bracket (1216), handle (1215), and washer (1235)
onto spool (1207).

4. Using a 1/2 in. hex wrench, install lock nut (1213). Torque to 15 N•m [11 lbf•ft].

5. Lubricate and install spool (1207) into sleeve (1402).

6. Using a 3/8 in. hex wrench, install screw (1210). Torque to 14 N•m [10 lbf•ft]. See Manual Displacement
Control Neutral-Return Bracket Adjustment on page 23, for adjustment procedure.

Manual displacement control

P106 639E

1213
        1/2 in

1210
        3/8 in

302

1214

1216

1215

1208

1235

1207

303

1209

1402

Electronic displacement control/hydraulic displacement control

Removal

If you suspect control of failure, replace control and test pump for proper operation. When installing
control, ensure that sleeve groove engages spring pin on swashplate.

1. Using a 3/16 in. internal hex wrench, remove screws (1203 and 1204) or (1224). If you have a three
position controll, remove screws (1226) using a 4 mm internal hex wrench.

2. Remove control housing (1201) or manifold (1225). Remove and discard O-rings (1220 and 304) or
(1227, 1228, and 1223A).
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Inspection

Inspect control spool for scratches, grooves, and other damage. If spool is damaged, or you suspect
control malfunction, replace entire control unit. Inspect sleeve bore in housing for damage.

Reassembly

1. Lubricate and install O-rings (1220 and 304) onto control housing (1201) or for a three position
control, lubricate and install O-rings(1227 and 1228) onto manifold (1225) and O-rings (1229) onto
control housing (1223). Install control housing (1201) or manifold (1225) onto pump housing, align
sleeve groove with spring pin on swashplate.

2. If you have a three position control, use a 4 mm internal hex wrench to install screws (1226). Torque
screws to 14 N•m [10 lbf•ft]. Install three posion control housing (1223). Using a 3/16 in. internal hex
wrench, install screws (1203 and 1204) or (1224). Torque to 14 N•m [10 lbf•ft].

EDC / HDC repair

P106 640E

EDC

304

12201201

1220

1203
       3/16 in
    

1204
       3/16 in
      

304

1220
1201

1220

HDC

1203
       3/16 in
   

1204
       3/16 in
     

1228

1227

1225

1224
       3/16 in
     

1226
       4 mm
 

1223

3-Position Control

1229
O-rings (1229) are supplied as part of control

MDC orifice repair

Removal

1. Using a 3/16 in. internal hex wrench, remove pipe plug (1219).

2. Using a 1/8 in. internal hex wrench, remove filter or orifice plug (1401).

Inspection

Clean orifice. Replace if necessary.

Reassembly

1. Using a 1/8 in. internal hex wrench, install filter or orifice plug (1401). Torque to 3 N•m [2 lbf•ft].

2. Using a 3/16 in. internal hex wrench, install pipe plug (1219). Torque to 22 N•m [16 lbf•ft].
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Install Pipe plug (1219) with thread lock. Apply a few drops before installation.

MDC orifice repair

P106 654E

1219
      3/16 in

1401
      1/8 in

EDC/HDC orifice repair

Removal

1. Remove servo covers. See Displacement limiter on page 28, for servo cover removal and installation
instructions.

2. Using a 7/32 in. internal hex wrench, remove orifice plugs (1403 and 1404).

Inspection

Clean orifice. Replace if necessary.

Reassembly

1. Using a 7/32 in. internal hex wrench, install orifice plugs (1403 and 1404). Torque to 3 N•m [2 lbf•ft].

2. Install servo covers. See Displacement limiter on page 28, for servo cover removal and installation
instructions.
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EDC/HDC orifice repair

P106 655E

936

902

921
        3/8 in
      

 

115
        9/16 in
    

1403

1404

920
        3/8 in

2161

934

901

HC EDC Control Repair

1. Using a 5 mm internal hex wrench, remove the six cap screws (D250).

2. Remove the control module and gasket (D150). Discard the gasket.

3. Inspect the machined surfaces on the control and top of the pump. If you find any nicks or scratches,
replace the component.

4. Install a new gasket (D150).

Ensure that you install the dowel pins (D300) in the housing before installing the control.

5. If you removed screen (D084), install a new one. Install with the mesh facing outward (see drawing).
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Proper screen orientation

P106 519E

D084
D084

Incorrect screen
orientation

Correct screen
orientation

6. Install the control module and six cap screws (D250).

Remove plug on top of control to ensure the swashplate feedback pin is properly positioned in the
center of the control module when installing control.

7. Using a 5 mm internal hex wrench, torque the cap screws (D250) to 13.5 N•m [10 lbf•ft].

HC ECD Control

P108776

D250 (6X)

5 mm

D150

D200

D300 (2X)

D084
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Torque sequence

2

34

56

1
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Fastener size and torque chart

Item Fastener Wrench size Torque

920 Servo piston cover screws 3/8 hex 15 N•m [11 lbf•ft]

921 Servo piston cover screws 3/8 hex 15 N•m [11 lbf•ft]

130 Front cover screw T50 Torx 58 N•m [43 lbf•ft]

163 Front cover screws T55 Torx 91 N•m [67 lbf•ft]

1506 Rear cover screws 9/16 hex 77 N•m [57 lbf•ft]

806 Filtration cover screw 1/2 hex 30 N•m [22 lbf•ft]

115 Lock/seal nut 11/16 hex 37 N•m [27 lbf•ft]

927 Displacement limiter lock/seal nut 9/16 hex 12 N•m [9 lbf•ft]

1213 Control handle nut 1/2 hex 15 N•m [11 lbf•ft]

1210 Screw 3/8 14 N•m [10 lbf•ft]

Plug size and torque chart

Item O-ring plug Wrench size Torque

102 3/4 16 UNF 1 inch hex 108 N•m [80 lbf•ft]

107 1-1/16 12 UNF 9/16 internal hex 115 N•m [85 lbf•ft

110 9/16 18 UNF 11/16 hex 37 N•m [27 lbf•ft]

111 9/16 18 UNF 11/16 hex 37 N•m [27 lbf•ft]

158 7/16 20 UNF 9/16 hex 20 N•m [15 lbf•ft]

810 9/16 18 UNF 11/16 hex 37 N•m [27 lbf•ft]

1001 5/8 18 UNF 5/8 hex 20 N•m [15 lbf•ft]

1101 1-5/16 12 UNF 1-1/4 hex 176 N•m [130 lbf•ft]

1102 1-5/16 12 UNF 1-1/4 hex 176 N•m [130 lbf•ft]
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Hardware locations

P106 604E

111
(2 places)

810

110
(2places)

1213

1101

1102

102

1001

158

806
(3 places)

1506
(3 places)

163
(6 places)

130

115
(2 places)

927
(2 places)

921
(5 places)

1210

920
(5 places)

107
(2 places)

Front
Rear

Bottom
Top

Side
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Design Specifications

Product line Series 40 Pumps

Pump type In-line, axial piston, variable, positive displacement pumps

Direction rotation Clockwise (CW) or counterclockwise (CCW) available

Installation position Discretionary, the housing must be filled with hydraulic fluid

Filtration configuration Suction or charge pressure filtration

Other system requirements Independent braking system, suitable reservoir and heat exchanger

Technical Specifications

Model Unit M46 Single Pump M46 Tandem Pump

Displacement cm3/rev [in3/rev] 45.9 [2.80] 45.9 x 2 [2.80 x 2]

Shaft Speed Minimum min-1 (rpm)

Rated min-1 (rpm) 4000

Maximum min-1 (rpm) 4100

System Pressure Maximum working* bar [psi] 345 [5000]

Maximum 385 [5585]

Minimum low loop 10 [145]

Weight (MDC without aux pad) kg [lb] 33 [73] 59 [131]

Mass moment of inertia of the rotating
components

kg ·m2 [slug·ft2] 0.0050 [0.0037] 0.0100 [0.0073]

Charge Pressure Minimum bar [psi] 6 [87]

Maximum 31 [450]

Control Pressure Minimum @ corner
power

bar [psi] 21.5 [312]

Case Pressure Continuous bar [psi] 1.7 [25]

Maximum (cold
start)

5.2 [75]

Inlet Pressure Rated bar absolute [inches
of Mercury vacuum]

0.8 [6]

Minimum 6 [9.2 Maximum]

* Operation above maximum working pressure is permissible with Danfoss application approval.

Operating Parameters

Fluid Viscosity Minimum mm2/s (cSt) [SUS] 7 [49]

Continuous 12-16 [70-278]

Maximum (cold start) 1600 [7500]

Intermittent 1 6 [46]
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Fluid Temperature Minimum (intermittent cold
start)

degrees C [degrees F] - 40° C [- 40° F]

Continuous 82.2° C [180° F]

Maximum Intermittent 1 104.4° C [220° F]

(1) Intermittent equals a short period of time at less than one minute per incident and not exceeding two percent of
duty cycle based on load life.

Options

Single Tandem

Mounting Flange SAE - B X X

Input Shaft Ø 25.4 mm [1.000 in] straight keyed X X

Ø 25.4 mm [1.000 in] 1:8 taper (SAE J501) X X

13-tooth, 16/32 pitch (ANSI B92.1 1970 - Class 5) X -

15-tooth, 16/32 pitch (ANSI B92.1 1970 - Class 5) X X

19-tooth, 16/32 pitch (ANSI B92.1 1970 - Class 5) - X

Auxillary Mounting
Flange

9-tooth internal spline, 16/32 pitch (SAE A) X X

11-tooth internal spline, 16/32 pitch (SAE A) X X

13-tooth internal spline, 16/32 pitch (SAE B) X X

15 - tooth internal spline, 16/32 pitch (SAE BB) - X

Main Port Configuration 1-5/16 - 12 SAE A straight thread O-ring Ports (SAE J514) X X

Fluid specifications

Ratings and data are based on operation with premium petroleum-based hydraulic fluids containing
oxidation, rust, and foam inhibitors.

Parameter Unit Minimum Continuous Maximum

Viscosity mm /sec (cSt)
[SUS]

7
[47]

12-60
[70-278]

1600
[7500]

Temperature °C [°F] -40 [-40] 82 [180] 104 [220]

Cleanliness ISO 4406 Class 18/13 or better

Filtration efficiency suction filtration β35-44=75 (β10≥1.5)

charge filtration β15-20=75 (β10≥10)
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M46 Pumps

M46 pumps are designed for medium power applications with maximum loads of 345 bar [5000 psi].
These pumps can be combined with other products in a system to transfer and control hydraulic power.

M46 pumps provide an infinitely variable speed range between zero and maximum in both forward and
reverse modes of operation.

M46 pumps are compact, high power density units. All models use the parallel axial piston / slipper
concept in conjunction with a tiltable swashplate to vary the pump’s displacement. Reversing the angle
of the swashplate reverses the flow of fluid from the pump, reversing the direction of rotation of the
motor output.

M46 pumps may include an integral charge pump to provide system replenishing and cooling fluid flow,
as well as servo control fluid flow. M46 pumps feature a range of auxiliary mounting pads to accept
auxiliary hydraulic pumps for use in complementary hydraulic systems.

M46 pumps offer proportional controls with either manual, hydraulic, or electronic actuation. An electric
three-position control is also available.

M46 Variable Pumps

Input
shaft

Auxiliary
pad

Control

Charge check/
high pressure relief

valve

Charge relief
valve

Charge
pump

Valve plate

Piston

Cylinder
block Cradle

swashplate

Ball
bearing

P100 585E
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System Circuit Diagram
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Features

• Efficient Axial Piston Design
• Compact, Lightweight Pumps
• Worldwide Support
• Low Noise
• Single and Tandem Integrated Tandem Configurations
• Manual, Hydraulic or Electric Control

Options

High Pressure Relief Valve (HPRV) - A high pressure relief valve limits the system pressure to protect
the system from over-pressure.

Charge Relief Valve - The charge pressure relief valve regulates charge pressure.

Displacement Limiters - Optional displacement limiters allow maximum displacement adjustment to
allow for fine tuning of the propel system.

Auxiliary Mounting Pads - Several auxiliary mounting pad options allow for adding a second pump.

Control Options - Control options include manual displacement control (MDC), hydraulic displacement
control (HDC), electric displacement control (EDC), and threeposition electric displacement control (FNR).

Input Shafts - Straight keyed, tapered keyed, and several splined shaft options are available.

Technical Information Series 40 M46 Pumps
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Fluids

Ratings and performance data are based on operating with premium hydraulic fluids containing
oxidation, rust, and foam inhibitors. These include premium turbine oils, API CD engine oils per SAE J183,
M2C33F or G automatic transmission fluids (ATF), Dexron II (ATF) meeting Allison C-3 or Caterpillar T0‑2
requirements, and certain specialty agricultural tractor fluids. For more information on hydraulic fluid
selection, see Danfoss publications: Hydraulic Fluids and Lubricants, Technical Information, 520L0463 and,
Experience with Biodegradable Hydraulic Fluids, Technical Information,520L465.

Viscosity

For maximum efficiency and bearing life, ensure the fluid viscosity remains in the recommended range.

The minimum viscosity should be encountered only during brief occasions.

Maximum temperature is based on material properties. Measure maximum temperature at the hottest
point in the system. This is usually the case drain. The maximum viscosity should be encountered only at
cold start, and is merely a reflection of a viscosity condition supporting an engine start, at idle. Normal
vehicle operation and performance should not occur until the fluid viscosity improves with increrased
temperature. For more information on viscosity, see Danfoss publication, Hydraulic Fluids and Lubricants,
Technical Information 520L0463.

Temperature

Maintain fluid temperature within the limits shown in the table. Minimum temperature relates to the
physical properties of the component materials. Cold oil will not affect the durability of the pump
components. However, it may affect the ability of the pump to transmit power.

Maximum temperature is based on material properties. Measure maximum temperature at the hottest
point in the system. This is usually the case drain.

Ensure fluid temperature and viscosity limits are concurrently satisfied.

Charge Pressure

An internal charge relief valve regulates charge pressure. Charge pressure supplies the control with
pressure to operate the swashplate and to maintain a minimum pressure in the low side of the
transmission loop.

The charge pressure setting listed in the order code is the set pressure of the charge relief valve with the
pump in neutral, operating at 1800 min-1 [rpm], and with a fluid viscosity of 32 mm2/s [150 SUS]. Pumps
configured with no charge pump (external charge supply) are set with a charge flow of 19 l/min [5 US gal/
min] (single pumps), 38 l/ min [10 US gal/min] (tandem pumps), and a fluid viscosity of 32 mm2/s [150
SUS].
The charge pressure setting is referenced to case pressure. Charge pressure is the differential pressure
above case pressure.

Minimum charge pressure is the lowest pressure allowed in order to maintain a safe working condition
in the low side of the loop. Minimum control pressure requirements are a function of speed, pressure,
and swashplate angle, and may be higher than the minimum charge pressure shown in the Specifications
section.

Maximum charge pressure is the highest charge pressure allowed by the charge relief adjustment, and
which provides normal component life. Elevated charge pressure can be used as a secondary means to
reduce the swashplate response time.
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Control Pressure

Control pressure is the pressure in the servo system needed to position and hold the pump on stroke.
Servo pressure depends on system pressure and speed.

At minimum control pressure, the pump will run at reduced stroke depending on speed and pressure.

Minimum control pressure at corner power holds the pump on full stroke at maximum speed and
maximum pressure.

Maximum control pressure is the highest pressure typically given by the charge pressure setting.

Case Pressure

Under normal operating conditions, do not exceed rated case pressure. During cold start, keep case
pressure below maximum intermittent case pressure.

C Caution

Operating outside of charge and case pressure limits will damage the pump. To minimize this risk, use full
size inlet and case drain plumbing, and limit line lengths.

System Pressure

System pressure is the differential pressure between high pressure system ports. It is the dominant
operating variable affecting hydraulic unit life. High system pressure, which results from high load,
reduces expected life. Hydraulic unit life depends on the speed and normal operating, or weighted
average, pressure that can only be determined from a duty cycle analysis.

Application pressure is the high pressure relief or pressure limiter setting normally defined within the
order code of the pump. This is the applied system pressure at which the driveline generates the
maximum calculated pull or torque in the application.

Maximum Working pressure is the highest recommended application pressure. Maximum working
pressure is not intended to be a continuous pressure. Propel systems with application pressures at, or
below, this pressure should yield satisfactory unit life given proper component sizing.

Maximum pressure is the highest allowable application pressure under any circumstance. Application
pressures above maximum working pressure will only be considered with duty cycle analysis and factory
approval.

Minimum low loop pressure must be maintained under all operating conditions to avoid cavitation.

All pressure limits are differential pressures referenced to low loop (charge) pressure. Subtract low loop
pressure from gauge readings to compute the differential.

Speed Ratings

Minimum speed is the lowest input speed recommended during engine idle condition. Operating below
minimum speed limits the pump’s ability to maintain adequate flow for lubrication and power
transmission.

Rated speed is the highest input speed recommended at full power condition. Operating at or below
this speed should yield satisfactory product life.

Maximum speed is the highest operating speed permitted. Exceeding maximum speed reduces product
life and can cause loss of hydrostatic power and braking capacity. Never exceed the maximum speed
limit under any operating conditions.

Operating conditions between rated speed and maximum speed should be restricted to less than full
power and to limited periods of time. For most drive systems, maximum unit speed occurs during
downhill braking or negative power conditions.
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For more information consult Pressure and Speed Limits BLN-9884, when determining speed limits for a
particular application.

During hydraulic braking and downhill conditions, the prime mover must be capable of providing
sufficient braking torque in order to avoid pump over speed. This is especially important to consider for
turbocharged and Tier 4 engines.

W Warning

Unintended vehicle or machine movement hazard.
The loss of hydrostatic drive line power, in any mode of operation (forward, neutral, or reverse) may cause
the system to lose hydrostatic braking capacity. You must provide a braking system, redundant to the
hydrostatic transmission, sufficient to stop and hold the vehicle or machine in the event of hydrostatic
drive power loss.

Inlet Pressure

Achieving acceptable pump life and performance requires proper charge pump inlet design. A
continuous inlet pressure of not less than 0.8 bar absolute (not more than 6.3 inches Hg vacuum) is
recommended. Normal pressure less than the minimum inlet pressure of 0.7 bar absolute (greater than
9.2 inches Hg vacuum) indicates inadequate inlet design or a restricted filter. Pressures less than 0.7 bar
absolute (greater than 9.2 inches Hg vacuum) during cold start are likely, but should improve quickly as
the fluid warms.
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Sizing Equations

Use these equations to help choose the right pump size and displacement for your application.

Based on SI units

 =  (l/min)

Input torque M =  (N•m)

Input power P = = (kW)

Based on US units

 =  (US gal/min)

Input torque M =  (lbf•in)

Input power P = = (hp)

Vg • n • η v

1000

Vg • ∆p
20 • π • ηm

Q • ∆p
600 • η t

M • n • π
30 000

Vg • n • η v

231

Vg • ∆p
2 • π • ηm

Q • ∆p
1714 • η t

M • n • π
198 000

Flow

Torque

Power

Variables

SI units [US units]

Vg = Displacement per revolution cm3/rev [in3/rev]

pO = Outlet pressure bar [psi]

pi = Inlet pressure bar [psi]

∆p = pO - pi (system pressure) bar [psi]

n = Speed min-1 (rpm)

ηv = Volumetric efficiency

ηm = Mechanical efficiency

ηt = Overall efficiency (ηv • ηm)

Filtration

Ensure fluid entering pump is free of contaminants to prevent damage (including premature wear) to the
system. M46 pumps require system filtration capable of maintaining fluid cleanliness at ISO 4406-1999
class 22/18/13 or better.

Consider these factors when selecting a system filter:
• Cleanliness specifications
• Contaminant ingression rates
• Flow capacity
• Desired maintenance interval

Locate filter either on the inlet (suction filtration) or discharge (charge pressure filtration) side of the
charge pump.

Filter efficiency can be measured with a Beta ratio¹ (βX). For simple suction-filtered closed circuit
transmissions and open circuit transmissions with return line filtration, a filter with a β-ratio within the
range of β35-45 = 75 (β10 ≥ 2) or better has been found to be satisfactory. Systems with multiple
cylinders that are feed from a single reservoir require a more efficient filter. This also applies to systems
with gears or clutches using a common reservoir.

For high volume systems, use a charge pressure or return filtration system with a filter β-ratio in the range
of β15-20 = 75 (β10 ≥ 10) or better.

Because each system is unique, only a thorough testing and evaluation program can fully validate the
filtration system. Please see Design Guidelines for Hydraulic Fluid Cleanliness Technical Information
520L0467 for more information.
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Cleanliness level and βx-ratio

Filtration (recommended
minimum)

Cleanliness per ISO 4406 22/18/13

Efficiency (charge pressure
filtration)

β-ratio β15-20 = 75 (β10 ≥ 10)

Efficiency (suction and
return line filtration)

β35-45 = 75 (β10 ≥ 2)

Recommended inlet screen
mesh size

μm 100 – 125

1 Filter βx-ratio is a measure of filter efficiency defined by ISO 4572. It is defined as the ratio of the number
of particles greater than a given diameter (“x” in microns) upstream of the filter to the number of these
particles downstream of the filter.

Suction Filtration

The filter is located between the reservoir and the charge pump inlet, as shown in the accompanying
illustration.

C Caution

Operating outside of charge and case pressure limits will damage the pump. To minimize this risk, use full
size inlet and case drain plumbing, and limit line lengths.

Suction filtration

Reservoir

Filter

Charge
pump

Charge relief
valve

To pump case

To low pressure
side of loop

and servo control

Strainer

P100588

Charge Pressure Filtration

The filter is mounted remotely after the charge pump outlet, as shown in the accompanying illustration.

For charge pressure filtration, use a filter that is rated to at least 34.5 bar [500 psi] pressure. Use a 100 -
125 μm screen in the reservoir or charge inlet line.

A bypass valve is necessary to prevent filter damage and to avoid contaminants from being forced
through the filter by high pressure. In the event of high pressure drop associated with a blocked filter or
cold start-up conditions, fluid will bypass the filter. Avoid working with an open bypass for an extended
period. We recommend a visual or electrical bypass indicator. Proper filter maintenance is mandatory.
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Charge filtration

Reservoir

Filter
with bypass

Charge
pump

Charge relief
valve

To pump case

To Low Pressure
side of loop

and servo control

Strainer

P106102

Redundant Braking System Requirement

W Warning

Unintended vehicle or machine movement hazard
The loss of hydrostatic drive line power, in any mode of operation (forward, neutral, or reverse) may cause
the system to lose hydrostatic braking capacity. You must provide a braking system, redundant to the
hydrostatic transmission, sufficient to stop and hold the vehicle or machine in the event of hydrostatic
drive power loss.

Loop Flushing

Closed circuit systems may require loop flushing to meet temperature and cleanliness requirements. A
loop flushing valve removes hot fluid from the low pressure side of the system loop for additional cooling
and filtering. Ensure the charge pump provides adequate flow for loop flushing and the loop flushing
valve does not cause charge pressure to drop below recommended limits.

Reservoir

The reservoir provides clean fluid, dissipates heat, and removes entrained air from the hydraulic fluid. It
allows for fluid volume changes associated with fluid expansion and cylinder differential volumes.
Minimum reservoir capacity depends on the volume needed to perform these functions. Typically, a
capacity of one half the charge pump flow (per minute) is satisfactory for a closed reservoir. Open circuit
systems sharing a common reservoir require greater fluid capacity.

Locate the reservoir outlet (suction line) near the bottom, allowing clearance for settling foreign particles.
Use a 100 - 125 μm screen covering the outlet port.

Place the reservoir inlet (return lines) below the lowest expected fluid level, as far away from the outlet as
possible.

Use a baffle (or baffles) between the reservoir inlet and outlet ports to promote de-aeration and reduce
fluid surging.
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Case Drain Usage for Tandem Pumps

The tandem housings are connected through the center section via a drilled hole. The charge relief valve
discharges oil into the front housing. In order to provide positive flow through both housings, use a case
drain in the rear housing. The front housing case drain ports should only be used if the pump is used as a
common drain manifold for the vehicle where external drain flow is brought into the rear housing and
discharged out the front.

Allowable case pressure limits must be satisfied.

Bearing Life and External Shaft Loading

Bearing life is a function of speed, system pressure, charge pressure, and swashplate angle, plus any
external side or thrust loads. Other life factors include oil type and viscosity. The influence of swashplate
angle includes displacement as well as direction. External loads are found in applications where the
pump is driven with side/thrust load (belt or gear) as well as in installations with misalignment and
improper concentricity between the pump and drive coupling.

In vehicle propel drives with no external shaft loads and where the system pressure and swashplate angle
are changing direction and magnitude regularly, the normal L20 bearing life (80% survival) will exceed
the hydraulic load-life of the unit.

In non propel drives such as vibratory drives, conveyor drives, or fan drives, the operating speed and
pressure are often nearly constant and the swashplate angle is predominantly at maximum. These drives
have a distinctive duty cycle compared to a propulsion drive. In these types of applications a bearing life
review is recommended.

M46 pumps are designed with bearings that can accept some external radial and thrust loads. When
external loads are present, the allowable radial shaft loads are a function of the load position relative to
the mounting flange, the load orientation relative to the internal loads, and the operating pressures of
the hydraulic unit. In applications where external shaft loads can not be avoided, the impact on bearing
life can be minimized by proper orientation of the load. Optimum pump orientation is a consideration of
the net loading on the shaft from the external load, the pump rotating group, and the charge pump load.
A high capacity (cylindrical roller) input shaft bearing is available for applications with high external shaft
loads. Contact your Danfoss representative.
• In applications where the pump is operated such that nearly equal amounts of forward vs reverse

swashplate operation is experienced; bearing life can be optimized by orientating the external side
load to the 0 or 180 deg position (90 deg to rotating group load Fb). See drawing.

• In applications where the pump is operated such that the swashplate is predominantly (>75%) on
one side of neutral (e.g. vibratory, conveyor, typical propel); bearing life can be optimized by
orientating the external side load generally opposite of the internal rotating group load, Fb. The
direction of the internal loading is a function of rotation and system port, which has flow out.

• Avoid axial thrust loads in either direction.

The maximum allowable radial loads (Re), based on the maximum external moment (Me) and the
distance (L) from the mounting flange to the load, may be determined from the tables below and the
cross section drawing.

The maximum allowable radial load is calculated as: Re = Me / L

Contact your Danfoss representative for an evaluation of unit bearing life if continuously applied external
radial loads are 25% or more of the maximum allowable, or if thrust loads are known to exist.

Shaft loading parameters

Re Maximum external radial load

Me Me Maximum external moment

L Distance from mounting flange to point of load

Technical Information Series 40 M46 Pumps
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Shaft loading parameters (continued)

Fb Force of cylinder block

Te Thrust external load

Fcp Force of charge pump

Maximum external shaft moments

Standard Bearing

Me/N•m [in·lbf ] 186 [1650]

External radial shaft load

L

Re

Te

P100594

270 Re

0 Re

90 Re

180 Re

CWCCW

Fcp

Fb

Hydraulic Unit Life

Hydraulic unit life is defined as the fatigue life expectancy of the hydraulic components. It is a function of
speed and system pressure; however, system pressure is the dominant variable. High pressure, which
results from high load, reduces expected hydraulic unit life.

System component selection is based on determination of the application maximum loads and speeds.
Testing is recommended to secure duty cycle data in which to predict hydraulic unit life. Contact your
Danfoss representative for assistance in unit life determination. If duty cycle data is not available, normal
input power and maximum pump displacement can be used to determine an application pressure in
which to predict life.

M46 pumps will meet most application hydraulic unit life expectancies if applied within the parameters
specified in this manual and chosen considering the guidelines within Danfoss publication Selection of
Driveline Components BLN-9885. For more detailed information on hydraulic unit life, see Danfoss
publication Pressure and Speed Limits BLN-9884.

Mounting Flange Loads

Shock load moment is the result of an instantaneous jolt to the system. Continuous load moments are
generated by the typical vibratory movement of the application. Avoid excessive loading of the
mounting flange such as adding tandem mounted auxiliary pumps and/or subjecting pumps to high
shock loads. Design pump applications to stay within the allowable shock load moment and allowable
continuous load moment.

Use the following formulas to estimate overhung load moment for multiple pump mountings:
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MS = GS (W1L1 + W2L2 + ... +WnLn)

MC = GC (W1L1 + W2L2 + ... +WnLn)

Refer to the Installation Drawings section to find pump length (L). Refer to the table Technical
Specifications in the Specifications section, to find pump weight (W). An exact measure of W will depend
on the pump’s features.

The tables below show allowable overhung load moment values. If system parameters exceed these
values add additional pump support.

Estimated maximum and continuous acceleration factors for some typical Series 40 applications are
shown. Applications which experience extreme resonant vibrations may require additional pump
support. Typical continuous (vibratory) values can vary significantly due to changes in engine and pump
configuration and mounting methods.

Overhung loading parameters

Ms Shock load moment

Mc Continuous load moment

Gs Maximum shock acceleration (Gs)

Gc Continuous (vibratory) acceleration (Gs)

Wn Weight of nth pump

Ln Distance from mounting flange to center of gravity of nth pump

Allowable overhung parameters

Frame size Continuous load moment (Mc) 107 cycles
N•m [in·lbf]

Shock load moment (Ms) 103 cycles
N•m [in·lbf]

M46 PV 517 [4600] 832 [7400]

M46 PT 517 [4600] 754 [6700]

Shaft loading parameters

Mounting
flange

CG
Pump 1

CG
Pump 2

L1
L2

P100 596E

The illustration shows a tandem plus a single pump.

G-factors for sample applications

Application Continuous (vibratory)
acceleration (Gc)

Maximum (shock) acceleration
(Gs)

Skid steer loader 4 10

Trencher
(rubber tires)

3 8

Asphalt paver 2 6

Windrower 2 5

Aerial lift 1.5 4
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G-factors for sample applications (continued)

Application Continuous (vibratory)
acceleration (Gc)

Maximum (shock) acceleration
(Gs)

Turf care vehicle 1.5 4

Vibratory roller 6 10

* Applications which experience extreme resonant vibrations require addition pump support.

Shaft Torques

Shaft selection

Base shaft selection on a review of the maximum torque required by the application and the maximum
torque available from the prime mover. Application duty cycle and continuous torque rating of the prime
mover are the main variable to consider when selecting a shaft.

Shaft torque and spline lubrication

The rated torque is a measure of tooth wear and is the torque level at which a normal spline life of 1 x
107 shaft revolutions can be expected. The rated torque presumes a regularly maintained minimum level
of lubrication via a moly-disulfide grease in order to reduce the coefficient of friction and to restrict the
presence of oxygen at the spline interface. It is also assumed that the mating spline has a minimum
hardness of Rc 55 and full spline depth. The rated torque is proportional to the minimum active spline
length.

However, a spline running in oil-flooded environment provides superior oxygen restriction in addition to
contaminant flushing. The rated torque of a flooded spline can increase to that of the maximum
published rating. A flooded spline would be indicative of a pump driven by a pump drive or plugged into
an auxiliary pad of a pump.

Maximum torque ratings are based on torsional fatigue strength considering 1 x 105 full load reversing
cycles.

Maintaining a spline engagement at least equal to the pitch diameter will also maximize spline life. Spline
engagements of less than ¾ pitch diameter are subject to high contact stress and spline fretting.

Shaft torque for tapered shafts

The rated torque is based on the contact pressure between the shaft and hub surfaces with poor contact
areas. With increased quality of the contact areas, the contact pressure between shaft and hub is
increased, allowing higher torque to be transmitted.

A key is intended as an installation aid only. Any torque carried by the key as a result of poor contact area
or mis-alignment will limit the torque carrying capability of the shaft significantly.

Maximum torque rating is based on an ideal contact area of 100% and the retaining nut properly
torqued. This allows for the highest contact pressure between the shaft and the mating hub.
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Single Pumps

C D E F G H J L N P R T ZK M SProduct Frame Type

M P V 046 C

C Swashplate

Description Code Remarks

Standard B

D - Seal Group

Description Code Remarks

Seal group for MDC A Must select an MDC control

Seal group for EDC/HDC/FNR B Must select an EDC/HDC/FNR control

E - Input Shaft/Auxiliary Spline

Description Code Remarks

13T 16/32 Spline / None A Requires S: None aux.. pad

13T 16/32 Spline / 9T 16/32 SplineR B Requires S: SAE-A aux.. pad

13T 16/32 Spline / 11T 16/32 Spline L Requires S: SAE-A aux.. pad

13T 16/32 Spline / 13T 16/32 Spline D Requires S: SAE-B aux.. pad

15T 16/32 Spline / None G Requires S: None aux.. pad

15T 16/32 Spline / 9T 16/32 Spline H Requires S: SAE-A aux.. pad

15T 16/32 Spline / 11T 16/32 Spline J Requires S: SAE-A aux.. pad

15T 16/32 Spline / 13T 16/32 Spline K Requires S: SAE-B aux.. pad

Tapered, 1 inch dia., 1.5 in/foot, square key/9T 16/32 Spline P Requires S: SAE-A aux.. pad. Includes key and nut

Tapered, 1 inch dia., 1.5 in/foot, square key/ 13T 16/32 Spline S Requires S: SAE-B aux.. pad. Includes key. Nut is customer supplied

Straight key, 1 inch diamater / None V Requires S: None aux.. pad. Includes key.

Straight key, 1 inch diameter / 9T 16/32 Spline W Requires S: SAE-A aux.. pad, includes key.

F - Rotation and valve plate

Description Code Remarks

CW, Quiet (Standard) S CP15; 3 deg. index. Requires charge pressure > 19.5 bar.

CCW, Quiet (Standard) T CP15; 3 deg. index. Requires charge pressure > 19.5 bar.

G - Charge pump

Description Code Remarks

None A Charge relief set at 19 l/min, external supply

13.9 cc [0.85 in./cu] B Charge relief set at 1800 rpm
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H - Charge pressure

Description Code Remarks

19.5 bar B

21.5 bar J

25.0 bar S EDC/HDC controls calibrated at 20.7 bar charge

J - Filtration

Description Code Remarks

Suction, with charge pump AA Requires G: with charge pump

Remote pressure, with charge pump BA Requires G: with charge pump

Remote (external) pressure , without charge pump BC Requires G: no charge pump

Suction, with charge pump (HC EDC housing) HA requires G: with charge pump, N: with HC EDC

Remote pressure with charge pump(HC EDC housing) HB requires G: with charge pump, N: with HC EDC

Remote (external) pressure, without charge pump (HC EDC
housing)

HC requires G: no charge pump, N: with HC EDC

K - Displacement limiters

Description Code Remarks

Full displacement, 46 cc/rev [2.8 cu. in./rev] A

46 cc/rev [2.8 cu. in./rev] with adj. limiter, side #2 only,
centered side #2

V

L - Bypass valve

Description Code

Bypass valve A

M - System pressure protection, A and B ports

Port protection

Plug type Letter Port A Port B

Standard B Relief/Check Relief/Check

Second and Third Letter

M 140 bar

B 175 bar

C 100 bar

D 210 bar

E 230 bar

F 250 bar

G 280 bar

H 300 bar

R 325 bar

J 345 bar

Contact your Danfoss representative for configurations or pressures not shown.
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N - Control type

Description Code Remarks

MDC handle with (2) 10 mm diameter holes, standard spring AB Recommend AW with metered spool

MDC with (3) 10 mm diameter holes, standard spring AC Recommend AK with metered spool

MDC with (3) 10 mm diameter holes, U shaped, standard
spring, metered spool

AK

MDC handle with (2) 10 mm diameter holes, standard spring,
metered spool

AW

MDC heavy duty handle with (4) 10 mm diameter holes, heavy
spring, metered spool

GB P; handle position to be B

HDC 1.3-11.7 bar BA 19-170 psi

HDC 3.0-13.8 bar BB 44-200 psi

HDC 4.8-15.2 bar BC 70-220 psi

EDC dual coil, oil filled, Packard connector, 4-pin, 23-132 mA CE

EDC dual coil, oil filled, MS connector, 4-pin, 23-132 mA CG

EDC dual coil, oil filled, Deutsch connector, 4-pin, 23-132 mA CN

FNR 12 volt, DIN 43650 connector DA

FNR 24 volt, DIN 43650 connector DB

EDC, high current, 12 volt, Deutsch connector, 2-pin HA

EDC, high current, 24 volt, Deutsch connector, 2-pin HB

P - Handle position

Description Code Remarks

Not applicable (EDC, HDC, FNR) A

Both, up and down B N: MDC to include heavy duty 4-hole handle. Handle is symmetric
over spool

Down (MDC) D 2, or 3 hole handles only. Handle oriented away from suction port.

Up (MDC) U 2, or 3 hole handles only. Handle oriented towards from suction
port.

R - Control orifice (contact factory for orifice options not shown)

MDC

Supply Drain (Supply and drain
orifice chosen
independently)

F - None F - None

A - 0.031 inch A - 0.031 inch

B - 0.036 inch B - 0.036 inch

C - 0.041 inch D - 0.041 inch

D - 0.046 inch

EDC/HDC/FNR - Servo A and B

Servo A&B

GG - 0.055 inch

HH 0.037 inch

JJ None
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HC EDC - Servo A and B

Servo A&B

HA - 0.046 inch

HB 0.055 inch

HC 0.037 inch

HD 0.024 inch

HE None

S - Auxiliary mounting flange

Description Code Remarks

SAE A, side #2 lift bracket location A E: Shaft to include 9T or 11T aux.. spline

SAE B, side #2 lift bracket location B E: Shaft to include 13T aux.. spline

None, side #2 lift bracket location C E: Shaft to include no aux.. pad

T - Special hardrare

Description Code Remarks

Black paint, Danfoss tag, Layout A NNN

High capacity shaft bearing, black paint, Danfoss tag, Layout A NNR

Z - Special features, Non hardware

Description Code Remarks

None ***
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Tandem Pumps

C D L N P R

T Z

K M

S

Front Section

Rear Section
X Y Z WU VQ D

Product Frame Type

M P T 046 C

E F G H J

E - Input Shaft

Description Code Remarks

15T 16/32 Spline A Requires S: None aux.. pad

19T 16/32 Spline B Requires S: SAE-B aux.. pad

Tapered, 1 inch dia., 1.5 in/foot, square key without thru hole H Includes key and nut.

Straight key, 1 inch diamater D Includes key.

F - Rotation and valve plate

Description Code Remarks

CW, without charge pump. Quiet (Standard) S CP15; 3 deg. index. Requires charge pressure > 19.5 bar.

CCW, without charge pump. Quiet (Standard) T CP15; 3 deg. index. Requires charge pressure > 19.5 bar.

CW, with 22.9 cc charge pump. Quiet (Standard) V CP15; 3 deg. index. Requires charge pressure > 19.5 bar.

CCW, with 22.9 cc charge pump. Quiet (Standard) Z CP15; 3 deg. index. Requires charge pressure > 19.5 bar.

G - Charge pump

Description Code Remarks

None A Charge relief set at 38 l/min, external supply

22.9 cc [1.4 in./cu] C Charge relief set at 1800 rpm. Filtration and rotation must include
charge pump

H - Charge pressure

Description Code Remarks

19.5 bar B

21.5 bar J

25.0 bar S EDC/HDC controls calibrated at 20.7 bar charge

J - Filtration

Description Code Remarks

Suction, with charge pump AA Requires a charge pump

Remote pressure, with charge pump BA Requires a charge pump

Remote (external) pressure, without charge pump BC Requires no charge pump
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C - Swashplate group, front pump/Q - Swashplate group, rear pump

Description Code Remarks

Balanced B

D - Seal Group

Description Code Remarks

Seal group for MDC - Front pump A Must select an MDC control

Seal group for EDC/HDC/FNR - Front pump B Must select an EDC/HDC/FNR control

Seal group for MDC - Rear pump C Must select an MDC control

Seal group for EDC/HDC/FNR - Rear pump D Must select an EDC/HDC/FNR control

K - Displacement limiters, front pump, U- Displacement limiters, rear pump

Description Code Remarks

Full displacement, 46 cc/rev [2.8 cu. in./rev] A

46 cc/rev [2.8 cu. in./rev] with adj. limiter, side #2 only,
centered side #2

V

L/X - Bypass valve

Description Code

Bypass valve A

M - System pressure protection, A and B ports V - System pressure protection, rear pump, A and B ports

Port protection

Plug type First Letter Port A Port B

Standard B Relief/Check Relief/Check

Second and Third Letter

M 140 bar

B 175 bar

C 100 bar

D 210 bar

E 230 bar

F 250 bar

G 280 bar

H 300 bar

R 325 bar

J 345 bar

Contact your Danfoss representative for configurations or pressures not shown.

N - Control type, front pump /Y - Control type, rear pump

Description Code Remarks

MDC handle with (2) 10 mm diameter holes, standard spring AB Recommend AW with metered spool

MDC with (3) 10 mm diameter holes, standard spring AC Recommend AK with metered spool

MDC with (3) 10 mm diameter holes, U shaped, standard
spring, metered spool

AK
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N - Control type, front pump /Y - Control type, rear pump (continued)

Description Code Remarks

MDC handle with (2) 10 mm diameter holes, standard spring,
metered spool

AW

MDC heavy duty handle with (4) 10 mm diameter holes, heavy
spring, metered spool

GB P; handle position to be B

HDC 1.3-11.7 bar BA 19-170 psi

HDC 3.0-13.8 bar BB 44-200 psi

HDC 4.8-15.2 bar BC 70-220 psi

EDC dual coil, oil filled, Packard connector, 4-pin, 23-132 mA CE

EDC dual coil, oil filled, MS connector, 4-pin, 23-132 mA CG

EDC dual coil, oil filled, Deutsch connector, 4-pin, 23-132 mA CN

FNR 12 volt, DIN 43650 connector DA

FNR 24 volt, DIN 43650 connector DB

P/Z - Handle position

Description Code Remarks

Not applicable (EDC, HDC, FNR) A EDC, HDC, FNR only

Both, up and down B N: MDC to include heavy duty 4-hole handle. Handle is symmetric
over spool

Down (MDC) D 2, or 3 hole handles only. Handle oriented away from suction port.

Up (MDC) U 2, or 3 hole handles only. Handle oriented towards from suction
port.

R - Control orifice, front pump, W- Control orifice, rear pump

MDC

Supply Drain (Supply and
drain orifice
chosen
independently)

F - None F - None

A - 0.031 inch A - 0.031 inch

B - 0.036 inch B - 0.036 inch

C - 0.041 inch D - 0.041 inch

D - 0.046 inch

EDC/HDC/FNR - Servo A and B

Servo A&B

GG - 0.055 inch

HH 0.037 inch

JJ None

S - Auxiliary mounting flange and coupling

Description Code Remarks

None C

SAE A, 9 tooth 16/32 spline A
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S - Auxiliary mounting flange and coupling (continued)

Description Code Remarks

SAE A, 11 tooth 16/32 spline D

SAE B, 11 tooth 16/32 spline B

T - Special hardrare

Description Code Remarks

Black paint, Danfoss tag, Layout A NNN

High capacity shaft bearing, black paint, Danfoss tag, Layout A NNR

Z - Special features, Non hardware

Description Code Remarks

None ***
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Shaft options

Recommended mating splines for Series 40 splined output shafts should be in accordance with
ANSIB 92.1 Class 5. Danfoss external splines are modified Class 5 Fillet Root Side Fit. The external splined
Major Diameter and Circular Tooth Thickness dimensions are reduced in order to assure a clearance fit
with the mating spline. Other shaft options may exist. Contact your Danfoss representative for
availability.

Single pumps

Code Description Maximum torque
rating Nm [lbf in]

Drawing

V, W Ø 25.4 mm [1.000 in]
Straight keyed -
Shipped with key

362 [3200]

69.6
[2.74]Coupling must not

protrude beyond
this surface

2.85 [0.112] max.

6.35 [0.250] Sq. key
44.4 [1.75] long
0.38 [0.015] min. R on edges

25.4 [1.00] dia.

7.4 [0.29]

Mounting flange
(ref .)

P104415

P, S Ø 25.4 mm [1.000 in]
1:8 taper (SAE J501) -
No thru hole -
Shipped with key only

497 [4400]

3/4-16 UNF-2B thd.

42.4 [1.67]

1.50 taper per foot
SAE standard J501
25.4 [1.000] nominal
shaft dia.

26.9
[1.06]

22.2 [0.875] gauge dia.

33.3 [1.311] Gauge Dim.

Coupling must not
protrude beyond

36.3 [1.44] max.

Mounting flange
(ref .)

12.7
[0.50]

Customer supplied
nut.
Torque nut to
149 to 190 Nm
[110 to 140 Lbf •ft ]
Thds. to be
cleaned and
lubricated

P104417

6.35 [0.250] Sq. key
19.05 [0.75] long
0.38 [0.015] min. R on edges

2.84 [0.112] max.
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Code Description Maximum torque rating
Nm [lbf in]

Rated torque
Nm [lbf in

Drawing

A, B, L, D 13-tooth 16/32 pitch (ANSI
B92.1 1970 - Class 5)

226 [2000] 124 [1100]

W pitch dia.
Y teeth, 16/32 pitch
30° pressure angle
fillet root side fit
per ANSI B92.1-1970
class 5
also mates with
flat root side fit

T
V
U

S
7.4 [0.29]

Coupling must not protrude
beyond this surface

Mounting flange
(ref.)

P104416

G, H, J, K 15-tooth 16/32 pitch (ANSI
B92.1 1970 - Class 5)

362 [3200] 153 [1350]

Shaft options Length Shaft
diameter

Full spline Major
diameter

Pitch
diameter

No. teeth

S T U V W Y

A, B, D, L 37.7 [1.485] 22.3 [0.88] 23.4 [0.92] 24.89 [0.9800] 23.81 [0.9375] 13

G, H, J, K 32.9 [1.297] 20.3 [0.80] 16.26 [0.64] 21.72 [0.8550] 20.64 [0.8125] 15

Other shaft options may exist. Contact your Danfoss representative for availability and for specific
installation drawings.
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Tandem pumps

Code Description Maximum torque
rating Nm [lbf in]

Drawing

D Ø 25.4 mm [1.000 in]
Straight keyed -
Shipped with key

362 [3200]

69.47
[2.735]Coupling must not

protrude beyond
this surface

6.35 [0.250] sq. key
44.45 [1.75] long
0.38 [0.015] min. R. on edges

25.4 [1.00] dia.

7.47 [0.294]

Mounting flange
(ref.)

P104412

H Ø 25.4 mm [1.000 in]
1:8 taper (SAE J501) -
No thru hole -
Shipped with key only

497 [4400]

3/4-16 UNF-2 thd.

42.8 [1.685]

1.50 taper per foot
per SAE
standard J501
25.4 [1.000] Nominal
shaft dia.

26.9
[1.06]

22.2 [0.875] Gauge dia.

33.3 [1.311] gauge dim.

Coupling must not
protrude beyond
25.4 [1.000] max.

Mounting flange
(ref .)

P104414

6.35 [0.250] Sq. key
19.05 [0.75] long
0.38 [0.015] min. R on edges

2.84 [0.112] max.

1 inch
Hex nut
torque to
149 to 190 Nm
[110 to 140 Lbf •ft.]
Threads to be
cleaned and
lubricated

Code Description Maximum torque
rating Nm [lbf in]

Rated
torque
Nm [lbf
in

Drawing

A 15-tooth 16/32
pitch (ANSI B92.1
1970 - Class 5)

362 [3200] 153
[1350]

W pitch dia.
Y teeth, 16/32 pitch
30° pressure angle
fillet root side fit
per ANSI B92.1-1970
class 5
also mates with
flat root side fit

T
V
U

S
7.4 [0.29]

Coupling must not protrude
beyond this surface

Mounting flange
(ref.)

P104416

B 19-tooth 16/32
pitch (ANSI B92.1
1970 - Class 5)

734 [6500] 305
[2700]
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Shaft options Length Shaft
diameter

Full spline Major
diameter

Pitch
diameter

No. teeth

S T U V W Y

A 37.7 [1.485] 22.3 [0.88] 23.4 [0.92] 24.89 [0.9800] 20.638 [0.9375] 15

B 37.7 [1.497] 28.7 [1.13] 24.1 [0.95] 31.24 [1.230] 30.163 [1.1875] 19

Other shaft options may exist. Contact your Danfoss representative for availability and for specific
installation drawings.

Charge Pump

Charge flow is required on all M46 units to make up for internal leakage, maintain positive pressure in the
main circuit, provide flow for cooling, replace any leakage losses from external valving or auxiliary
systems, and to provide flow and pressure for the control system.

Maintain minimum charge pressure under all conditions of operation to prevent damage to the
transmission.

Charge pump

P100589

Many factors influence the charge flow requirements and the resulting charge pump size selection. These
factors include system pressure, pump speed, pump swashplate angle, type of fluid, temperature, size of
heat exchanger, length and size of hydraulic lines, control response characteristics, auxiliary flow
requirements, hydraulic motor type, etc. Charge pump displacement should be equal to or greater than
10% of the total displacement of all units in the system.

The total charge flow requirement is the sum of the charge flow requirements of each of the components
in the system. Use the information provided on the following pages to make a charge pump selection for
a given application.

System features and conditions that may invalidate the 10% of displacement rule include (but are not
limited to):
• Operation at low input speeds (below 1500 RPM)
• Shock loading
• Excessively long system lines
• Auxiliary flow requirements
• Use of low speed high torque motors

If a charge pump of sufficient displacement to meet the 10% of displacement rule is not available or if any
of the above conditions exist which could invalidate the 10% rule, contact your Danfoss representative. A
charge pump sizing worksheet is available in Selection of Driveline Components BLN-9885.

When an integral charge pump is not used, an external charge supply is required to ensure adequate
charge pressure and cooling.
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Charge Pump Output Flow

Flow at 19.5 bar charge relief setting, 70°C [160°F] inlet
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Charge Pump Power Requirements

Power at 19.5 bar charge relief setting, 70°C [160°F] inlet
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Higher charge pressure will influence charge flow and power.

Charge Relief Valve

An integral charge pressure relief valve provides a relief outlet for charge flow. This valve, in effect, sets
charge pressure. Flow through the valve is ported to case.

The M46 PV/PT uses a cone-style poppet valve which dumps hydraulic fluid to the front pump.

The nominal charge relief setting is referenced to case pressure. It is factory set at 1800 min-1 (rpm) with
the pump in neutral position. A proper charge relief setting takes into account input speeds and control
requirements.

The charge pressure setting for pumps without an internal charge pump is set with an externally supplied
charge flow of 19 l/min [5 US gal/min] on pumps and 38 l/min [10 US gal/min] on tandem pumps. These
units must have adequate charge flow supplied to the charge inlet in order to maintain charge pressure
at all times.

Incorrect charge pressure settings may result in the inability to build required system pressure and/or
inadequate loop flushing flows. Ensure correct charge pressure under all conditions.
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The charge relief valve is factory set. If necessary, it can be field adjusted with shims.

Charge Relief Valve Specs

M46

Type Cone poppet valve

Available Setting 19.5-26.2 bar [285-380 psi]

Adjustment Via shims inside of valve cartridge*

Rise Rate Adjustment 2.3 bar [33 psi]/mm

Performance 1.8 bar [26 psi]/10 lpm (Approx.)

*Shimming offers adjustment over a limited range. A spring change may be required to reach a higher
setting.

Contact your Danfoss representative for further information regarding charge pressure relief valve
options.

Charge relief valve location

M46 PV

Charge Relief Valve

P100591

High Pressure Relief Valve (HPRV) and Charge Check

All M46 pumps are equipped with a combination high pressure relief and charge check valve. The high-
pressure relief function is a dissipative (with heat generation) pressure control valve for the purpose of
limiting excessive system pressures. The charge check function acts to replenish the low-pressure side of
the working loop with charge oil. Each side of the transmission loop has a dedicated HPRV valve that is
non-adjustable with a factory set pressure. When system pressure exceeds the factory setting of the
valve, oil is passed from the high pressure loop, into the charge gallery, and into the low pressure loop via
the charge check.

High pressure relief valves are a differential pressure valve referencing high system to charge (low
system). The numeric model code represents the differential pressure setting, in bar. The model code
allows for different pressure settings to be specified at each system port.

HPRV´s are factory set at a low flow condition. Any application or operating condition which leads to
elevated HPRV flow will cause a pressure rise with flow above a valve setting. Consult factory for
application review. Excessive operation of the HPRV will generate heat in the closed loop and may cause
damage to the internal components of the pump.

C Caution

High pressure relief valves are intended for transient overpressure protection and are not intended for
continuous pressure control. Flow over relief valves for extended periods of time may result in severe
heat build up. High flows over relief valves may result in pressure levels exceeding the nominal valve
setting and potential damage to system components.
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Check/high pressure relief valve specs

Type Cartridge-style poppet valve

Setting 140-345 bar (2030-5000 psi)

Option Check only - no relief valve

High pressure relief valve locations

Bypass valve

High pressure 
relief valve P100590

Bypass Function

All M46 pumps are equipped with a loop bypass valve that connects the A and B sides of the working
loop. The bypass function allows a machine to be moved without rotating the pump shaft or prime
mover. To open the bypass valve turn it counterclockwise 2 full turns. Do not open past 2 full turns. Use a
5/8 inch hex wrench to open the valve. To return to normal operation, close the valve and torque to 20
Nm [15 ft•lbs]. Do not over torque the valve.

C Caution

Do not move the machine faster than 20% of maximum speed or for more than 3 minutes. Towing faster
or longer than described may result in damage to the drive motor(s). To return to normal operation,
carefully close and torque the bypass valve.

Displacement Limiters

M46 single or tandem units are designed with optional non-adjustable mechanical displacement (stroke)
limiters located in the servo piston. You can limit maximum displacement of the pump to a certain
percent of its maximum displacement. These displacement limiters are fixed physical stops inside the
pump, are not externally adjustable, and limit the pump symmetrically across both sides. Contact your
Danfoss representative for a list of available settings.

It is also possible to configure an M46 pump with an externally adjustable displacement limiter screw on
side #2 only. The screw is located on the side of the servo piston opposite the neutral adjustment screw.

W Warning

Unintended vehicle or machine movement hazard
Take care in adjusting displacement limiters to avoid an undesirable condition of output flow or speed.
Re-torque the sealing lock nut after every adjustment to prevent an unexpected change in output
conditions and to prevent external leakage during pump operation.

One full revolution of the adjustment screw produces a change in displacement of approximately 4.4
cm3/rev [0.27 in3/rev]. Full unit displacement is attained with the adjustment screw at its maximum
extension from servo cover. All pumps are shipped with the limiter set for maximum pump displacement.
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M46 Displacement limiter (side #2)

Neutral
adjustment
screw Fixed

displacement
limiter

Adjustable
displacement
limiter screw

P100 592E

Auxiliary Mounting Pads and Auxiliary Pumps

Auxiliary mounting pads are available on all pumps. A sealed shipping cover is included as standard
equipment on all mounting pads.

An O-ring seals the auxiliary pump mounting flange to the pad. The drive spline is lubricated (flooded)
with oil from the main pump case.

Spline specifications and torque ratings are shown in the accompanying table.
• All auxiliary mounting pads meet SAE J744 specifications
• Do not exceed the maximum pump input shaft rating shown in the Shaft availability and torque

ratings table in the Shaft Options section
• Applications subject to severe vibratory or high G loading require an additional structural support.

This is necessary to prevent leaks and possible mounting flange damage. Refer to Mounting flange
loads in the System Design Parameters section, for additional information

Auxiliary mounting pad specs

Internal spline size Pad size Maximum Torque Rating

Nm [in lbf]

9T 16/32P SAE A 107 [950]

11T 16/32P SAE A 147 [1300]

13T 16/32P SAE B 248 [2200]

The drawing and table below show the dimensions of the auxiliary pump mounting flanges and shafts.
Auxiliary pump mounting flanges and shafts with the dimensions noted are compatible with the auxiliary
mounting pads on the Series 40 pumps.

Auxiliary pump mating dimensions mm [in.]

Pad size P B C D E F

SAE A 82.55 [32.50] 6.35 [0.250] 12.70 [0.500] 58.2 [2.29] 15.0 [0.59] 13.5 [0.53]

SAE B 101.60 [4.000] 9.65 [0.380] 15.2 [0.60] 53.1 [2.09] 17.5 [0.69] 14.2 [0.56]
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P Dia.

E
max.

Mounting 
 flange (ref.)

D
max.

With
undercut

Without
undercut

C
max.

B
max.

0.8 [0.03] max. R

2.3 [0.090] 
recommended
cutter clearance

Coupling

F min spline 
engagement 
for full 
torque rating

P100 636E

Manual Displacement Control (MDC) - Options AB, AC, AK, AW, and GB

The Manual Displacement Control (MDC) converts a mechanical input signal to a hydraulic signal with a
spring centered 4-way servo valve, and ports hydraulic pressure to either side of a double acting servo
piston. The MDC provides output flow to the servo piston in proportion to the angular position of the
control handle. The servo piston tilts the cradle swashplate, thus varying the pump’s displacement from
full displacement in one direction to full displacement in the opposite direction.

Due to normal operating force changes, the swashplate tends to drift from the position preset by the
machine operator. Drift, sensed by the feedback linkage system connecting the swashplate to the control
valve, activates the valve and supplies pressure to the servo piston, maintaining the swashplate in its
preset position.

A metered control porting spool is available that provides improved controllability. The metered spool
has machined notches that feather the porting of oil into and out-of the double acting servo piston when
very small changes in control input are commanded. Nevertheless, the metered spool remains a high
response control when normal input changes open the porting to a full open position, porting maximum
flow to the servo cylinder. In neutral, these notches allow a small amount of pressure into both ends of
the servo, elevating the neutral servo pressure slightly above case. This servo piston preloading improves
the swashplate control coming out of neutral.

For a list of available control options, refer to the Model Code section.

Features:
• The MDC is a high gain control: with only a small movement of the control handle (input signal) the

control valve moves to a full open position porting maximum flow to the servo cylinder. This is a high
response control system with low input forces.

• Mechanical feedback senses swashplate reactions to load.
• Precision parts provide repeatable, accurate displacement settings with a given input signal.
• The servo piston is coupled to a spring centering mechanism.

Benefits:
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• Simple-low cost design.
• Pump output is maintained regardless of load.
• Pump will return to neutral after prime mover shuts down.
• Pump returns to neutral if external control linkage becomes disconnected from the control handle or

if there is a loss of charge pressure.

Control Handles and Springs

The standard MDC encompasses a three hole control handle with a standard return spring. This control is
available with metered (standard) or non-metered porting spool. Optional two hole or four hole (heavy
duty) control handles are available. The two hole handle is available with metered or non-metered spool
and only available with a standard return spring. The four hole heavy duty handle is only available with
metered spool and heavy return spring.

Three hole handle shown (in up position)

CCW CW
20°20°

P100 598

MDC Hydraulic schematic

B

M2

M1

A

E

L1

L2

M5

M4

S

M3

B N A

P100587

Pump flow direction with MDC control

Pump flow direction with MDC control

CW CCW

Single or Front
Tandem

Handle Rotation CW CCW CW CCW

Port A Flow Out In In Out

Port B Flow In Out Out In

Rear Tandem Handle Rotation CW CCW CW CCW

Port C Flow In Out Out In

Port D Flow Out In In Out

High Servo Gauge Port M4 M5 M4 M5

Refer to pump installation drawing for port locations.

All M46 pumps have a 40 mesh [0.4 mm (0.015 inch)] servicable screen located in the control supply port.

Response Time

The time required for the pump output flow to change from neutral to full flow (acceleration) or full flow
to neutral (deceleration) is a function of the size of the supply orifice in the control inlet passage and the
size of the drain orifice in the control sleeve.

A range of orifice sizes is available to assist in matching the rate of swashplate response to the
acceleration and deceleration requirements of the application. The table at right shows some sample
response times under certain conditions. (These figures assume 1775 min-1 (rpm), 140 bar [2000 psi]
system pressure, and 20 bar [290 psi] charge pressure.) Vehicle testing is required to determine the
proper orifice sizes for the desired response.
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MDC Response time

Orifice diameter* mm [in] Average response time [seconds]

Supply Drain Acceleration Deceleration

0.9 [0.036] 0.8 [0.031] 2.5 1.9

0.9 [0.036] 1.2 [0.046] 2.0 1.4

1.4 [0.054] 1.2 [0.046] 1.2 0.9

None None 0.5 0.4

*Contact Danfoss for special orifice combinations.

External control handle torque requirements

Standard spring Heavy duty spring

Rotation of handle to reach full displacement 20 degrees 20 degrees

Maximum handle rotation 25 degrees 25 degrees

Neutral deadband ± 1.5 degrees ± 0.8 degrees

Torque needed to begin handle rotation (1
degree)

1.2 Nm [11 in•lbf ] 2.5 Nm [22 in•lbf ]

Torque required to reach full stroke (20
degrees)

1.7 N•m [15 in•lbf ] 3.4 N•m [30 in•lbf ]

Maximum allowable handle torque 17 N•m [150 in•lbf ] 17 N•m [150 in•lbf ]

Handle direction

The MDC handle can be configured in either the up or down or both (symmetric) positions. The up
position is shown on the previous page. The down position is oriented 180° of the up position.

Pump displacement vs control lever rotation
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T100308

MDC signal required for swashplate position

Swashplate position (refer to above chart)

Handle configuration Swashplate movement begins (point
A) degrees

Full displacement reached (point B)
degrees

Metered 0.8° 20°

Non-metered 1.5° 20°
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Hydraulic Displacement - Options BA, BB and BC

The Hydraulic Displacement Control (HDC) is a two stage design which uses a hydraulic input signal to
operate a spring centered 4-way servo valve, which ports hydraulic pressure to either side of a double
acting servo piston. The servo piston tilts the cradle swashplate, thus varying the pump’s displacement
from full displacement in one direction to full displacement in the opposite direction.

The HDC provides output flow in proportion to a hydraulic command signal. This allows for remote
control of the machine with a hydraulic pressure source rather than with mechanical linkage. With no
command signal, the control returns to neutral position. The HDC is only available with a non-metered
spool.

For a list of available control options, refer to the Model Code section.

Features:
• The hydraulic displacement control is a high gain control: with only a small change in the input signal

pressure level, the servo valve moves to a full open position, porting maximum flow to the servo
cylinder.

• Internal mechanical stops on the servo valve allow rapid changes in input signal pressure without
damaging the control mechanism.

• Precision parts provide repeatable, accurate displacement settings with a given input signal.
• Both ends of the double-acting servo piston are drained to case when input signal pressure is not

present. The servo piston is coupled to a spring centering mechanism.

Benefits:
• Simple-low cost design.
• Pump will return to neutral after prime mover shuts down.
• Pump will return to neutral if external hydraulic input signal fails or if there is a loss of charge

pressure.

All M46 pumps have a 40 mesh [0.4 mm (0.015 inch)] servicable screen located in the control supply port.

HDC on M46 PV

Port X2
Port X1

P100599

HDC Hydraulic schematic
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Pump flow direction with HDC control

Input Shaft Rotationump flow direction with MDC control

CW CCW

Single or
Front
Tandem

Higher pressure into control port: X1 X2 X1 X2

Port A Flow Out In In Out

Port B Flow In Out Out In
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Pump flow direction with HDC control (continued)

Rear Tandem Higher pressure into control port: X1 X2 X1 X2

Port C Flow In Out Out In

Port D Flow Out In In Out

High Servo Gauge Port M4 M5 M4 M5

Refer to pump installation drawing for port locations.

Response Time

The time required for the pump output flow to change from neutral to full flow (acceleration) or full flow
to neutral (deceleration) is a function of the size of the supply orifice in the control inlet passage and the
size of the drain orifice in the control sleeve.

A range of orifice sizes is available to assist in matching the rate of swashplate response to the
acceleration and deceleration requirements of the application. The table at right shows some sample
response times under certain conditions. (These figures assume 1775 min-1 (rpm), 140 bar [2000 psi]
system pressure, and 20 bar [290 psi] charge pressure.) Vehicle testing is required to determine the
proper orifice sizes for the desired response.

Control input signal requirements

The standard command signal range required to stroke the pump between neutral and full stroke is 1.3
to 11.7 bar [19 to 170 psi] differential. The maximum command pressure must not exceed 27.5 bar [400
psi].

HDC options

The HDC can be tailored to respond to a higher signal pressure. Optional heavy spring packs are available
that operate in the 3 to 14 bar [44 to 200 psi] range and the 5 to 15 bar [70 to 220 psi] range.

HDC Response time

Orifice diameter* mm [in] Average response time [seconds]

Acceleration Deceleration

0.9 [0.037] 0.8 [0.031] 1.6 1.3

1.4 [0.055] 1.2 [0.046] 0.9 0.7

None None 0.4 0.3

*Contact Danfoss for special orifice combinations.

Pump displacement vs control lever rotation
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HDC signal required for swashplate position

Swashplate position (refer to above chart)

Swashplate movement begins (point A) Full displacement reached (point B)

Configuration bar [psid] bar [psid]

BA 1.3±0.5 [19±7] 11.7±1.1 [170±16]

BB 3.0±0.7 [44±10] 13.8±1.4 [200±20]

BC 4.8±0.7 [70±10] 15.2±1.4 [220±20]

HDC Input specs

Maximum input pressure bar [psi] 27.5 [400]

Electrical Displacement Control- Options CE, CG, CM, and CN

The Electrical Displacement Control (EDC) is a three stage control similar to the HDC, but it uses an
electrohydraulic Pressure Control Pilot (PCP) valve to control the pilot pressure. The PCP valve converts
an electrical input signal to a hydraulic signal to operate a spring centered 4-way servo valve, which ports
hydraulic pressure to either side of a double acting servo piston. The servo piston tilts the cradle
swashplate, thus varying the pump’s displacement from full displacement in one direction to full
displacement in the opposite direction.

The EDC provides output flow in proportion to a DC electrical command signal (current). This control is
suited for applications where remote or automatic control of system function is required, or where closed
loop feedback is needed. With no electrical command signal, the control returns to the neutral position.
The EDC is only available with a nonmetered spool.

The M46 EDC is a current driven device designed for a DC signal. Use a PWM signal with a 100-200 Hz
dither frequency for optimum control operation. Limit the amplitude of the PWM signal to 6 Vdc. For
further assistance, contact your Danfoss representative.

Features:
• The EDC is a high gain control: with only a small change in the input current, the servo valve moves to

a full open position thus porting maximum flow to the servo cylinder.
• Oil filled PCP valve case lengthens control life by preventing moisture ingression and dampening

component vibrations.
• Internal mechanical stops on the servo valve allow rapid changes in input signal voltages without

damaging the control mechanism.
• Precision parts provide repeatable accurate displacement settings with a given input signal.
• Both ends of the double acting servo piston are drained to case when input signal current is not

present. The servo piston is coupled to a spring centering mechanism.

Benefits:
• Simple, low-cost design.
• Pump will return to neutral after prime mover shuts down.
• Pump will return to neutral if external electrical input signal fails or if there is a loss of charge pressure.
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EDC on M46 PV

P100600

Pump flow direction with EDC control

Input Shaft Rotation

Positive signal to pin CW CCW

Single or Front
Tandem

Single coil or Dual coil in parallel
(A&C common, B&D common)

A or C B or D A or C B or D

Dual coil in series (B&C common) A D A D

Port A Flow Out In In Out

Port B Flow In Out Out In

Rear Tandem Single coil or Dual coil in parallel
(A&C common, B&D common)

A or C B or D A or C B or D

Dual coil in series (B&C common) A D D A

Port C Flow In Out Out In

Port D Flow Out In In Out

High Servo Gauge Port M4 M5 M4 M5

Refer to pump installation drawing for port locations.

All M46 pumps have a 40 mesh [0.4 mm (0.015 inch)] servicable screen located in the control supply port.

For a list of available control and connector options, refer to the Model Code section.
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EDC Hydraulic Schematic

B

M2

M1

L1

L2

M3E

S

A
M4

M5

P104368

Response time

The time required for the pump output flow to change from neutral to full flow (acceleration) or full flow
to neutral (deceleration) is a function of the size of the orifices in the servo and supply passages.

A range of orifice sizes is available to assist in matching the rate of swashplate response to the
acceleration and deceleration requirements of the application. The table below shows some sample
response times under certain conditions. (These figures assume 1775 min-1 (rpm), 140 bar [2000 psi]
system pressure, and 20 bar [290 psi] charge pressure.) Test system response to determine the proper
orifice selection for the desired response.

Control Input, Coils and Connectors

The standard EDC is a dual coil device with a silicone oil -filled case. It is available with a Packard Weather-
Pak, Deutsch DT or MS connector. It is possible to design a system that uses only one coil or use both coils
in series or in parallel. Using both coils allows for the use of two command stations with the resulting
command being the algebraic sum of the two signals. The Deutsch DT connector has an IP67 rating. The
MS connector is IP66 rated, and the Packard Weather-Pak connector is IP65 rated.
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Pump displacement vs electrical control
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EDC Input Options

Coil configuration (Point a) mA (Point b) mA Pin Connections

Dual coil, using only one coil 23 ± 6 132 ± 18 A & B or C & D

Dual coil, coils in series 11.5 ± 3 65 ± 9 A & D (C & B common)

Dual coil, coils in parallel 23 ± 6 132 ± 18 AC & BD

* Dual coil EDCs are production tested using two coils in parallel.

Dual coil EDC input specs

A-B coil C-D coil

Coil resistance @24°C [75°F] 20 Ohms 16.5 Ohms

Coil resistance @104°C [220°F] 24.7 Ohms 19.7 Ohms

Contact factory for other control options, such as: Single coil or low current controls and for other
connector options.

EDC Response time

Orifice diameter* mm [in] Average response time [seconds]

Acceleration Deceleration

0.9 [0.037] 0.8 [0.031] 1.6 1.3

1.4 [0.055] 1.2 [0.046] 0.9 0.7

None 0.4 0.3

*Contact Danfoss for special orifice combinations.

For further information refer to Danfoss publication Electrical Displacement Control - MDT BLN-95-8988.

Mount M46 pumps with an EDC control so the control is on the top or the side.

High Current Electric Displacement Control - Options HA (12Vdc) and HB (24Vdc)

High Current EDC principle

The High Current Electrical Displacement Control (HC EDC) consists of a pair of proportional solenoids on
each side of a three-position, four-way porting spool. The proportional solenoid applies a force input to
the spool, which ports hydraulic pressure to either side of a double acting servo piston. Differential
pressure across the servo piston rotates the swashplate, changing the pump‘s displacement from full
displacement in one direction to full displacement in the opposite direction.
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Under some circumstances, such as contamination, the control spool could stick and cause the pump to
stay at some displacement.

A serviceable 125 μm screen is located in the supply line immediately before the control porting spool.

P003 191

Pump displacement vs. control current

P003 479E
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Schematic diagram

P108759

C2 C1

M4

M5

L2

L1 S M2

B

A

M1

DE

flow out B

Control signal requirements

Control current

Voltage a* mA b mA Pin connections

12 V 640 1640 any order

24 V 330 820
* Factory test current, for vehicle movement or application actuation expect higher or lower value.

Connector

1 2

P003 480

Description Quantity Ordering number

Mating connector 1 Deutsch® DT06-2S

Wedge lock 1 Deutsch® W2S

Socket contact (16 and 18 AWG) 2 Deutsch® 0462-201-16141

Danfoss mating connector kit 1 K29657

Solenoid data

Voltage 12V 24V

Maximum current 1800 mA 920 mA

Coil resistance @ 20 °C [70 °F] 3.66 Ω 14.20 Ω

Coil resistance @ 80 °C [176 °F] 4.52 Ω 17.52 Ω

PWM Range 70-200 Hz

PWM Frequency (preferred)** 100 Hz
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Solenoid data (continued)

Voltage 12V 24V

Inductance 33 mH 140 mH

IP Rating (IEC 60 529) + DIN 40 050, part 9 IP 67

IP Rating (IEC 60 529) + DIN 40 050, part 9 with mating connector IP 69K
* PWM signal required for optimum control performance.

Flow table

Shaft rotation CW CCW

Coil energized* C2 C1 C2 C1

Port A in out out in

Port B out in in out

Servo port pressurized M5 M4 M5 M4
* For coil location see installation drawings.

Response times

A range of servo orifice options are available to assist in matching the rate of swashplate response to the
application requirements (e.g. in the event of electrical failure). Software ramp or rate limiting should be
used to control vehicle response in normal operation. The time required for the pump output flow to
change from zero to full flow (acceleration) or full flow to zero (deceleration) is a net function of spool
porting, orifices, and charge pressure. The table below shows some sample response times under certain
conditions. These figures assume 1775 min-1 (rpm), 140 bar [2000 psi] system pressure, and 20 bar [290
psi] charge pressure. Testing should be conducted to verify the proper software and orifice selection for
the desired response.

Software is envisioned as the means to control the swashplate response in normal operating conditions.
Mechanical servo orifices are to be used only for fail-safe return to neutral in the event of an electrical
failure.

Contact Danfoss technical representative for additional information regarding orifice options and
response times.

Typical response times shown below at the following conditions:

Response times

HC EDC Response time

Orifice diameter* mm [in] Average response time [seconds]

Acceleration Deceleration

1.2 [0.046] 2.0 1.6

None 0.9 1.0

*Contact Danfoss for special orifice combinations.

Manual OverRide (MOR)

All high current controls are standard with Manual Over Ride (MOR), used for temporary actuation of the
control to aid in diagnostics.
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Unintended MOR operation will cause the pump to go into stroke. The vehicle or device must always be
in a safe condition (i.e. vehicle lifted off the ground) when using the MOR function. The MOR plunger has
a 4 mm diameter and must be manually depressed to be engaged. Depressing the plunger mechanically
moves the control spool which allows the pump to go on stroke. The MOR should be engaged
anticipating a full stroke response from the pump.

W Warning

An O-ring seal is used to seal the MOR plunger where initial actuation of the function will require a force
of 45 N to engage the plunger. Additional actuations typically require less force to engage the MOR
plunger. Proportional control of the pump using the MOR should not be expected.

Refer to the control flow table for the relationship of solenoid to direction of flow.

P003 204

MOR Schematic diagram (EDC shown)

C1C2

P108758

Three-position Electrical Control - Options DA and DB

The three-position Forward-Neutral-Reverse (FNR) is a two stage control that uses a solenoid operated 3-
position, 4-way valve to move pump displacement from neutral to maximum displacement in either
direction.

When a solenoid is energized, charge pressure is directed to one end of the pump servo control cylinder,
which results in the pump going to maximum displacement. The direction of pump output flow is
determined by which solenoid is energized. (See the accompanying table)

Features and benefits
• Electric control.
• If voltage is lost, the control returns pump to neutral.
• Simple, low-cost design.
• Ideal for non-propel applications that do not require proportional control.
• A manual override (MOR) option is available. It requires a 3 mm tool for engagement.

For a list of available control options, refer to the Model Code section.
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FNR Control on M46 PV

B

A

P100601

Pump flow direction with FNR control

Input Shaft Rotation

CW CCW

Single or Front
Tandem

Solenoid energized: A B A B

Port A Flow Out In In Out

Port B Flow In Out Out In

Rear Tandem Solenoid energized: A B A B

Port C Flow In Out Out In

Port D Flow Out In In Out

High Servo Gauge Port M4 M5 M4 M5

Refer to pump installation drawing for solenoid and port locations.

All M46 pumps have a 40 mesh [0.4 mm (0.015 inch)] servicable screen located in the control supply port.

FNR Hydraulic schematic

B

M2

M1

L1

L2

M3E

S

AM4

M5

P104369
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Response time

The time required for the pump output flow to change from neutral to full flow (acceleration) or full flow
to neutral (deceleration) is a function of the size of the orifices in the servo, supply and drain passages.

A range of orifice sizes is available to assist in matching the rate of swashplate response to the
acceleration and deceleration requirements of the application. The table below shows some sample
response times under certain conditions. (These figures assume 1775 min-1 (rpm), 140 bar [2000 psi]
system pressure, and 20 bar [290 psi] charge pressure.) Test system response to determine the proper
orifice selection for the desired response.

Control input signal requirements

The solenoids are available in versions for 12 or 24 Vdc. Maximum power consumption is 30 Watts. They
are available with terminals for a DIN 43650 connector.

FNR Response time

Orifice diameter* mm [in] Average response time [seconds]

Acceleration Deceleration

0.9 [0.037] 0.8 [0.031] 1.6 1.3

1.4 [0.055] 1.2 [0.046] 0.9 0.7

None None 0.4 0.3

*Contact Danfoss for special orifice combinations.

FNR input specifications

Vdc 12 or 24

Max power 30 W

Connectors DIN 43650

FNR connector

P108514

Solenoid Plug Face

not connected

Terminal 1 Terminal 2
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Single Pump

9/16 - 18

Charge Pressure
Gauge Port M3

9/16 - 18

System Pressur e
Gauge Port M2
(for port B)

Control Pressure
Gauge Port
1/8-27 NPTF
(for MDC only)

Left side view (with MDC,
charge pump, and suction filtration)

9/16 - 18

System Pressure Gauge
port M1 (for port A)

Relief Valve
(optional relief valve)
(for port A)

9/16 - 18

Servo Pressure
Gage Port M4

Top view (with MDC, charge pump, and suction filtration)

Bottom view (with MDC and suction filtration)

Remote filtration with or without charge pump

7/8 - 14

To remote filter D
(pressure filter option)

7/8 - 14

From remote filter E
(pressure filter option)
or external charge supply E
(no charge pump option)

1-5/16 - 12
Port B

Valve
(optional relief valve)
(for port B)

9/16 - 18

Servo Pressure
Gauge Port M5

1-1/16 - 12
Case Outlet L2

1-5/16 - 12
Port A

LEFT SIDE VIEW

P108401

Relief 

Relief Valve

Charge Pressure 

Inlet 

Charge Pump 

Case Outlet L1
1-1/16-12 

Bypass 

All ports are straight thread O-ring boss
per ISO 11926-1 and SAE J1926/1
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Tandem Pump

9/16 - 18

Charge Pressure
Gauge Port M3

System Pressure
Gauge Port M1

Top view (with MDC, charge pump, and suction filtration)

Bottom view (with MDC and suction filtration)

7/8 - 14

To remote filter D
(pressure filter option)

7/8 - 14

From remote filter E
(pressure filter option)
or charge pressure inlet E
(no charge pump option)

1-1/16 - 12
Case Outlet L1

1-5/8 - 12
Charge Pump Inlet S

Relief Valve
(for Port D) Relief Valve

(for port A)

9/16 - 18

Servo Pressure
Gauge Port M5

1-1/16 - 12

Case Outlet L2

System Port D
1-5/16 - 12

1-5/16 - 12
Port C

9/16 - 18

Servo Pressure
Gauge Port M4 (front pump)

System Pressure
Gauge Port M2

(for port D)

9/16 - 18

System Pressure
Gauge Port  M1 rear

(for port C)

9/16 - 18

Servo Pressure
Gauge Port M4

9/16 - 18

Servo Pressure
Gauge Port M5

1-5/16 - 12
Port A

Relief Valve
(for port B)

System Pressure
Gauge Port M2

Control Pressure Gauge Ports
1/8-27 NPTF (MDC only)

Left side view (with MDC,
charge pump, and suction filtration)

Relief Valve
(for port C)

LEFT SIDE VIEW

P108402

9/16-18

9/16 - 18

9/16 - 18

1-5/16 - 12
Port B

(rear pump)

Charge Pressure
Relief Valve 

front pump (port A)

 rear pump

 rear pump

(for port B)front pump

rear pump
front pump

 Bypass Front

 Bypass Rear
1-1/16 - 12

Case Outlet L3

All ports are straight thread O-ring boss
per ISO 11926-1 and SAE J1926/1
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Auxiliary Mounting Flanges

3/8-16 thd.
20.3 [0.80] min.
full thd. depth

(2) holes

1/2-13 thd.
27.17 [1.07] thd. depth
(2) holes

SAE B Auxiliary mounting flange
Option B 

73.03
[2.875]

146.05
[5.75]

10.7 min. [0.42]

1.50 [0.059]

20.64 [0.813] pitch dia.
30° pressure angle
13 teeth
16/32 pitch
fillet root side fit

263.4
[10.37]

46.0 [1.81] min.

101.65 dia.
[4.002]

1.0 max. R
[0.04]

0.5 max. R
[0.02]

O-ring seal required
ref. 94.97 [3.739] ID x

1.75 [0.070] dia. cross section

105.64
[4.159]

Mounting flange
(ref .)

SAE A Auxiliary mounting flange
Options A and D 

53.19
[2.094]

106.38
[4.188]

P pitch dia.
30° pressure angle
N teeth, 16/32 pitch
fillet root side fit
Per ANSI B92.1-1970
(see table)

7.4 min.
[0.29]

0.5 max R
[0.02]

1.0 max R
[0.04]

82.6 dia.
[3.252]

88.65 dia.
[3.490]

O-ring seal required
ref. 82.22 [3.237]

2.62 [0.103] dia. cross section
Y min.

19.8 [0.78] min.

256.5
[10.10]

Mounting flange
(ref .)

1.96
[0.077]

Rear view (no pads shown)

P100619

Per ANSI B92.1-1970

26.7 [1.05] to shaft spline

Contact Danfoss for individual 
dimension drawings

Auxiliary mounting flange and coupling options

Number of teeth N Auxiliary mounting flange Spline pitch dia. P Minimum clearance
Y

9 SAE A Option A 14.29 [0.563] 36.6 [1.44]

11 SAE B Option B 17.46 [0.688] 42.4 [1.67]
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Pump, filtration/charge pump options, MDC, displacement limiter

Suction filtration adapter

143.8 [5.66]

Front view (with MDC)

72.6
min. dia.
[2.86]

Left side view (with MDC,
charge pump, and suction filtration)

Top view (with MDC, charge pump, and suction filtration)

Bottom view (with MDC and suction filtration)

211.8 [8.34]

33.5 [1.32]

260.61 [10.26]

Remote filtration with or without charge pump

171.7 [6.76]

Mounting
flange

(ref .)

212.3 [8.36]

7.1
[0.28]

2.3
[0.09]

Pump

64.0 [2.52]
case outlet (alt.)

73.03
[2.875]

(2) places

114.8
[4.52]

14.27 dia.
[0.562]
(2) places

121.9
[4.90]

141.7
[5.58]

113.3
[4.46]

22.4 [0.88]

80.8 [3.18]

CWCCW

109.5
[4.31]

0.8 R max.
[0.03]

LEFT SIDE VIEW

Pum p
117.7
[4.63]

120.1
[4.73]

131.1
[5.16]

(No CP)

P100618

17.60 [0.693]

101.57 ± 0.025Ø [3.999 ± 0.001]

Approx.c enter of gravity

Ø72.6
[2.68]

[3.999]
Ø

101.57 0.001
0.025

±
±

9.7

[0.38]

+ 0.0
- 0.5
+ 0.00
- 0.02

92.9
[3.66]

66.9
[2.63]
Case

outlet

133.4
[5.25]

20°20°

Manual displacement control
handle position Up

55.9 [2.20]
39.6

[1.56]

30.0
[1.18]

[0.293]
7.44 1.14

0.045
±
±

195.7
[7.70]

43.8
[1.72]

54.1
[2.13]22.6

[0.89]

Disp.l imiter #2

Side #2

Side #1

Contact Danfoss for individual 
dimension drawings.

M46 PV adjustable displacement limiter (option)

Shaft rotation CW CCW

Displacement limiter side 2 2

Limits flow out of port B A
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Auxiliary mounting flange

3/8-16 thd.
18.3 [0.72] min.

full thd. depth
(2) holes

SAE B Auxiliary mounting flange Option B 

SAE A Auxiliary mounting flange options A and D 

53.19
[2.094]

106.38
[4.188]

P pitch dia.
30° pressure angle
N teeth, 16/32 pitch
fillet root side fit
Per ANSI B92.1-1970
(see table)

474.9
[18.70]

Mounting 
flange (ref .)

474.9
[18.70]

1/2-13
Rear mounting
hole (ref.)

8.38 
[0.33]

1.0 max. R
[0.04]

0.5 max. R
[0.02]

Y min.

14.7 
[0.58]

1.96 ± 0.018

14.27 [0.562] dia.
thru (2) holes

73.03
[2.875]

146.05
[5.75]

No auxiliary mounting flange

1/2-13
26.4 [1.04]
min. full thd.

59.7
[2.35]

51.3
[2.02]

P100628

79.8
[3.14]

79.8
[3.14]

89.9
[3.54]

91.8
[3.61]

min.

[0.077] ± 0.077

Ø 88.62

[3.489]

+ 0.005
- 0

+ 0.127
- 0

Ø 82.6

[3.252]

+ 0.076
- 0

+ 0.003
- 0

1/2-13
Rear mounting
hole (ref.)

Mounting 
flange (ref .)

pitch dia.
30° pressure angle
13 teeth, 16/32 pitch
fillet root side fit
per ANSI B92.1-1970

(see table)

20.638 [0.8125]

Class 7

11.4 
[0.45]

min.

1.2 ± 0.127
[0.049] ± 0.005

0.5 max. R
[0.02]

1.0 max. R
[0.04]

14.7 
[0.58]

26.9 ± 0.38
[1.06 ± 0.015]

min.47.8
[1.88]

Ø 105.64

[4.159]

+ 0.076
- 0

+ 0.003
- 0

Ø 101.65

[4.002]

+ 0.076
- 0

+ 0.003
- 0

O-ring seal required

O-ring seal required

ref. 82.22 [3.237]
2.62 [0.103] 
dia. cross section

ref. 101.27 [3.987]
2.62 [0.103] 
dia. cross section

Auxiliary mounting flange and coupling options

Auxiliary mounting flange Spline pitch dia. P Number of teeth N Minimum clearance
Y

SAE A Option A 14.30 [0.563] 9 34.8 [1.37]

SAE B Option B 17.46 [0.688] 11 37.34 [1.47]
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Rear mounting boss

M12 x 1.75
6H Thd.  X2 P104425

32.51 [1.28]
X2

349 [13.74]
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Pumps, filtration/charge pump options, MDC, displacement limiters

Front view (with MDC)

Top view (with MDC, charge pump, and suction filtration)

Bottom view (with MDC and suction filtration)

Remote filtration
or no charge pump

171.7 [6.76]

mounting
flange

(ref .)

212.3 [8.36]

7.1
[0.28]

2.3
[0.09]

Pump

73.03
[2.875]

(2) places

14.27 dia.
[0.562]
(2) places

126.2 max.
[4.97]

116.3
[4.58]

141.7 [5.58]
for MDC

203.7 [8.02]
274.8 [10.82]

341.4 [13.44]
493.0 [19.41] max

101.57 ± 0.025Ø [3.999 ± 0.001]

72.6
min dia.
[2.86]

39.6
[1.56]

30.0
[1.18]

13.2
[0.52]

91.2
[3.59]
max

Left side view (with MDC,
charge pump, and suction filtration)

CWCCW

20.4 [0.8]

118.9 max.
[4.68]

108.2 max.
[4.26]

0.8 R max.
[0.03]

LEFT SIDE VIEW

Pump
131.9
[5.19]

134.4
[5.29]

145.3
[5.72]

(no CP)

P100620

Displacement Limiter #2 Displacement Limiter #2

Ø72.6
[2.68]

[3.999]
Ø

101.57 0.001
0.025

±
±

9.7

[0.38]

+ 0.0
- 0.5
+ 0.00
- 0.02

92.9
[3.66]233.9

[9.21]

73.2
[2.88]
Case

outlet

113.4
[4.46]

108.7
[4.28]

70.6
[2.78]

Case
outlet

(alternate)

[0.293]
7.44 1.14

0.045
±
±

195.7
[7.70]

326.7
[12.86]

43.8
[1.72]

54.1
[2.13]22.6

[0.89]

416.4
[16.39]

98.0
[3.86]

55.9
[2.20]

59.4
[2.34]

[1.56] [1.32][1.18]
39.6 30.033.5

Side #2

Side #1
Contact Danfoss for individual 
dimension drawings.
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Control options, AC, AK

Three hole control handle with standard spring

19.05 [0.75]

10.08 
[0.397]
 dia. (3)

20°

50.8 
[2.00] R

29.5 
[1.16] R

20°

Mounting 
flange location
(ref .)

141.5
[5.57]

3.18
[0.125]

Pump

P100629

Option GB

Control handle with heavy spring and heavy duty four hole handle

19.05 [0.75]

Ø10.08
[0.397]

20°

50.8 [2.00] R

29.5 [1.16] R

20°
162.3 
[6.39]

152.8 
[6.01]    4.75 

[0.187]

Pump

P108398

Contact Danfoss for individual dimension drawings.
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Options AB, AW

Two hole control handle with standard spring

19.05 [0.75] 

10.08 
[0.397]
 dia. (3)

20° 

50.8  
[2.00]  R 

29.5  
[1.16]  R 

20° 

Mounting  
flange location 
(ref .) 

141. 5 
[5.57] 

3.18 
[0.125] 

Pu mp 

P108515-
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HC EDC Control

P108771-

121.9 ± 2.5 103 ± 1.5

169.8 ± 2.5
80.8 ± 1.5

73 ± 0.18

64 ± 1.5
Case outlet
(alternate)

79.8 ± 1.5

System ports

2x Ø14.27
+0.25
-0.89

193.5 ± 2.5
Control manual override C1

Control manual override C2

From remote filter
ISO 11926-1 7/8-14

210 ± 2.5

185.4 ± 2.5

171.4 ± 2.5

35
.6

 ±
 1

.5

Bypass valve
(full open at two revolutions)

System gauge port A

ISO 11926-1 9/16-14

16
.8

 ±
 1

42
.2

 ±
 1

.5

8.
1 

± 
1

System gauge port B
ISO 11926-1 9/16-14

System port B
ISO 11926-1   1 5/16-14

System port A

39
.6

 ±
 1

.5

195.6 ± 2.5

ISO 11926-1   1 5/16-14

30
 ±

 1
.5

81.9 ± 1.5

43.7 ± 1.5

Servo gauge port M5
ISO 11926-1   1 9/16-18

78
.7

 ±
 1

.5

55.9 ± 1.5

Servo gauge port M4
ISO 11926-1   1 9/16-18

Case outlet (alternate)
ISO 11926-1   1 1/16-12

81.9 ± 1.5

269.5 ± 2.5

33
.5

 ±
 1

.5

Case outlet

ISO 11926-1   
1 1/16-12

Charge pump inlet

ISO 11926-1  
 1 5/16-12

78
.7

 ±
 1

.5

211.8 ± 2.5

143.8 ± 2.5

Charge filtration port E

Charge gauge port for remote filtration 
with or w/o charge pump option

To remote filter
ISO 11926-1 7/8-14
Charge filtration port D

Charge gauge port for 
remote filtration with 
charge pump option
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Hydraulic displacement control (HDC)

177.8 max.
[7.00]

141.7 [5.58]
To ports

49.0 [1.93]

118.1 [4.65]

39.6 [1.56]
to ports

49.0 [1.93]

118.1 [4.65]

39.6 [1.56]
to ports

352.3 [13.87]

421.4 [16.59]

39.6 [1.56]
to ports

Port X2Port X1
7/16 -20*

Control pressure ports
(2) places

Port X2 (front)Port X1 (front)

7/16 - 20*
Control pressure ports

(4) places

Port X2 (rear) Port X1 (rear)

Side view
Tandem pump with HDC

Side view
Variable pump with HDC View X

Front view
Variable pump with HDC

X

P100631

Contact Danfoss for individual dimension drawings.
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Option CE

Electronic displacement control (EDC)

177.8 max.
[7.00]

124.2 max.
[4.89]

Side view
Variable pump with EDC

(Packard Weather-Pack connector)

View X
Front view

Variable pump with EDC
(Packard Weather-Pack connector)

Packard "Weather Pack" shroud connector
on 76 mm [3 in] lead wires

4-way (Dual Coil PCP) mates with Packard 12015797 connector

X

A

B

C

D

Danfoss
mating parts kit
part no. K03384
(female terminals)

V

View V

P100632

Packard Weather-Pack
4-way tower connector
(male terminals)

A

B

C

D

Options CG, CN

Electronic displacement control (EDC)

138.4 [5.45]

Side view
Tandem pump with EDC

(MS connector) 

124.2 max.
[4.89]

332.0 [13.07]

124.2 max.
[4.89]

U

View U

97.5
[3.84]

141.7
[5.58]

7/8 - 20 UNEF
MS53102C connector

mates with MS3106E-14S-2S
connector

7/8 - 20 UNEF
MS53102C connector

mates with MS3106E-14S-2S
connector

Pump

P108516

CG

CN

12

Deutsch Connector
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Options DA, DB

Three-position electric displacement control (FNR)

Connector per
ISO 4400

(2) Places8.61
[218.6]

B

AB

A

B

A

Side view
Tandem pump with FNR control

Side view
Variable pump with FNR control View X front view

Variable pump with FNR control

X

Solenoid Plug Face

P100635

not connected

Terminal 1 Terminal 2

Technical Information Series 40 M46 Pumps
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Literature

M46 systems may consist of a variety of pump, motor, valve and control combinations. Refer to the
literature listed below for product information and specifications for M46 pumps and other Danfoss
components.

M46 Pumps literature
• Series 40 M46 Single Pumps Service Manual 11026743
• Series 40 M46 Tandem Pumps Service Manual 11029852

Propel Systems related Literature
• Series 40 Motors Technical Information 520L0636
• L&K Frame Motors Technical Information 520L0627
• JS 1000, JS 6000 Joystick Grips Technical Information 520L0872
• PLUS+1 Controller Family Technical Information 520L0719

Hydraulic Systems Guidelines
• Hydraulic Fluids and Lubricants Technical Information 520L0463
• Pressure and Speed Limits BLN-9884
• Design Guidelines for Hydraulic Fluid Cleanliness 520L0467
• Experience with Biodegradable Hydraulic Fluids, Technical Information 520L465
• Pressure and Speed Limits BLN-9884
• Selection of Driveline Components BLN-9885

Technical Information Series 40 M46 Pumps

Reference Literature
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Danfoss Power Solutions is a global manufacturer and supplier of high-quality hydraulic and
electronic components. We specialize in providing state-of-the-art technology and solutions
that excel in the harsh operating conditions of the mobile off-highway market. Building on
our extensive applications expertise, we work closely with our customers to ensure
exceptional performance for a broad range of off-highway vehicles.

We help OEMs around the world speed up system development, reduce costs and bring
vehicles to market faster.

Danfoss – Your Strongest Partner in Mobile Hydraulics.

Go to www.powersolutions.danfoss.com for further product information.

Wherever off-highway vehicles are at work, so is Danfoss. We offer expert worldwide support
for our customers, ensuring the best possible solutions for outstanding performance. And
with an extensive network of Global Service Partners, we also provide comprehensive global
service for all of our components.

Please contact the Danfoss Power Solution representative nearest you.

Local address:

Danfoss 
Power Solutions GmbH & Co. OHG
Krokamp 35
D-24539 Neumünster, Germany
Phone: +49 4321 871 0

Danfoss 
Power Solutions ApS
Nordborgvej 81
DK-6430 Nordborg, Denmark
Phone: +45 7488 2222

Danfoss 
Power Solutions (US) Company
2800 East 13th Street
Ames, IA 50010, USA
Phone: +1 515 239 6000

Danfoss 
Power Solutions Trading
(Shanghai) Co., Ltd.
Building #22, No. 1000 Jin Hai Rd
Jin Qiao, Pudong New District
Shanghai, China 201206
Phone: +86 21 3418 5200

Danfoss can accept no responsibility for possible errors in catalogues, brochures and other printed material. Danfoss reserves the right to alter its products without notice. This also applies to
products already on order provided that such alterations can be made without changes being necessary in specifications already agreed.
All trademarks in this material are property of the respective companies. Danfoss and the Danfoss logotype are trademarks of Danfoss A/S. All rights reserved.

L1001029 • Rev BG • May 2015 www.danfoss.com © Danfoss A/S, 2015

Products we offer:

• Bent Axis Motors

• Closed Circuit Axial Piston
Pumps and Motors

• Displays

• Electrohydraulic Power
Steering

• Electrohydraulics

• Hydraulic Power Steering

• Integrated Systems

• Joysticks and Control
Handles

• Microcontrollers and
Software

• Open Circuit Axial Piston
Pumps

• Orbital Motors

• PLUS+1® GUIDE

• Proportional Valves

• Sensors

• Steering

• Transit Mixer Drives

Comatrol
www.comatrol.com

Schwarzmüller-Inverter
www.schwarzmueller-
inverter.com

Turolla 
www.turollaocg.com

Hydro-Gear
www.hydro-gear.com

Daikin-Sauer-Danfoss
www.daikin-sauer-danfoss.com 
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SERVICE INSTRUCTIONS
ZAMBONI  MODEL

11870-0011

Parts list

Key  Description      Qty.  11870-0011

1  Screw End Cover (3 Per Kit)    2  18753-0332
2  End Cover       1  12062-0000
3  Gasket       1  816-0000
4  Impeller Natural Rubber     1  836-0008-P
5  Wearplate      1  2574-0000
6  Body       1  11874-0000
7  Screw Cam (3 Per Kit)     1  91005-0040
8  Cam – Brass      1  834-0001
9  Pipe Plug      2  Included with pump head
10  Slinger (3 Per Kit)     1  3181-0000
11  Seal (Bearing)       1  817-0000
12  Ball Bearing       1  92600-0003 
13  Retaining Ring, Bearing to Body  (3 Per Kit)  1  18712-0000
14  Retaining Ring, Bearing to Shaft  (3 Per Kit)  1  18711-0000
15  Shaft       1  11877-0000
16  Seal (Shaft)  wet end mechanical   1  6407-0010
17  Roll Pin      1  93000-0160
18  Adaptor      1  11876-0000
19  Key Clutch Drive      1  91401-0100
20 &  Clutch Assembly Complete, 12V 1A Grooves 1  92300-0060
21  Replacement Field Coil, 12V    1  Part of clutch assembly



Jabsco is a trademark of Xylem Inc. or one of its subsidiaries. 
© 2013  Xylem, Inc.    43000-0880    Rev. A 1/2013

www.xylemflowcontrol.com

SERVICE INSTRUCTIONS

IMPELLER REPLACEMENT: Remove end cover gasket. Pull 
impeller out by grasping impeller with a Jabsco impeller puller. 
With a rotary motion in the direction the pump will be turn-
ing, push the impeller into the impeller bore. A light coating of 
grease in the impeller bore will protect the impeller during initial 
dry start up. Install gasket and end cover.

SHAFT SEAL REPLACEMENT: Remove end cover, gasket 
and impeller as outlined above. Loosen cam screw several 
turns. Give cam screw a couple of sharp raps with the handle 
of the screwdriver to loosen the cam from the impeller bore. 
Remove the cam screw and cam (clean sealant from cam and 
impeller bore). Remove wearplate with hooked wire. Remove 
seal assembly and seal seat assembly from seal bore with 
hooked wire, taking care not to scratch shaft or seal seat bore. 
Clean shaft surfaces behind splines and inspect for scratches 
or wear. Replace if necessary. Before installing new seal parts, 
clean any oil or grease from carbon and ceramic seal faces. 
Dip seal seat and gasket assembly in water and press into 
seal bore with boot first. Dip carbon seal assembly in water 
and install over shaft, carbon towards ceramic seal seat, un-
til it bottoms firmly against ceramic seat. Replace wearplate, 
aligning notch with dowel pin in body. Apply sealant to top sur-
face of cam and cam screw threads and install cam in impeller 
bore. Snug up but do not tighten cam screw. Replace impeller, 
gasket and end cover as outlined above. Tighten end cover 
screws. Tighten cam screw.

FIELD COIL REPLACEMENT: Remove drive belt from pulley. 
Remove center bolt and washer from pulley (it may be neces-
sary to remove end cover to hold impeller from turning, while 
removing center pulley bolt if a cover is installed). Tap pulley 
with soft mallet to remove from shaft taper. Remove 3 bolts and 
washers holding field coil to adaptor. Remove and replace field 
coil, tightening the 3 bolts securely. With drive key in place in 
shaft, replace pulley assembly. Secure to shaft, replace pulley 
assembly. Secure to shaft with center bolt and washer (again, 
it may be necessary to hold the impeller from turning to tighten 
center bolt). Replace drive belts. Do not over tighten belt. A 
deflection of 1/2" midway between pulleys is generally consid-
ered normal.

MAJOR REPAIR: Remove pump from installation for major re-
pair.
Disassembly: Remove end cover, gasket, impeller, cam and 
wearplate as outlined in shaft seal replacement. Remove clutch 
as outlined in field coil replacement. Use a punch to drive roll 
pins (key 17) in toward shaft approximately 3/8" (10mm). Re-
move clutch adaptor from body. Punch roll pin out of adaptor. 
Remove bearing to body retaining ring. Support the bearing 
end of body on arbor press platten. Press on impeller end of 
shaft to remove shaft and bearing assembly from body. Use 
screwdriver to pry inner bearing seal from body. Take care not 
to scratch or damage body bore.
Remove slinger from drain area. Carbon portion of the seal as-
sembly will be freed from shaft when shaft is removed from 
body.

Press seal seat assembly from bearing bore end towards im-
peller bore. Remove bearing to shaft retaining ring. Support 
bearing and press on clutch drive end of shaft to remove shaft 
from the bearing.

ASSEMBLY: Support inner race of bearing on arbor press plat-
ten. Oil shaft, insert drive end of shaft into bearing and press 
shaft through bearing until it bottoms firmly against shoulder. 
Install shaft to bearing until it bottoms firmly against shoulder. 
Install shaft to bearing retaining ring in groove of shaft. Support 
impeller bore end of pump on arbor press platten.
Lubricate bearing seal with grease and press into bearing seal 
bore, flush with bearing bore shoulder, with lip facing away 
from bearing bore. Insert slinger in drain slot, to be picked up 
by shaft during shaft/bearing assembly. Insert splined end of 
shaft through bearing seal and slinger. Press on outer bearing 
race to assemble shaft/bearing assembly into body, bottom-
ing bearing firmly against bearing bore shoulder. Install body 
to bearing retaining ring in groove in body with flat side against 
bearing. 
Install clutch adaptor in bearing bore. If re-using adaptor previ-
ously disassembled from pump, line up dowel pin holes during 
assembly of adaptor to body. If installing new adaptor (which 
does not have pre-drilled dowel pin holes), insert into bearing 
bore until it bottoms and use dowel pin holes in body to pilot 
drill dowel pin holes through adaptor in two places, 180° apart. 
Clean any brass chips from bearing area. Press roll pins into 
body to secure adaptor. Attach field coil to adaptor with three 
round head bolts. Turn body over and support on field coil.

Assemble rubber boot over ceramic seal seat so that shiny sur-
face of seal seat is outwards. Dip assembly in water and insert 
into seal bore. Press firmly but carefully on seal seat until it 
bottoms against shoulder of seal bore. Check to see that the 
seal seat assembly remains in position and does not pop back 
out. A slight twisting motion while pressing will seat it firmly in 
position. Inspect shaft and seal seat bore to be sure sealing 
surfaces are free of nicks or scratches. Clean shaft surface be-
hind splines to ensure proper O-ring seal on shaft. Apply light 
film of grease on shaft surface behind spline area. Slide carbon 
ring assembly, with carbon facing ceramic, over the shaft and 
firmly up against the ceramic seat. Install wearplate in bottom 
of impeller bore, locating slot in outside edge of wearplate over 
dowel pin in body. Apply a small amount of sealant to surface 
of cam and cam screw threads and install cam in impeller bore. 
Edge of cam should be flush with flange face of body. With a 
rotary motion in the direction the pump will be turning, push 
the impeller into the impeller bore until it is firmly bottomed. 
Turn body over to install clutch pulley assembly. Press key into 
shaft. Position clutch/pulley assembly on shaft and align the 
key with slot in pulley hub. Secure with bolt and washer. To 
tighten bolt securely, it may be necessary to hold the impeller 
to prevent the shaft from turning. Turn pump assembly over. 
Dip gasket in water, position on pump flange face, install end 
cover and secure with end cover screws.
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REVERSIBLE VERTICAL AUGER 
 
OPERATING  INSTRUCTIONS 
 
The vertical auger on this machine is equipped to run in both directions.  Forward is as shown on 
the information decal near the valve operating handle.  To run the auger in the reverse direction, 
the safety stop lever needs to be moved out of the way to allow the valve lever to be actuated in 
the opposite direction.  The following steps should be observed when you decide to run the auger 
in the reverse direction. 
 
1) Loosen and rotate the valve stop out of the way. 
 
2) Being sure the auger in not moving, actuate the lever to reverse the auger. 
 
3) To go back into forward, move the lever to the neutral position, pause a moment (2 to 3 

seconds) if the auger is not running, then move lever back into forward position.  If auger is 
running you MUST move the lever into neutral and wait until the auger has come to a full stop. 

 
4) Never slam the valve lever back and forth rapidly trying to unclog something.  You will 

most definitely over pressurize the motor and cause breakage.  Beside the unnecessary 
down time associated with this action, the damaged motor will not be covered under 
warranty.  Damage created in this manner is very obvious upon inspection of the motor. 

 
5) Augers should be washed out between floods to prevent ice build up and jamming of the 

auger. 
 
6) A snow jam in the auger cannot be cleared by reversing the auger since the bottom of the 

auger is designed to pull in snow and not throw it out. 
 
7) A reversible auger may clear a puck, water bottle, piece of hockey stick, etc., large objects 

that do not get caught in the auger flighting. 
 
8) After using the reverse feature and depending on how long it was used, you should check the 

auger bearings and motor coupling set screws to ensure they are still tight.  Reversing the 
auger could loosen them off. 

 
9) The auger should be thoroughly washed out at the end of the shift and immediately the 

bearings should be greased to displace any water accumulated during the day.  Greasing 
them once a day will ensure a long life. 

 
10) Following the above instructions will give you years of trouble free service. 

 
 
 
MANUAL\MACHINE\REVAUGER.DOC  (1/96) 
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The Effects of Moisture on CNG Fill Valves 

 
At the time of year when temperatures begin hovering around the freezing mark in northern parts of 
the U.S. and Canada, CNG users can expect to potentially experience problems with nozzles and 
receptacles not functioning properly.  Users may experience problems such as nozzles venting back 
high pressure, nozzles not disconnecting from the vehicle, nozzles jumping off the vehicle during 
the disconnection process and limited or no product flow.  
 
All of these problems stem from the internal and external components freezing up during the 
refuelling process.  During the warmer weather, the moisture in the gas has remained suspended in 
the gas.  With temperatures above freezing during the day and below freezing during the night, 
combined with higher humidity levels, these environmental effects can cause the moisture to drop 
out of the gas and collect in the system.  As a result, the gas being put into the vehicle is “wetter” 
than normal and can cause hydrate formation and icing on the surfaces of internal parts of the 
refuelling coupling.  External mechanisms could potentially freeze making disconnection difficult. 
 
Situations like the one described above can be avoided.  Operators must ensure regular and routine 
maintenance schedules are being observed, especially concerning the dryer.  If the operator has 
not, it is strongly suggested the dryer be checked to ensure it is functioning properly and it is set to a 
dew point low enough to compensate for the temperature fluctuations.  Once the weather stays 
cold, the moisture levels in the gas will drop off and this problem will be reduced. 
 
IT IS IMPORTANT TO NOTE THIS TYPE OF PROBLEM AFFECTS ALL CNG SYSTEMS AND 
ALL NOZZLE/RECEPTACLE INTERFACES.  THIS PROBLEM IS NOT LIMITED TO ONLY ONE 
SUPPLIER. 
 
This type of situation can affect the fill hose in a way that causes the normal feel of the nozzle to 
change.  Even if a user has a frozen check valve in the receptacle, it is possible (although very, very 
difficult) to disconnect the nozzle from the receptacle. 
 
The Gas Research Institute (GRI) performed a study and found all receptacles freeze up at 
approximately the same moisture levels.  It was determined most of these problems can be avoided 
by having proper maintenance performed on the station gas dryer.  Finally, proper practices of 
returning the nozzle to its hold/storage area when not in use, will keep the connection mechanisms 
free of excess moisture.  Don’t leave it on the floor. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
MANUAL\\MACHINE\CNGFILLVALVES..DOCX  (2/09/15)  



What is the HT
difference?

Petro-Canada starts
with the HT purity
process to produce 
water-white, 99.9% 
pure base oils. The 
result is a range of 
lubricants, specialty 
fluids and greases 
that deliver maximum 
performance for our 
customers.

PETRO-CANADA ATF D3M
AUTOMATIC TRANSMISSION FLUID

Introduction
Petro-Canada ATF D3M is an automatic
transmission fluid that demonstrates exceptional
oxidation and thermal stability, giving extremely
long service life.

Petro-Canada ATF D3M is formulated with Petro-
Canada’s 99.9% pure base oils manufactured
using the HT Purity Process and a leading-edge
additive system. This provides you with an
Automatic Transmission Fluid with longer service
life thereby increasing your productivity due to
less maintenance downtime and avoidance of
costly transmission repair bills.

Features and Benefits
• Exceptional oxidation and thermal stability

giving you a fluid that stays like new longer
• Lasts 160,000 km (100,000 miles)

under normal driving conditions
• Extends transmission life
• Improves fuel economy

• Outstanding fluidity at low temperatures
• Allows cold weather start-ups at

temperatures down to -40°C / -40°F
• Reduces transmission wear during cold

weather starting
• Provides smooth gear shifting during

low temperature operation

• Superior anti-wear protection
• Reduces wear on bearings, bushings

and gears
• Extends transmission life

• Optimized frictional properties

• Gives smooth gear shifts throughout
fluid life

• Prevents clutch shudder in modulated
torque converters

• Clutch plates and bands last longer

Applications
Petro-Canada ATF D3M is recommended for
automatic, powershift and hydrostatic
transmissions installed in many older cars
and trucks, as well as off-highway vehicles. It
also gives excellent performance when used
as a hydraulic fluid in mobile equipment. 

Petro-Canada ATF D3M may be used in
automatic transmissions where a fluid meeting
the former DEXRON® -III(H), -III(G), -II(E), -II or Ford
MERCON® specification is recommended.  

In addition, Petro-Canada ATF D3M is Allison
TES-389 licensed and may also be used where
the following specifications are recommended: 

• Mercedes-Benz 236.1
• Allison V-730D and C-4
• Caterpillar TO - 2
• Ford M2C166H
• Also meets requirements for Clark

Powershift & Renke transmissions
• May also be used in hydraulic and power

steering systems.
• Meets the Ministry of Defense UK

requirement for Joint Service Designation
OX-75

Petro-Canada ATF D3M should NOT be used
where a Ford “Type F” fluid is recommended.
Consult your vehicle owner’s manual for
specific recommendations.

Note: GM recommends the use of DEXRON®-VI
for all GM automatic transmissions. Ford
recommends the use of MERCON®-V in all
Ford automatic transmissions where the
former MERCON® specification was required.



The values quoted above are typical of normal production.  They do not constitute a specification.

PROPERTY TEST ATF D3M
METHOD

Typical Performance Data

Density, kg/l @ 15°C D4052 0.855

Colour - Red

Flash Point, °C / °F D92 185 / 365

Viscosity
cSt @ 40°C (SUS@100°F) D445 34/ 171
cSt @ 100°C (SUS@210°F) 7.7 / 52 

Viscosity Index D2270 210

Pour Point, °C / °F D5950 -51 / -60

Brookfield Viscosity
cP @ -20°C D2983 1,140
cP @ -30°C 3,160
cP @ -40°C 12,100

Sulphated Ash, % wt D874 0.1

Total Base No. D2896 1.1

Qualification Numbers
Allison TES-389 AA-32082007
Allison C-4 C4-18391693

Product Identification Code ATFD3M

TechData Info Lines

Health and Safety 

DEXRON® is a registered trademark of General Motors LLC

MERCON® is a registered trademark of Ford Motor Corp.

IM-7804E (2013.11)
Petro-Canada is a Suncor business
TMTrademark of Suncor Energy Inc. Used under licence.

If you would like to become a Petro-Canada lubricants 
customer and require more information about specialty fluids,
oils and greases that can help maximize your equipment 
performance, savings and productivity, please contact us at:

If you are an existing customer looking to place an order,
please call a Customer Order Management Representative at:

Canada (English). . . . . . . . . . . . . Phone 1-800-268-5850 North America  . . . . . . . . . . . . Phone 1-866-335-3369
(French) . . . . . . . . . . . . . Phone 1-800-576-1686 Europe . . . . . . . . . . . . . . . . . . Phone +44 (0) 121-781-7264

United States . . . . . . . . . . . . . . . Phone 1-877-730-2369 Germany  . . . . . . . . . . . . . . . . Phone 0800-589-4751
Latin America/Europe/Asia. . . . . Phone +1-866-957-4444 China  . . . . . . . . . . . . . . . . . . Phone +86 (21) 6362-0066

You can also e-mail us at lubecsr@suncor.com Visit us on the web at lubricants.petro-canada.com

To obtain Material Safety Data Sheet (MSDS), contact one of
Petro-Canada’s TechData info Lines



 
 
 
 

LUG NUT TORQUE SPECIFICATIONS 
 
 
1. All lug nuts must be checked and retorqued to the proper specification immediately 

upon delivery.  Recheck and retorque every 400 hours thereafter.  Failure to retorque 
is unsafe and could cause a serious accident resulting in bodily injury.  Retorquing 
after 10 hours of use must be done any time the wheel lug nuts are removed for any 
reason. 

 
2. Lug nuts must be tightened in a star or crisscross pattern to insure uniform pressure 

and alignment.  Apply torque evenly by repeating star or crisscross pattern until 
desired torque is reached.  Shown below is the numerical sequence.  WARNING!  
Never use fewer lug nuts than the wheel and vehicle was designed for.  If the wheel 
has 5 lug holes, then use 5 lug nuts. 

 
3. DO NOT USE AIR OR IMPACT WRENCHES TO TIGHTEN LUG NUTS.  They can 

cause thread stripping and under-or over-tightening.  These problems will cause wheel 
failure that can result in severe injury or death to the vehicle occupants.  Additionally, 
using them can mar the finish of some wheels.  A CALIBRATED TORQUE WRENCH 
MUST BE USED TO INSURE PROPER AND SAFE INSTALLATION. 

 
4. Tighten all lug nuts to the proper torque specification of 75-85  ft. lbs. 

10.4-11.8 mkg 
101 Nm -115 Nm 

 
5. Failure to comply with these instructions will void your warranty. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 

MANUAL\MACHINE\LUGNUT  (Revised 03/09/00)  



PROPANE CYLINDER EXCHANGE PROCEDURE

1. Move the mobile equipment outside away from any possible ignition source.

2. Shut off machine.

3. Turn selector valve to the opposite tank which is not being exchanged.

4. Close empty cylinder valve tightly.

5. Wear proper safety gear – Neoprene gloves, safety eye wear, face shield, work boots,
long sleeve shirt and pants.

6. Release cylinder straps or clamps and remove cylinder.

7. For heavy and large cylinders, move the cylinder using a cylinder cart – DO NOT drop
or roll the cylinder.  Place cylinder in empty rack.

8. Select full cylinder, ensuring flat washer is in place, in good condition and that the
cylinder valve is closed.

9. Place cylinder in cradle, ensuring protective collar is aligned with pin on machine (relief
valve to be in 12 o-clock position).  Strap cylinder in place.

10. Connect hose to service valve on cylinder.  Ensure the coupler on hose is hand tight.  A
little WD40 on threads will make threading easier.

11. Open service valve on cylinder slowly.  If opened too quickly, excess flow in valve
will shut supply off.

12. Soap test around fittings on cylinder and hose to ensure there are no leaks.  Any  leaks
found, remove cylinder from service and tag for repair.

13. After ensuring tank and connection are leak free, resume operation of machine.

14. Shut off both tanks at night, remove and store in locked cage outside building or as
may be required by local regulations.

MANUAL\MACHINE\LPGCYL-EXCH.DOC (Revised 11/14/00)



 
 
 
DO'S AND DON'TS OF TIRES & RIMS 
 
 
1/ Rims and tires of all types should be inspected regularly for flaws by a trained mechanic.  If a 

flaw is detected, the rim should be replaced. 
 
2/ Never install a tube in a tire and rim to make-up for a flaw in the rim.  The result  could be 

dangerous. 
 
3/ A tube may only be used with a tubeless tire or rim to make-up for a small flaw in the tire 

which doesn't affect the tire's construction integrity.  An example is a hole where a stud may 
have protruded.  In this example, the casing of the tire would not be disturbed and therefore, 
it's structural integrity remains intact.  If in doubt, replace the tire. 

 
4/ Never use a radial tire on a non-radial approved rim. 
 
5/ Some customers have retrofitted their vehicles with car tires instead of light truck tires.  Car 

tires are not rated for the type of load produced by a truck or an ice resurfacer.  The side walls 
are of a lighter construction and will cause the machine to sway and be unstable.  Tires with 
the L.T. (light truck) designation should be used.  Care must also be taken in selecting a tire 
with the proper rolling radius.  Too big of a tire will cause a loss of down pressure resulting in 
poor quality ice.  Too small of a tire could result in excessive down pressure causing the rear 
of the machine to spin out due to lack of weight on the rear tires. 

 
6/ Check steering stops when going from one style of tire to another to ensure the tire will not 

interfere with the frame of the machine or some other part.  As a rule of thumb, if the tread on 
the new tire is wider, you will most certainly need to adjust the stops. 

 
7/ Tires should be rotated once or twice a season to prolong tire and stud life. 
 
8/ Maintain proper tire pressure. 
 
9/ With the changeover to radial tires, some customers might notice wear or "scuffing" on the 

outside edges of the tire tread.  This is entirely normal and is caused by the increased traction 
of the radial tire during cornering, especially on concrete or pavement. 
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January 5, 1998 
 
 
 
 
PROPANE TANK CHANGING 
 
 
 
Dear Customer: 
 
Please note that Section 13.9 of the CAN/CGA-B149.2M91 Propane Code, regarding the 
National Standard of Canada reads that ALL removable containers shall be exchanged 
outdoors or in areas well ventilated to the outdoors and remote from any source of ignition. 
 
This is being included in your manual as a reminder that cylinder exchanges are to be 
performed outside of the building.  Please make sure that this procedure is being 
performed properly at your location.  Thanking you in advance. 
 
Yours truly, 
 
ZAMBONI COMPANY  LTD. 
 
 
 
 
 
Ken Millar 
Operations Manager 
 
 
 
 
 
 
 
 
 
 
 
 
 
KM:di 
MANUAL\MACHINE\LPGTANK-CHG 



IPropanei
MATERIAL SAFETY DATA SHEET

SECTION 1 - PRODUCT INFORMATION . ...

Product Name: Propane Supplier: Superior Propane Inc.
Trade Name: LPG (Liquified Petroleum Gas), LP-Gas 1111 - 49th Avenue N.E.
Chemical Formula: CaHs Calgary, AB T2E 8V2

WHMiS CLASSIFIGATION Business: (403) 730-7500
Class A- Compressed Gas Local Market / - §7
Class B, Division 1 - Flammable Gas Emergency Number: ( — 7

'(Non Medical) '
Application and Use: Propane is commonly used as a fuel for heating, cooking, automobiles, forklift trucks, crop drying

and welding and cutting operations. Propane is used in industry as a refrigerant, solvent and as a
chemical feedstock.

SECTION 2 - HAZARDOUS INGREDIENTS

COMPONENTS

Propane
Propylene
Ethane

Butane and heavier hydro carbons

CAS NO.

74 -98-6

115-07-1

74 -84-0

106 -97-8

% Volume (vAr)
90% - 99%

0%- 5%

0%- 5%

0%- 2.5%

LD50

Not Applicable
Not Applicable
Not Applicable
Not Applicable

Occupational Exposure Limit:
Based upon animal test data, the acute toxicity of this product is expected to be inhalation: 4 hour LC50= 280,000 ppm (Rat).
Note: Composition is typical for HD-5 Propane per The Canadian General Standard Board CGSB 3.14 National Standard of
Canada. Exact composition will vary from shipment to shipment.

Form: Liquid and vapour while stored under pressure.
Boiling Point: -42''C @ 1 atm.
Freezing Point: -188°C
Evaporation Rate: Rapid (Gas at normal ambient
conditions).
Vapour Pressure: 1435 kPa (maximum) @ 37.8''C
Vapour Density: 1.52 (Air = 1)
Coefficient of Water/Oil Distribution: Not available.

pH: Not available.

Solubility In water: Slight, 6.1% by volume @ 17.8®C
Specific Gravity: 0.51 (water = 1)
Appearance/Odour: Colourless liquid and vapour while stored

under pressure. Colourless and odourless
gas in natural state at any concentration.
Commercial propane has an odourant
added, ethyl mercaptan, which has an
odour similar to boilingcabbage.*

Odour Threshold: 4800 ppm

*With proper handling, transportation and storage, adding a chemical odourant such as eth-merc has proven to be a very
effective warning device, but all odourants have certain limitations. The effectiveness of the odourant may be diminished by
a person's sense of smell, by competing odours and by oxidation which may cause a potentially dangerous situation.

SECTIOr^ 4^ FIRE OR EXPLOSION HAZAR^^

Flash Point: -103.4°C

Method: Closed cup.
Flammable Limits: Lower 2.4%, Upper 9.5%
Auto Ignition Temperature: 432°C
Products Evolved Due To Heat Or Combustion: Carbon

monoxide can be produced when primary air and secondary
air are deficient while combustion is taking place.
Fire and Explosive Hazards: Explosive air-vapour
mixtures may form if allowed to leak to atmosphere.
Sensitivity To Impact: No.
Sensitivity To Static Discharge: Yes.

SECTION 5 - REACTIVITY DATA ^

Stability: Stable.
Conditions To Avoid: Keep separate from oxidizing
agents. Gas explodes spontaneously when mixed with
chloride dioxide.

Incompatibility: Remove sources of ignition and observe
distance requirements for storage tanks from combustible
material, drains and openings to building.

32003-2 (11/01)

Rre Extinguishing Precautions: Use water spray to cool
exposed cylinders or tanks.Donotextinguish fire unless the source
of the escaping gas that is fueling the fire can be turned off. Rre
can be extinguished with carbon dioxide and/or drychemical (BC).
Container metal shells require cooling withwater to prevent flame
impingement and the weakening of metal. Ifsufficient water Is not
available to protect the container shell from weakening, the area
will be required to be evacuated. If gas has not ignited, liquid or
vapour may be dispersed by water spray or flooding.
Special Fire Fighting Equipment: Protective clothing, hose
monitors, fog nozzles, self-contained breathing apparatus.

Hazardous Decomposition Products: Deficient primary
and secondary air can produce carbon monoxide.
Hazardous Polymerization: Will not occur.



SECTION 6 -TOXICOLOGICAL PROPERTIES OF MATERIAL

ROUTES OF ENTRY:

Inhalation: Simple asphyxiant. No effect at concentrations
of 10,000 ppm (peak exposures). Higher concentrations
may cause central nervous system disorder and/or damage.
Lack of oxygen may cause dizziness, loss of coordination,
weakness, fatigue, euphoria, mental confusion, blurred
vision, convulsions, breathing failure, coma and death.
Breathing high vapour concentrations (saturated vapours)
for a few minutes may be fatal. Saturated vapours may be
encountered in confined spaces and/or under conditions of
poor ventilation. Avoid breathing vapours or mist.
Skin and Eye Contact: Exposure to vapourizing liquid may
cause frostbite (cold burns) and permanent eye damage.

SECTION 7 - PREVENTIVE MEASURES ^

Eyes: Safety glasses, are recommended when transfer
ring product.
Skin: insulated gloves required ifcontact with liquid or liquid
cooled equipment is expected. Wear gloves and long
sleeves when transferring product.

Ingestlon: Not considered to be a hazard.
Acute Exposure: The acute toxicity of this product is
expected to be inhalation: 4 hour LC50=280,000ppm (Rat).
Chronic Exposure: There are no reported effects from long
term low level exposure.
Sensltizatlon to Product: Skin-unknown,
Respiratory-unknown.
Occupational Exposure Limits: American Conferenceof
Governmental industrial Hygienists (ACGIH) lists as a simple
asphyxiant. ACGIH TLV: 1000 ppm.
Carcinogenlcity, Reproductive Toxicity,Teratogenlclty,
Mutagenlclty: No effects reported.

Inhalation: Where concentration in air would reduce the oxy
gen level below 18%airorexceedoccupational exposure limits
in section 6, self-contained breathing apparatus is required.
Ventilation: Explosion proof ventilation equipment required
in confined spaces.

SECTION 8 - EMERGENCY AND FIRST AIDPROCEDURES

FIRST AID:

Eyes: Should eye contact with liquid occur, flush eyes with
lukewarm water for 15 minutes. Obtain immediate medical
care.

Skin: In case of "Cold Burn"from contact with liquid, immedi
ately place affected area in lukewarm waterand keep at this
temperature until circulation returns, if fingers or hands are
frostbitten, have the victim hold his hand next to his body such
as under the armpit.Obtain immediate medical care.
Ingestion: None considered necessary.
Inhalation: Remove person to fresh air. If breathing is diffi
cult or has stopped, administer artificial respiration. Obtain
immediate medical care.

SPILL OR LEAK:

Eliminate leak of possible.
Eliminate source of ignition.
Ensure cylinder is upright.
Disperse vapours with hose streams using fog nozzles.
Monitor low areas as propane is heavier than air and can
settle into low areas. Remain upwind of leak. Keep people
away. Prevent vapour and/or liquid from entering into sewers,
basements or confined areas.

ISECTION^^TRANSPGRTATjGN, HANDLING AND STORAGE
•Transport and store cylinders and tanks secured in an
upright position in a ventilated space away from ignition
sources (so the pressure relief valve is in contact with the
vapour space of the cylinder or tank).

•Cylinders that are not in use must have the valves in the
closed position and be equipped with a protective cap or
guard.

- Do not store with oxidizing agents, oxygen, or chlorine
cylinders.

- Empty cylinders and tanks may contain product residue. Do
not pressurize, cut, heat or weld empty containers.

-Transport, handle and store according to applicable federal
and provincial codes and regulations.

Transportation of Dangerous Goods (TOG)
-TDG Classification; Flammable Gas 2.1

-TDG Shipping Name: Liquified Petroleum Gas (Propane)
-TDG Special Provisions: 56, 90,102
-PIN Number: UN1075

Superior Propane Inc., Regulations &Safety Department. (403) 730-7500 Date prepared: November 2001.
Supersedes: September 1999.

The information contained herein Is believed to be accurate. It Is provided independently of any sale of the product. It Is not Intended to constitute
performance Information concerning the product. No express warranty, implied warranty of merchantability or fitness for a particular purpose ismade
with respect to the product information contained herein.

32003-2(11/01)
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Safety Bulletin
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IMPORTANT REMINDERS!

DO NOT OPERATE OR SERVICE THE ZAMBONI ICE RESURFACING MACHINE WITHOUT READING THE 
OPERATING INSTRUCTIONS, VIEWING THE VIDEO PRESENTATIONS “ICE RESURFACER OPERATION” AND 
“CONDITIONER MAINTENANCE” AND BEING PROPERLY TRAINED FOR ITS SAFE OPERATION. OBSERVE ALL 
LABELS AND INSTRUCTIONS.

The Zamboni ice resurfacer is to be operated by one person. The machine is not designed nor built 
to accommodate riders. See the Zamboni Company’s position on second seats and “riders” here: 
https://zamboni.com/no-riders/ Keep everyone off of the ice surface and out of the path of the ice resurfacing 
machine while moving and/or in operation.

Anyone operating, servicing or interacting with the Zamboni ice resurfacer should be trained annually in the safe 
operation and use of the machine. Trained operators and service personnel should review the materials annually 
to re-familiarize themselves with the safe and proper operation of the ice resurfacer. Each machine is delivered 
to its new owner with digital safety materials on a USB drive located on the key ring. Operating instructions, 
maintenance schedules, parts lists, operations video, maintenance video and its service manual are included in the 
digital files.

REV March, 2019
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Familiarize yourself and your staff with these and other areas of potential hazard or danger:

Conveyor intake Conveyor discharge opening Horizontal conveyor screw
(view safety guard list DM-2021G) (view safety guard list DM-2021G) (view safety guard list DM-2021G)

Sharp blade Crush hazards Missing safety guards
(view Conti Blade Changing Assistant page) (view safety guard list DM-2021G)

Missing safety labels and/or  
safety wall poster

Improper maintenance /  
lack of maintenance 

Lack of use of proper Personal 
Protective Equipment or “PPE”

(request replacements) (see maintenance schedule in your  
machine service manual)

Fuel handling Battery maintenance Risk of electric shock

Unsafe operation of equipment by 
staff not properly trained

Unsafe operation of equipment Air quality issues  
(resources for air quality)

(request replacement Service Manual on USB)

All of these topics and more are referenced in this packet of information. Detailed information relating to each is 
located in your machine's service manual and operating instructions. 

REV March, 2019
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CONVEYORS, BELTS, CHAINS, CRUSH, PINCH AND CUT HAZARDS

Always use proper personal protective equipment and familiarize yourself and your staff with local and regional 
rules and regulations governing PPE. Keep hands and feet away from conveyors, belts, chains and other moving 
parts.

Check for obstructions if conveyor stops ONLY after turning off the engine and removing the key. If any part of 
the conveyor system becomes plugged or clogged, or appears to be plugged or clogged, the conveyor should be 
flushed out with water. This procedure must be done only after the machine has been removed from the ice and 
the engine or power has been shut off. Under no circumstances should the operator attempt to clean or clear the 
conveyor system or parts around it while the machine is on the ice or the engine is running. Never use fingers or 
hands to clear a conveyor clog. Do not insert fingers or hands into the conveyors.

Important safety guards have been developed for existing and older equipment in the field. Kits to 
retrofit these machines are available with a detailed listing by machine model and serial number here: 
(view safety guard list DM-2021G). Removal of any safety guard or modification of your equipment should not be 
performed nor permitted.

Inspect your machine to make sure that it is properly equipped with these guards and that all safety labels are in 
place. If safety labels are missing or painted over, replacements are available at no cost. Contact your Zamboni 
Authorized Distributor or Zamboni Customer Service. (https://zamboni.com/register-as-a-zamboni-product-owner/).

Keep hands, feet and body out from under the snow dump tank, conditioner and other raised parts until they 
are securely blocked and supported using proper maintenance stands and methods discussed in your machine’s 
operating instructions. Remove the key from the ignition. 

Use extreme caution when making contact with the shaving blade/knife as it can cause injury whether it is sharp 
or dull. Always use properly rated PPE. Reduce the risk associated with blade changes by using a blade changing 
assistant tool (view Conti Blade Changing Assistant page). Familiarize yourself and your staff with the facility’s 
policies regarding blade change procedures and proper PPE.

IMPROPER MAINTENANCE OR LACK OF MAINTENANCE

Follow the manufacturers’ recommended maintenance schedules. These are located in your machine’s service 
manual which originally accompanied your machine at delivery. For a replacement service manual, contact your 
Zamboni Authorized Distributor or Zamboni Customer Service (https://zamboni.com/distributor-locator/).

It is the owners’ and operators’ responsibility to perform inspections and preventative maintenance programs to 
ensure that all component parts are kept in good working order. It is critical that anyone working on or servicing 
the ice resurfacer exercise caution at all times. Never perform any maintenance or service on the machine without 
first turning the machine off and removing the key. Everyone interacting with the machine must properly trained 
and qualified for the task before them. They should familiarize themselves with the part of the resurfacer which 
they intend to service prior to doing the work by reading the operating instructions and service manual and 
reviewing operations and maintenance videos before performing any service or maintenance or operating the 
resurfacer.

Conduct a “circle check” before putting the ice resurfacer into use at least on a daily basis. A basic circle check 
diagram is included in the machine’s service manual within the operating instructions and is available separately via 
this link: https://zamboni.com/circle-check/

REV March, 2019
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Everyone interacting with the ice resurfacer should be made aware of and held accountable for the use of PPE. 
Staff should have access to equipment and must be instructed on the importance of the proper use of PPE. Make 
sure that your facility follows local and regional standards and regulations regarding PPE.

Only qualified and trained staff should attempt to perform maintenance and service the machine. Additional 
caution should be taken when performing specialized service such as:

• Battery maintenance

• Battery charger service

• Brake component replacement (including awareness of asbestos material if applicable)

• Highly technical service of the engine and optional equipment

• Drilling, welding, painting or other intensive maintenance and repair tasks

Additional caution should also be taken to familiarize yourself and your staff with:

• Flammability of oils, fuels and lubricants

• Toxicity of oils, fuels and lubricants

• Risk of electric shock

• Crush, pinch and cut hazards

Additional information and details relating to these and other considerations are included in this packet 
beginning in the “General Safety Practices” section. Please review this information and make sure it is 
available to your staff and all service personnel. This information can be downloaded by anyone at anytime at: 
https://zamboni.com/register-as-a-zamboni-product-owner/

AIR QUALITY AND BUILDING VENTILATION

Ensuring a healthy indoor environment should be a daily priority of every person who works in or manages ice 
arenas. It may be especially important when higher outdoor temperatures are present at the beginning and end of 
the typical ice arena season. With higher temperatures, some operations have issues relating to increased humidity 
inside their buildings as well as difficulty in retaining a sheet of ice.

While these may be concerns for the operator, they should never be addressed at the expense of air quality in your 
building. The following are safety reminders and resources relating to this subject:

BUILDING VENTILATION 

Important references and information regarding regulations are available online. Many trade publications and 
industry groups provide helpful information relating to air quality. Locate the local regulations and information 
relating to your location.

The United States Ice Rink Association has a web page with important information regarding indoor air quality for 
ice arena owners and operators: https://www.usicerinks.com/resources/ indoor-air-quality

REV March, 2019
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U.S. EPA Information on air quality: https://www.epa.gov/indoor-air-quality-iaq/indoor-air-quality-and-ice-arenas

The Ontario Recreational Facilities Association shares their air quality reference materials here: 
https://zamboni.com/air-quality-and-emissions/

Never operate ice resurfacing equipment in an enclosed rink without adequate ventilation.

Make sure your ventilation system is working properly and turned on when operating the resurfacer.

Make sure you are in compliance with local/regional/provincial/federal or other regulations as well as any local 
building codes and health and safety laws. Air quality requirements can vary from one locality to another and since 
few buildings are identical, the actual amount of ventilation needed should be assessed and implemented at each 
ice arena accordingly.

Readings of carbon monoxide (CO) and nitrogen oxide (NOX) and other required readings should be 
taken at least on a daily basis.

Sources of air contamination can include but are not limited to:

• ice resurfacing machine or ice edger

• heaters, furnaces, boilers

• polluted air intake

• cigarette smoke

• refrigerant leaks

• CO
2
 tanks

• fireworks

• fuel with impurities

• restaurant and/or vendor equipment

• idling vehicles outside of the building and/or other outside emissions

It is the rink operator’s responsibility to ensure clean air at all times. If you are unsure if your ventilation is adequate, 
consult with a qualified Heating Ventilation Air Conditioning (HVAC) professional and/or local air quality officials.

PROPERLY MAINTAIN YOUR ICE RESURFACING EQUIPMENT

For fuel-powered equipment, tune the engine and make all adjustments recommended in your machine’s digital 
service manual which has been provided by the manufacturer of the engine. Familiarize yourself and your staff 
with the fuel source used in your facility and the potential issues related to that fuel.

Only warm up the engine prior to resurfacing in a properly ventilated area, with an exhaust line to the outside or 
the machine being outdoors.

It is imperative that proper maintenance is performed by a qualified mechanic on a regularly scheduled basis.

REV March, 2019
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However, even if an internal combustion engine is equipped with a LPG/CNG, catalytic converter and/or high-rise 
exhaust kit, it still produces emissions and a buildup of these emission fumes is hazardous.

The Zamboni Company continues to build the Zamboni ice resurfacer with safety as a primary consideration. We 
have an ongoing effort to instruct arena owners and operators in the safe and proper operation of our machines. 
Additional training tips and materials are continually being developed and provided online. If your resurfacer is 
kept in good repair, operated properly and safety instructions and warnings are followed, accidents and injuries 
can be avoided. We would like to take this opportunity to re-emphasize some areas of the machine’s operation 
which must be strictly adhered to by the operators of each resurfacer and enforced by the owner.

Share all of this information with your staff. Also, review with your staff all safety and operation information sent 
previously by Zamboni including manuals, video presentations, safety labels and the machine room’s safety wall 
poster.

An arena owner/operator/manager has no greater responsibility than ensuring a safe environment for the patrons 
and staff at their facility. The Zamboni Company and your Zamboni Authorized Distributor are committed to 
assisting you in your performance of this all-important task. 

IF YOU HAVE QUESTIONS, PLEASE CONTACT US:

Locate your Zamboni Authorized Distributor  
https://zamboni.com/distributor-locator/)

Zamboni Company USA, Inc. (United States) 562.633.0751 
Zamboni Company Ltd. (Canada) 519.758.5000 
Zamboni Europe AB (Sweden/Europe) +46 291 206 80

REV March, 2019
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Safety Bulletin
This bulletin should be printed or saved digitally and shared with all staff working on or around the Zamboni ice 
resurfacer. If you retain digital files on your machine's digital service manual (USB key ring) add this information 
and advise your staff of the update. If you keep a printed copy of these materials, it should be placed in a 
prominent position in the Operating Instructions Manual.
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General Safety Practices

Safety 

This symbol warns of possible personal injury.

 
The safety rules and regulations in this section are representative of some, but not all, rules and regulations. 
The guidelines of Occupational Safety and Health Administration ("OSHA") as well as the Canadian Centre for 
Occupational Health and Safety ("CCOHS") are paraphrased without representation that the rules and regulations 
have been reproduced verbatim. Please refer to Section 1910 of the Federal Register and subsequent revisions for a 
complete list of OSHA rules and regulations. Please refer to your provincial Health and Safety regulatory body for a 
complete list of CCOHS rules and regulations. Regulations vary from state to state; province to province as well as 
country to country. Operate your Zamboni ice resurfacer in accordance with local regulations.

Important Safety Notice
Periodic and proper operation, lubrication and maintenance is important for the safety and reliability of your 
Zamboni machine. The ice resurfacer operation manual outlines recommended procedures, some of which 
require the use of special tools or work methods. Improper operation and lack of maintenance of your machine is 
dangerous and could result in injury or death.

READ AND UNDERSTAND ALL SAFETY PRECAUTIONS AND WARNINGS BEFORE OPERATING, OR 
PERFORMING LUBRICATION AND MAINTENANCE ON THIS MACHINE.

Basic safety precautions are outlined in the SAFETY bulletin and in the description of operations where hazards 
exist. Warning labels have been affixed to the machine to provide instructions and to identify specific hazards 
which could cause bodily injury or death to you or other persons.

It is the responsibility of the owner to perform a job safety analysis of all hazards associated with the total 
environment in which the Zamboni machine will operate and to train all personnel annually.

REV March, 2019
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The warnings in the manual and on the machine are identified by the symbols: 

DANGER!

Operations that may cause product damage are identified on the product and this 
publication. Zamboni cannot anticipate every possible circumstance that might involve 
potential hazard.

The warnings in this manual and on the machine are therefore not all inclusive. If a procedure, tool or work 
method not specifically recommended by Zamboni is used, a competent person must be consulted to assure the 
safety of you and others and that the machine will not be damaged or made unsafe by the procedures you choose. 
You should also ensure that the product will not be damaged or made unsafe by the operation, lubrication, 
maintenance or repair procedure you choose. When in doubt, contact your Zamboni Authorized Distributor or 
Zamboni Customer Service for consultation and advice.

DANGER ! 

Do not operate or perform maintenance on this machine unless you have read 
and understand the instructions in THIS BULLETIN AND THE OPERATION MANUAL. 
Improper machine operation and maintenance is dangerous and could result in injury 
or death. Contact Zamboni or your Zamboni Authorized Distributor for a replacement 
manual. Proper operation and maintenance is your responsibility.

Accidents involving product operation, maintenance and repair are caused by failure to observe basic safety rules 
or precautions. A person must be alerted to potential hazards. This person should also have the necessary training, 
skills and tools to perform safely, including properly rated personal protective equipment.

Equipment specifications are subject to change at any time. These changes may affect the service given to the 
product. Please obtain the most current information from Zamboni or your Zamboni Authorized Distributor before 
attempting to perform any job or service.

Warning Signs and Labels
There are several specific safety signs on your Zamboni machine. 

Make sure that you can read and understand all of the safety signs. Clean or replace them if you cannot read the 
words or see the pictures. When cleaning the labels use a cloth, water and soap. Do not use solvent, gasoline, etc. 

You must replace a label if it is damaged, missing or cannot be read. If a label is on a part that is replaced, make 
sure a new label is installed on the replaced part. Contact Zamboni or your Zamboni Authorized Distributor for 
new labels at no cost.
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DANGER ! 

Only trained and authorized personnel may operate this machine. For safe operation, 
read and follow the manual furnished with this machine and observe the following 
warnings:

• Keep all guards in place. Do not operate the Zamboni machine if any guard is damaged or missing. 

• Check all controls and warning devices for proper operation. 

• Put directional control or shift lever in neutral before “ON-OFF” switch is turned on. 

• Start, turn and brake smoothly. Slow down for turns, slippery or uneven surfaces. Use extreme caution when 
turning or on inclines. 

• Watch out for pedestrians and obstructions, check overhead clearances. 

• Do not permit riders on the Zamboni machine at any time. 

• Do not allow anyone to stand or pass under the elevated portion of any machine. 

• Be sure operating surface can safely support machine. 

• Observe safety rules when handling fuel on engine powered machines and when changing or charging 
batteries for electric machines. 

• Never cover, hide or remove any safety label.

Crushing or Cutting Prevention
• Support equipment and attachments properly when working beneath them. 

• Do not depend on hydraulic cylinders to hold up. Any attachment can fail if a control is moved or if a hydraulic 
line leaks or breaks. 

• Never attempt adjustments while the machine is moving or is running unless otherwise specified. 

• Where there are mechanical linkages, the clearance in the linkage area will increase or decrease with 
movement of the assembly. 

• Stay clear of all rotating and moving parts. 

• Keep objects away from moving fan blades. They will throw or cut any object or tool that falls or is pushed into 
them. 

• Retainer pins, when struck with force, can fly out and injure nearby persons. Make sure the area is clear of 
people when driving retainer pins. 

• Wear protective glasses when striking a retainer pin to avoid injury to your eyes. 

• Chips or other debris can fly off objects when struck. Make sure no one can be injured by flying debris before 
striking any object. 

• Keep all guards in place and in good repair.
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Fire or Explosion Prevention

Fuels (Gasoline, Propane - LPG, Compressed Natural Gas - CNG) 

Gasoline, LPG, CNG and their vapors are extremely flammable. LPG and CNG vapors 
reduce oxygen available for breathing and may cause suffocation. Gasoline vapors are 
extremely flammable and cause flash fires.

• Never smoke when filling, installing or changing the fuel tanks on the machine.

• Keep all sources of open flame, spark or other ignition such as stoves, furnaces, water heaters or any appliance 
using a pilot light away from fuel storage, fuel use and refueling areas. Under well ventilated conditions, a 
minimum distance of 20 feet from all ignition sources is recommended.

• Do not operate the machine if an odor of gasoline or LPG or CNG is present or if other explosive conditions 
exist.

• Refuel outdoors or in a well ventilated area.

• DO NOT refuel when the engine is running or hot. Allow engine and engine exhaust system and catalytic 
convertor (if equipped ) to cool for a minimum of five minutes before refueling.

• Never fill the gasoline tank completely full or to a point where the gasoline is overflowing. Always leave a small 
portion of the gas tank and the entire fill tube empty. This will allow for the expansion and movement of the 
gasoline and will minimize sloshing and potentially spilling the gasoline when the machine moves.

• If gasoline is spilled, avoid creating any source of ignition until the gasoline has been completely removed. 

• LPG is heavier than air and spreads rapidly. Stop all leaks quickly. Shut off the source of gas.

• If a fire starts, evacuate the area and notify the fire department.

• For a fire in the engine compartment, shut off engine. Shut off the gas flow at the tank valves for LPG and 
CNG powered vehicles before trying to extinguish. Make sure your staff knows how to properly use it.

• Always have a properly maintained fire extinguisher located in the Zamboni machine room. Make sure your 
staff knows how to properly use it.

• Fire extinguishing media must be dry chemical, foam, or CO
2
 for use on large fires.

Propane Tank Storage and Handling

• Avoid skin contact with liquid because of possibility of freeze burn. Use propane resistant gloves when working 
with the propane tank connections. Always use a full face mask and wear a long sleeve shirt or jacket, in 
addition to all required personal protective equipment.

• The storage and handling of LP gas and tanks and refueling of the machine should be in accordance with the 
locally applicable codes and standards. 
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• US machine owners can reference the National Fire Prevention Association (NFPA)  
https://www.nfpa.org/codes-and-standards/allcodes- and-standards/list-of-codes-and-standards/detail?code=58  
Canadian machine owners can reference Standards Council of Canada 
https://www.scc.ca/en/ standardsdb/standards/7318 

• Only properly trained and designated persons should charge or exchange the LP gas tanks. 

• The engine should be stopped and no persons should be on the Zamboni machine during refueling. 

• Always install tanks and make tank connections outdoors or in a well ventilated area away from heat, ignition 
sources and open flames. NO SMOKING ALLOWED during these operations. 

• Store tanks in an authorized location (outside, detached storage is required) with adequate ventilation. 

• Store tanks in upright position, away from heat/ignition sources. 

• Reasonable care should be exercised in handling the LP gas containers to avoid damage. Do not drop, throw, 
roll or drag LP gas containers or any associated parts of the containers or fuel system. 

• The careless handling of LP gas containers can result in a serious accident. Extreme care should be exercised 
when transporting containers so that they are not accidently dropped or physically damaged. When it is 
necessary to move more than one container at one time, a proper carrying device should be provided and 
used. 

• Physical damage such as dents, scrapes or gouges may materially weaken the structure of the tank and render 
it unsafe for use.

• All LP gas containers should be regularly inspected before recharging and examined again before reuse, for the 
following defects or damage: Leaks, dents, scrapes, gouges, or corrosion of the pressure vessel, with emphasis 
on the bottom of the cylinders.

• Damage to the various valves and liquid level gauge.

• Debris in the relief valve.

• Indication of leakage at valves and or threaded connection.

• Deterioration, damage or loss of flexible seals in the fill or servicing connection;

• Do not overfill LP gas containers.

• Keep container valve closed and plugged when not in use.

• Never use a match or open flame to check for leaks, use a soap solution.

• Always close the LPG tank service valve when the Zamboni machine is parked for the night or for any 
extended length of time.

• Observe the tank manufacturers' guidelines regarding expiration dates and retirement of older tanks.
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CNG Fuel System

The installation of distribution, storage and dispensing (charging) systems and CNG cylinder charging must be 
done in accordance with locally applicable codes and standards.

U.S. machine owners can reference the National Fire Prevention Association (NFPA)  
NFPA 52 Compressed Natural Gas (CNG) Vehicular Fuel Systems and any other applicable regulations. Canadian 
machine owners can reference: ANSI/IAS NGV4.1-1999 / CSA 12.5-M99 (R04). Your local gas utility company must 
be advised of your installation.

Only properly trained and designated persons should charge the CNG fuel cylinders on the machine.

• Never smoke when changing the CNG fuel cylinders on the machine.

• Keep all sources of open flame, spark or other ignition such as stoves, furnaces, water heaters or any appliance 
using a pilot light away from fuel storage, fuel use and refueling areas. Under well ventilated conditions, a 
minimum distance of 20 feet from all possible ignition sources is recommended.

• Never charge the cylinders in excess of their maximum allowable service pressure at normal temperature. DOT 
and TC containers shall be charged in accordance with DOT and TC regulations.

Oils

• Hydraulic oil and its vapors are flammable and will ignite if they contact a hot surface such as an exhaust pipe 
or manifold. A flash fire can occur.

• Hot oil and components can cause personal injury. Do not allow hot oil or components to contact the skin.

• At operating temperature, the hydraulic tank is hot and can be under pressure.

• Remove the hydraulic tank filler cap only after the machine has been stopped and the filler cap is cool enough 
to remove with your bare hand.

• Remove the hydraulic tank filler cap slowly to relieve pressure.

Batteries

• Battery fumes may cause fire or explosion. Battery acid can cause burns. 

• Only trained and designated personnel should recharge or exchange batteries. 

• Service, exchange and handle batteries only in authorized areas where proper safety and ventilation facilities 
are provided (i.e. eye wash stand, showers, etc.). 

• Do not smoke, or expose battery to sparks or flame when checking, charging or servicing battery. Keep chains 
and metallic tools away from the top of the battery. 

• Highly explosive gases are present and are especially hazardous toward the end of the charging period as the 
battery approaches a full charge condition.  
DO NOT OVERCHARGE THE BATTERIES. 

• Cover the top of the battery with plywood or other insulating material before removing it from the machine. 
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• Do not add acid to a “wet” battery, add distilled water only. 

• When preparing a dry charged battery for service, follow the battery manufacturer’s instructions. Clean and 
tighten all electrical connections. 

• Check daily for loose or frayed electrical wires. Have all loose or frayed electrical wires tightened, repaired or 
replaced before operating the Zamboni ice resurfacer.

Lubricants

Most lubricants are flammable

• Keep all lubricants stored in properly marked containers and away from unauthorized persons.

• Store all oily rags or other flammable material in an approved container, in a safe place.

• Do not weld or flame cut on pipes or tubes that contain flammable fluids. Clean them thoroughly with non-
flammable solvent before welding or flame cutting on them.

• Remove all flammable materials such as oil and other debris before they accumulate on the Zamboni machine.

• Do not expose the ice resurfacer to flames, burning, etc.

Lines, Tubes and Hoses
• Do not bend or strike high pressure lines. Do not install bent or damaged lines, tubes or hoses.

• Repair any loose or damaged oil lines, tubes and hoses. Leaks can cause fires. Contact Zamboni or your 
Zamboni Authorized Distributor for repair or replacement.

• Check lines, tubes and hoses carefully. Do not use your bare hand to check for leaks. Use a board or cardboard 
to check for leaks. Tighten all connections to the recommended torque. Replace if any of the following 
conditions are found:

• End fittings damaged or leaking;

• Outer covering chafed or cut and wire reinforcing exposed;

• Outer covering ballooning locally;

• Evidence of kinking or crushing of the flexible part of hose;

• End fittings displaced;

• Make sure that all clamps, guards and heat shields are installed correctly to prevent vibration, rubbing against 
other parts and excessive heat during operation.
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Safe Operation

Mounting and Dismounting
• Mount and dismount the ice resurfacer only where steps and/or handholds are provided.

• Use both hands and face the Zamboni machine when mounting and dismounting. Use extra care when wet or 
slippery conditions exist.

• Never get on or off a moving Zamboni machine. Never jump off the machine.

• Do not try to climb on or off the ice resurfacer when carrying tools or supplies.

Before Operating the Zamboni Machine
• Operate the machine only from the operator’s station.

• Adjust the seat so that full pedal travel can be obtained with the operator’s back against the seat back.

• The Zamboni machine is equipped with a lighting system, make sure all lights are working properly.

• Make sure no one is working on, underneath or close to the ice resurfacer before turning on the key or 
beginning to move the machine. Make sure the area is free of personnel.

• Do not move the machine or move any of the controls if there is a “DO NOT OPERATE” or similar warning tag 
attached to the start switch or controls.

• Move the transmission control lever to NEUTRAL.

• Clear all personnel from the machine and the area.

• Clear all obstacles from the path of the ice resurfacer. Beware of hazards such as curbs, blocks, posts, wire, 
cans, etc.

• Make sure the horn and all other warning devices are working properly. 

• Check for proper operation of all controls.

Operation
• Obey all traffic rules and warning signs.

• Always observe floor load limits and overhead clearances.

• When turning the ice resurfacer, slow down to safe speed.
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Parking
• Park the Zamboni machine in authorized areas only.

• Move the hydrostatic transmission control lever or directional switch to NEUTRAL.

• Turn the key switch OFF and remove the key.

• If possible, park the machine on a flat and level surface. If the machine is parked on any kind of grade, the 
wheels must be blocked with wheel chocks to prevent the vehicle from rolling away after it has been parked.

• Set parking brake if the machine is equipped with a parking brake.

• Store in well ventilated area.

Engine Emission Systems - Inspection and Maintenance

DANGER!

Internal combustion engines produce exhaust emissions that contain dangerous gases, 
including carbon monoxide (CO) and nitrogen oxides (NOX). These gases can cause 
serious injury or death. 

The rink MUST be adequately ventilated during every operation of the ice resurfacer. 
Also the resurfacer must be kept properly maintained and serviced at all times and the 
engine timing should always be properly set. Each person who operates and maintains 
the resurfacer should be so instructed. 

Please keep in mind that adequate ventilation, monitoring the facility's indoor air 
quality (for CO and NO2 levels) and the condition of the machine is, at all times, the 
complete responsibility of the rink owner and operators.

The safe and correct operation and maintenance of the resurfacer, the engine and the engine exhaust system 
includes:

• Measuring the facility's indoor air quality (for CO and NO
2
 levels), daily;

• Measuring engine emission levels;

• Adjusting engine components (when applicable) to ensure correct operation and optimum engine emission 
levels;

• Inspecting, adjusting (when applicable), maintaining and replacing engine and exhaust system components 
when required.

If you do not have the tools, education or expertise to inspect, maintain, repair or replace these items, contact 
Zamboni or your Zamboni Authorized Distributor for assistance.
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Optional Emission System Components

Machines may be equipped with the following emission systems components: catalytic converter (two way and 
three way), engine controller and oxygen sensor(s). Some are optional and some are standard with all current 
model machines featuring them as standard equipment.

Catalytic Converter

The purpose of the catalytic converter is reduce the tail pipe emissions of the vehicle. However, correct operation 
of the catalytic converter must be verified by measuring the engine emission levels before and after the catalytic 
converter by using an exhaust gas analyzer (4 or 5 gas). The performance of the catalytic convertor must be 
measured every 300 hours and replaced at recommended intervals or when no longer operational.

Engine Controller/ Engine Control Module (ECM)

The purpose of the engine controller/ engine control module is to try to control the engine’s air-fuel ratio to a 
predetermined level thus producing optimum engine performance. The correct operation of the engine controller 
can be verified using a “mixture monitor” tool (ZPN 7K-40410) for some machines.

Oxygen Sensor

Oxygen sensors are critical components used by the engine controller or engine control module. Correct 
oxygen sensor operation should be verified at each engine service or tune-up (every 300 hours) and replaced 
at recommended intervals or when no longer operational. Machines with engine control modules will indicate 
diagnostic trouble codes (DTCs) to indicate needed service.

Engine Emission Inspection
The engine emission checks must take place:

• Upon catalytic converter installation;

• Every tune-up or 300 hours of operation (or sooner if required by state or local regulations or indicated by 
machine duty cycle or performance);

Record the engine emission levels.

As a guideline reference, the post-cat emissions should show a reduction of no less than 75% in the carbon 
monoxide (CO) level. Typically the reduction in CO is much greater, around 90%. If the reduction in CO is less 
than 75% then the engine or the exhaust system components (which includes the catalytic converter) must be 
inspected, adjusted, repaired or replaced.

WARNING!

These engine emission checks are NOT substitutes for the daily emission monitoring of 
facility indoor air quality. In addition, the guideline reference for emission reductions 
should NOT be a substitute for any applicable government guidelines, standards or 
regulations.
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To order, please contact your Zamboni Authorized Distributor and have your 
machine model number and serial number available. 
Find your Local Zamboni Authorized Distributor at zamboni.com/distributor-locator

DM-2021G

IMPORTANT SAFETY GUARDS AND MATERIALS AVAILABLE FOR YOUR ZAMBONI MACHINE

The following items are available for owners and operators of our machines. Should you require replacement safety materials 
(warning and safety labels; or a safety poster), they are available at no cost to replace those originally provided with the 
delivery of the machines.

Auger and conditioner guard kits KZ-77500, KZ-77510, KZ-72100, KZ-40500, and KZ-40505 are available to update the 
applicable machine models listed below to current machine production guarding standards. KZ-40500 and KZ-40505 employ a 
snow tank switch to unlock a solenoid allowing for hydraulic vertical auger motor flow that is disabled when the snow tank is 
up. All other kits contain physical guard panels to restrict operator access to moving components like augers and belts. Please 
note that for the installation of the KZ-77500 conditioner guard kit, drilling and assembly is required.

Part # Description Machine Model
(S/N if applicable)

CONICAL SNOW SHIELD

00-07956 CONICAL SNOW SHIELD KIT - HD
- HDA
- HDB
- KB

00-05699 CONICAL SNOW SHIELD KIT - JRD

49-18380 CONICAL SNOW SHIELD KIT - 500 (S/N 2804-5620)
- 552 (S/N 4493-5656)

49-18390 CONICAL SNOW SHIELD KIT - 520
- 525
- 526

VIDEOS

DU-00100 ICE RESURFACER OPERATION + 
CONDITIONER
MAINTENANCE VIDEO

- ALL MODELS

SAFETY LABELS

DM-2015P EN ELECTRIC MACHINE SAFETY LABEL KIT 
-INQUIRE ABOUT OTHER LANGUAGES 
AVAILABLE

- PLEASE NOTE MACHINE SERIAL NUMBERS 
HERE:

DM-2015R EN FUEL MACHINE SAFETY LABEL KIT 
-INQUIRE ABOUT OTHER LANGUAGES 
AVAILABLE

- PLEASE NOTE MACHINE SERIAL NUMBERS 
HERE:

SAFETY POSTER

DM-2020B SAFETY POSTER  
(DUPLICATE / SAME AS INCLUDED IN THIS 
MAILING)

- ALL MODELS

ZAMBONI DM-2021G
PAGE 1 OF 2
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To order, please contact your Zamboni Authorized Distributor and have your machine model number and serial 
number available. Find your Local Zamboni Authorized Distributor at zamboni.com/distributor-locator

IMPORTANT SAFETY GUARDS AND MATERIALS AVAILABLE FOR YOUR ZAMBONI MACHINE

Part # Description Machine Model
(S/N if applicable)

CONDITIONER AND HORIZONTAL AUGER GUARDS

KZ-77500 CONDITIONER GUARD KIT - 500
- 540
- 545
- 546
- 552
- 520
- 525
- 526
- 400
- 440
- 445
- 446
- HDA
- HDB

VERTICAL AUGER GUARDS

KZ-72100 VERTICAL AUGER CHUTE EXTENSION KIT - 500 (THROUGH S/N 5620)
- 520
- 525
- 526
- 552 (THROUGH S/N - 5656)
- HDA
- HDB

KZ-77510 VERTICAL AUGER GUARD KIT
(Tall Wash Water Tank)

- 500 (S/N 5621+)
- 540
- 545
- 546
- 552 (S/N 5657+)

KZ-40505 VERTICAL AUGER INTERLOCK KIT - 500 (THROUGH S/N -5620)
- 520
- 525
- 526
- 552 (THROUGH S/N -5656)
- HDA
- HDB

KZ-40500 VERTICAL AUGER
INTERLOCK KIT

- 400
- 440
- 445
- 446

DM-2021G

ZAMBONI DM-2021G
PAGE 2 OF 2
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Pour commander, communiquez avec votre distributeur autorisé Zamboni et 
ayez en main le numéro de modèle et le numéro de série de votre machine.
Pour trouver le distributeur autorisé Zamboni le plus près, consultez zamboni.com/distributor-locator

DM-2021G

CONSIGNES DE SÉCURITÉ ET MATÉRIAUX IMPORTANTS DISPONIBLES POUR VOTRE MACHINE ZAMBONI

Les éléments suivants sont offerts aux propriétaires et les opérateurs de nos machines. Si vous avez besoin de matériel de 
sécurité de remplacement (étiquettes d’avertissement et de sécurité; ou une affiche de sécurité), ils sont disponibles sans frais 
pour remplacer ceux qui ont été fournis à l’origine à la livraison des machines.

Les kits de protection de tarière et de conditionneur KZ-77500, KZ-77510, KZ-72100, KZ-40500 et KZ-40505 sont proposés 
pour mettre les modèles de machines associés et énumérés ci-dessous aux normes actuelles de protection et de fabrication. 
KZ-40500 et KZ-40505 utilisent un commutateur de benne à neige pour déverrouiller un solénoïde permettant un débit de 
moteur hydraulique de la tarière verticale qui est désactivée lorsque la benne à neige est en soulevée. Tous les autres kits 
contiennent des panneaux de protection physiques limitant l’accès de l’opérateur aux composants mobiles tels que les tarières 
et les courroies. Notez que pour l’installation du kit de protection du conditionneur KZ-77500, un perçage et un assemblage 
sont nécessaires.

No. Pièce Description Modèle de machine 
(N/S le cas échéant)

PARE-NEIGE CONIQUE

00-07956 KIT DE PARE-NEIGE CONIQUE - HD
- HDA
- HDB
- KB

00-05699 KIT DE PARE-NEIGE CONIQUE - JRD

49-18380 KIT DE PARE-NEIGE CONIQUE - 500 (S/N 2804-5620)
- 552 (S/N 4493-5656)

49-18390 KIT DE PARE-NEIGE CONIQUE - 520
- 525
- 526

VIDÉOS

DU-00100 VIDÉO D’OPÉRATION DE LA SURFACEUSE À 
GLACE + ENTRETIEN DU CONDITIONNEUR

- TOUS LES MODÈLES

ÉTIQUETTE D’AVERTISSEMENT

DM-2015P QC JEU D’ÉTIQUETTES D’AVERTISSEMENT
POUR MACHINE ÉLECTRIQUE DISPONIBLES

- SVP, INSCRIRE LE NO. DE SÉRIE 
DE LA MACHINE ICI :

DM-2015R QC JEU D’ÉTIQUETTES D’AVERTISSEMENT
POUR MACHINE À COMBUSTION DISPONIBLES

- SVP, INSCRIRE LE NO. DE SÉRIE 
DE LA MACHINE ICI :

ZAMBONI DM-2021G
PAGE 1 OF 2
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Pour commander, communiquez avec votre distributeur autorisé Zamboni et ayez en main le numéro de 
modèle et le numéro de série de votre machine. 
Pour trouver le distributeur autorisé Zamboni le plus près, consultez zamboni.com/distributor-locator

CONSIGNES DE SÉCURITÉ ET MATÉRIAUX IMPORTANTS DISPONIBLES POUR VOTRE MACHINE ZAMBONI

No. Pièce Description Modèle de machine 
(N/S le cas échéant)

AFFICHE D’AVERTISSEMENT

DM-2020B AFFICHE D’AVERTISSEMENT 
(DUPLICATA/MÊME QU’INCLUS DANS CET
ENVOI)

- TOUS LES MODÈLES

PROTECTEURS DE CONDITIONNEUR ET DE TARIÈRE HORIZONTALE

KZ-77500 KIT DE PROTECTION DU CONDITIONNEUR - 500
- 540
- 545
- 546
- 552
- 520
- 525

- 526
- 400
- 440
- 445
- 446
- HDA
- HDB

PROTECTEURS DE TARIÈRE VERTICALE

KZ-72100 KIT D’EXTENSION DE LA GOULOTTE DE 
TARIÈRE VERTICALE

- 500 (JUSQU’AU N/S 5620)
- 520
- 525
- 526
- 552 (JUSQU’AU N/S 5656)
- HDA
- HDB

KZ-77510 PROTECTEUR DE TARIÈRE VERTICALE
(Réservoir eau de lavage haut)

- 500 (N/S 5621+)
- 540
- 545
- 546
- 552 (N/S 5657+)

KZ-40505 KIT DE VERROUILLAGE DE SÉCURITÉ POUR 
TARIÈRE VERTICALE

- 500 (JUSQU’AU N/S -5620)
- 520
- 525
- 526
- 552 (JUSQU’AU N/S -5656)
- HDA
- HDB

KZ-40500 KIT DE VERROUILLAGE DE SÉCURITÉ POUR 
TARIÈRE VERTICALE

- 400
- 440
- 445
- 446

DM-2021G

ZAMBONI DM-2021G
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