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HOW TO USE THIS MANUAL

Scope of Service Explanations

This manual describes service procedures performed after removal of the engine from the vehicle.

For removal of the engine from the vehicle, installation of the engine in the vehicle, and on-vehicle inspection and service of

the engine, please use the separate Workshop Manuals prepared for the vehicle.

How to Read Explanations

Service steps

dition of the component parts.

and tightening torques are shown.
-Removal steps

The numbers of the part names match the numbers in the component part drawing and indicate the removal sequence.
-Installation steps

Installation steps are omitted wherever installation can be achieved simply by performing the removal steps in reverse.
-Disassembly steps

-Reassembly steps

(1) A component part drawing is shown at the beginning of each section to enable the technician to ascertain the installed con-

(2) Service steps are indicated by means of numbers in the component part drawing. Non-reusable parts are indicated as such,

The numbers of the part names match the numbers in the component part drawing and indicate the disassembly sequence.

Reassembly steps are omitted wherever reassembly can be achieved simply by performing the disassembly steps in reverse.

Classification of Service Points

using special tools are collated as service points and ex- or disassembly service points.

or reassembly service points.

Key service points, service standards, and instructions for <<A>>: Outward-pointing brackets denote removal service points

plained in detail. >>A<<: Inward-pointing brackets denote installation service points

Lubricant and Sealant Symbols

Every location where a lubricant or sealant must be applied él ---------- Grease
or added is indicated using a relevant symbol in the compo-
nent part drawing and/or on the page after the component -y @ . Sealant or form-in-place gasket (FIPG)
part drawing. i
__________ Brake fluid

__________ Engine oil or gear oil

Inspection

Only those inspection procedures which use special tools or measuring appliances are described. You must perform general visual inspec-

tion and part cleaning whenever necessary although their procedures are not described in this manual.

AK202851




Section title

CHAMKSHAFT AMD CYLINDER BLOCK ———F——

CRANKSHAFT AND CYLINDER BLOCK
AEMOVAL AND INSTALLATION

Denotes non-reusable part.
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SPECIFICATIONS

GENERAL INFORMATION

ENGINE MODELS

Engine model Displacement mL
4G64-L-56/57 2,351
4G63-L-5A/5B 1,997

Specification

Single overhead camshaft, 16-valve

GENERAL SPECIFICATIONS

Description

Type

Number of cylinders

Combustion chamber

Total displacement cm®

Cylinder bore mm

Piston stroke mm

Compression ratio

Valve timing Intake valve

Exhaust valve

Lubrication system
Oil pump type

Opens (BTDC)
Closes (ABDC)
Opens (BBDC)
Closes (ATDC)

Specification
4G64-L-56/57 4G63-L-5A/5B
In-line OHV, SOHC

4
Pent roof type

2,351 1,997
86.5 85
100 88
9.5 9.5
18° 18°
53° 53°
50° 50°
18° 18°

Pressure feed, full-flow filtration
Involute gear type



SPECIFICATIONS

SERVICE SPECIFICATIONS

Item
Timing belt
Auto-tensioner rod projection length mm

Auto-tensioner rod pushed-in amount [When pushed with a force of 98 -

196 N] mm
camshaft
Camshaft cam height mm

Camshaft journal outside diameter mm
Cylinder head and valves
Cylinder head flatness of gasket surface mm

Intake
Exhaust

Cylinder head grinding limit of gasket surface mm (Total resurfacing

depth of cylinder head and cylinder block)
Cylinder head overall height mm

Cylinder head bolt shank length mm

Valve thickness of valve head (margin) mm

Valve overall height mm

Valve stem outside diameter mm
Valve thickness to valve guide clearance mm

Valve face angle mm
Valve spring free length mm

Valve spring load/installed height N/ mm

Valve spring out-of-squareness

Valve seat valve contact width mm
Valve guide inside diameter mm

Intake
Exhaust
Intake
Exhaust

Intake
Exhaust

Valve guide projection from cylinder head upper surface mm

Valve stem projection mm

Oil pan and oil pump
Item
Oil pump side clearance mm

Standard value
Drive gear
Driven gear

Standard value

12
1.0 or less

37.39
36.83
45

Less than 0.03

119.9~ 120.1

97.4

1.0

1.2

112.30
114.11

6.0

0.02 - 0.05
0.03-0.07
45° - 45.5°
54.75

235+19/44.2

2° or less
09-1.3
6.0

14.0

49.3

Limit
0.08-0.14
0.06 -0.12

Limit

Min36.89
Min36.33

0.2
0.2

99.4

Min 0.5
Min 0.7
Min111.80
Min113.61
0.10

0.15

53.75

49.8

Item



SPECIFICATIONS

Piston and connecting rod

Piston outside diameter mm

Piston ring side clearance mm No. 1
No. 2

Piston ring end gap mm No. 1
No. 2

QOil ring side rall
Piston pin outside diameter mm
Piston pin press-in load kg (Room temperature)
Crankshaft pin oil clearance mm
Connecting rod big end side clearance mm
Crankshaft and cylinder block
Crankshaft end play mm
Crankshaft journal outside diameter mm
Crankshaft pin outside diameter mm
Crankshaft journal oil clearance mm
Cylinder block flatness of gasket surface mm

Cylinder block grinding limit of gasket surface mm (Total resurfacing
depth of both cylinder head and cylinder block)

Cylinder block overall height mm 4G64-L-56/57
4G63-L-5A/5B

Cylinder block inside diameter mm 4G64-L-56/57
4G63-L-5A/5B
Cylindricity mm

86.5 /85
0.02 - 0.06
0.02 - 0.06
0.25-0.35
0.40-0.55
0.10-0.40
22.0
755-1750
0.02 - 0.05
0.10-0.25

0.05-0.18
57.0
45.0
0.02-0.04
0.05

290+0.1

284+0.1

86.5-86.53
85-85.03
0.01

0.1
0.1
0.8
0.8
1.0

0.1

0.4

0.25

0.1

0.1
0.2



SPECIFICATIONS

REWORK DIMENSIONS

Item

Cylinder head And valves

Diameter of oversize valve seat ring hole in |Intake 0.3 oversize

cylinder head mm 0.6 oversize

Exhaust |0.3 oversize
0.6 oversize

Diameter of oversize valve guide hole in cylinder head mm |0.05 oversize

0.25 oversize

0.50 oversize

Standard value

34.435-34.455
34.735-34.755
31.935-31.955
32.235-32.255
11.05 - 11.07
11.25-11.27
11.50-11.52



SPECIFICATIONS

TORQUE SPECIFICATIONS

ltem

ignition system

Crankshaft pulley bolts

Spark plugs

Water pump pulley bolts

Exhaust manifold

Water pump bolts

Thermostat housing bolts

Timing belt

Auto-tensioner bolts

Camshaft sprocket bolt
Counterbalance shaft sprocket bolt
Crankshaft bolt

Engine support bracket bolt

Idler pulley bolt

Oil pump sprocket nut

Tensioner "B" bolt

Tensioner arm bolt

Tensioner pulley bolt

Timing belt cover bolts (Bolt, washer assembly)
Timing belt cover bolts (Flange bolt and nut)
Inlet manifold and water pump
Engine hanger bolt

Oil pressure switch

Water temp gauge

Water outlet fitting bolts

Rocker arms and camshaft

Rocker arms and rocker arm shaft bolts
Rocker cover bolts

Thrust screw

Cylinder head and valves
Cylinder head bolts

Specification

(Nm)
245
245
8.9

13.8
23.6

23.6
88.3
45.1
117.7
48
35.3
54

19

22

49

11
19
10
30
20

32

19

P 78Nm QONmM
P 20Nm +P 90°+P 90°

ft.lbs
18
18

7

10
18

18
65
34
87
36
26
40
14
16
36

14

22
15

23

14

P58ftlbs  QOftlbs

P 15ft.lbs +P 90°
+P 90°



SPECIFICATIONS

Iltem

Oil pan and oil pump
Drain plug

Flange bolt

Front case bolts

Oil filter bracket bolts

Oil filter

Qil pan bolts

Oil pump cover bolts

Oil pump cover screws
Oil screen bolts

Plug

Relief plug

Piston and connecting rod
Connecting rod cap nuts

Crankshaft and cylinder block
Bearing cap bolts

Bell housing cover bolts
Oil seal case bolts

Rear plate bolts

-10 -

Specification

(Nm)

44
36.3
24.5
18.6
18.6
6.9
15.7
9.8
18.6
23.5
44

P 20Nm +P 90°
to 100°

P 245Nm +P 90°
to 100°

8.8

10.8

10.8

ft.lbs

33
27
18
14
14
5

12
8

14
18
33

P 15ft.Ibs
to 100°

P 18ft.lbs
to 100°

+P 90 °

+P 90 °



SPECIFICATIONS

MITSUBISHI MOBILE ENGINE MAINTENANCE REQUIREMENTS

Perform the following maintenance on the engine at the hours indicated and at equivalent hour intenvals thereafter.

Interval Hours

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

Every 150 hours

or 120 days of operation

Check LPG system for leaks

Prior to any service or maintenance activity

Inspect accessory drive belts for cracks, breaks, splits or glazing1

X

Inspect electrical system wiring for cuts, abrasions or corrosion

Inspect all vacuum lines and fittings for cracks, breaks or hardening

Engine Coolant Section

Clean debris from radiator core

E

very 100 hours or 60 days of operation

Change Coolant” “*

. 1
Inspect coolant hoses for cracks, swelling or deterioration

Engine Ignition System

Replace spark plugs - Standard Duty

Replace spark plugs - Severe Duty®

X

Inspect battery case for damage

Base Engine System

Replace camshatft belt

Replace balance shaft belt

Inspect PCV system

X

Fuel System Maintenance

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

Replace fuel filter

X

Inspect Shut-off Valve for leaks and closing

Leak check fuel lines

Check air induction for leaks

Check manifold for vacuum leaks

XXX

Drain LPG Vaporizer oil build up

Every 150 hours

or 120 days of operation

Engine Exhaust System

Inspect exhaust manifold for leaks

Inspect exhaust piping for leaks

Check HEGO sensor(s) connector and wires for burns, cuts or damage

XXX

Inspect catalyst for mechanical damage

X

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.

Special Notes Section

Note 1 = Item should be checked yearly, replace as needed

Note 2 = PSI Requires the use of coolant that meets specification GM6277M, we do not recommend mixing coolants. Consult the OEM for the correct

replacement interval if you use coolant other than GM6277M.

Note 3 = Severe duty applications are units that receive high load, full throttle operation for the majority of its operational life.

Note 4 = 5,000 hours or 5 years, whichever occurs first

-11 -




SPECIFICATIONS

SEALANTS

ltems Specified sealants

Water outlet fitting* Permatex Ultra Grey Gasket Maker pt# 82194 or equivalent
Thermostat housing*

Thermostat housing seal bolt 3ME AAD Part No. 8672 or equiyvV
Qil 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.

-12 -



SPECIFICATIONS

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.

-13-



SPECIAL TOOLS

SPECIAL TOOLS

Tool Number Name Use
800398 |Moment wrench Adjustment of timing belt tension

800399 |Crankshaft sprocket Removal of crankshaft sprocket
puller

W

ey
Y

A\Y

B
a3

800400 |Leak-down tester |Leak-down tester of lash adjuster

800401 |Lash adjuster Bleeding of air inside the adjuster
retainer
800402 |Air bleed wire Air bleed of lash adjuster
800403 |Lash adjuster |Supporting of the lash adjuster to prevent it from
holder 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

LA wN L%

B990767

800406 |Pins

@

D998719

9
Q&‘ ﬁ"\‘w‘

@
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SPECIAL TOOLS

800407

800408

800409

800410

800411

800412

800397

800413

800414

800415

800416

Tension pulley
wrench

Oil pressure switch
wrench

Camshaft oil seal
installer

Cylinder head bolt
wrench (12)

Valve spring
compressor

Valve steam seal
installer

Qil pan remover

Plug wrench

Plug wrench
retainer

Silent shaft bearing
puller

Silent shaft bearing
puller

Adjustment of timing belt tension

Removal and installation of oil pressure switch <to
cylinder block>

Installation of camshaft oil seal

Removal and installation of cylinder head bolt

Compression of valve spring

Installation of valve steam seal

Removal of oil pan

Removal and installation of front case cap plug

Removal of counterbalance shaft front bearing

Removal of counterbalance shaft rear bearing

-15 -



SPECIAL TOOLS

D998285

D998776

800417

800418

800419

800420

800421

800422

800423

Bearing installer Removal and installation of rear bearing
stopper

Silent shaft bearing |Installation of counterbalance shaft bearing
installer

Crankshaft front oil |Installation of crankshaft front oil seal
seal guide

Crankshaft front oil
seal installer

Piston pin setting |Removal and installation of piston pin
tool

Handle Installation of crankshaft rear oil seal

Crankshaft rear oil
seal installer

-16 -



TIMING BELT

TIMING BELT

REMOVAL AND INSTALLATION

17
16
1 \O
450.m
0]
L9M.mM
> Q)
14
13
241,
1
\
11N.m Q

Removal steps

1. Timing belt front lower cover
<<A>> >>H<< 2. Timing belt
3. Tensioner pulley
4. Tensioner arm
>>G<< 5. Auto-tensioner
6. Idler pulley
7. Tensioner pulley bracket
8. Timing belt rear cover
9. Timing belt indicator
<<B>> >>F<< 10. Oil pump sprocket

<<C>>
<<D>>

<<E>>

<<F>>

<<G>>
<<H>>

GEN1769

>>E<< 11. Crankshaft bolt

12. Crankshaft sprocket

13. Flange

14. Tensioner "B"
>>D<< 15. Timing belt "B"
>>C<< 16. Counterbalance shaft sprocket
>>B<< 17. Spacer

18. Crankshaft sprocket "B"
>>A<< 19. Camshaft sprocket bolt

20. Camshaft sprocket

-17 -



TIMING BELT
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REMOVAL SERVICE POINTS

<<A>> TIMING BELT REMOVAL

1. Mark the belt running direction for reinstallation.
NOTE:

(1) Water or oil on the belt shortens its life
drastically, so the removed timing belt, sprocket,
and tensioner must be washed or immersed in
solvent. Replace parts if contaminated.

(2) If there is oil or water on any part, check the
front case oil seals, camshatft 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) o r a 1/ 160 iathé
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.

<<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.

-18-
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TIMING BELT

6EN0636

<<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: Water or oil on the belt shortens its life
drastically, so the removed timing belt, sprocket,
and tensioner must be free from oil and water.
These parts should not be washed or immersed in
solvent. Replace parts if contaminated.

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.

-19-



TIMING BELT

800405

Ny g =i U}
— o< g2

:

T o AN
-9,
l\k\\&\ ;-.,

800406 i / \\@j[fﬁ_’ SENO662

<<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.

-20-



TIMING BELT

AK202794

Cracks

)\ Cracks
X /

Peeling of canvas

=
N

Cracks in tooth roots

AK202793AD

Rounded edge

Abnormal wear

(fluffy strand) AK202795AD

Canvas lost and

rubber exposed \

Missing
Tooth

AK202796AB

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.

-21 -



TIMING BELT

AUTO TENSIONER
1. Check for oil leaks. If oil leaks are evident,
_ replace the auto-tensioner.
) 12 mm 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

O

AK301307AD
98TO 196 N 4. Press the rod with a force of 98 to 196 N and
‘ measure the movement of the rod.
ﬁ If the measured value is out of the standard value,
T3 Movement replace the auto-tensioner.
Standard value: 1.0 mm or less
AK301308AD

-22 -



TIMING BELT

800405

== .
N@’.

Counter
balance
shaft

AK301298AD

6EN0636

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

-23.-



TIMING BELT

=

Tensioner "B"

S

(
Cen@er of\\\@ ™~
tensigner pulley Q)

>>D<< TIMING 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 timing 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 timing 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 timing belt "B." The
belt must deflect 5 to 7 mm.

-24 -



TIMING BELT

OENOD634

' BENO564

AK300154

AK301074AD

>>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 shatft.

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) o r a
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.
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TIMING BELT

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.

GEH0G72
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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 2.5-2.6 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.
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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

WATER PUMP

REMOVAL AND INSTALLATION

13N.m

Removal steps
1. Oil level gauge
2. Oil level gauge guide
3. O-ring
4. Water inlet fitting
>>C<< 5. Thermostat
>>B<< 6. Water outlet fitting
7. By-pass fitting
>>A<< 8. Water inlet pipe

>>A<< 9. O-ring

10. Thermostat housing
11. Water inlet pipe

12. O-ring

13. Water pump

14. Water pump gasket
15. Water inlet fitting

>>A<<
>>A<L
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WATER PUMP

/
/

Water inlet pipe

O-ring

AK301861AC

Jiggle valve

Thermostat
housing

AK304588AB

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

ROCKER ARMS AND CAMSHAFT

REMOVAL AND INSTALLATION

| Apply engine o 1o
Al moving parns
barfiare inskallation,

Removal steps

<<A>> >>C<<
<<A>> >>C<<
>>C<<

. Breather hose

. PCV hose

. PCV valve

. PCV valve gasket

. Oil filler cap

. Rocker cover

. Rocker cover gasket

. Oil seal

9. Rocker arms and rocker arm shaft

O~NO U WNPE

10. Rocker arms and rocker arm shaft

11. Rocker arm shaft ring

>>B<<

>>B<<
>>A<<
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12.
13.
14.
15.
16.
. Rocker arm shaft (Exhaust side)
18.
19.
20.
21.
22.

6EN1762

Rocker arm "A"

Rocker arm "B"

Rocker arm shaft (Intake side)
Lash adjuster

Rocker arm "C"

Lash adjuster
Oil seal
Thrust case
O-ring
Camshaft



ROCKER ARMS AND CAMSHAFT

REMOVAL SERVICE PO

<<A>> ROCKER ARMS AND RO RM
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 camshatft.

Standard Minimum
value limit

Intake 37.39mm 36.89mm
Exhaust 36.83mm 36.33mm

PEN0052

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.

Roller Tip
7ENODG4

-33-



ROCKER ARMS AND CAMSHAFT
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— /
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8000401
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\_ 6EN1702
800402 %
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\ 6EN1703

800402

800401

N 3

6EN1706

Division =7 mm [.04in.}

800400

LASH ADJUSTER LEAK DOWN TEST
NOTE:

e The lash adjuster is a precision part. Keep it
free from dust and other foreign matter.

e 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 )
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ROCKER ARMS AND CAMSHAFT

800402 — N ]
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N f,
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T BEMD421

800403

Lash adjuster,

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.
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ROCKER ARMS AND CAMSHAFT

>>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.
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CYLINDER HEAD AND VALVES

CYLINDER HEAD AND VALVES
REMOVAL AND INSTALLATION

782 N-m— 0 N-m >20+2N-m— +90° - +90°

Apply engine oil to
all moving parts
| before installation.

Removal steps

<<A>> >>D<< 1. Cylinder head bolt 11.
2. Cylinder head assembly <<C>> >>A<< 12.

3. Cylinder head gasket 13.

<<B>> >>C<< 4. Retainer lock <C>> >>A<< 14,
5. Valve spring retainer 15.

>>B<< 6. Valve spring 16.

7. Intake valve 17.

<<B>> >>C<< 8. Retainer lock 18.
9. Valve spring retainer 19.

>>B<< 10. Valve spring 20.
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AK301262AE

Exhaust valve

Valve stem seal
Valve spring seat
Valve stem seal
Valve spring seat
Intake valve guide
Exhaust valve guide
Intake valve seat
Exhaust valve seat
Cylinder head



CYLINDER HEAD AND VALVES

:

0
\

VSN

hY

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.
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800412

Z/?%////Kf&omsmn

Spring
identification EE retainer
color

Q_ 0
i Stem seal
Qt—
|
g_ Spring seal
o GEM04IT

800426

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.
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Shank length
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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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CYLINDER HEAD AND VALVES

Contact
(Should be at
center of face)

Margin
:K300593AB
—_— Out of square
Free height
AK300718AB

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 Ilimit, 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. Measur e t he val vebds
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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CYLINDER HEAD AND VALVES

Guide inside diameter

Stem diameter

AK300168 AE

Y

end

T Valve stem
A

Valve stem
projection

Spring
seating
surface

AK300596AB

\f43.5°~44°
6EN0491

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.
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Cut
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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: 35.43517 34.455 mm
0.6 oversize: 34.7357 34.755 mm
Exhaust seat ring hole diameters
0.3 oversize: 31.9357 31.955 mm
0.6 oversize: 32.2357 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, BALANCE SHAFT AND OIL PAN

FRONT CASE, SILENT SHAFT AND OIL PAN
REMOVAL AND INSTALLATION

l Apply engire o 1o

al mioing parns
| barfore installatian,

B

2.4 Kgim
1

44 N

& 4.5 Kgim
7 hm
0.7 Kgifm
Removal steps
>>N< 1. Qil filter 17. Oil pump cover
2. Drain plug >>H<< 18. Oil pump driven gear
>>M< 3. Drain plug gasket >>H<< 19. Oil pump drive gear
<<A>> >>L.< 4. Qil pan >>G<< 20. Crankshaft front oil
5. Oil screen >>F<< 21 Oil pump oil seal
6. Oil screen gasket >>E<<  22. Counterbalance shaft oil seal
<<B>> >>K< 7.Plug >>D<<  23. Front case
8. O-ring 24. Front case gasket
<<C>> >>J<¢ 9. Flange bolt 25. Counterbalance shaft, left
>>|<< 10. Oil pressure switch 26. Counterbalance shaft, right
11. Relief plug <<D>> >>C<< 27.Counterbalance shaft, front
12. Gasket <<E>> >>B<< bearing, right
13. Relief spring <<E>> >>A<< 28. Counterbalance shaft, rear
14. Relief plunger bearing, left
15. Qil filter bracket 29. Counterbalance shatt,
16. Qil filter bracket gasket rear bearing, right
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FRONT CASE, BALANCE SHAFT AND OIL PAN

Screwdriver

Plu
; .////
6EN1026

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.
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FRONT CASE, BALANCE SHAFT AND OIL PAN

Front bearing

800415
3EN0207

8004W
[ ¢ __—

<<D>> RIGHT COUNTERBALANCE SHAFT
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)

e Bearing installer stopper (800417)
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800418 (Guide Pin)
J AK300178AD
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Front bearing right
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77 P
_ / ~
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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<<
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FRONT CASE, BALANCE SHAFT AND OIL PAN

800418
(Stopper)

800418
(Stopper)
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Rear bearing

AK300619AD
800418 (Stopper)
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Rear bearing
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800418 (Guide Pin)
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AK300178AD

REAR 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.
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FRONT CASE, BALANCE SHAFT AND OIL PAN

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

Ratchet ball surface and bearing hole in the cylinder.

Front bearing right

AK304592AB 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)
'13 0

AK300624
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FRONT CASE, BALANCE SHAFT AND OIL PAN

6ENO0747

Qil seal

* Socket wrench

%

Front case

L_J| ]

AK304593AB

Qil seal

Socket wrench

=5y

AK304594AB

>>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.
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FRONT CASE, BALANCE SHAFT AND OIL PAN

Oil seal

* 800420
W/

Front case

/o

AK304595AB

Shes
s 7

Alignment

mark
AK300180AD

AK300172

>>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.

>>|<<  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.
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AK300184AD

)
_—Groove portion
Bolt hole
portion

4mm Crank pulley side

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.

>>|. << 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.
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Oil pan side

Gasket

7ENO307

o

AK301069AD

General service tool AK300169AD

>>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.

-B53 -



FRONT CASE, BALANCE SHAFT AND OIL PAN

Ksooma

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
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PISTON AND CONNECTING ROD
REMOVAL AND INSTALLATION

| Apply engine oil to
] all moving parts
| before installation.

20 + 2 N-m — + 90° to 100°
AK301260AE

Removal steps
>>G<< 1. Nut

>>F<< 2. Connecting rod cap
>>E<< 3. Connecting rod bearing
>>D<< 4. Piston and connecting rod assembly
>>E<< 5.  Connecting rod bearing
>>C<< 6. Pistonring No. 1
>>C<< 7. Pistonring No. 2
>>B<< 8. Oilring
>>A<< 9.  Piston pin

10. Piston

11. Connecting rod

12. Bolt
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Cylinder
number

AK202812AB

Guide A: 17.9 mm
Push
rod Guide B

.

Guide C

@ Guide A: 20.9 mm

Guide A: 18.9 mm

(0

AK301562AB

v Push rod

Front mark
Front <

mark

Guide C

Base
/

.

AK202781AC

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.

Cylinder bore size mark | Piston size mark

I A

1 No mark

1 C

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.

=[(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.

-57-



PISTON AND CONNECTING ROD

Front —*]
mark

Guide A

Base

. Guide B

AK202782AB

0

1

AK301796

Upper
side rail

|
!
AT

Spacer

BN \
/ Lower
side rail
AK304597AB

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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Side rail end

AK300190AD

2. Install the upper side rail. To install the side rall,
first fit one end of the rail into the piston groove,
then press the remaining portion into position by
hand. See illustration.

NOTE:
e Do not use a piston ring expander when
installing side rail.
e The side rails and spacer may be installed in
either direction.
e New spacers and side rails are colored for
identification of their sizes.

Piston ring
expander

Size Identification
color

Standard None

0.50 mm oversize diameter Red

1.00 mm oversize diameter YELLOW

S

AK300191AD

)
i ¢

\

AK301452AD
Size Size mark
Standard None

0.50 mm oversize diameter | 50

1.00 mm oversize diameter 100

>>

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 1ring: 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.

-59 -



PISTON AND CONNECTING ROD

Upper side Mo. 1
rail
Crankshaft
pulley
Sde - 4 /
S o
Mo, 2 nng gap - r:? 'L[;IWEF side
and spacer gap rail
BEND549
Timing belt
side,

1 ENJ24T

Locations of crankshaft pin diameter

No. 2
No. 3

AK304412AB

Connecting bearing

4

Identification
mark position

AK304598AB

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 1.D.:48.000-48.015mm
3. Select a proper bearing from the above table on
the basis of the identification data confirmed under
ltems 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 Thickness
mark mm
44.995-45.000 | 1 1.487-1.491
44.985-44.995 | 2 1.491-1.495
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 fnhecked downg 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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) N CRANKSHAFT PIN OIL CLEARANCE

Plastic gaugin
\@Eteria? 9 \ :/IFI’ELTAl\_'%I'IIDC; GAUGING MATERIAL
' / 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

7

Plastic gaugin
—material | \\ AK300197AD
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CRANKSHAFT AND CYLINDER BLOCK

REMOVAL AND INSTALLATION

Removal steps

>>E<<
>>PD<<
>>C<<
>>C<<
>>B<<

>>B<<
>>A<L

© o NGOk~ ®DN PR

N
= o

Rear plate  NONE
Bell housing cover NONE

Oil seal case

Oil seal

Bearing cap bolt

Bearing cap

Crankshaft bearing (Lower)
Crankshaft

Crankshaft bearing (Upper)
Crankshaft thrust bearing
Cylinder block
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Crankshaft

journal
outside diameter

Cylinder
block
bearing bore

Crankshaft
bearing

Crankshaft
No.3

bearing

for

Identification
mark

Size mm

Identification
mark

Identification
mark

Identification mark

0 56.994 -0 1 0
57.000 ‘1 ‘2 ‘1
| | 2 3 |
1 56.988 -0 2 1
56.994 ‘1 ‘3 ‘2
| | 2 4 3
2 56.982 -0 3 2
56.988 | 4 3
| | 2 5 4
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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.
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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.
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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.
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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 50
oversize
diameter
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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GENERAL
INFORMATION

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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GENERAL

INFORMATION

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 enginebs eystensaxddaon cont
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

| CAUTION

Do not smoke, carry lighted tobacco or
use alighted 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
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! CAUTION

Do not allow LPG to contact the skin.
LPG is stored in the fuel tank as a
liguid. When LPG contacts the
atmosphere, it immediately expands
into a gas, resulting in a refrigeration
effect that can cause severe burns to
the skin.

! CAUTION

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

A CAUTION

Do not make repairs to the LPG fuel
system if you are not familiar with or
trided ® 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 1 WA RN I & @&fvisement 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
during service repairs the technician should
observe the following steps:



GENERAL
INFORMATION

e The service procedures defined in this manual,

when followed, have been found to be a safe

and efficient process to repair the fuel system. ' WARNING

In some cases special tools may be required to

perform the necessary procedures to safely Always leak check any fuel system

remove and replace a failed component. connection after servicing! Use an

electronic leak detector and/or a liquid

e Theinstalled PSI fuel system has been certified leak detection solution. Failure to leak

with the Environmental Protection Agency check could result in serious bodily

(EPA) and complies with the regulation in effect injury, death, or serious property

at the time of certification. When servicing the damage.

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 EPAGs Clean Air Act.

¢ Tools identified in this manual with the prefix #.
or ABTO can be procured through SPX in
Warren, Michigan.

e 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

beingr emoved or injury from Aslipping offo the
fastener.
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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.

! WARNING

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. Serpentine
belts should be checked according to the

maintenance schedule in this section.

IMPORTANT:

76

The use of
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

Abels|l dppsagngg

7 WARNING

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:

e 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.

e 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.

e Inspect the radiator cap to ensure proper
sealing.



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
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 enginebds electrical
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:

e Check Positive and Negative cables for
corrosion, rubbing, chafing, burning and to
ensure tight connections at both ends.

e 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.

e Verify that engine harness connectors are
correctly locked in by pushing in and then
pulling the connector halves outward.

e Inspect ignition coil wire for hardening,
cracking, arcing, chafing, burning, separation,
split boot covers.

e Check spark plug wires for hardening,
cracking, chafing, arcing or burning,
separation, and split boot covers.

e Replace spark plugs at the required intervals
per the recommended maintenance schedule.

e Verify that all electrical components are
securely mounted to the engine or chassis.

us e

o Verify that any additional electrical services
installed by the owner are properly installed in
the system.

e Verify that the MIL, charging, and oil pressure
lights illuminate momentarily during engine start.

ENGINE CRANKCASE OIL
OIL RECOMMENDATION
It is recommended to use GM 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

WP, oy PR, TR AT g,

Pét o
Mar k

6 FOR
container. F

GASOLI NE

s Gasoline emginesticabareganveded ® sun an bPG

77

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 -Aietengentals
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
beneyts over
industrial engines. Use of synthetic oils are not
required for industrial engines.

ENGI
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CHECKING/FILLING ENGINE OIL LEVEL CAUT'ON
IMPORTANT: !

Care must be taken when checking engine oil level. ' _ '

Oil level must be maint ai|Meaeveriilgdcipsksase (piHavel henD PG
mar k and the fAFULLO mar k |&igh)eaneause anpod keak cagluctuationgr
ensure that you are not getting a false reading, drop in oil pressure. When overfilled, the
make sure the following steps are taken before engine crankshafts splash and agitate the oil,
checking the oil level. causing it to aerate or foam.

1. Stop engine. IMPORTANT:

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 oll IMPORTANT:
on the dipstick. The oil level must be between
the AFULLmaksd A ADD

Change oil when engine is warm and the old oil
flows more freely.

2. Stop engine

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.
DIPSTICK 4, Remove and discard oil vy
ring.
\ 5. Coat sealing ring on the
. FHLE MARK engine oil, wipe the sea
\ mounting surface to remove any dust, dirt or
ADD MARK debris. Tighten ylter s
manufacturers instructions). Do not over
tighten.

6. Check sealing ring on drain plug for any
damage, replace if necessary, wipe plug with
. . clean,rag, wi sealing surface with clean
> e dipsick mio the dipstick tubs and proceed g alde ARG b b Tightalis ¢ 2!
P P P speciycation.
Eill crankcas[e with oil.

Figure 2 Engine Oil Dip tick (Typical)

to Step 6.

. , 7.
6. Re mov e Le o .I y_I ler c ag étarrtgnraine alqdeche&/k?olro\lll feaks OV ET
7. Add the required amount of oil to bring the level 9 Di ofciland Vvlter in a saf
up t o, but not over, the APBLLY2mar k' 6RF" ¢t h@
dipstck Rei nstall the oil yller 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 ylter.

1. Start the engine and run until it reaches normal
operating temperature.
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FUEL SYSTEM INSPECTION AND e Check for Il eaks at the i
MAINTENANCE using a soapy solution or an electronic leak
detector and repair if necessary.
GASOLINE AND LPG FUEL SYSTEM e Check to make

su
: . . . e Check ylter hous
The fuel system installed on this industrial engine distortion. |

has been designed to meet the mobile engine
emission standard applicable for_ the 2010 and later REPLACING THE FUEL FILTER:
model years. To ensure compliance to these

standards, follow the recommended maintenance 1
schedule contained in this section. '

re ylter
ing for
damaged

Move the equipment to a well ventilated area
and verify that sparks, ignition and any heat
sources are not present.

INSPECTION AND MAINTENANCE OF THE 2. Startthe engine. -

FUEL STORAGE CYLINDER 3. If the engine operates on a positive pressure
fuel system, run the engine with the fuel supply

The fuel storage cylinder should be inspected closed to remove fuel from the system.

daily or at the beginning of each operational shift

for any leaks, external damage, adequate fuel IMPORTANT:

supply and to ensure the manual service valve is A small amount of fuel may still be present in

open. Fuel storage cylinders should always be the fuel line. Use gloves and proper eye

securely mounted, inspect the securing straps or protection to prevent burns. If liquid fuel

retaining devices for damage ensure that all continues to pow from th

locking devices are closed and locked. Check to removed, make sure the manual valve is fully

ensure that the fuel storage cylinder is positioned closed.

with the locating pin in the tank collar on all

horizontally mounted cylinders this will ensure the 4. S1 owl y | oo s engantdiseonneat.| et

proper function of the cylinder relief valve. 5. Sl owly |l oosen the outl et
6. Remove the ylter housing

When refueling or exchanging the fuel cylinder, 7. Check for contamination.

check the quick yll val ve8. fToarp tthhree aodp edrainmagg eof t Ales ¢

verify O-ring is in place and inspect for cracks, 9. Check for debris.

chunking or separation. If damage to the o-ring is 10. Check canister for proper mounting direction.

found, replace prior to yllIReimgt al IChtehcek ytlhtee rs ehrovuiscien

line quick coupler for any thread damage. 12Ti ghten the inlet and ou

specification.

IMPORTANT: 13. Check for leaks at the inlet and outlet

When refueling the fuel cylinder, wipe both the yttings, and the ylter

female and male connection with a clean rag prior connection using a soapy solution or an

to ylling to prevent dust, cfiubriccalidbiedd ¥ ledkgard Om bei

introduced to the fuel cylinder. detected make repairs

INSPECTION AND REPLACEMENT OF THE

FUEL FILTER

The fuel system on this emission certiyed engine
may utilize anin-linerep| aceabl e fuel ylter el ement.

This element should be replaced, at the intervals

speciyed in the recommended maintenance

schedul e. When inspecting the fuel ylter check

the following:

79



DIRECT ELECTRONIC PRESSURE IMPORTANT:

REGULATOR (DEPR) MAINTENANCE AND Draining the regulator when the engine is warm will
INSPECTION help the oils to pow freel
IMPORTANT: To drain the regulator, follow the steps below:

The Direct Electronic Pressure Regulator (DEPR) 1. Move the equipment to a well ventilated area
components have desgpedarslp e c i yaedahslrgno external ignition sources are
calibrated to meet the fuel system requirements of present.

the emission certiyed engd rSartthe engine.
3. With the engine running close the manual

If the DEPR fails to operate or develops a leak, it valve.
should be repaired or replaced with the OEM 4. When the engine runs out of fuel turn OFF the
recommended replacement parts. When key when the engine stops and disconnect the
inspecting the system check for the following negative battery cable.
items:
IMPORTANT:
e Check for any fuel leaks at the inlet and outlet A small amount of fuel may still be present in the
yttings. fuel line, use gloves to prevent burns, wear proper
e Check for any fuel leaks in the DEPR bodly. eye protection. Lf liquic
e Check the inlet and out framthe gopnegtigngvhendopsenethcheckt® o | a n 't
supply lines for water leaks if applicable. make sure the manual valve is fully closed.
e Check to ensure the DEPR is securely _
mounted and the mounting bolts are tight. 5. Loosen the hose clamp at the inlet and outlet
e Check DEPR for external damage. hoses and remove the hoses.

6. Remove the regulator mounting bolts.
Place a small receptacle in the engine
compartment.

CHECKING/DRAINING OIL BUILD-UP IN THE Rotate the regUIator to 90° so that the outlet

VAPORIZER REGULATOR ytting is pointing down
drain the regulator.

During the course of normal operation for LPG 9. Inspect the secondary chamber for any large

engines oil or fAheavy ends drefhratgiclesandergove p g Pe t
secondary chamber of the Vaporizer Regulator. 10. Remove’the receptacle and reinstall the
These oil and heavy ends may be a result of poor regulator_re’galnlng b(_)lts and tighten to

fuel quality, contamination of the fuel, or regional speciycations.

variation of the fuel make up. A significant build 11. Reinstall the fuel hoses.. _
up of oil can affect the performance of the 12. R(_aconnect any other hoses removed during
secondary diaphragm response. The this procedure. ,
Recommended Maintenance Schedule found in 13. Slowly open the manual service valve.

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.

e Check DEPR electrical connection to ensure
the connector is seated and locked.

o

he

14.Check for | eaks at the i
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

s p e c i Yesigned apd calibrated to meet the
fuel system requirements
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:

e Leaks at the inlet ytti

e Fuel inlet hose for cracking, splitting or
chaffing, replace if any of these condition exist.

e Ensure the mixer is securely mounted and is
not leaking vacuum at the mounting gasket or
surface.

e Inspect air inlet hose connection and clamp.
Also inspect inlet hose for cracking, splitting or
chafing. Replace if any of these conditions
exist.

e Inspect Air cleaner element according to the
Recommended Maintenance Schedule found
in this section.

e Check Fuel lines for cracking, splitting or
chafing. Replace if any of these conditions
exist.

e Check for leaks at the throttle body and intake
manifold.

EXHAUST SYSTEM AND CATALYTIC
CONVERTER INSPECTION AND
MAINTENANCE

IMPORTANT:

The exhaust system on this

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.

81

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
totheHEB@ emi ssion certiyed

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

n gleaks repair if necessary.

HEGO electrical connector to ensure connector
is seated and locked, check wires to ensure
there is no cracking,
through. 0 Repair if
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.

emi ssion certiyed

Sp
nec



MITSUBISHI MOBILE ENGINE MAINTENANCE REQUIREMENTS

Perform the following maintenance on the engine at the hours indicated and at equivalent hour intervals thereafter.

Interval Hours

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 Every 150 hours or 120 days of operation

Check LPG system for leaks Prior to any service or maintenance activity

Inspect accessory drive belts for cracks, breaks, splits or glazingl 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 Every 100 hours or 60 days of operation

Change Coolant” & * X

. 1
Inspect coolant hoses for cracks, swelling or deterioration X

Engine Ignition System

Replace spark plugs - Standard Duty X

x

Replace spark plugs - Severe Duty3

Inspect battery case for damage X

Base Engine System

Replace camshatt belt X

Replace balance shaft belt X

Inspect PCV system X

Fuel System Maintenance

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

Replace fuel filter X

Inspect Shut-off Valve for leaks and closing

Leak check fuel lines

Check air induction for leaks

XXX X

Check manifold for vacuum leaks

Drain LPG Vaporizer oil build up Every 150 hours or 120 days of operation

Engine Exhaust System

Inspect exhaust manifold for leaks

Inspect exhaust piping for leaks

XXX

Check HEGO sensor(s) connector and wires for burns, cuts or damage

Inspect catalyst for mechanical damage X

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.

Special Notes Section

Note 1 = Item should be checked yearly, replace as needed

Note 2 = PSI Requires the use of coolant that meets specification GM6277M, we do not recommend mixing coolants. Consult the OEM for the correct
replacement interval if you use coolant other than GM6277M.

Note 3 = Severe duty applications are units that receive high load, full throttle operation for the majority of its operational life.

Note 4 = 5,000 hours or 5 years, whichever occurs first
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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 fpomthe 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 ylter teée
fuel system components down stream of the
tank. An inline fuel
the fuel system to remove the dirt and foreign
matter from the fuel, which is replaceable as a
unit only.
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
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Mai ntenance

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
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
glectromeghanjcay fpel prespuregeguiater that n g
incorporates a high speed/fast acting actuator. It
ommugicates wi gin rol Madule
%EglM) Has Corggrgrl%rE'Aﬁ]rea?NgﬁN%rﬁ (%?\NL; gk
receiving fuel pressure commands and broadcasting
DEPR operating parameters back to the ECM. The
[9Ef-'>R cgnh
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

eGulat¥ fuel pfedsure'firdm -Blo k18 1 € a

-
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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

7 CAUTION

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
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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 vent

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.

q CAUTION

The air/fuel mixer is an emission control
device. Components inside the mixer are
specifically calibrated
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



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)d

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 equi pment
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.
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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.

manuf act ur er dle exhasf gases gassehnotigh the honeycomb

catalyst which is coated with a mixture of precious
group metals to oxidize and reduce CO, HC and
NOX emission gases.

Three Way Catalytic Converter



ENGINE CONTROL MODULE information about the malfunction in its memory.
A technician can than utilize a computerized

To obtain maximum effect from the catalyst and diagnostic scan tool to retrieve the stored
accurate control of the air fuel ratio, the emission diagnostic code and by using the diagnostic charts
certiyed engine is equi pp e dhthigsmanbal tadetermineitte aause of the
computer or Engine Control Module (ECM). The malfunction. In the event a technician does not
ECM is a 32 bit controller which receives input have the computerized diagnostic tool, the MIL
data from sensors mounted to the engine and fuel light can be used to identify the diagnostic code to
system and then outputs various signals to control activate the Ablinko feat
engine operation. of blinks to determine the diagnostic code number
to locate the fault in the system.

et oupues HEATED EXHAUST GAS OXYGEN SENSORS
E?rm:: -Timing (Distributor)
Timing (Distributor)———- = Speed Control— The Heated Exhaust Gas Oxygen (HEGO)
thR-—— | ENGINECONTROLMODULE | ML ——> Sensors are mounted in the exhaust system, one
Com s upstream and one downstream of the catalytic
Cranks! 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

Engine Control Module (ECM) in the dash.
L _ By monitoring output from the sensor upstream
On e s pfanctioryof the controller is to and the sensor downstream of the catalytic
maintain a closed loop fuel control which is converter, the ECM can determine the

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.
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The controller also performs diagnostic functions

on the fuel system and not
engine malfunctions by turning on a Malfunction

Indicator Light (MIL) mounted in the dash.
Mal functions in the
Diagnostic Trouble Code (DTC) number. In
addition to notifying the operator of the malfunction ,
in the system, the controller also stores the o o
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The Heat Exhaust Gas Oxygen (HEGO) Sensor

HEGO1 (upstream or before the catalytic
converter) and HEGO2 (downstream) voltage
output.

7 CAUTION

The Heated Exhaust Gas Oxygen Sensor
(HEGO) is an emissions control
component. Inthe event of afailure, 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.
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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.

Input
OLIJE-II;FI;UT Heated
increases e Exgaust
or decreases agen);fr’en
fuel to
i (HEGO)
the engine o ECM
_\ ,
\ /
) /
ECM calculates
changes , ‘(
and commands P
EPR to increase e
ordecrease _.
fuel flow

Closed-Loop Fuel Control

LD 2-Stage Regulator Nominal Pressure
Specifications

Secondary 15.25 +10 inches H20
Stage

Primary 2.6 +1.45PSI

Stage
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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 stand alone 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 stand alone component.
In either case the fuel pump will receive a signal from the ECM at Key On to prime the fuel system for approximately
2 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
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 retu
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.

s
T g Gasoline Fuel Pres- g ]
3 sure and Temperature
Manifold Assembly S FERH GBI -
€@

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.
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FUEL INJECTOR

/ FUEL INJECTOR RAIL

)

The fuel supply is maintained on the top of the injector from

the injector rail . T hgeound sighad c t or
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 t he injector signal
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



FUEL SYSTEM DIAGNOSIS

Direct Electronic Pressure Regulator Assembly

FUEL SYSTEM DESCRIPTION continue to run, refer to Hard Start for
preliminary checks.
The Engine Control Module (ECM) receives

information from various engine sensors in order e Inspect the fuel supply lines to verify they are

to control the operation of the Direct Electronic properly connected and do not have any

Pressure Regulator (DEPR) and lock-off Valve. kinks or damage

Thelock-of f Valve solenoid prevents fuel pow

unless the engine is cranking or running. « Verify the fuel lock off valve is operating
properly. Refer to the OEM for information

At Key ON, the DEPR valve receives a two (2) on the fuel shut off valve.

second prime pulse from the ECM, allowing time

for the fuel to pow throuogbolskReQufrexr! VYl ter and fuel
lines to the DEPR.

Fuel travels from the lock-off to the light duty PST
2-stage regulator into the DEPR. « Diagnostic Scan Tool (DST)
Engine cranking generates vacuum which PRESSURE GAUGES
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.

e 101542 Test Kit

DIAGNOSTIC AIDS

This procedure is intended to diagnose equipment
operating on LPG. If the equipment will not
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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

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
AAdapée 10 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.

B Psoe Fh CommPurt Piotiog Hep
Faults EM' [Connected 2119200 bps —_ Tooge Page-F3 =
h Contel and einmetton Specelts et
FautAccess @ ML losed-Loop Cor .
Engne Speed o f = v R Mode == o ctoron ctra | Soakid Nomy v
BN ! x e Froooe | ugodsd) votage  votags | Iiectorkd et )
aps) L o ve 1 0% el Cordrol Mode [ Open Loop. 1 [ o[ o DBWem o vl
Sacmetic Preenre [ TE4D poe -
Govemorswichstte [~ Toms 2 [55[ 7| temsloowe _Adomatc v
Coolart Temperatwe. [~ 03 @5 | /Achsoommuies [ ioe 3 [ o8 [ oo | Oedernunbeny [/feng Order
T i o | Actve govemormode [Tovaros 3
YedecHesd Ters [0 Maowve2 [ o0 % 4 N Derstes / Wamings
Molold Terosatrs [ T80 F oo oo e | et Grond s ol o1
L e Olprsnsousts  [Low-nored ¢ [ |
Clott [000 o Derme2
iy Olpmenseconty  [Gound =OK 7 Mmoo
Soak Advancs 30 BToc Aem Wi | Low Revim
s ate orme s o
\ise wth [ Miosupn @
 Gaseous presaure target [ 000 420 DBW Varisbles Input Voltages s nef Burzer cutpet e
Gasoous pressre actunl [ 000 4z TPS commend 30 % | Gortvotape s !
TPSposen [ 00 % e
Engre Load Wy —o Qna yoene
Cormtgovemartzge [T 1o oS 20 % | Otesnre otage
TPS2percet 00 % | yapyotage
[ T4 1pS) vokage 005 vt | grenr
Viw [T % Tps2vctage 0000 vot8 | a7 v
Hou meter TET o P commend (g
Cumisbvesats [ 73 mats P pesen RAS
£7P1votags o0 vots
FPP2votage 505 vt
VS votage o0 vt o
e —

Fidose Fauts Acive Fas

‘Double chck fadt for rfommagon.
| TC 625 Power isy co cpon
B OTCS15: Sat ay cof spen

[ DTC 685 Power ey cot cpen

Any parameter found to be out of conformance will

96

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

fiCl os e drpeliaPrikel cdrBetidh I thd durfi of RSshort

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.



NORMAL & ABNORMAL FUEL CORRECTION

Generally, the system is operating within If total fuel correction is found to be operating
specification when total fuel correction falls outside of the normal range additional diagnostic
between -15% and +15%. Operation outside of procedure will be required to determine the

this range will require further diagnosis to cause. Follow the appropriate Symptom
determine the system level issue affecting fuel Routine or DTC Chart for additional help.
control. The system will set Diagnostic Trouble

Codes (DTCb6s) for cofrection factors in the +/

30%-35% range.

Total Fuel Correction Chart

System Removing Fuel System Adding Fuel _

&

-35%  -30% -25% -20% -15% -10% -5% 0% 5% 10% 15% 20% 25% 30% 35%
I I I I

[ = Normal Fuel Correction

= Abnormal Fuel Correction without DTC

I - ~bnormal Fuel Correction with DTC
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Checks

Before Using This
Section

FUEL SYSTEM SYMPTOM DIAGNOSTICS

Action

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

. Verify the customer complaint.

. Locate the correct symptom table.

. Check the items indicated under that symptom.

. 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.

A WN P

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.

e Check for proper installation of the mixer assembly.

e Check for air leaks at the mixer assembly.

Check the ignition wires for the following conditions:
e Cracking

e Hardening

e Proper routing

e Carbon tracking.

e Check the wiring for the following items: proper connections, pinches or
cuts.

e The following symptom tables contain groups of possible causes for each
symptom. The order of these procedures is not important. If the DST
readings do not indicate a problem, then proceed in a logical order, easiest
to check or most likely to cause the problem.

98




INTERMITTENT

Checks Action

DEFINITION: The problem may or may not turn ON the (MIL) or store a Diagnostic Trouble Code (DTC).

Do not use the DTC tables. If a fault is an intermittent, the use of the DTC

Preliminary Checks tables with this condition may result in the replacement of good parts.

Faulty electrical connections or wiring can cause most intermittent problems.
Check the suspected circuit for the following conditions:

e Faulty fuse or circuit breaker, connectors poorly mated, terminals not fully
seated in the connector (backed out). Terminals not properly formed or
damaged.

e Wire terminals poorly connected.

e Terminal tension is insufficient.

e Carefully remove all the connector terminals in the problem circuit in order
to ensure the proper contact tension.

e If necessary, replace all the connector terminals in the problem circuit in
order to ensure the proper contac
Serviceabl e 0)Wiring Séheneatics.e ct i on

e Checking for poor terminal to wire connections requires removing the
terminal from the connector body.

Faulty Electrical
Connections or Wiring

If a visual and physical check does not locate the cause of the problem,
Operational Test operate the vehicle with the DST connected. When the problem occurs, an
abnormal voltage or scan reading indicates a problem circuit.

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.

e The MIL wire grounds.

Intermittent MIL
[llumination

To check for the loss of the DTC Memory:

1. Disconnect the TMAP sensor.

Loss of DTC Memory | 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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Checks

NO START

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

1.
2.

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 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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Checks

Engine Mechanical
Checks

NO START

Action

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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Checks

DEFINITION: The engine cranks OK, but does not start for a long time. The engine does eventually run,
or may start but immediately dies.

HARD START

Action

Preliminary Checks

Make sure the vehiclebs operator i s

Sensor Checks

e 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.

e 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.

e Verify the excess pow val ve i-affvalve
is not closed.

Check mixer assembly for proper installation and leakage.

e Verify proper operation of the low pressure lock-off solenoid.

e Verify proper operation of the EPR.

e 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.

e Check for the proper ignition voltage output with J 26792 or the equivalent.
e 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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Checks

Engine Mechanical
Checks

HARD START

Action

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 camshatft lobes.

Check the intake and exhaust mani f o

Exhaust System Checks

Check the exhaust system for a possible restriction:

e Inspect the exhaust system for damaged or collapsed pipes.

e 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

1. Start the engine.

2. Check for proper ignition output voltage with spark tester J 26792.
3. Check for a cylinder misyre.

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.

Ignition System Checks

Visually/Physically inspect the secondary ignition for the following:

e Ignition wires for arcing and proper routing.

e Cross-yring.

e Ignition coils for cracks or carbon tracking

Perform a cylinder compression check. Check the engine for the following:

Improper valve timing.

Improper valve clearance.

Worn rocker arms.

Worn camshatft lobes.

Broken or weak valve springs.

Check the intake and exhaust manif

Check the fuel system:

Engine Mechanical
Checks

Fuel System Checks e Plugged fuel ylter.
e Low fuel pressure, etc. Refer to LPG Fuel System Diagnosis.
e Check the condition of the wiring to the low pressure lock-off solenoid.

Check for Electromagnetic Interference (EMI), which may cause a misfire
condition. Using the DST, monitor the engine RPM and note sudden increases
Additional Check 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.
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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 msa
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.
I f the fuel pressure drops bel ow
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.

105



Checks

BACKFIRE

| 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
ighition system voltages for the equivalent gasoline operating
conditions. The ignition system must be maintained in peak condition to
prevent backyre.

e Check for the proper ignition coil output voltage using the spark tester
J26792 or the equivalent.

e Check the spark plug wires by connecting an ohmmeter to the ends of
each wire in question. If the meter reads over 30,000 ohms, replace the
wires.

e Check the connection at ignition coil.

e 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 syst

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.

e Refer to the LPG Fuel system OBD System Check.

e Compare the customerds vehicle wi
an actual problem. Do not compare the power output of the vehicle
operating on LPG to a vehicle operating on gasoline as the fuels do have
different drive feel characteristics.

e Remove the air ylter and check fo

e Check the vehicle transmission.

e Refer to the OEM transmission diagnostics.

Preliminary Checks

e Check for a restricted fuel ylter
pressure. Refer to LPG Fuel System Diagnosis.

e Check for the proper ignition output voltage with the spark tester J 26792
or the equivalent.

Fuel System Checks e Check for proper installation of the mixer assembly. Check all air inlet
ducts for condition and proper installation.

e Check for fuel leaks between the EPR and the mixer.

o Verify that the LPG tank manual shut-off valve is fully open.

o Verify that liquid fuel (not vapor) is being delivered to the EPR.

e Check the Heated Exhaust Gas Oxygen Sensors (HEGO) for
contamination and performance. Check for proper operation of the TMAP
sensor.

e Check for proper operation of the TPS and FPP sensors.

Sensor Checks

Check the exhaust system for a possible restriction:

¢ Inspect the exhaust system for damaged or collapsed pipes.

e Inspect the muffler for signs of heat distress or for possible internal failure.
e Check for possible plugged catalytic converter.

Exhaust System Checks

Check the engine for the following:
e Engine compression.

Engine Mechanical Valve timing.

Check *
e Improper or worn camshatt.
e Refer to Engine Mechanical in the Service Manual.
e Check the ECM grounds for being clean, tight, and in their proper
locations.
e Check the alternator output voltage.
Additional Check If all procedures have been completed and no malfunction has been found,

review and inspect the following items:

e Visually and physically, inspect all electrical connections within the
suspected circuit and/or systems.

e Check the 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.

Check the Heated Exhaust Gas Oxygen Sensors (HEGO) performance:

e 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

Sensor Checks the amount of fuel delivered to the engine causing a severe driveability

problem.

Check the Temperature Manifold Absolute Pressure (TMAP) sensor response
and accuracy.

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.
e Check mixer assembly for proper installation and connection.

Fuel System Checks

e Check for the proper ignition output voltage using the spark tester J26792
or the equivalent.
o Verify that the spark plugs are 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.

Ignition System Checks

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.

Important: The LPG Fuel system is more sensitive to intake manifold leakage
than the gasoline fuel supply system.

e Check for vacuum leaks. Vacuum leaks can cause a higher than normal

Additional Checks idle and low throttle angle control command.

e 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
Check the engine for:

Broken motor mounts.

Improper valve timing.

Low compression.

Improper valve clearance.

Worn rocker arms.

Broken or weak valve springs.

Worn camshatft lobes.

Engine Mechanical
Check
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Electrical Section

NOTE: YOU CAN OBTAIN A FULL SIZE ELECTRONIC WIRE DIAGRAM BY CONTACTING THE OEM.
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ECM Header Connectors

EGO1

EE02

ECM =02
EE04

PE1
TFaz

WAR
ALDE AR PO
FRF1

FPFZ V5
ALDE ANA FUDZ
ALK ANA PUDE 12—
CAMTERM+ (TGS IE 1

CANT + (4BEIPK 1
Coant - sckEmEa |
CAMEZ - 16
CAMNZ + 17
CAN2 TERM + 18
EWVEXT1 1%
SWRTH 20
CRAMNK + I
CRANK - 22
CARM = 23
CAM - 24
EBPEED + Z5
SPEED - 26
FMCCE] = 2T
KEREDCK - ZB
EMNOCEZ = Z5
RO - 3]

ar 4

SPARK COIL 14 31
SPARK COIL 16 32 JRald
SPARK COIL 2433 [
SPARK COIL 2534 jOAS
SPARK COIL 3435
SPARK COIL 3838
SPARK COIL 4437
SPARK COIL 48 3E

wT 3 OGYIE
SoT  4g [WONEIS
EGT 41
2
AL DIG

AUXHG 2 43 [NEDIEL
AUXDIG3 24 L
VEW 45 -
ALDSANAPUT 4 e
(FRT) ALK ANA FUE
(FPP2 OMLY) 5V EXT 2
SWRTM
OV
GOV
OIL FRESS
(FRP) ALK ARA PUCH

FWME RECIRE
WBAT

MIL

GROLMD

DEW +

DBEW -

FPLIP

AUX PIWMI RECIRT
ALK P

AL P

ALK PR
(STARTER] AL P
ALL_FWK_RECIRC
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Diagnostic Scan Tool (DST)



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 shapshots used in this manual are based off of the initial DST tool release as of July,

2007. Thistool 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 fimegajector. o T e r myproceduesvalls a n d
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)

Minimum processor speed:

e Pentium Il 450 MHz
e Pentium Il 1.0 GHz for Windows Vista

Minimum RAM requirement:
¢ Windows Vista 512 MB
¢ Windows XP 256 MB

e Windows 2000 128 MB

* At least one available RS232 serial or USB port.
* ECOM cable supports USB port only.
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File Edt Wiew Favorites Tools Help

GBa\:k e - @ pSEarch |17 Folders | 53]

Address (€23 Di|

Files Currently on the CD
D Writing Tasks

== EIC

ECOM_Inst... PSI Manual -
ManualMay... EControls ...

Latest_ECM... Latest _|CI... Manual 062008

EContral...

File and Folder Tasks

W[} Renams this folder

[ Mave this folder

D Copy this folder

&) Publish this folder ko the
Web

ks shars this Foldsr
() E-mail this Folder's Files
¥ Delete this Folder

A
]
I
I
I
I
1
I
[

Other Places

; My Computer
My Documents

& My Network Places

Details

e Insert the CD into your computer and select LATEST_GCP_DISPLAY

& |atest_GCP_Display

File Edit ‘View Favorites Tools  Help

eBack - O @ pSearch EE:‘ Falders -v

address |53 Dn\Latest_GCP_Display

Files Currently on the CD
CD Writing Tasks S

(FJ ‘irite these files to CD 1-_,.] [

ECOM_Driver  PC_Display

File and Folder Tasks ¢ A

(27 Make anew folder

e Fublish this Folder to the
Wik

e Share this Folder

Other Places

() Dec 23 2008 (D:)

My Documents
g Iy Mebwark Places

Details

e Openthe ECOM_Driver Folder

LISE_Drriver
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& ECOM_Driver

File Edit View Favorites Tools  Help

eBack < -'\_-) Lﬁ pSearch lE“ Folders v

address |23 DiLakest_GCP_Display|ECOM_Driver
Files Currently on the CD

CD Writing Tasks A
(& write thess Files to CD E
Setup

File and Folder Tasks &

(2 Make a new Folder
@ Publish this Folder ta the
Wizh

= Share this Foldsr

————

Other Places

) Latest_GCP_Display
[EJ My Docurmnents
ld My Mebwork Places

Details

e Double Click the setup.exe file - - - > This will launch the installation wizard
e Select ANEXTO wuntil you finish the installation

e Returntothe LATEST_GCP_DISPLAY folder
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