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DESC RIP TION AN D OPER ATION

ENGI NE

DESCRIPTION
The 2.8 liter (169 CID) foucylinder engine is an Hine,
lightweight, overhead valve engine. !
This engine is designed for dry amdleaded fuels. The engine ] ﬁ
cylinder head has dual quentipe combustion chambers that - @ - @ !
create turbulence and fast burning of the air/ fuel mixture. Tt \

results in good fuel economy. \®®®H x@
The cylinders are numberedl through 4 from front to —
rear.Thefiring orderis 1-3-4-2 (Fig. 1). Q e
Thecrankshaftrotationis clockwise,whenviewed from j ot
the front of the engine.The crankshaftrotateswithin five A 1920955
main bearings and the camshaft rotates within four Fig. 2 Build Date Code Location

bearings. 17 NO. 4 CYLINDER
The engine BuildDate Codeis locatedon a machined 2i NO.3 CYLINDER
surfaceontheright sideof thecylinderblock betweenthe 37 pay
No.3andNo.4 cylinders(Fig. 2). 47 MONTH
5i YEAR
67 MACHINED SURFACE

@ @ @ @ ﬁ LUBRICATION SYSTEM

DESCRIPTION

A gead type positive displacemepumpis mountedat
the underside of the block oppositethe No. 4 main
bearing.

ENGINE @
FIRING ORDER OPERATION

1-3-4.2 @ c @ J The pump draws oil throughthe screenand inlet tube

from the sumpat the rearof the oil pan.The oil is driven
betweenthe drive andidler gearsand pump body, then

19209-3 forced throughthe outlet to the block. An oil galleryin

Fig. 1 Engine Firing Order thet_)lock channelsthe oilto theinlet_ sideof thefull rovx_/

o ) ) oil filter. After passing througlhefilter element, the oil

The digits of the code identify: passedrom the center outletof the filter through an oil

A 1stDigitd Theyear(8= 1998). gallery thatchannelsthe oil up tothe main gallery which
A 2nd & 3rd Digitsd The month(01- 12). extendsthe entire lengthof the block.

A 4th & 5th Digitsd The engine type/fuel system/
compressionratio (HX = A 2.8 liter (150 CID) 9.1:1
compressiomatio enginewith amulti-point fuel injection

S)ﬁt%ﬁ)& 7th Digitsd Thed f ine build(01- 31 journals (except numbe4 main bearing journal)to the
lgits edayof engine build(01- 31). connectingrod journals. Each connectingrod bearing

FOR EXAMPLE: Code * 801HX23 * identifies a.8 liter  ¢an hasasmall squirt holeoil passes througkthe squirt
(150 CID) engine with a mulpoint fuel injection system, 9.1:1 pole andis thrown off asthe rodrotates.This oil throwoff
compression ratio and built on January 23, lubricates the camshaft lobes, distributor driveear,
1998. cylinderwalls, andpiston pins.

Galleries extend downwarflom the main oil galleryto
the upper shellof eachmain bearing. The crankshaftis
drilled internally to pass oil from the main bearing

The hydraulic valve tappets receive oil directly from the main
oil gallery. Qil is provided to the casshaft bearing through
galleries. Thdront camshaft bearing journal passes oil through
the camshaft
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DESCRIPTION AND OPERATION (Continued)

sprocket to the timing chain. Oil drains back to the oil pan
under the number one main bearing cap.

The oil supply for the rocker arms and bridged pivot
assembliesis provided by the hydraulic valve tappets
which passoil through hollowpush rodgo a

holein thecorrespondingockerarm. Oilfrom therocker
arm lubricatesthe valve train componentsthen passes
down through the pushrod guide holesin the cylinder
head pasthevalve tappetirea,andreturnsto the oilpan.
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DESCRIPTION AND OPER ATION (Conti nue d)

g0nearct

Oil Lubricat ion System & ZPP 42 8 Engine

17 CAM/CRANK MAIN GALLERY (7) 57 NUMBER 1 CAMSHAFT BEARING JOURNAL
2 1 TAPPET GALLERY 617 CAMSHAFT SPROCKET
3 1 TAPPET GALLERY 71 TAPPET GALLERY

4 1 CAMSHAFT BEARING
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DESCRIPTION A ND OPER A T ION (Continue d)
CYLINDERBLOCK

DESCRIPTION

The cy linder blo ¢ k is a cast iron inline fou r cy lin der design. The
cy linder block is drilled forming gal lerie s forbothoil and coo |

ant.

B

Fig. 3 Cylinder Blockd 2.8L
17 CYLINDER BLOCK

CYLINDERHEAD
DESCRIPTION

Thecylind erheads madeof cast ironcontainingeight
valves made of chrome plated heat resistant steel, valve
stem seals, springs, retainers and keepers. Thecylinder
head, valve seatand gui des cameresurfacedfor servic
e purposes.

The cy linder head uses dual qu entglp e des i gn combustion

chambers which cause turbulence in the cy linders allowin g faste

burning of th e air/fuel mi xt ur e, resulting in better fuel economy .
The valve guides arein tegralto th e cylinde r he ad,

They are not replaceable. However, they are
service-able.

CRANKSHAFT

DESCRIPTION
The crankshaftis constructedof nodularcast iron.
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Fig. 4 Cylinder Head
11 CYLINDER HEAD BOLTS
27 CYLINDER HEAD GASKET
37 CYLINDER HEAD

@

f80bcealz

Fig. 5 Crankshaftd Typical
17 MAIN BEARING JOURNALS
27 COUNTER BALANCE WEIGHTS
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DESCRIPTION A ND OPER A T ION (Continue d)

PISTON AND CONNECTING ROD

DESCRIPTION

Thepistonsaremadeof ahigh strengthaluminumalloy,
the piston skirts are coated with a solid lubricant
(Molykote) to reduce friction and provide scuff

resistanceThe connectingrodsare madeof cast

80bceadc

iron.

Fig. 6 Piston and Connecting Rod Assembly

CAM SHAFT

DESCRIPTION

The camshaft is made of cast iron with eight machined lobes

and four bearing journals.

Fig. 7 Camshaftd Typical

17 CAMSHAFT
27 LOBES

37 BEARING JOURNAL

OPERATION

When thecamshaft rotates, the lobes actuate the tappets and
push rods forcing upward on the rocker arms which applies
downward force on the valves.

ROCKER ARM

DESCRIPTION
The rockerarmsare madeof stampedsteeland havea
operationalratio of 1.6:1.

JEe0e-t

@

Fig. 8 Rocker Armsd Typical
17 CAPSCREWS
27 BRIDGE
37 PIVOT ASSEMBLY
47 PUSH RODS
57 ROCKER ARMS

OPERATION

When the push rods are forced upward by the-shaft lobes
the push rod presses upward on the rocker arms, the rocker arms
pivot, forcing downward pressie on the valves forcing the
valves to move downward and off from their seats.

VALVES

DESCRIPTION

The valves are made of heat resistant (STELLITE) steel and
havechrome plated stems to prevent scuffing.

All valves use three bead lock keepers to retain the

valve springandpromotevalve rotation(Fig. 9).
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DESCRIPTION A ND OPER A T ION (Continue d)

VALVE SPRING

DESCRIPTION

The valve springs are made of high strength chrome silicon
steel. The springs are common for both intake and exhaust
valves.

bUnebry

Fig. 10 Cylinder Head Cover

17 AIRINLETFITTING
27 CYLINDER HEAD COVER
3 i FIXED ORIFICE FITTING

@ OIL PAN
DESCRIPTION
aabsreaL The oil pan is made of stamped steel. Biigpan gasket is a
Fig. 9 Valve and Keeper Configuration 2.8L Engine one piece steel backbone silicone coated gasket.

17 VALVE LOCKS (3i BEAD)

27 RETAINER
: @ sne @

37 VALVE STEM OIL SEAL

471 INTAKEVALVE
57 EXHAUSTVALVE

617 VALVESPRING

CYLINDER HEAD COVER

DESCRIPTION

The cylinder head cover is made of die cast aluminum an
incorporates the Crankcase Ventilati@CV) Hoses and the oil
fill opening.

HYDRAULIC TAPPET @
80abd2b5
DESCRIPTION _ _
Valve lash is controlled by hydraulic tappets located inside th Fig. 11 Oil Pan
cylinder block, in tappet bores above the camshaft. 1 + OIL PAN
2 + OIL PAN DRAIN PLUG
VALVE GUIDE
DESCRIPTION

Thevalve guidesareintegralto thecylinderhead,They
arenotreplaceable. Howevetheyareserviceable.
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DESCRIPTION A ND OPER A T ION (Continue d)

VALVE STEM SEAL EXHAUST MANIFOLD

DESCRIPTION DESCRIPTION
The valve stem seals are made of rubber and-pmate a  The exhaust manifold is log style and is made of high silicon
garter spring to maintain consistent lubrication control (Fig. 9)molybdenum cast iron. The exhaust manifold shares a common
gasket with the intake manifold. Thexhaust manifold also

INTAKE MANIFOLD incorporates a ball flange outlet for improved sealing and strain
free connections (Fig. 12).
DESCRIPTION DIAGNOSIS AN D TESTING

The intake manifold is made of cast aluminum and uses seven

bolts to mount to the cylinder head. This mounting sty
improves sealing and reduces thance of leaks. ENGlNE DIAGNOSIS3 INTRODUCTION

CYLINDER HEAD DOWELS Engine diagnosis is helpful in determining the causes of
malfunctions not detecteahd remedied by routine maintenance.
SPACER These malfunctions may be classified as either foemance
(e.g., engine idles rough and stalls) or mechanical (e.g., a strange
noise).

Refer to the Service Diagno8iferformance chart and the
Service Diagnosts Mechanical chart for pessible causes and
corrections of malfunctions. Refer to Group 14, Fuel System for
the fuel system diagnosis.

Additional tests and diagnostic proceduresnay be
necessaryfor specific engine malfunctionsthat can not
be isolated with the Service Diagnhosis charts.
Information concerning additiondestsanddiagnosisis

EXHAUST provided withinthe following diagnosis:
MANIFOLD 19211-5 A Cylinder Compression PressurBest.
Fig. 12 Intake and Ex haust Manifo | d A Cylinder Combustion Pressure Leakadest.

A Engine CylinderHeadGasket Failure Diagnosis.
A Intake ManifoldLeakage Diagnosis.
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DI A G NOSIS AND TESTIN G (Continued)

SERVICE DIAGNOSIS3 PERFORMANCE
ENGINE PERFORMANCE DIAGNOSIS CHART

CONDITION

POSSIBLE CAUSES

CORRECTION

ENGINE WILL NOT CRANK

1. Weak or dead battery

2. Corroded or loose battery
connections

3. Faulty starter or related circuit(s)

4. Siezed accessory drive
component

5. Engine internal mechanical
failure or hydro-static lock

1. Charge/Replace Battery. Check
charging system.

2. Clean/tighten suspect battery/
starter connections

3. Check starting system.

4. Remove accessory drive belt and
attempt to start engine. If engine
starts, repair/replace siezed
component.

5. Refer to Group 9, Engine, for
correct diagnostics/procedures

ENGINE CRANKS BUT WILL NOT
START

1. No spark

2. No fuel

3. Low or no engine compression

1. Check for spark. Refer to Group
8D, Ignition System, for correct
procedures.

2. Perform fuel pressure test, and if
necessary, inspect fuel injector(s)
and driver circuits.

3. Perform cylinder compression
pressure test. Refer to Group 9,
Engine, for correct procedures.

ENGINE LOSS OF POWER

1. Worn or burned distributor rotor
2. Worn distributor shaft

3. Worn or incorrect gapped spark

plugs
4. Dirt or water in fuel system

. Faulty fuel pump

. Incorrect valve timing

. Blown cylinder head gasket

. Low compression

. Burned, warped, or pitted valves

© 00 ~NO O

10. Plugged or restricted exhaust
system
11. Faulty ignition cables

1. Install new distributor rotor

2. Remove and repair distributor
(Refer to group 8D, Ignition System
3. Clean plugs and set gap.

4. Clean system and replace fuel
filter

5. Install new fuel pump

6. Correct valve timing

7. Install new cylinder head gasket
8. Test cylinder compression

9. Install/Reface valves as
necessary

10. Install new parts as necessary

11. Replace any cracked or shorted
cables
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DI A G NOSIS AND
TESTING (Continued)

CONDITION

POSSIBLE CAUSES

CORRECTION

12. Faulty ignition coil

12. Test and replace, as necessary
(Refer to Group 8D, ignition system)

ENGINE STALLS OR ROUGH IDLE

1. Carbon build-up on throttle plate

2. Engine idle speed too low

3. Worn or incorrectly gapped spark
plugs

4. Worn or burned distributor rotor

5. Spark plug cables defective or
crossed

6. Faulty coll

7. Intake manifold vacuum leak

8. EGR valve leaking or stuck open

1. Remove throttle body and
de-carbon. (Refer to Group 14 for
correct procedures)

2. Check Idle Air Control circuit.
(Refer to Group 14, Fuel System)
3. Replace or clean and re-gap
spark plugs (Refer to group 8D,
Ignition System)

4. Install new distributor rotor

5. Check for correct firing order or
replace spark plug cables. (Refer to
Group 8D, Ignition System for
correct procedures.)

6. Test and replace, if necessary
(Refer to group 8D, Ignition System)
7. Inspect intake manifold gasket
and vacuum hoses. Replace if
necessary (Refer to Group 11,
Exhaust System & Intake Manifold)
8. Test and replace, if necessary
(Refer to group 25, Emission
Control Systems)

ENGINE MISSES ON
ACCELERATION

1. Worn or incorrectly gapped spark
plugs

2. Spark plug cables defective or
crossed

3. Dirt in fuel system

4. Burned, warped or pitted valves
5. Faulty coil

1. Replace spark plugs or clean and
set gap. (Refer to group 8D, Ignition
System)

2. Check Idle Air Control circuit.
(Refer to Group 14, Fuel System)

3. Clean fuel system

4. Install new valves

5. Test and replace as necessary
(refer to group 8D, Ignition System)

SERVICE DIAGNOSISd MECHANICAL

ENGINE MECHANICAL DIAGNOSIS CHART

CONDITION

POSSIBLE CAUSES

CORRECTION

NOISY VALVES/LIFTERS

1. High or low oil level in crankcase

2. Thin or diluted oil

3. Low oil pressure

1. Check for correct oil level. Adjust
oil level by draining or adding as
needed

2. Change oil (Refer to Engine Oll
Service in this group)

3. Check engine oil level. If ok,
Perform oil pressure test. Refer to
this group for engine oil pressure
test/specifications
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DI A G NOSISAND TESTIN G (Continued)

CONDITION

POSSIBLE CAUSES

CORRECTION

4. Dirt in tappets/lash adjusters

5. Bent push rod(s)
6. Worn rocker arms

7. Worn tappets/lash adjusters
8. Worn valve guides

9. Excessive runout of valve seats
or valve faces

4. Clean/replace hydraulic
tappets/lash adjusters

5. Install new push rods

6. Inspect oil supply to rocker arms
and replace worn arms as needed
7. Install new hydraulic tappets/lash
adjusters

8. Inspect all valve guides and
replace as necessary

9. Grind valves and seats

CONNECTING ROD NOISE

1. Insufficient oil supply

2. Low oil pressure

3. Thin or diluted oil

4. Excessive connecting rod
bearing clearance

5. Connecting rod journal out of
round

6. Misaligned connecting rods

1. Check engine oil level. (Refer to
group O, Lubrication and
Maintenance)

2. Check engine oil level. If ok,
Perform oil pressure test. Refer to
this group for engine oil pressure
test/specifications

3. Change oil to correct viscosity.
Refer to this group for correct
procedure/engine oil specifications

4. Measure bearings for correct
clearance with plasti-gage. Repair
as necessary

5. Replace crankshaft or grind
journals

6. Replace bent connecting rods

MAIN BEARING NOISE

1. Insufficient oil supply

2. Low oil pressure

3. Thin or diluted oil

4. Excessive main bearing
clearance

5. Excessive end play

6. Crankshaft main journal out of
round or worn

7. Loose flywheel or torque
converter

1. Check engine oil level. (Refer to
group 0, Lubrication and
Maintenance)

2. Check engine oil level. If ok,
Perform oil pressure test. Refer to
this group for engine oil pressure
test/specifications

3. Change oil to correct viscosity.
Refer to this group for correct
procedure/engine oil specifications
4. Measure bearings for correct
clearance. Repair as necessary

5. Check crankshaft thrust bearing
for excessive wear on flanges

6. Grind journals or replace
crankshaft

7. Inspect crankshaft, flexplate/
flywheel and bolts for damage.
Tighten to correct torque
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DI A G NOSIS A ND TESTIN G ( Continued)

CONDITION

POSSIBLE CAUSES

CORRECTION

LOW OIL PRESSURE

1. Low oil level

2. Faulty oil pressure sending unit
3. Clogged oil filter
4. Worn oil pump

5. Thin or diluted oil

6. Excessive bearing clearance
7. Oil pump relief valve stuck

8. Oil pump suction tube loose,
broken, bent or clogged

9. Oil pump cover warped or
cracked

1. Check oil level and fill if
necessary

2. Install new sending unit
3. Install new oil filter

4. Replace worn gears or oil pump
assy

5. Change oil to correct viscosity.
Refer to this group for correct
procedure/engine oil specifications
6. Measure bearings for correct
clearance

7. Remove valve to inspect, clean
and reinstall

8. Inspect suction tube and clean or
replace if necessary
9. Install new oil pump

OIL LEAKS

1. Misaligned or deteriorated
gaskets

2. Loose fastener, broken or porous
metal part

3. Front or rear crankshaft oil seal
leaking

4. Leaking oil gallery plug or cup

plug

1. Replace gasket
2. Tighten, repair or replace the part
3. Replace seal

4, Remove and reseal threaded
plug. Replace cup style plug

EXCESSIVE OIL CONSUMPTION
OR SPARK PLUGS OIL FOULED

1. PCV System malfunction

2. Defective valve stem seal(s)
3. Worn or broken piston rings

4. Scuffed pistons/cylinder walls
5. Carbon in oil control ring groove
6. Worn valve guides

7. Piston rings fitted too tightly in
grooves

1. Refer to group 25, Emission
Control System for correct operation
2. Repair or replace seal(s)

3. Hone cylinder bores. Install new
rings

4. Hone cylinder bores and replace
pistons as required

5. Remove rings and de-carbon
piston

6. Inspect/replace valve guides as
necessary

7. Remove rings and check ring end
gap and side clearance. Replace if
necessary
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INTAKE MANIFOLD LEAKAGE DIAGNOSIS

An intake manifoldair leak is characterizedby lower
than normal manifold vacuum. Also, one or more
cylindersmaynot be functioning.

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

(1) Startthe engine.

(2) Sprayasmall streamof waterat the suspectedeak
area.

(3) If achangein RPMis observedhe areaof the
suspectedeak has beerfound.

(4) Repairasrequired.

CYLINDER COMPRESSION PRESSURE TEST

The resultsof acylinder compressiompressuretestcan
beutilized to diagnose several engine malfundbns.

Ensurethe batteryis completelychargedand theengine
starter motois ingoodoperatingcondition.Otherwisethe
indicated compression pressuresay not be valid for
diagnosispurposes.

(1) Cleanthe sparkplug recessesvith compressedir.

(2) Removethe spark plugs.

(3) Securethethrottlein thewide-open position.

(4) Disablethe fuel system.(Referto Group 14, Fuel
Systemfor thecorrect procedure)

(5) Disconnecttheignition coil.

(6) Insertacompression pressumgaugeand rotatethe
enginewith theengine starter motdor three revolutions.

(7) Recordthe compression pressuren the 3rdrevo-
lution. Continuethe testfor theremaining cylinders.

Refer to Engin&Specifications for the correct engine
compression pressures.

ENGINE CYLINDER HEAD GASKET FAILURE
DIAGNOSIS

A leaking engine cylinder head gasket usually results in loss o

power, loss of coolant and engine misfiring.
An engine cylinder head gasket les&n be located betwee

adjacent cylinders or between a cylinder and the adjacent w.

jacket.

A An engine cylinderhead gasket leakingbetween
adjacent cylinderss indicatedby aloss of power and/or
enginemisfire.

A An engine cylinder head gaskétaking betweena
cylinder and an adjacentwater jacketis indicated by
coolant foamingor overheatingandlossof coolant.

CYLINDER-TO-CYLINDER LEAKAGE TEST

To determine if an engine cylinder head gasket is leaking
between adjacent cylinders; follow thgoce

ZPP428ENGINE 9-13

duresoutlinedin Cylinder Compression Pressufest.An

engine cylinderhead gasket leaking betweendjacent
cylinderswill resultin approximatelya 50-70% reduction
in compressionpressure.

CYLINDER-TO-WATER JACKET LEAKAGE TEST

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

Removetheradiator cap.

Start the engine and allow it to warm up untihe engine
thermostat opens.

If alargecombustion/compressiopressurdeak exists,
bubbleswill bevisiblein the coolant.

If bubbles are not visible, install a radiator pressure tester and

pressurize the coolant system.

If a cylinder is leakingcombustion pressure into the water
jacket, the tester pointer will pulsate with every combustion

stroke of the cylinder.

CYLINDER COMBUSTION PRESSURE LEAKAGE
TEST

The combustion pressure leakage test provides an accurate

means for determining engine dition.
Combustion pressure leakage testing will detect:

A Exhaustandintake valve leakgimproper seating).

A Leaks betweemdjacent cylindersr into water
jacket.

A Any causedor combustion/compressiopressure
loss.

(1) Checkthecoolant levelandfill asrequired.DO
NOT install theradiator cap.

(2) Startand operatethe engine untilit attainsnormal
operating temperaturehen turnthe engine OFF.

(3) Removethe spark plugs.

(4) Removethe oilfiller cap.

{5) Removethe air cleaner.

(6) Calibrate the tester accordingo the manufactur

e r énstructions. The shop air sourcefor testing should
aintain483 kPa (70 psi) minimum, 1,379 kPa (200 psi)

%&imumandSSZkPa(SOpsi) recommended.

(7) Perform the test procedureson each cylinder
accordingto thet e st er
testing, listenfor pressurizedair escaping throughthe
throttle body, tailpipeand oilfiller capopening.Checkfor
bubblesin theradiator coolant.

All gaugepressure indicationshouldbeequal,with no
morethan25% leakage.

FOR EXAMPLE: At 552 kPa (80 psi) input pressure,
aminimumof 414 kPa (6(si) shouldbe maintainedin the
cylinder.

Refer to the Cylinder Combustion Pressure l-agk Test
Diagnosis chart.

manuf act Whier 6 s
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DI A G NOSIS A ND TESTIN G ( Continued)

CYLINDER COMBUSTION PRESSURE LEAKAGE DIAGNOSIS CHART

CONDITION

AIR ESCAPES THROUGH
THROTTLE BODY

AIR ESCAPES THROUGH

POSSIBLE CAUSE

Intake valve bent, burnt, or not
seated properly

Exhaust valve bent, burnt, or not

CORRECTION

Inspect valve and valve seat.
Reface or replace, as necessary

Inspect valve and valve seat.

TAILPIPE seated properly Reface or replace, as necessary
AIR ESCAPES THROUGH Head gasket leaking or cracked Remove cylinder head and inspect.
RADIATOR cylinder head or block Replace defective part

MORE THAN 50% LEAKAGE

Head gasket leaking or crack in
FROM ADJACENT CYLINDERS

cylinder head or block between
adjacent cylinders

Stuck or broken piston rings;
cracked piston; worn rings and/or
cylinder wall

Remove cylinder head and inspect.
Replace gasket, head, or block as
necessary

MORE THAN 25% LEAKAGE AND
AIR ESCAPES THROUGH OIL
FILLER CAP OPENING ONLY

Inspect for broken rings or piston.
Measure ring gap and cylinder
diameter, taper and out-of-round.
Replace defective part as necessary

ENGINE Ol L LEAK INSPECTION @ Gradually applyair pressurefrom 1 psito 2.8 psi

Begin with a thorough visual inspection of the engindn@ximumwhile applying soapywater at the suspected
particularly at the area of the suspected leak. If an oil leak soug@drce. Adjusttheregulatorto thesuitabletestpressure
is not readily identifiable, the followingsteps should be that provide the bestbubbles whichwill pinpoint the

followed:

() Do not clean or degreasethe engine at this time
because some solvents may cause rubber to swell,
temporarilystoppingthe leak.

(@ Add an oil soluble dye (use asrecommendedby
manufacturer). Start the engine and let idle for
approximately 15 minutes. Check the oil dipstick to
make surdhe dyeis thoroughly mixedasindicated with
a bright yellow color undea black light.

(@ Using ablack light, inspectthe entire enginefor
fluorescentdye, particularly at the suspectedareaof oil
leak. If the oil leak is found and identified, repair per
servicemanual instructions.

@ If dyeis not observeddrive the vehicle at various
speedsfor approximately24km (15 miles), and repeat
inspection.

(4) If the oil leak source is not positively identified at this
time, proceed with the air leak detection test method.

Air Leak Detection Test Method

(1) Disconnectthe breathercapto air cleanerhoseat
the breathercapend.Capor plug breathercap nipple.

(@ Removethe PCV valvefrom thecylinder head
cover.Capor plugthe PCV valve grommet.

(3 Attachanair hose withpressuregaugeand
regulatorto the dipstick tube.

CAUTION: Do not subject the engine assembly to
more than 20.6 kpa (3 PSI) of test pressure.

leak source.If the oil leakis deteced and identified,
repairperservicemanual procedures.

(®) If theleakage occurattherearoil seal area, refer
to the section, Inspectioffior Rear Seal Aredeak.

6) If noleaksaredetectedturn off the airsupply and
removethe air hoseand allplugs and caps.Install the
PCV valve andbreathercap hose.

(7 Cleanthe oil off thesuspectoil leak area usin@
suitable solvent.Drive the vehicle at various speeds
approximately24 km (15 miles). Inspectthe enginefor
signsof anoil leakby usingablack light.

INSPECTION FOR REAR SEAL AREA LEAKS

Sinceit is sometimes difficulto determinethesource
of anoil leakin therear seal areaf the engine,amore
involved inspectionis necessary.The following steps
should be followed to help pinpoint the sourceof the
leak.

If the leakage occurs at the crankshatft rear oil seal area:

() Disconnectthe battery.

(@ Raisethe vehicle.

(3 Remove torque convertar clutch housingcover
andinspectrearof block for evidenceof oil. Useablack
light to checkfor the oil leak:

(@ Circular spraypatterngenerallyindicatesseal
leakageor crankshaft damage.

b Where leakagetends to run straight down,
possible causesare a porous block,distributor seal,
camshaftborecup plugsoil galleypipe plugs, oil
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filter runoff, and main bearing cap to cylinder block mating

surfaces.

@ If no leaksaredetected, pressurizéhe crankcase
as outlined in the, Inspection (Engine oil Leaks in
general)

CAUTION: Do not exceed 20.6 kPa (3 psi).

(B If the leak is not detected,very slowly turn the
crankshaftand watch for leakage.If aleak is detected
betweenthe crankshaftandseal whileslowly turningthe
crankshaft,it is possiblethe crankshaftseal surfaceis
damaged.The sealareaon the crankshaftcould have
minor nicks or scratchesthat can be polished out with
emery cloth.

CAUTION: Use extreme caution when crankshaft
polishing is necessary to remove minor nicks and
scratches. The crankshaft seal flange is especially
machined to complement the function of the rear oil
seal.

6 Forbubblesthatremain steadwith shaftrotation,
no further inspectiorcanbe done until disassembled.

ENGINE OIL PRESSURE

(1) Disconnectconnector andremoveoil pressure
sendingunit.

@ Install Oil Pressurd.ine andGauge ToolC-3292or
equivalent.Start engineand record pressure.Refer to
Oil Pressurein Engine Specificationsfor the correct
pressures.

SERVICE PROCEDURE S
VALVE TIMING

A Disconnectthe spark plugwires andremovethe
spark plugs.

A Removethe enginecylinder head cover.

A Removethe capscrewspridge andpivot assembly,
androckerarms from abovéhe No.1 cylinder.

A Alternatelylooseneachcapscrewone turnata
time, to avoid damagingthe bridge.

A Rotatethe crankshaftuntil the No.4pistonis attop
deadcenter(TDC) onthe compression stroke.

A Rotatethe crankshaft counterclockwisgriewed
from the front of theengine) 90°.

A Install a dial indicator on the end of the No.1
cylinder intake valve push rod. Userubber tubingto
securetheindicatorstemonthe push rod.

A Set thedial indicator pointerat zero.

A Set thedial indicator pointerat zero.

A Rotatethe crankshaftclockwise (viewedfrom the
front of the engine)until thedial indicator
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pointer indicates 0.305 mm (0.012 inch) travel distance (lift).

A The timing notch indexon the vibration damper
should be aligned with the TDC mark on the timing
degreescale.

A If the timing notchis more than13 mm(1/2 inch)
away fromthe TDC mark in either direction, the valve
timing is incorrect.

A If thevalve timingis incorrect,the causemay be a
broken camshaftpin. It is not necessaryto replacethe
camshaft becausaf pin failure. A springpinis available
for service replacement.

VALVE, GUIDE AND SEAL

Clean all carbon deposits from the combustion
chambers,valve ports, valve stems, valv@emaguides
andhead.

Clean all grime and gasket material from the engine cylinder
head machined gasket surface.

Inspect for cracks the combustion chambers and valve
ports.

Inspect for cracks on the exhaust seat.

Inspect for cracks in the gasket surface at each coolant
passage.

Inspect valvedor burned, crackeadr warpedheads.

Inspectfor scuffedor bentvalve stems.

Replacevalves displaying any damage.

VALVE REFACING

() Useavalve refacing machin¢o refacethe intake
andexhaust valveso the specified angle.

(@ After refacing,amarginof atleast 0.787mm (0.03
linch) mustremain (Fig.13). If themarginis less than
0.787mm (0.03 1inch), thevalve mustbereplaced.

VALVE SEAT REFACING

(@ Installapilot of thecorrectsizein the valve guide
bore. Refacdhe valve seatto the specifiedangle witha
good dressing stone. Remove only enough metal to
providea smooth finish.

(@ Usetapered stonew obtainthe specifiedseat
width when required.

@ Controlvalve seatrunoutto amaximumof
0.0635mm (0.0025in.)d (Fig. 14).

VALVE STEM OIL SEAL REPLACEMENT

Valve stemoil sealsareinstalledon eachvalve stemto
prevent rockerarm lubricating oil from entering the
combustionchamber throughhevalve guidebores.One
sealis markedINT (intake valve)andtheotheris marked
EXH (exhaustvalve).

Replace the oil seals whenever valve service is per
formed or if theseals have deteriorated.
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@ NOTE: If the valve guides are reamed oversize, the

r‘/ valve seats must be ground to ensure that the valve
seat is concentric to the valve guide.

| /
/2/ ; Z VALVE STEM-TO-GUIDE CLEARANCE
G,

MEASUREMENT
Valve stemto-guide clearancenaybe measured by
either of the following two methods.

CORRECT VALVE FACING

PREFERRED METHOD:
(1) Removethevalve from the head.

N J? (2) Cleanthevalve stem guide bore with solveahda
/ bristle brush.

(3) Insertatelescopinggaugeinto thevalvestem guide

boreapproximately9.525mm (.375 inch)from thevalve

INCORRECT VALVE FACING springsideof thehead(Fig. 15).

J8e0R-89

Fig. 13 Valve Facing Margin

17 0.787 MM (1/32 INCH) VALVE MARGIN
27 NO MARGIN

19509-87
Fig. 15 Measurement of Valve Guide Bore Diameter
1 7 GAUGE
Fig. 14 Measurement of Valve Seat Runout 2 7 9.525 MM (3/8 INCH)
17 DIAL INDICATOR 3 i VALVE STEM GUIDE

4 1 CYLINDER HEAD

VALVE GUIDES

The valveguides are an integral part of the engine cylinder (4) Reémoveandmeasure telescopingaugewith a
head and are not replaceable. micrometer.

When the valve stem guide clearance is excessive, the valv®) Repeatthe measurementvith contacts
guide bores must be reamed oversize. Service valves wifflgthrwiseto engine cylinder head.

oversize stems are available in 0.076 mm (0.003 inahp:381  (6) Compare the crosswiseto lengthwise measure
mm (0.015 inch) increment . ments to determineout-of-roundness.If the measure

Corresponding oversize valve stem seals are also available ﬂm@nts differby more than0.0635mm (0.0025 in.),ream
must be used with valves having 0.381 mm (0.015 inch) oversize guide boreto accommodata@noversizevalve stem.

stems, 0.076mm (.003in.) oversize stems do not require oversiZ¢) Comparethe measuredialve guideborediameter
seals. with specificationg(7.957.97mmor 0.3130.314
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inch). If the measurement differs from specification by more
than 0.076 mm (0.003 inch), ream the guide bore to
accommodate an oversize valve stem.

ALTERN ATIVE METHO D :

(@) Use a dial indicator to measure the lateral
movementof the valve stem (stemto-guide clearance).
This musthedone withthevalve installedn its guide and
just off thevalve seat (Fig. 16).

(@ Correct clearancas 0.0250.0762 mm (0.001-

0.003 inch). If indicated movement exceedghe @
specificationream the valve guideto accommodatean
oversizevalve stem.

NOTE: Valve seats must be ground after reaming the
valve guides to ensure that the valve seat is
concentric to the valve guide. Fig. 17 Valve Spring Tester
17 TORQUE WRENCH

27 VALVE SPRING TESTER

2509-7%

@ Measuretheinside diametepof the cylinderboreat
apoint 49.5mm (1-15/16 inches)pelowtop of bore. Start
perpendicularacrossor at 90degrees)o the axis of the
crankshaftat point A and then takean additional bore
reading90 degreedo thatatpointB (Fig. 19).

@ Thecoated pistonwvill be servicedwith the piston
pin andconnectingod pre-assembledThe coated piston
connecting rod assembly can be used to service
previous built engines and MUST be replaced as
complete sets. Tin coated pistons shouldot be usedas
replacementg$or coated pistons.

@ The coating materiais appliedto the piston after

Fig. 16 Measurement of Lateral Movement Of Valve thefinal pistonmachining process. Measuritige outside
Stem diameterof a coated pistonwill not pro-vide accurate

17 DIAL INDICATOR results (Fig. 18).Therefore measuring the

inside diametepof the cylinderbore witha dial Bore

Gauge isMANDATORY. To correctly select the proper

VALVESPRINGTEN S ION TE ST sizepiston,acylinder boregauge capablef readingin
Use a Universal Valve Spring Tester and a torque wrench®003mm (.0001in.) incrementsis required.

test each valve spring for the specified tension value (Fig. 17).

Replace valve springs that are not within specificat ions. (5) Piston installation into the cylinder bore requires slightly

more pressure than that required for fooated pistons. The
bonded coating on the piston will give the appearaiee line

PISTON G FITTING to-line fit with the cylinder bore.

BORE GAUGEMETHOD

(1) To correctly selectthe proper size piston, a cyl-
inder boregauge, capablef readingin 0.003mm (.0001
in.) INCREMENTS is required. If a bore gaugeis not
available,do not useaninside micrometer.
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DO NOT MEASURE MOLY COATED
PISTON

802ac2a0

Fig. 18 Moly Coated Piston

17 MOLY COATED
27 MOLY COATED

503ddEsd

Fig. 19 Bore Gauge
17 FRONT
27 BORE GAUGE

37 CYLINDER BORE
47 49.5 MM
(1i 15/16 in)

PISTON SIZE CHART

CYLINDER BORE SIZE PISTON LETTER SIZE
98.438  -98.448 mm A
(3.8755  -3.8759in.)
98.448 - 98.458 mm B
(3.8759 -3.8763in.)
08.458 - 98.468 mm C
(3.8763 -3.8767in.)
98.468 - 98.478 mm D
(3.8767 -3.8771in.)
98.478 -98.488 mm E
(3.8771 -3.8775in.)
98.488 - 98.498 mm F
(3.8775 -3.8779in.)

PISTONRINGA FITTING

(@) Carefully cleanthe carbonfrom all ring grooves.
Qil drainopeningdn the oilring grooveand pinbossmust
be clear. DO NOT remove metal fromthe grooves or
lands. This will changering-to-groove clearancesnd
will damagethering-to-land seating.

(@ Besurethepistonring groovesare freeof nicks
and burrs.

(3 Measurethering sideclearancewith afeeler gauge
fitted snugly betweemhering landandring (Fig.
20) (Fig. 21). Rotatéhe ring in the groove. It must move
freely around circumference of the groove.

GROOVE HEIGHT

A 1.530-1.555 mm {0.0602-0.0612 in)
B 4.035-4.060 mm (0.1589-0.1598 in}

B05dd8as

Fig. 20 Piston Dimensions
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806ddasry

Fig. 21 Ring Side Clearance Measurement

117 FEELER GAUGE

RING SIDE CLEARANCE CHART

ITEM SPECIFICATION

ZPP 428 ENGINE9 - 19

BO5dd45372

Fig. 22 Gap Measurement

117 FEELER GAUGE

RING GAP MEASUREMENT CHART

ITEM
Top Compression Ring

SPECIFICATION
0.229 - 0.610 mm
(0.0090 - 0.0240 in.)
0.483 - 0.965 mm

Second Compression
Ring

(0.0190 - 0.080 in.)

Top Compression Ring 0.042 - 0.084 mm

(0.0017 - 0.0033in.)

Oil Control Ring 0.254 - 1.500 mm

(0.010 - 0.060 in.)

Second Compression
Ring

0.042 - 0.084 mm

(0.0017 - 0.0033 in.)

0.06 - 0.21 mm
(0.0024 - 0.0083 in.)

Qil Control Ring

(@) Place ringin the cylinder bore and pushdown with
inverted pistonto position near lowerend of the ring
travel. Measureing gapwith afeeler gauge fitting snugly
betweenring ends(Fig. 22).

(B5) The oil control rings are symmetrical,and can be
installed with either side up. It is not necessaryo usea
tool to install the upper and lower rails. Insertoil rail
spacer firstthenside rails.

(6) Thetwo compressiomingsaredifferentand cannot
be interchanged. The top compressionring can be
identified by theshiny coatingontheouter sealingsurface
and carbeinstalledwith eithersideup. (Fig. 23).

(7) The secondcompressiorring hasa slight chamfer
on the bottom of the inside edgeand a dot on the top for
correctinstallation(Fig. 24).

(9) Using a ring installer, install tteeecond compression
ring with the dot facing up (Fig. 24) (Fig.
26).

(9) Using a ring installer, install the top compression ring
(either side up).

Ring Gap Orientation

A Positionthe gapson the pistonasshown (Fig.
27).

A Qil spacer- Gapon centerline of piston skirt.

A Qil rails - gap180° aparton centerlineof pistonpin
bore.

A No. 2 Compressiomring - Gap 180° frontop oil rail

ap.
gﬁ? No. 1 Compressiorring - Gap 180° from No2
compressiorring gap.
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@

S0ar231t

Fig. 23 Top Compression ring identification
17 TOP COMPRESSION RING

®

®

Has22da

Fig. 24 Second Compression Ring Identification
17 SECOND COMPRESSION RING
27 CHAMFER
31 ONE DOT

(L

[ \\-‘1\

e

@

Fig. 26 Compression Ring Installation

17 COMPRESSION RING
217 RING EXPANDER RECOMMENDED

J9009-47

@

®

® ®

8054898

Fig. 25 Compression Ring Chamfer Locationy
17 TOP COMPRESSION RING

2i SECOND COMPRESSION RING
37  PISTON

n
\

%‘/
M

@

®

= /©
/®

®
.D/@)
®

@

—

U

- AN

RING GAP POSITION MAY
VARY +20° FROM POSI-
TION ILLUSTRATED

80a7233%

Fig. 27 Ring Gap Orientation

1i TOP COMPRESSION RING
21 BOTTOM COMPRESSIONRING

4 CHAMFER

31 TOP OIL CONTROL RAIL
T OIL RAIL SPACER

51 BOTTOM OIL CONTROL RAIL
6l IMAGINARY LINE PARALLEL TO PISTON PIN

T IMAGINARY LINE THROUGH CENTER OF PISTON SKIRT
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CONNECTING ROD BEARINGSd FITTING

alignment tabs (Fig. 28) (Fig. 29). Check the bearings for norme

Inspect the connecting rod bearings for scoring and ber])
wear patterns, scoring, grooving, fatigue and pitting (Fig. 30)

Replace any bearing that shows abnonwvesr.
Inspectthe connectingrod journalsfor signsof
scoring,nicks and burrs.

@©

O,

J8909-127

®

Fig. 28 Connecting Rod Bearing Inspection

17 UPPER BEARING HALF

217 MATING EDGES

317 GROOVES CAUSED BY ROD BOLTS SCRATCHING
JOURNAL DURING INSTALLATION

47 WEAR PATTERN 8 ALWAYS GREATER ON UPPER
BEARING

57 LOWER BEARING HALF

@

J8909-128

Fig. 29 Locking Tab Inspection

17 ABNORMAL CONTACT AREA CAUSED BY LOCKING TABS
NOT FULLY SEATED OR BEING BENT

Misaligned or bent connecting rods can cause
abnormalwear on pistons, piston rings,cylinder walls,
connectingrod bearingsandcrankshaft con

ZPP 428 ENGINE 9 - 21

v

LOWER

UPPER
J8909-129

Fig. 30 Scoring Caused by Insufficient Lubrication
or by Damaged Crankshaft Pin Journal

nectingrod journals.If wearpatternsor damageto any of
these components indicate the probability of a
misaligned connectingod, inspectit for correct rod
alignment. Replace misaligned, bent or twisted con
nectingrods.

(1) Wipe the oil from the connectingrod journal.

(@ Useshortrubberhosesectionsoverrod bolts
during installation.

(3 Lubricatethe upperbearinginsertandinstall in
connectingrod.

@ Usepistonring compressorto install the rod and
piston assembliesThe oil squirt holesin the rods must
facethe camshaft.The arrow on the piston crownshould
point to the front of the engine (Fig.31). Verify thatthe
oil squirt holesin therods facethe camshaftandthatthe
arrowson the pistonsfacethe front of the engine.

R 7 e

J9009-41
Fig. 31 Rod and Piston Assembly Installation

(®) Install thelower bearinginsertin the bearingcap.
The lower insert must be dry. Place stripof Plastigage
acrossfull width of the lower insertat the center of
bearingcap.Plastigagemustnotcrumblein use.If brittle,
obtain fresh stock.

6) Install bearingcap andconnectingrod on the
journalandtightennutsto 45N-m (33 ft. Ibs.)torque.DO
NOT rotate crankshaft. Plastigageill smear,resulting
in inaccurate indication.

(7) Removethe bearingcap anddetermineamountof
bearingto-journal clearancésy measuringthe width of
compressedlastigaggFig. 32). Refer to
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Engine Specifications for the proper clearanetas tigage
should indicate the same clearance across the entire width
of the insert. If the clearance varies, it may be caused by
either a tapered journal, bent connecting rod or foreign
material trapped between the insert and cap or rod.

(8 If the correctclearanceis indicated, replacement
of the bearing insertsis not necessary. Remov¢he
Plastigagefrom crankshaftjournal and bearing insert.

Proceedwith installation.

© If bearingto-journal clearance exceeds the
specification,install a pair of 0.0254 mm (0.001 inch)
undersizebearing insertsAll the oddsizeinsertsmust
be onthe bottom. The sizesof the servicereplacement
bearing insertsare stampedon the backsof the inserts.

Measuretheclearanceasdescribedn the previoussteps. @ J9009-42

(10) Theclearances measuredwith apair of 0.0254

mm (0.001 inch) undersize bearing inseriisstalled.

Fig. 32 Measuring Bearing Clearance with

This will determineif two 0.0254 mm (0.001 inch) Plastigage
undersizeinserts or anothercombinationis neededto 11 PLAST IGAGE SCALE
provide the correct clearance (refap ConnectingRod 27 COMPRESSE D PLASTIGAGE

Bearing Fitting Chart).

CONNECTING ROD BEARING FITTING CHART

0.254 mm (0.010 in.)
Undersize

CRANKSHAFT JOURNAL CORRESPONDING CONNECTING ROD BEARING INSERT
Color Code Diameter Upper Insert Size Lower Insert Size
Yellow 53.2257-53.2079 mm Yellow - Standard Yellow - Standard
(2.0955-2.0948 in.)
Orange 53.2079 - 53.1901 mm Yellow - Standard Blue - Undersize
(2.0948 - 2.0941 in.) 0.025 mm (0.001 in.)
0.01 78 mm (0.0007 in.)
Undersize
Blue 53.1901 - 53.1724 mm Blue - Undersize Blue - Undersize
(2.0941 - 2.0934 in.) 0.025 mm (0.001 in.) 0.025 mm (0.001 in.)
0.0356 mm (0.0014 in.)
Undersize
Red 52.9717 - 52.9539 mm Red - Undersize Red - Undersize
(2.0855 - 2.0848 in.) 0.254 mm (0.010 in.) 0.254 mm (0.010 in.)
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(1) FOR EXAMPLE: If the initial clearancewas
0.0762 mm (0.003 inch), 0.025 mm (0.001 inch)
undersizeinsertswould reducethe clearanceby 0.025
mm (0.001inch). Theclearancevould be0.002inch and
within specification.A 0.051mm (0.002inch) undersize
insert would reducethe initial clearancean additional
0.013mm (0.0005 inch).The clearancewould thenbe
0.038mm (0.0015 inch).

(120 RepeatthePlastigage measuremetutverify
your bearingselectionprior to final assembly.

(13) Onceyouhaveselectedheproper insert,install
theinsertandcap.Tightenthe connectingrod boltsto 45
N-m (33 ft. Ibs.) torque.

Slide snugfitting feeler gauge between the earecting rod
and crankshaft journal flange (Fig. 33). Refer to Engine
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HEAVIER WEAR
PATTERN ON
LOWER INSERT

1900%-90

Fig. 34 Main Bearing Wear Patterns
1 i UPPER INSERT

Specifications for the proper clearance. Replace the connectifig; no WEAR IN THIS AREA

rod if the side clearance is not within specification.

—

Fig. 33 Checking Connecting Rod Side Clearaced
Typical

FITTING CRANKSHAFT MAIN BEARINGS

INSPECTION

Wipe the inserts clean and inspect for abnormal wear pattel!

and for metal or other foreigmaterial imbedded in the lining.

3 T LOWAREAIN BEARING LINING
4 1 LOWER INSERT

ward position. The upper main bearing inserts are grooved to
provide oilchannels while the lower inserts are smooth.

Each bearing insertpair is selectively fitted to its
respective journalto obtain the specified operating
clearance.ln production, the selectfit is obtainedby
using varioussized colorcodedbearing insert pirs as
listed in the Main Bearing Fitting Chart.The bearing
color codeappearson the edgeof the insert. The sizeis
not stamped on bearing inserts used for engine
production.

The main bearing journal size (diameter) is identified by a
color-coded paintmark on the adjacent cheek. The rear main
journal, is identified by a colecoded paint mark on the
crankshaft rear flange.

When required, upper and lower bearing inserts of different
sizes may be used as a pair. A standard size

insert is sometimes used in combination with a 0.025

mm (0.001 inch) undersize insert to reduce the <lear
ance by 0.013 mm (0.0005 inciNever use a pair of bearing
pserts with greater than a 0.025 mm (0.001 inchgifference
in size. Refer to the Bearing Insert Pair Chart.

Normal main bearing insert wear patterns are illustrated (Fig.
34). In general the lower bearing half will indicate a heaver
wear pattern.

BEARING INSERT PAIR CHART

NOTE: If any of the crankshaft journals are scored,

remove the engine for crankshaft repair.

Inspect the back of the inserts for fractures, scrapings or
irregular wear patterns.

INSERT CORRECT INCORRECT

UPPER STANDARD STANDARD

LOWER 0.025 mm 0.051 mm
(0.001 in.) (0.002 in.)
UNDERSIZE UNDERSIZE

Inspectthe upperinsert lockingtabsfor damage.
Replaceall damagedor worn bearing inserts.

FITTING BEARINGS (CRANKSHAFT INSTALLED) The
mainbearingcaps,numbered (fronto rear) froml
through5 haveanarrowto indicatethe for-
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NOTE: When replacing inserts, the odd size inserts  ing inserts is not necessary. Remove the Plastigage from the
must be either all on the top (in cylinder block) or all  crankshaft journal and bearing insert. Proceed to Crankshaft
on the bottom (in main bearing cap). Main Bearin@ Installation.
If theclearanceexceedsspecification, instalh pair of
Once the bearings have been properly fitted, proceed ©®.025mm (0.00 1 inch) undersize bearing inserts am#a

CrankshafMain Bearing Installation. sure theclearanceasdescribedn the previous steps.
Theclearance indicatedith the 0.025mm (0.001inch)
BEARING-TO-JOURNAL CLEARANCE (CRANKSHAFT undersize inserpair installedwill determineif this
'NSTALLED) . . insertsizeor some othecombinationwill providethe
When using Plastigage, check only one bearing specified clearancdsOR EXAMPLE: If the clearance
clearance ata time. was0.0762mm (0.003inch) originally, apair of 0.0254
Install the grooved main bearings into the cylinder block and mm (0.001 inch)undersize insertsould reducethe
the norgrooved bearings into the beariaps. clearanceby 0.0254mm (0.001 inch).Theclearance
Install the crankshaft into the upper bearings dry. would thenbe 0.0508mm (0.002 irch) andwithin the
Place a strip of Plastigage across full width of the specification.A 0.051mm (0.002 inch) undersize
crankshaft journal to be checked. bearinginsertanda0.0254mm (0.001 inch)undersize
Install the bearingcap andtightenthe boltsto 108 N-m  insertwould reducethe original clearancenadditional
(80 ft. Ibs.) torque. 0.0127mm (0.0005inch). The clearancewould then be

0.0381 mm (0.0015nch).
NOTE: DO NOT rotate the crankshaft. This will cause
the Plastigage to shift, resulting in an inaccurate
reading. Plastigage must not be permitted to crumble.
If brittle, obtain fresh stock.

CAUTION: Never use a pair of inserts that differ more
than one bearing size as a pair.

FOR EXAMPLE: DO NOT use a standard size upper insert
Remove the bearing cap. Determine the amount of clearang®d a 0.051 mm (0.002 inch) undersize lower insert.

by measuring the width of the conessed Plastigage with the |f the clearance exceeds specification using a gfair

scale on the Plastigage envelope (Fig. 35). Refer to Engipgg5 1 mm (0.002 inch) undersize bearing inserts,
Specifications for the proper clearance. measure crankshaft journal diameteith a micrometer.

If the journal diameteris correct,the crankshaftborein

the cylinder block may be misaligned, which requires
cylinderblock replacemenbr machiningto true bore.

If journals1through5 diametersare less thai$3.4517
mm (2.4981 inches), replace crankshafor grind
crankshaft down to acceptthe appropriate undersize
bearinginserts.

Once the proper clearances have been obtained, proceed to
Crankshaft Main Bearird Installation.

MAIN BEARING JOURNAL DIAMETER
(CRANKSHAFT REMOVED)

Removethe crankshaftfrom the cylinder block (refer
to CylinderBlock - Disassemble).

Clean the oil off the main bearing journal.

Determine the maximundiameter of the journal with a
micrometer. Measure at two locations 90° apart at each end of
the journal.

17 PLAST IGAGE SCALE The maximumallowabletaperand outof roundis 0.013
2| COMPRESS EDPLAST IGAGE mm (0.0005 inch). Comparthe measureddiameterwith
the journal diameterspecification(Main Bearing Fitting

Plastigageshould indicate the same clearance across the ent@dart). Select inserts requiretd obtain the specified
width of the insert. If clearance varies, it may indicate a taperégaringto-journal clearance.

journal or foreign material trapped behind the insert. Once the proper clearances have been obtained, proceed

If the specified clearance is indicated and there are no to Crankshaft Main Bearidg Installation.
abnormal wear patterneplacement of the bear

@ J9009-42

Fig. 35 Measuring Bearing Clearance with
Plastigage
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MAIN BEARING FITTING CHART

CRANKSHAFT JOURNALS CORRESPONDING CRANKSHAFT BEARING INSERT
Color Code Diameter Upper Insert Size Lower Insert Size
63.5025 - 63.4898 mm
Yellow Yellow - Standard Yellow - Standard
(2.8001 - 2.4996 in.)
63.4898 - 63.4771 mm
(2.4996 - 2.4991 in.) Blue- Undersize 0.025 mm
Orange 0.0127 mm (0.0005 in.) Yellow - Standard (0.001 in.)
Undersize
63.4771 - 63.4644 mm
(2.4991 - 2.4986 in.) Blue- Undersize 0.025 mm | Blue- Undersize 0.025 mm
Blue 0.0254 mm (0.001 in.) (0.001 in.) (0.001 in.)
Undersize
63.4644 - 63.4517 mm
(2.4986 - 2.4981 in.) Blue - Undersize Green - Undersize 0.051 mm
Green 0.0381 mm (0.0015 in.) 0.025 mm (0.001 in.) (0.002 in.)
Undersize
63.2485 - 63.2358 mm
(2.4901 - 2.4896 in.) Red - Undersize 0.254 mm | Red - Undersize 0.254 mm
Red 0.254 mm (0.010 in.) (0.0101in.) (0.010 in.)
Undersize
FORM-IN-PLACE GA SKETS M OPAR GASKET MAKER

There are several placesvhere form-in-place gaskets
are used on the engine. DO NOT use form-inplace
gasket material unless specified. Care mustbe taken
when applying form-in-place gaskets. Bead size,
continuityandlocationareof greatimportance Too thin
abeadcanresultin leakagewhile too muchcanresultin
spill-over. A continuous bead of the proper width is
essentiako obtaina leak-free joint.

Two typesof form-in-placegasketmaterialsareusedin
the enginearea (ZPPSilicone RubberAdhesive Sealant
and ZPP Gasket Maker)Each havedifferent properties
andcannotbeused inter-changeably.

ZPP SILICONE RUBBER ADHESIVE SEALANT

ZPPSiliconeRubber Adhesive Sealannormallyblack
in color, is availablein 3 ounce tubes. Moistura the air
causesthe sealant material to cure. This material is
normally usedonflexible metalflanges.It hasashelflife
of ayearandwill not properlycureif over aged Always
inspectthe packagefor the expirationdatebeforeuse.

ZPP Gasket Maker, normally red in coloraigilable in 6 cc
tubes. This anaerobic type gasket material cures in the absence
of air when squeezed between smooth machined metallic
surfaces. It will not cure if left in the uncovered tube. DO NOT
use on flexible metal flanges.

SURFACE PREPARATION

Pats assembledvith form-in-placegasketsmaybe
disassembledvithout unusual effortln someinstances,
it maybenecessaryo lightly tap thepart withamallet
or othersuitabletool to breakthe sealbetween the
matingsurfaces A flat gasket scrapemayalsobe
lightly tappedinto thejoint but care musbetakennot
to damagethe mating surfaces.

Scrape or wire brush all gasket surfaces to remove all loose
material. Inspect stamped parts to ensure gasket rails are flat.
Flatten rails with a hammem a flat plate, if required. Gasket
surfaces must be free of oil and dirt. Make sure the old gasket
material is removed from blind attaching holes.

GASKET APPLICATION
Assembling parts using a forim-place gasket
requires care.
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ZPP Silicone Rubber Adhesive Sealant shoubk
appliedin a continuousbeadapproximately3 mm (0.12
inch) in diameter All mounting holesnustbecircled.For
cornersealing,a 3or6 mm (1/8 or 1/4inch) dropis placed
in the centerof the gasketcon-tactarea.Uncuredsealant
may be removedwith a shoptowel. Componentsshould
be torquedin place whilethe sealantis still wet to the
touch (within10 minutes).The useof alocating dowelis
recommendedduring assemblyto prevent smearinghe
materialoff location.

ZPP Gasket Maker shoulthe applied sparinglyto one
gasketsurface.The sealantdiametershouldbe 1.00 mm
(0.04 inch)or less.Be certainthe material surroundsach
mountinghole. Excess materiataneasilybe wiped off.
Components should be torqued in place within 15
minutes. The use of alocating dowelis recommended
during assemblyto prevent smearingthe material off
location.

ENGINE PERFORMAN CE

It is important that the vehicle is operating to its
optimum performancévelto maintainfuel economyand
the lowest emission leveldf vehicleis notoper atingto
thesestandardsreferto EngineDiagnosisoutlinedin this
section.The following proceduresan assistn achieving
the proper engine diagnosis.

(1) Test crankingamperagedraw. Referto Electrical
Group8B, Cold Cranking Test.

(@ Check intake manifoldolt torque; Referto Group
11, ExhaustSystemandintake Manifold.

3 Perform cyinder compressiontest. Refer to
Cylinder Compression Pressur@est in the Engine
Diagnosisareaof this section.

@ Cleanorreplacespark plugsaasnecessarmandadjust
gap as specified in Electrical Group 8D. Tighten to
specifications.

(B Testresistanceof spark plugcables.Referto
ElectricalGroup 8D, SparkPlug Cables.

6 Inspecttheprimary wires.Testcoil outputvolt-age
and primary resistance. Replacgarts as neces sary.
Referto Electrical Group 8D, for specifications.

(7)) Test fuel pump fopressureReferto Group 14,
Fuel SystemSpecifications.

B The airfilter elements shouldbereplaced as
specifiedin LubricationandMaintenanceGroup O.

© Inspect crankcaseentilationsystemasoutlined in
Group 0, Lubrication and Maintenance.For emission
controls see Group 25, Emission Controlsfor service
procedures.

(10 Road teswehicleasafinal test.

HONING CYLINDERB ORES

Before honing, stuff plentpf cleanshoptowelsunder
theboresandoverthe crankshafto keep

abrasivematerials from entering the crankshaft area.

(@) Usedcarefully,the Cylinder Bore Sizing Hone C-
823 equippedvith 220 grit stones,is the best toolfor this
job. In additionto deglazing,it will reducetaperandout-
of-round as well as removing lightscuffing, scoring or
scratchesUsually afew strokeswill clean up aboreand
maintaintherequired limits.

CAUTION: DO NOT use rigid type hones to remove
cylinder wall glaze.

@ Deglazingof the cylinder wallsmay be doneif the
cylinder bore is straight and round. Use a cylinder
surfacinghone, HoningTool C-3501, equippedvith 280
grit stones(C-3501-3810). 20-60 strokes, dependingn
the bore condition, will be sufficient to provide a
satisfactorysurface.Using honingoil C-3501-3880or a
light honingoil availablefrom majoroil distributors.

CAUTION: DO NOT use engine or transmission oil,
mineral spirits or kerosene.

® Honing shouldbe doneby moving the honeup and
down fast enoughto get a crosshatch patterrnThe hone
marks should INTERSEC®&t50°to 60° forproperseating
of rings (Fig. 36).

19209-12

Fig. 36 Cyli nder Bore Crosshatch Pattern

1 7 CROSS HAT CH PAT TERN
2 7 INT ERSECT ANGLE

@ A controlled hone motor speed betweeB00 and
300 RPM is necessaryto obtain the proper crosshatch
angle.Thenumberof upand downstrokesperminute can
beregulatedto getthe desired50° to 60° angle.Fasterup
anddownstrokes increasthe crosshatch angle.

® After honing, it is necessarythat the block be
cleanedto removeall tracesof abrasive.Usea brush
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to wash parts with a solution of hot water and dgtat. Dry
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(7) Make sureall fluid has beememovedfrom the

parts thoroughly. Use a clean, white, {irge cloth to check that cylinders.
the bore is clearDil the bores after cleaning to prevent rusting. (8) Repairengineor componentsisnecessaryo

REPAIR DAMAGED OR WORN THREADS

CAUTION: Be sure that the tapped holes maintain the
original center line.

Damagedor worn threadscanbe repaired.Essentially,
this repair consistsof:

A Drilling outworn or damaged threads.

A Tappingthe hole withaspecialHeli-Coil Tap, or
equivalent.

A In stalling aninsertinto the tappedhole to bring the
hole backto its original thread size.

SERVICE ENGINE ASSEMBLY (SHORT BLOCK)

A service replacement engine assemighort block)
may be installed whenevethe original cylinderblock is
defective or damagedbeyond repair. It consistsof the
cylinder block, crankshaft,pistonand rodassemblieslf
needed,the camshaftmust be pro-cured separateland
installed beforahe engineis installedin the vehicle.

A short bl ock is

preventthis problemfrom occurring again.

(9) Squirt engineoil into the cylindersto lubricatethe
walls. This will preventdamageon restart.

(10) Install new spark plugs. Tighternhe spark plugs
to 37N-m (27 ft. Ibs.) torque.

(11) Drain engineoil. Removeanddiscardthe oil
filter.
(12) Install thedrain plug. Tighterthe plugto 34N-m

(25 ft. Ibs.) torque.

(13) Installanewoil filter.

(14) Fill engine crankcaswith the specifiedamount
and grade of oil (refer to Group 0, Lubrication and
Maintenance).

(15) Connectthe negativecableto the battery.

(16) Starttheengineand check fomany leaks.

ENGINE OIL SERVICE

WARNING: NEW OR USED ENGINE OIL CAN BE
IRRITATING TO THE SKIN. AVOID PROLONGED OR
REPEATED SKIN CONTACT WITH ENGINE OIL.

identi fi e CQONVAMINMANTShIN USEB ENGENE O SCAUSED 8Ynp e d

same machined surface where the build date code is stampedforERNAL COMBUSTION, CAN BE HAZARDOUS TO

complete engine assemblies.

YOUR HEALTH. THOROUGHLY WASH EXPOSED

Installation includes the transfer of components from theKIN WITH SOAP AND WATER. DO NOT WASH SKIN
defective or damaged original engine. Follow the approprial/ITH GASOLINE, DIESEL FUEL, THINNER, OR

procedures for cleaning, inspection and torque tightening.

HYDROSTATIC LOCK

When an engine is suspectedof hydrostatic lock
(regardlesof what causedhe problem),follow the steps
below.

(1) Performthe Fuel Pressure Releaderocedure
(referto Group 14, Fuel System).

(2) Disconnectthe negativecablefrom the battery.

(3) Inspectair cleaner, inductionsystemand intake
manifold to ensure systems dry and clear of foreign
material.

(4) Placeashop towelaroundthe spark plugsto catch
any fluid that may possibly be under pressurein the
cylinder head. Remov¢he plugsfrom the engine.

CAUTION: DO NOT use the starter motor to rotate the
crankshaft. Severe damage could occur.

(5) With all spark plugs removed, rotathe
crankshaftusinga breakerbarand socket.

(6) ldentify thefluid in the cylinders(i.e. coolant,fuel,
oil, etc.).

SOLVENTS, HEALTH PROBLEMS CAN RESULT. DO
NOT POLLUTE, DISPOSE OF USED ENGINE OIL
PROPERLY.

ENGINE OIL SPECIFICATION

CAUTION: Do not use non-detergent or straight
mineral oil when adding or changing crankcase
lubricant. Engine failure can result.

API SERVICE GRADE CERTIFIED

In gasoline engines. use an engine oil that is APl Service
GradeCertified (Fig. 37).

Standard engin®il identification notationshave been
adoptedto aid in the properselectionof engineoil. The
identifying notationsarelocatedonthelabel of engineoil
plastic bottlesand the tomf engineoil cans(Fig. 37).

SAE VISCOSITY

An SAE viscosity grade is used to specify the viscosity of
engine oil. SAE 1080 specifies a multiple viscosity engine
oil.

When choosing an engine oil, considerthe range of
temperatureghe vehicle will be operatedin before the
nextoil change. Selecnengineoil thatis best

(o]
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9400-9
Fig. 37 Engine Oil Container Standard Notations
suitedto youra r e @attisularambient temperature

ENGINE OIL VISCOSITY GRADES

| 10W-30 Preferred)
1

5W-30 ; ; ;

| | | | |
F 200 0° 100 20° 32° 60"
16°

'C 29° 18> -f2° .7° o°

a0°
27°

100°
38°

Temperature range anticipated before next oil change

©lbcelear

rangeand variation (Fig. 38).

Fig. 38 Temperature/Engine Oil Viscosity

ENERGY CONSERVING OIL

An Energy Conservingtype oil is recommendedfor
gasoline enginesThe designationof ENERGY CON-
SERVING is located on the label of an engine oil
container.

CRANKCASE OIL LEVEL INSPECTION

CAUTION: Do not overfill crankcase with engine oil,
oil foaming and oil pressure loss can result.

The engineoil level indicator (Dipstick)is locatedat
theright rearof the 2.8L engine. Inspect engineil level
approximdely every 800 kilometers(500 miles). Unless
the engine has exhibited loss of oil pressure,run the
enginefor aboutfive minutesbefore checkingil level.

Checking engin®il levelonacold engineis notaccurate.

To ensure proper lubrication of angine, the engine oil must
be maintained at an acceptable level. The acceptable levels a
indicated between the ADD and SAFE marks on the engine oi

dipstick (Fig. 39).
(1) Position vehicleonlevel surface.
(2) With engine OFF, allow approximatelyten min-

utesfor oil to settleto bottomof crankcaseremove engine

oil dipstick.
(3) Wipe dipstick clean.

(4) Install dipstickandverify it is seatedn the tube.

(5) Removedipstick, with handleheld abovethetip,
noteoil level reading(Fig. 39).

(6) Add oil only if levelis belowthe ADD markondip
stick.

[

T Babulbe
Fig. 39 Engine Oil Dipstickd 2.8L Engine

171 DIPSTICK
2 1 SAFE
31 ADD

ENGINE OIL CHANGE

Change engineil at mileageandtime intervals
describedn Maintenance Schedules.

Run engine until achievingormal operating tem
perature.

(1 Positionthevehicleonalevel surfaceandturn
engine off.

@ Hoistandsupport vehicleonsafety stands.

® Removeail fill cap.

@ Placea suitabledrain panundercrankcasedrain.

® Remove draimplug fromcrankcaseandallow oil to
draininto pan.Inspectdrain plug threads for stretching
or otherdamage Replace draimplug if damaged.

©® Installdrain plugin crankcase.

(n Lower vehicleandfill crankcasewith specified
type andamountof engineoil describedn this section.
® Installoil fill cap.

9) Startengineandinspectfor leaks.
i ) Stopengineandinspectoil level.
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ENGINE OIL FILTER CHANGE

FILTER SPECIFICATION

CAUTION: Do not use oil filter with SAE threads.
The proper oil filter has METRIC type 20 X 1.5 threads.

An oil filter with SAE threads can result in oil leaks and
engine failure.

All ZPP engines are equipped with a high quality-fldiv,

throw-away type oil filter. Zenith Power Producescommends

a ZPP or equivalent oil filter be used.

OIL FILTER REMOVAL
(1) Positionadrainpanunderthe oil filter.

@ Usinga suitableoil filter wrench loosenfilter.
3 Rotatethe oilfilter counterclockwisdo remove
it from the cylinder block oil filter boss (Fig. 40).

Fig. 40 Oil Filterd 2.8L Engine
17 OIL FILTER

(@ Whenfilter separate$rom adapter nippletip gasket
end upward to minimize oil spill. Removefilter from
vehicle.

(6) With awiping cloth, clearthe gasketsealing
surface(Fig. 41) of oil and grime.

OIL FILTER INSTALLATION

(1) Lightly lubricateoil filter gasketwith engineoil or
chassisgrease.

(2) Thread filter onto adapter nipple.When gasket
makescontactwith sealing surface(Fig. 41) handtighten
filter one fullturn, do not over tighten.

(3) Add oil, verify crankcaseil level andstartengine.

Inspectfor oil@ks.

Fig. 41 Oil Filter Sealing Surfaced Typical
17 SEALING SURFACE
27 RUBBER GASKET
37 OIL FILTER

USED ENGINE OIL DISPOSAL

Care shouldbe exercisedwhen disposingusedengine
oil afterit hasbeendrainedfrom avehicle engine.Refer
to the WARNING atbeginningof this section.

REMOVAL AN D INSTALLA TIO N

ENGINE MOUNTSd FRONT

Thefront mountssupportthe engineat eachside.
Thesesupportsare madeof resilient rubber.

REMOVAL

(1) Disconnect negativeable from battery.

(2) Raisethe vehicle.

(3) Supportthe engine.

(4) Remove througtbolt nut (Fig. 42).DO NOT
removethethrough bolt.

(5) Removetheretainingboltsandnuts fromthe
support cushions (Fig42).

(6) Removethethrough bolt.

(7) Removethe support cushions.

INSTALLATION

@ If the engine supportbracket was removed,
position the LEFT bracket (Fig. 42) and theRIGHT
bracket(Fig. 43) ontothecylinderblock. Install thebolts
andstud nuts.

(@ RIGHT SIDE (Fig.43) 0 Tightenthe boltsto 61
N-m (45ft. Ibs.) torque. Tightethe stud nuts046 N-m
(34 ft. Ibs.) torque.

() LEFT SIDE (Fig. 42) 8 Tighten the boltsto 61
N-m (45 ft. Ibs.) torque.

@ If the support cushion brackets wenemovec
position the bracketsonto t! syinger

(Fig. 44).Install the bolts ani 2006-12-05 11:25:50
to 54N-m (40 ft. Ibs.) torqu

(30ft. Ibs.) torque. | Cancelled set by stringer

A
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19409-35

Fig. 42 Front Mounts

17 ENGINE SUPPORT BRACKET
27 THROUGH BOLT

37 RETAINING BOLT

47 SUPPORT CUSHION

57 ATTACHING BOLT

67 SUPPORT CUSHION

717 THROUGH BOLT
81 ENGINE SUPPORT BRACKET

97 SUPPORT CUSHION BRACKET
107 SILL

(3 Place the support cushionsonto the support
cushion brackets(Fig. 42). Tighten the right support
cushionnutsto 65N-m (48 ft. Ibs.) torque. Tightenthe
left supportcushionbolt and nutto 41 N-m (30 ft. Ibs.)
torque.

@ Install thethroughbolt and theretainingnut (Fig.
42). Tightenthe throughbolt nutto 65N-m (48 ft. Ibs.)
torque.

®) Removetheengine support.

6 Lowerthe vehicle.

(7) Connect negativeableto battery.

ENGINE MOUNTO REAR

Aresilient rubber cushion supportise transmissionat
the reametweenthetransmission extensiomousingand
the rearsupportcrossmembeor skid plate.

B05cdSE3

Fig. 43 Engine Support Bracketd Right Side

17 ENGINE SUPPORT BRACKET

LEFT
SIDE

J940%-39

Fig. 44 Support Cushion Bracketd Left Side
17 LOWER FRONT SILL
27 TRACK BAR MOUNTING PLATE
31 SUPPORT CUSHION BRACKET

REMOVA L

(1) Disconnect negativeablefrom battery.

@ Raisethevehicleandsupportthe transmission.
3 Removethenutsholdingthe support cushion
to the crossmember (Fig. 45) (Fig. 46). Remove the

crossmember.

MANU AL TR AN SMI'S SI ON:

a. Removethe support cushiomutsandremovethe
cushion.

b. If necessary,remove theboltsholding thetrans
mission support bracketo the transmission(Fig. 45).
Removethe bracket.
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1940%-44

Fig. 45 Rear Mount (Manual Transmission)

17 TRANSMISSION SUPPORT BRACKET
27 SUPPORT CUSHION

AUTOMATIC TRANSM ISSION:

a. Removethe support cushiorbolts andremovethe
cushionand thetransmission supportbracket.

b. If necessaryon 2WD vehicles, removethe bolts
holding the transmission support adaptor bracketthe
transmissionFig. 46).Removethe adaptor bracket.

INSTALLATION

MANUAL TRANSMISSION:

a If removed, positionthe transmission support
bracke to thetransmissiorandinstall thebolts. Tighten
the boltsto 43N-m (32 ft. Ibs.) torque.

b. Positionthe support cushioronto thetransmission
support bracket. Instalhndtighten the nutsto 46 N-m
(34 1t. Ibs.) torque.

AUTOMATIC TRANSMISSION:

a If removed, positionthe transmission support
adaptorbracket(2WD vehicles)to the transmissiorand
install the bolts. Tightenthe boltsto 75N-m (55 ft. Ibs.)
torque.

b. Position the transmission support brackeand
support cushiono thetransmissiorandinstall the bolts.
Tightenthe boltsto 75N-m (55 ft. Ibs.) torque.

() Position the crossmemberonto the support
cushionstudsand install thenuts.Tightenthenutsto 22
N-m (192in. Ibs.) torque.

@ Installthecrossmembeto sill boltsandtightento
41 N-m (30ft. Ibs.) torque.

@ Removethetransmissionsupport.

@ Lower the vehicle.

® Connect negativeableto battery.
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Fig. 46 Rear Mount (Automatic Transmission)
434

234

i TRANSMISSION SUPPORT ADAPTOR BRACKET

i SUPPORT CUSHION

i CROSSMEMBER ASSEMBLY

i TRANSMISSION SUPPORT BRACKET

o0 WN PR

ENGINE

REMOVAL

(@ Disconnectthe battery cables. Remouhe bat-
tery.

(@ Mark the hinge locations on the hood panel for
alignment referenceduring installation. Remove the
enginecompartmentamp. Removethe hood.

WARNING: THE COOLANT IN A RECENTLY OPER-
ATED ENGINE IS HOT AND PRESSURIZED. USE
CARE TO PREVENT SCALDING BY HOT COOLANT.
CAREFULLY RELEASE THE PRESSURE BEFORE
REMOVING THE RADIATOR DRAIN COCK AND CAP.

(3 Loosentheradiatordrain cock and radiatorcap
todrainthecoolant.DO NOT waste usable coolanitf the
solutionis clean,drainthe coolantinto acleancontainer
for reuse.

@ Removetheair cleanerassembly(Fig. 47).
®) Removethelower radiator hose.
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gunceatd

Fig. 47 Air Cleaner and Resonator Removal and
Installation

17 AIR CLEANER ASSEMBLY
27 NUTAND WASHER

37 RESONATOR ASSEMBLY
471 AIR INLET HOSE

6 Removetheupper radiator hosandcoolant
recoveryhose(Fig. 48).

(7 Removethe fanshroud (Fig. 48).

i

r‘[:
i
g

51920930

Fig. 48 Upper Radiator Hose, Coolant Recovery
Hose & Fan Shroud
17 UPPER RADIATOR HOSE
27 FAN SHROUD
37 COOLANT RECOVERY HOSE

(8 Removetheradiator/condense(if equippedwith
air conditioning).

© Removefan assemblyandinstall a5/16 x 1/2-inch
SAE capscrew througfan pulleyinto waterpump flange.
This will maintain the pulley and water pump in
alignmentwhencrankshaftis rotated.

(10) Disconnectthe heater hoses.

(1) Disconnectthethrottle cable, speed control
cable(if equipped)andtransmissiorcable(if equipped).

(120 Disconnectthebodygroundatthe firewall.

(13 Disconnectthewires fromthe startermotor
solenoid.

(14 Disconnectall fuel injection harnesgsonnee
tions.

WARNING: THE FUEL SYSTEM IS UNDER A CON-
STANT PRESSURE (EVEN WITH THE ENGINE
TURNED OFF). BEFORE DISCONNECTING FUEL
LINES, THE FUEL SYSTEM PRESSURE MUST BE
RELEASED.

(15 Performfuel pressure release procedu(eefer
to Group 14, Fuel Systenfor theproper procedure).

(16) Remove latcltlip anddisconnecthe
quick-connectfuel line atthe fuel rail

(7 Recover refrigerant(if equipped with A/C).
(Refer to group 24, Heating and Air Conditioning for
properprocedures.)

(@8 Disconnect suction/dischargehose from A/C
compressorand cap off ports to prevent intrusionof
foreign materialor refrigerantoil loss.

(19 Removethepower brake vacuum check valve
from the booster,if equipped.

(20 If equippedwith power steering:

(a) Disconnectthe power steering hosdsom the
fittings atthe steering gear.

(b) Drainthepump reservaoir.

(c) Cap thefittings onthe hosesandsteeringgearto
preventforeign material from enterinthe system.
(@) Identify, tag anddisconnectall necessaryire

connectorsaandvacuum hoses.

(22 Raisethe vehicle

(@ Removethe oil filter.

(29 Removethe starter motor.

() Disconnecttheexhaustpipe fromthe exhaust
manifold.

(260 Removethe flywheel housing accesscover.

(27) Removetheupper flywheelandconverter
housing boltsandloosenthe bottom bolts.

(28 Removetheengine supportushionto-engine
compartment brackebolts.

(29 Removetheengine shock dampdaracketfrom
the sill.

(300 Lowerthe vehicle.

(3) Attachalifting deviceto the engine.
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(32 Raisetheengine slightlyoff the front sup-ports.

(33 Placeasupportstand under theonverteror
flywheel housing.

(3 Lift theengineout of theenginecompartment
andinstall on anengine stand.

(35 Install the oilfilter to keepforeign materialout
of the engine.

INSTALLATION

(1) Removethe oil filter.

(2) Lift the engineoff the standand lower it into the
engine compartment.For easierinstallation, it may be
useful to removethe engine supportushionsfrom the
engine supporbracketsas an aide for alignmentof the
engineto-transmission.

(3) Insertthetransmissiorshaft intothe clutch spline.
(M/T models)

(4) Align theflywheel housingwith the engine.

(5) Install andtightenthe flywheel housinglower
bolts.

(6) Installtheengine supportushions(if removed).

(7) Lowertheengineandengine supportushions
ontotheenginecompartmentbrackets.

(8) Removethe engine lifting device.

(9) Raisethe vehicle.

(10) Installtheconverterhousingaccesscover.
(11) Install the exhaustpipe support.
(12) Install the startermotorandconnectthe cable.

Tightenthe boltsto 45N-m (33 ft.l1bs.) torque.
(13) Tightentheengine supportushion througkbolt
nuts.
(14) Connecttheexhaustpipetothe manifold.
(15) Install the oil filter.
(16) Lowerthe vehicle.
(17) Connectthe coolanthosesandtightenthe
clamps.
(18) If equippedwith power steering:
(@ Removethe protective caps
(b) Connectthe hosesto thefittings atthe steering

gear. Tighterthenutto 52 N-m (38 ft. Ibs.) torque.
(©) Fill thepumpreservoirwith fluid.
(19) Remove the pulley-to-water pump flange

alignmentcapscrewandinstall the fan assembly.

(20) Install the fan shroud and radiator and -cc

denser (if equipped with aiconditioning).
(21) Connecttheradiator hoses.

(25) Connectall thevacuum hoseandwire conn ect
ors.

(26) Connect suction/dischardeseto compressor.
(if equipped)

(27) Fill the power steeringreservoir.

(28) Connectthe battery cables.

(29) Install theair cleaner(Fig. 47).

(30) Installthe hood.

(3) Add engineoil and coolant.

(32) Starttheengineandinspectfor leaks.

(33) Stoptheengineandcheckthefluid levels. Add
fluid, as required.

(34) Rechargaair conditioning(Referto group 24,
Heatingand Air Conditioningfor proper procedures).

INTAKE MANIFOLD

REMOVAL

(1) Disconnectthe battery negativecable.

(2) Removethe airinlet hoseandresonatorfrom the
throttle bodyand aircleaner(Fig. 49).

Alboeass

Fig. 49 Air Cleaner, Resonator and air Inlet Hose
Removal and Installation

1 i AIR CLEANER ASSEMBLY
27 NUTAND WASHER

31 RESONATOR ASSEMBLY
4i AIR INLET HOSE

(22) Connecttheoxygen sensowire connector.

(23) Connectthe throttle cable and install the rod.
Connectthe transmissionand speed control cableéif
equipped)

(24 Connectthe fuel supply line to the injector rail.
pushuntil af ¢ | iishhéadd.Re-install latch clip.

(3) Loosen the accessorydrive belt tension and
removethe belt from the power steeringpump (refer to
Group07, Cooling Systemdor proper procedures).

(4) Remove the power steering pump and brackets
from the waterpump andintake manifold. Securepower
steeringpumpandbracketout of the way.
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(5) Perform fuel system pressurereleaseprocedure
(referto Group 14, Fuel Systemfor correct procedure).

(6) Disconnectfuel supply tube from the fuel rail.
Some fuel linesrequire a special tool for removal/in
stallation (refer to Group 14, Fuel System - Quick
ConnectFittings).

(7) Disconnect the accelerator cable, the cruise
control cable (if equipped),and thetransmissionline
pressurecable (if equipped)from the throttle body and
removethem fromthe cable bracket.

CAUTION: When disconnecting the cruise control
connector at the throttle body, DO NOT pry the con-
nector off with pliers or screwdriver. Use finger
pressure only. Prying the connector off could break it.

(8) Disconnect the electrical connectors.Pull the
harnessesaway fromthe manifold and securethem so
they do not interfere with the manifold removaland
installation process.

A Thethrottle position sensor.

A Theidle air control motor.

A Thecoolanttemperaturesensoratthe thermostat.

A The manifold air temperaturesensorat the intake
manifold.

A Thefuel injectors.

A Theoxygen sensor.

(9) Disconnect the crankcase ventilation (CCV)
vacuum hose and manifold absolute pressuréMAP)
sensor vacuunhoseconnectorattheintake manifold.

(10) Disconnectvacuumhosefrom vacuumport on the
intake manifold.

(11) DisconnectCCV hoseat the cylinder headcover
(Fig. 50).

(12) Removethe molded vacuumharness.

(13) Disconnectthe vacuum brake boosteroseat the
intake manifold.

(14) Remove bolts2 through 5 securing the intake
manifold to the cylinder head(Fig. 51). Slightly loosen
bolt No.1landnuts6 and 7.

(15) Removetheintake manifoldandgasketsDrain
the coolantfrom the manifold.

INSTALLATION

(1) Cleantheintake manifoldandcylinder head mating
surfaces.DO NOT allow foreign material to enter
either the intake manifold or the ports in the cylinder
head.

(@ Install the newintake manifold gaskedverthe
locating dowels.

(3 Positionthe manifold in place andfinger tighten
the mounting bolts.

2056dS

Fig. 50 Crankcase Ventilation (CCV) Hosed 2.8L
Engine
17 AIR INLET FITTING
2 AIR FILTER COVER
31 FIXED ORIFICE FITTING

@ Tightenthefastenerdn sequenceandto the
specifiedtorque (Fig. 51).

A FasteneMNo0.18 Tightento 41N-m (30ft. Ibs.)
torque.

A FastenersNos.2through ® Tightento 31N-m (23
ft. Ibs.) torque.

A FastenerfNos.6and78 Tightento 23N-m (17 ft.
Ibs.) torque.

(5) Connectfuel supplytubeto the fuel railinlet. Push
tube untilafi ¢ | iischkadd.Before connectingthe fuel
line to the fuel rail replace the O-rings at the quick-
connectfuel line coupling.

6 Pull outonthe fuelsupplytubeto ensurethatit is
lockedin place.

(7 Connectthemolded vacuum hoses the vacuum
portontheintake manifoldandthe cylinder head cover.

(8 Connecttheelectrical connectors.

A Thethrottle position sensor.

A Theidle air control motor.

A Thecoolanttemperaturesensorat the thermostat
housing.

A Thefuel injectors.

A Theair manifold temperature sensor.

A Theoxygen sensor.

(9 Connectthe CCV vacuumhoseand MAPsensor
vacuumhoseconnectordo thethrottle body.
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(19) Install the power steering pump and bracket
assemblyto the water pump and intake manifold.Hand
startthethree(3) tensionemracketto p/spump to intake
manifold boltsand thetwo (2) tensionerbracketto water
pump bolts.

(1) Tightenthe power steering pump boltsto 28
N- m (21 ft. Ibs.) Tightenthe tensionerbracketto water
pump boltsto 28N-m (21 ft. Ibs.).

(12 Connectthe acceleratorcable, cruisecontrol
cable (if equipped),and the transmissionline pressure
cable (if equipped)to the hold-down bracketand the
throttle lever.

(13) Installandtensiontheaccessorydrive belt. Refer
to Group7, Cooling Systemfor the properpro- cedure.

CAUTION: Ensure that the accessory drive belt is
routed correctly. Failure to do so can cause the water
pump to turn in the opposite direction resulting in
engine overheating. Refer to Group 7, Cooling System
for the proper procedure.

(14 Connectthe airinlet hoseandresonatorto the
throttle body andthe air cleaner.
(150 Connectthe batterynegative cable.

(16) Starttheengineandcheckfor leaks.

EXHAUST MANIFOLD

REMOVAL
() Disconnectthe battery negativecable.
(@ Raisethe vehicle.
(3 Disconnectthe exhaustpipe fromthe engine

exhaustmanifold.

@ Lowerthe vehicle.

®) Remove intake manifold (refdo proceduren
this section)

6 Removefastener2through5andremovethe
intake manifold(Fig. 51).

(7 Removefastenersl, 6 and7 andremovethe
engine exhaust manifolFig. 51).

INSTALLATION

(1) Cleantheintake and engine exhaust manifoldand
cylinder headmating surfaces.DO NOT allow foreign
material to enter either the intake manifold or the
ports in the cylinder head.

(2) Install a new intake manifold gasket over the
alignmentdowels on the cylinder head.

(3) Install the engine exhaust manifold assemilyhaust
manifold must be centrally located over the end studs an
spacer (Fig. 51).

@ Tightenbolt No.1to 41 N-m (30 ft. Ibs.) torque
(Fig. 51).

® Install theintake manifoldonthe cylinder head
dowels(Fig. 51).

CYLINDER HEAD DOWELS

SPACER

EXHAUST

MANIFOLD 192115

Fig. 51 Intake/Exhaust Manifold Removal/
Installationd 2.8L Engine

©® Install bolts2through5 (Fig. 51). Tightenthese
boltsto 31 N-m (23 ft. Ibs.) torque.

(» Install newengine exhaust manifold spacesser
the engine exhaust manifold mountingtuds in the
cylinder head(Fig. 51).

® Tightennuts6and7to 23 N-m (17 ft. Ibs.)torque
(Fig. 51).

© Install all componentgo the intake manifold.

(10) Raisethe vehicle.

(11) Connectthe exhaustpipe to the engineexhaust
manifold. Tighten the bolts to 31 N-m (23 ft. Ibs.) torque.

(12) Lower the vehicle.

(13) Connectthe batterynegative cable.

(14) Starttheengineandcheckfor leaks.

CYLINDERHEADCOVER
A cured gasket is part of the engine cylinder head cover.

REMOVAL
(1) Disconnect negativeablefrom battery.
(@ Disconnectthe Crankcase VentilatiolfCCV)
vacuumhosefrom engine cylindetheadcover (Fig.52).
(3 Removethe airinlet hoseandresonatorfrom the
air cleanerandthrottle body.

@ Removetheenginecylinder headcovermounting
bolts.

®() Removetheengine cylindethead cove(Fig. 52).

60 Removeany original sealerfrom the cover seal
ing surface of the engine cylinderhead and clean the
surfaceusinga fabric cleaner.

d (77 Removeall residuefrom the sealing surface

usinga clean,dry cloth.
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Fig. 52 Engine Cylinder Head Cover
17 AIR INLET FITTING
21 AIR FILTER COVER
3 FIXED ORIFICE FITTING

INSTALLATION
(1) Inspecttheenginecylinder headcoverfor cracks.
Replacethe cover,if cracked.

NOTE: The original dark grey gasket material should
NOT be removed. If sections of the gasket material are
missing or are compressed, replace the engine
cylinder head cover. However, sections with minor
damage such as small cracks, cuts or chips may be
repaired with a hand held applicator. The new material
must be smoothed over to maintain gasket height.
Allow the gasket material to cure prior to engine
cylinder head cover installation.

(2) If areplacementoverisinstalled, transfethe CCV
valve grommethe oilfiller capfrom the original coverto
thereplacementcover.

(3) Install enginecylinder headcover. Tightenthe
mountingboltsto 13 N-m (115in. Ibs.) torque.

(4) Connectthe CCVhoses (Fig. 52).

(5) Connect negativeableto battery.

(6) Install the airinlet hoseand resonator.



UPDATE 5/31/16

PRE-ASSEMBLE VALVE COVER WITH GROMMET and
90° PCV TUBE
1. APPLY LUBRICATION TO BOTTOM OF
GROMMET and TUBE
2. WORK GROMMET INTO VALVE COVERI
THEN TUBE INTO GROMMET
INSTALL VALVE COVER ASSEMBLY
1. PLACE VALVE COVER GASKET ONTO
CYLINDER HEAD
a. POSITION WITH RAISED PART
NUMBER FACING UP

2. PLACE VALVE COVER ASSEMBLY OVER
STUDS and ONTO GASKET

3. ASSEMBLESERRATED FLANGE NUTS
ONTO STUDS

4. INSTALL SERRATED FLANGE BOLTS

5. HAND TIGHTEN ALL BOLTS and NUTS
STARTING FROM the CENTER and
WORKING OUTWARD

6. TORQUE ALL BOLTS and NUTS TO 105
IN/LBS, WORKING OUTWARD FROM the
CENTER, REPEATING, VERIFYING
TORQUE, and MARKING AS EVIDENCE.

7. RE-CHECK CENTER BOLTS and NUTS
TO ENSURE EFFECTIVE TORQUE



ROCKER ARMS AND PUSHRODS

This procedure can be done with the engine in or out of the
vehicle.

REMOVAL

(1) Removethe enginecylinder headcover.(Referto
proceduren this section)

(2) Checkfor rocker arm bridgeswhich are causing
misalignmentof therockerarmto valvetip area.

(3) Removethe capscrewsat eachbridge and pivot
assembly (Fig53). Alternately looserthe capscrewsne
turn ata time to avoiddamagingthe bridges.

(4) Remove the bridges, pivots and corresponding
pairs of rockerarms(Fig. 53). Place thenon abenchin
the sameorderas removed.

(5) Removethe push rodsandplace themon abench
in the sameorderas removed.

Fig. 53 Rocker Arm Assembly

I CAPSCREWS
i BRIDGE

i PIVOT ASSEMBLY
i PUSH RODS
I ROCKER ARMS

abs W N PP

(6) Cleanall thecomponentswith cleaning solvent.
(7) Usecompressedir to blow outthe oil passages
therockerarmsand pushrods.

INSTALLATION

() Lubricatethe ball endsof the push rods withzZPP
Engine Oil Supplement,or equivalentand install push
rodsin their original locations.Ensurethat the bottom
endof each push rods centeredn thetappetplungercap
seat.

(20 Using ZPP EngineQil Supplementpr equivalent,
lubricatethe areaof therockerarmthat the
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pivot contacts.Install rocker arms, pivotandbridge
aboveeachcylinderin their original position.

(3) Loosely installthe capscrewgshrougheach
bridge.

(4) At eachbridge, tightenthe capscrews alternately,
oneturnatatime,to avoiddamagingthe bridge. Tighten
the capscrewdo 28 N-m (21 ft. Ibs.) torque.

(5) Installtheengine cylindethead cover.

VALVE SPRING AND SEAL

This procedure can be done with the engine cylinder head
installed on the block.

REMOVAL

Each valve spring is held in place by a retainer and a set of
conical valve locks. The locks can be removed only by

compressing the valve spring.

(@ Removethe engine cylinderhead cover. Refeto
procedurein this section.

(@ Removecap screws, bridgeand pivot assemblies
and rocker arms for accessto each valvespring to be
removed.

(3) Remove push rods. Retain the push rods,
bridges, pivotsand rocker armsin the sameorder and
position as removed.

@ Inspectthe springsandretainerfor cracksand
possiblesignsof weakening.

B Removethespark plug(s)xadjacentto the cylin-
der(s) belowthevalve springso be removed.

© Install al4 mm(1/2 inch) (threadsize) air hose
adaptorin the spark plug hole.

(7) Connectan air hoseto the adapterand apply air
pressureslowly. Maintainatleast621 kPa (9(si) of air
pressurein the cylinder to hold the valves againstheir
seats. For vehicles equipped with an air conditioner,
use a flexible air adaptor when servicing the No.1
cylinder.

(8 Tap theretaineror tip with arawhide hammeito
loosen the lock from the retainer. Use Valve Spring
CompressorTool MD-998772Ato compresshe spring
andremovethelocks (Fig. 54).

9 Removevalvespringandretainer(Fig. 54).

(100 Removevalve stemoil seals (Fig.54). Notethe
valve sealsare different for intake and exhaust valves.
The top of each seals marked eithedNT (intake/black
in color) or EXH (exhaust/brownn color). DO NOT mix
the seals.

INSTALLATION

®

20b¥r0ab

Fig. 54 Valve and Valve Com ponents
17 VALVE LOCKS (3i BEAD)
27 RETAINER
31 VALVE STEM OIL SEAL
47 INTAKEVALVE

51 EXHAUST VALVE
61 VALVESPRING

CAUTION: Install oil seals carefully to prevent dam-
age from the sharp edges of the valve spring lock
grove.

(@ Lightly pushthevalveseal ovetthevalve stemand
valve guide boss.Be sure the seais completelyseated
onthevalve guide boss.

@ Install valve springand retainer.

@ Compressthe valve spring with Valve Spring
CompressorTool MD-998772A and insert the valve
locks. Releaseéhe spring tensionand remove the tool.
Tap thespringfrom side-to-sideto ensurethatthe spring
is seatedproperlyonthe enginecylinder head.

@ Releaseair pressureand disconnectthe air hose.
Removethe adaptorfrom thespark plug holeandinstall
the spark plug.

(®) Repeatthe proceduresfor eachremainingvalve
springto be removed.

6) Installthepushrods. Ensuréhebottomendof each
rod is centeredin the plunger cap seatof the hydraulic
valve tappet.

(7 Install the rocker arms, pivots and bridge at their

Inspect the valve stespespecially the grooves. An ArkansasPfiginal location.
smooth stone should be used to remove nicks and high spots. (8) Tightenthebridgecapscrews alternatelygneat a

time, to avoid damagingthe bridge. Tightenthe cap
screwsto 28 N-m (21 ft. Ibs.) torque.
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9 Install theengine cylindethead cover.

CYLINDER HEAD
This procedurean be done with the engine in or out of the
vehicle.

REMOVAL
(1) Disconnect negativeablefrom battery.

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

(@ Drain the coolantand disconnectthe hosesat the
engine thermostat housingDO NOT waste reusable
coolant.If thesolutionis cleanandis being drainedonly
to servicetheengineor cooling systemgdrainthe coolant
into a cleancontainerfor reuse.

(3 Removetheair cleaner assembly.

@ Removethe engine cylinderheadcover. (Referto
procedurein this section)

®) Removethecapscrewsbridgeandpivot assem
bliesandrockerarms(Fig. 55).

(6) Remove the push rods (Fig. 5%etain the push rods,

Fig.55 Rocker Arm Assembly

17 CAPSCREWS
21 BRIDGE

bridges, pivots and rocker arms in the same order as 3i PIVOTASSEMBLY

removed.

(7) Loosen the accessorydrive belt at the power
steering pump bracket, if equipped or at the idler pulley
bracket (refer to Group 7, Cooling System for the proper
procedure).

(8 If equippedwith air conditioning,performthe
following:

@ Removetheboltsfrom the A/Ccompressor
mounting bracketind sethe compressor aside.

(W Removethe airconditioner compressdiracket
bolts fromthe engine cylinder head.

(© Loosenthethroughbolt atthe bottomof the
bracket.

9 If equipped, disconnedhe power steeringpump
bracket. Set the pump and bracket aside.DO NOT
disconnecthe hoses.

(20) Performfuel pressurerelease procedure (Refeéo
Group 14, fuel systemsfor proper procedures).

(11) Removethelatch clip anddisconnecthe fuel
supply hose.

(12 Removethe intake and engine exhaustnanifolds
from the engine cylinderhead (refer to Group 11,
Exhaust Systemand Intake Manifold for the proper
procedures).

(13) Numberanddisconnectheignition wiresand
removethe spark plugs.

(14) Disconnectthe coolanttemperaturesendingunit
connector.

(15 Removethe enginecylinder head bolts.

47 PUSH RODS
57 ROCKER ARMS

(16) Removetheengine cylindeheadandgasket(Fig.
56).
(@7 If this was thefirst time the bolts wereremoved,

put a paint dab on the top of the bolt. If the bolts havea
paint dab on the top of the bolt or it i s rki@otvn if they
were usedefore,discardthe bolts.

(18) Stuff clean lint free shopowelsinto the cylinder
bores.

NOTE: If valves, springs, or seals are to be inspect-
ed/replaced at this time, refer to Valves and Valve
Springs later in this section for proper inspection
procedures.

INSTALLATION

The engine cylinder head gasket is a composition
gasket.The gasketis to beinstalledDRY. DO NOT use a
gasket sealingcompound on the gasket.

If the engine cylinderheadis to bereplacedand the
original valves used, measurethe valve stem diameter.
Only standardsize valves can be used with a service
replacemenengine cylindertheadunlessthereplacement
headvalve stemguide boresarereamedto accommodate
oversize valve stems.Remove all carbon buildup and
refacethevalves.
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J9109-164

Fig. 56 Engine Cylinder Head Assembly
17 BRIDGE
27 PIVOT ASM.
37 ROCKERARM
47 CYLINDER HEAD

57 HEAD GASKET
617 PUSH ROD

(1) Fabricate two engine cylinder head alignment
dowels from used head bolt§Fig. 57). Use thelongest
headbolt. Cut theheadof the bolt off belowthe hexhead.
Then cut a slot in the top of the dowel to allow easier

removalwith a screwdriver.

J9009-13
Fig. 57 Fabricate Alignment Dowels

1 7 USED CYLINDER HEAD BOLT
2 1 SLOT

(2) Install onedowelin bolt holeNo.10and theother
dowelin bolt hole No.8(Fig. 58).

(3) Removethe shoptowelsfrom the cylinderbores.
Coatthe boreswith cleanengine oil.

(4) Placetheenginecylinderhead gasket (withhe
numbersfacingup) overthe dowels.

(5) Placetheenginecylinder headover the dowels.

@ J2009-14

Fig. 58 Alignment Dowel Locations

17 ALIGNMENT DOWEL
217 ALIGNMENT DOWEL

CAUTION: Engine cylinder head bolts should be
reused only once. Replace the head bolts if they were
used before or if they have a paint dab on the top of
the bolt.

6) Coatthethreadsof bolt No.7, only,with Loctite
PSTsealantor equivalent.

(» Install all headbolts, excepNo.8and No.10.

@ Removethe dowels.

© InstallNo.8andNo.10head bolts.

CAUTION: During the final tightening sequence, bolt
No.7 will be tightened to a lower torque than the rest
of the bolts. DO NOT overtighten bolt No.7.

(10) Tightenthe engine cylindetheadboltsin
sequence accordingo the following procedure(Fig.
59):

@ Tightenall boltsin sequece (1 through10)to
30N-m (22ft. Ibs.) torque.

© Tightenall boltsin sequencgl through10)to
61 N-m (45 ft. Ibs.) torque.

© Checkall boltsto verify theyare seto 61N-m
(45 ft. Ibs.) torque.

@ Tighten bolts(in sequence):
A Bolts 1through6to 149N-m (110ft. Ibs.) torque.
A Bolt 7to 136 N-m (100ft. Ibs.) torque.
A Bolts 8through10 to 149 N-m (110ft. Ibs.) torque.
© Checkall boltsin sequenceo verify thecorrect
torque.

() If not alreadydone, clean and mark eachbolt
with a dab of paint after tightening. Should you
encountembolts whichwerepaintedin anearlierservice
operation, replacéhem.

(1) Connectthe coolanttemperaturesendingunit
connector.

(12) Install the spark plugsandtightento 37N-m (27

ft. Ibs.) torque. Connedheignition wires.
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J9009-15

Fig. 59 Engine cylinder head Bolt Tightening
Sequence

(13) Install the intake and exhaustmanifolds (refer to
Group 11, Exhaust Systenand Intake Manifold for the
properprocedures).

14
heard. Reinstallatch clip.

(15) If equipped, attachhe power steeringpump and
bracket.
(16) Install thepushrods, rocker arms, pivotsnd

bridgesin the ordertheywere removed.
(17) Install theenginecylinderhead cover.

LINE WITH THE FAN. DO NOT PUT HANDS NEAR THE
PULLEYS, BELTS OR FAN. DO NOT WEAR LOOSE
CLOTHING.

(27) Operate the engine with the radiator cap off.
Inspectfor leaksand continueoperatingthe engine until
thethermostatbpens.Add coolant,if required.

CYLINDER HEAD

DISASSEMBLY

(1) UseValve Spring CompressorToolMD-998772A
andcompressach valve spring.

(2) Removethevalve locks,retainersspringsand
valve stenoil seals. Discardhe oil seals.

(3) UseanArkansassmooth stoner ajewelersfile to
removeany burrson the topof thevalve stemgespecially
aroundthe groovefor the locks.

(4) Removethevalves,andplace thenmin arackin the
sameorderas removed.

Install the fuel supply line.Pushuntil afi ¢ | iisc Ka@sgmBLY

(1) Thoroughlycleanthe valve stemsand thevalve
guide bores.

(2) Lightly lubricatethe stem.

(3) Install thevalvein theoriginal valve guide bore.

(4) Install thereplacemenwalve stemoil sealson the
valve stemslf the0.381 mm (0.015 inch)over-sizevalve

(18) Attachthe air conditioning compressor mounting stemsareused,oversizeoil sealsare required.

bracketto theengine cylinder headndblock. Tightenthe
boltsto 40N-m (30 ft. Ibs.) torque.

(19) Attach the air conditioning compressoito the
bracket.Tightentheboltsto 27N-m (20 ft. Ibs.) torque.

CAUTION: The accessory drive belt must be routed
correctly. Incorrect routing can cause the water pump
to turn in the opposite direction causing the engine to
overheat.

(20) Install the accessorydrive belt and correctly
tensionthebelt (referto Group7, Cooling Systenfor the
proper procedure).

(21) Install theair cleaner assembly.

(22) Connectthe hosesto the thermostat housingnd
fill thecoolingsystemto thespecifiedlevel (referto Group
7, Cooling Systemgor theproper procedure).

(23) Install the coolanttemperaturesendingunit
connector.

(24) Connect negativeableto battery.

(25) Connectthe upper radiator hosand heaterhose
atthethermostathousing.

(26) Fill thecooling system. Checfor leaks.

WARNING: USE EXTREME CAUTION WHEN THE
ENGINE IS OPERATING. DO NOT STAND IN DIRECT

(5) Positionthevalve springandretaineronthe engine
cylinder headand compressthe valve springwith Valve
SpringCompressoilfool MD-998772A.

(6) Install thevalve locksandreleasethe tool.

(7) Tap the valve spring from side to side with a
hammerto ensure thathe springis properlyseatedat the
enginecylinder head.Also tap the topof the retainerto
seatthevalve locks.

HYDRAULICTAPPETS

REMOVA L
Retain all the components in the same order as removed.

(1) Removethe enginecylinder head cover(refer to
procedureearlierin this section)

@ Removethebridgeandpivot assembliegandrocker
arms by removing the capscrews at each bridge.
Alternately looseneachcapscrew,one turn at atime, to
avoiddamagingthe bridges.

3 Removethepush rods.

@ Removethetappets througlhe pushrod openings
in the cylinder head with a Hydraulic Valve Tappet
Removal/InstallationTool (Fig. 60).
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Fig. 60 Hydraulic Valve Tappet Removal/Installation
Tool

17 HYDRAULIC VALVE TAPPET REMOVAL/INSTALLATION TOOL

INSTALLATION

It is not necessaryo chargethetappetswith engineoil.
They will chargethemselveswithin avery shortperiod
of engine operation.

(1) Dip eachtappetin ZPP Engine Oil Supplementor
equivalent.

(2) Use Hydraulic Valve TappetRemoval/lnstallation
Tool to install each tappein the saméore fromwhere it
wasoriginally removed.

(3) Install the push rodsn their original locations.

(4) Install the rocker arms and bridge and pivot
assembliesat their originallocations.Loosely installthe
capscrewsateach bridge.

(5) Tighten the
time, toavoid

capscrews alternately, one turn at a
damaging the bridges. Tighten the

capscrews to 28 N-m (21 ft. Ibs.) torque.
(6) Install the engineylinder head cover.

VIBRATION DAMPER

REMOVAL
(1) Disconnect negativeable from battery.

(2) Removetheserpentinedrive beltand fan shroud.
(3) Removethevibrationdamper retainindolt and
washer.

(4) UseVibration DamperRemovalTool 7697to
removethedamper fromthe crankshaft(Fig. 61).

INSTALLATION

(1) Apply ZPP Silicone RubbeAdhesiveSealantto the
keywayin the crankshaftandinsertthe key.

ZPP428ENGINE 9-41
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Fig. 61 Vibration Damper Removal Tool 7697

17 VIBRATION DAMPER REMOVAL TOOL
27 WRENCH

With the key in position, align the keyway on the
vibrationdamperhub withthe crankshaftkey and tapthe
damper ontahe crankshaft.

(2) Install thevibration damper retainindolt and
washer.

(3) Tightenthedamperretainingboltto 108 N-m (80
ft. Ibs.) torque.

(4) Install the serpentinedrive belt andtighten to the
specifiedtension (refeto Group7, Cooling Systemsor
the properspecificationsand procedures).

(5) Connect negativeableto battery.

TIMING CASE COVER OIL SEAL

REMOVAL

This procedure is done with the timing case cover
installed.

(1) Disconnect negativeable from battery.
(2) Removetheserpentinadrive belt.

(3) Removethevibration damper.

(4) Removetheradiator shroud.

(5) Carefully removethe oil seal. Make sure sedlore
is clean.

INSTALLATION

() Positionthe replacementil sealon Timing Case
Cover Alignment and Seallnstallation Tool 6139 with
seal operendfacinginward. Apply alight film of Perfect
Seal,or equivalent,on the outside diameteof the seal.
Lightly coatthe crankshaftwith engine oil.

(@ Position the tool and seal overthe end of the
crankshaft and insert a draw screw tool into Seal
InstallationTool 6139(Fig. 62). Tightenthe nut against
thetool until it contactsthe cover.



9-42 ZPP 428 ENGINE

REMO VAL AND INSTALLATION (Contin ue d)

19009-24

Fig. 62 Timing Case Cover Oil Seal Installation
17 SEAL INSTALLATION TOOL

27 DRAW SCREW TOOL

@ Removethetools. Applyalight film of engineoil
onthevibrationdamperhub contactsurfaceof the seal.

@ Apply ZPPSilicone RubbeAdhesiveSealanto the
keywayin the crankshaftandinsertthe key. With the key
inserted in the keyway in the crankshaft, install the
vibration damper, washeand bolt. Lubricateandtighten
thebolt to 108 N-m (80 ft. Ibs.) torque.

® Install the serpentine belt and tighten to the
specifiedtension (referto Group 7, Cooling Systemdor
the properspecificationsand procedures).

©® Installtheradiator shroud.

(7 Connect negativeableto battery.

TIMING CASE COVER

REMOVAL

(1) Disconnecthatterynegative cable.

(2) Removeaccessorydrive belt (Referto Group07,
Cooling Systenfor proper procedure)

(3) Removetheaccessoryrive bracketsthatare
attachedo thetiming case cover.

(4) Removethe fan and hulassemblyandremovethe
fan shroud.

(5) Remove the A/C compressor(if equipped) and
generator bracket assemifhpm theengine cylinder head
and moveto one side.

(6) Removethevibrationdamper (Fig. 63).

(7) Removethe oil panto-timing case cover bolts
andtiming casecoverto-cylinder block bolts.

(8) Removethetiming casecoverandgasket from
the engine.

(9) Pry thecrankshaftoil seal fromthefront of the
timing casecover(Fig. 63).

80abd 2t

Fig. 63 Timing Case Cover Components
17 TIMING CASE COVER
27 OIL SLINGER
37 CRANKSHAFT OIL SEAL
47 VIBRATION DAMPER PULLEY

INSTALLATION

(1) Cleanthetiming case coverpil pan andcylinder
block gasketsurfaces.

(2) Install anew crankshaftoil sealin the timing case
cover.Theopenendof theseal shouldetowardthe inside
of the cover. Supportthe cover at the seal area while
installing the seal. Force it into position with Seal
InstallationTool 6139.

(3) Positionthe gasketonthe cylinder block.

(4) Positionthetiming casecoveronthe oil pan
gasketand thecylinder block.

(5) Insert Timing Case CoveRlignment and Seal
Installation Tool 6139 in the crankshaft openingn the
cover (Fig. 64).

Je09-23

Fig. 64 Timing Case Cover Alignment and Seal
Installation Tool 6139

17 TIMING CASE COVER ALIGNMENT AND SEAL
INSTALLATION TOOL
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(6) Installthetiming casecoverto-cylinderblock and
the oil panto-timing casecover bolts.

(7) Tightenthe 1/4inch coverto-block boltsto 7 N-m (60
in. Ibs.) torque. Tighterthe 5/16 inchfront coverto-block
boltsto 22 N-m (192in. Ibs.) torque. Tighterthe oil panto-
coverboltsto 9.5N-m (84 in.lbs.) torque.

(8) Removethe coveralignment tool.

(9) Apply alight film of engineoil onthevibration
damperhub contactsurfaceof the seal.

(10) Apply ZPP Silicone RubberAdhesive Seatant to the
keyway in the crankshaftand insert the key. With the key
insertedin the keywayin the crankshaftjnstall thevibration
damper, washeandbolt. Lubricateandtightentheboltto 108
N-m (80 ft. Ibs.) torque.

19009-25
(11) Install the A/Ccompresso(if equipped) and

eneratorbracketassembly. -
g(12) Installtheenginefanyand hubassemblyand shroud. 17 TIMING MARKS

(13) Install theaccessory drivéelt andtightento obtain
the specifiedtension.
(14) Connect negativeableto battery.

TIMINGCHAIN AND SPROCKETS

The chain drive systene equipped with a timing chain tension
which reduces noise and prolongs timing chain life. In additio®
compensates for wear and temperature changes on the valve tr
proper engine operation.

REMOVAL
(1) Disconnect negative cable from battery. \ S0OE
22; Removethefanand shroud.
3) Removethe serpentinedrive belt. Fig. 66 Camshaft and Crankshaft Sprockets and
(4) Remove the crankshaft vibration damper. Chain
(5) Remove the timing case cover. 17 CAMSHAFT SPROCKET
(6) Rot at e crankshaft unt i 27 CRANKSHAFT

closest to and on the center line with camshaft 3-SPROCKET i CHAIN

(7) Removethe oilslingerfrom the crankshaft.

(8) Removethe camshatft retainingolt andremovethe crankshaft, camshaft sprockets and timing chain. Ensure the

sprocketsandchainasanassembly(Fig. 66). timing marks on the sprockets are properly aligned (Fig. 65).
(9) To replacethe timing chaintensioner,the oil pan @ Install thecamshaftsprocket retainingolt and
mustbe removed. washer.Tightenthebolt to 108 N-m (80 ft. Ibs.) torque.
® To verify correctinstallation of the timing chain,
INSTALLATION turn the crankshaftto position the camshaftsprocket

timing mark asshownin (Fig. 68). Countthe numberof
chain pins betweenthe timing marksof both sprockets.
Theremustbe 20 pins.

(@) Turnthetensionerdeverto theunlocked(down)
position(Fig. 67).

(@ Pull thetensionerblock towardthe tensionerlever ) )
to compressthe spring. Hold the block and turn the © Turnthechaintensionereverto theunlocked

tensionereverto thelock position(Fig. 67). (down) poﬁitLO” (_'I:igl',67)'
@ Apply ZPPSilicone RubbeAdhesiveSealanto the (7 Installthe oi siingefr. .
keywayin the crankshaftandinsertthekey. Withthekey & Replacethe oilsealin thetiming case cover.

in the crankshaftkeyway, install the 9 Install thetiming case coveand gasket.
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Fig. 67 Loading Timing Chain Tensioner
17 LOCK
27 UNLOCK
3 TENSIONER BLOCK
47 TENSIONER LEVER

Yo o005y
S %

@ 39209-15

Fig. 68 Verify Sprocketd Chain Installation
17 CAMSHAFT SPROCKET
21 20 PINS
37 CRANKSHAFT SPROCKET
47 TIMING MARKS

(10) With the keyinsertedin the keywayin the

crankshaft,install the vibrationdamper, washeandbolt.

Lubricateandtightenthe boltto 108 N-m (80ft. Ibs.)
torque.

(1D Installthe fan andshroud.

(120 Connect negativeableto battery.

REMOV AL AND INST ALLATION

CAM SHAFT

REMOVAL

WARNING: THE COOLANT IN A RECENTLY OPER-
ATED ENGINE IS HOT AND PRESSURIZED. RELEASE
THE PRESSURE BEFORE REMOVING THE DRAIN
COCK, CAP AND DRAIN PLUGS.

(1) Disconnect negativeable from battery.

(2) Drainthecooling systemDO NOT wastereusable
coolant. If the solution is clean, drainit into a clean
containerfor reuse.

(3) Removetheradiatoror radiatorandcondenserif
equippedwith A/C.

(4) Scribeamarkonthedistributorhousingin line
with the lip of the rotor.

(5) Scribe amark on the distributor housingnearthe
clampandcontinuethescribemarkonthe cylinder block
in line with the distributor mark.

(6) For easeof installation, note the position of the
rotor and distributor housingin relation to adjacent
enginecomponents.

(7) Removethedistributorandignition wires.

(8) Removethe enginecylinder head cover.

(9) Removetherockerarms,bridgesand pivots.

(10) Removethe push rods.

(11) Removethe hydraulicvalve tappetdrom the
enginecylinder head.

(12) Removethevibration damper.

(13) Removethetiming case cover.

(14) Removethetiming chainand sprockets.

(15) Removethe camshaft(Fig. 69).

@ J90092-31

Fig. 69 Camshait
17 CAMSHAFT
27 CRANKSHAFT

INSTALLATION
(1) Inspectthecamlobesfor wear.
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(2) Inspectthebearingjournalsfor unevenwear
patternor finish.

(3) Inspectthe bearingsfor wear.

(4) Inspectthedistributordrive gearfor wear.

(5) If the camshaft appearso have beenrubbing
againstthe timing case covergxaminethe oil pressure
relief holesin therear canjournal. The oil pressureaelief
holesmustbe free of debris.

(6) Lubricatethecamshaftwith ZPPEngineOil
Supplementpr equivalent.

(7) Carefully installthe camshaftto preventdam-age
to the camshaftoearings(Fig. 69).

(8) Turnthetensionereverto theunlocked(down)
position(Fig. 70).

(9) Pull the tensioner block towardhe tensionerlever

to compressthe spring. Hold the block and turn the Fig. 71 Timing Case Cover
tensionereverto thelock position(Fig. 70). 1 i TIMING CASE COVER

(10) Install thetiming chain,crankshaft sprockedand 2 i CAMSHAFT
camshaft sprockewith thetiming marks aligned. 3 i CRANKSHAFT

(11) Install the camshaftsprocket retainindpolt and
washer. Tightertheboltto 108 N-m (80 ft. Ibs.) torque. (19) Positionthe oilpumpgear.Referto Distributor in
(12) Releasehetiming chaintensionerby movingthe  {he Component Removal/installaticsectionof Group8D,

leverto theunlock posiion (Fig. 70). Ignition Systems.
(13) Install the timing case cover witlareplacemenbil o) |nstall the distributorandignition wires.
seal (Fig.71). Referto Timing CaseCover Installation. Refer to Distributor in the Component Removal/In
(14) Install the vibration damper. stallation section of Group 8D, Ignition Systems.

(21 Install theradiatoror radiatorand condenser,
if equipped with A/C.

(22) Fill thecooling system.

(23) Connect negativeableto battery.

CAMSHAFT PIN REPLACEMENT

REMOVA L

WARNING: DO NOT LOOSEN THE RADIATOR DRAIN
COCK WITH THE SYSTEM HOT AND PRESSURIZED

BECAUSE SERIOUS BURNS FROM COOL-ANT CAN
OCCUR.

19009-27 (1) Disconnect negativeable from battery.
(2) Draintheradiator.DO NOT wastereusable

Fig. 70 Loading Timing Chain Tensioner coolant.Drain the coolantinto a clean container.

17 LOCK (3) Removethe fan and shroud.
2: LTJEII\‘I(S)ST\IER BLOCK (4) Disconnecttheradiator overflowtube,radiator
41 TENSIONER LEVER hoses, automatidransmissionfluid cooler pipes (if
equipped).
. (5) Removethe radiator.
(15) Install the hydraulicvalve tappets. @ If equippedwith air conditioning:
(16) Install the push rods.
(17) Install therockerarms,bridgesand pivots. CAUTION: DO NOT loosen or disconnect any air
(18) Install the enginecylinder head cover. conditioner system fittings. Move the condenser and

receiver/drier aside as a complete assembly.
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(a) Removethe A/Ccompressor serpentirgrive
beltidler pulley.
(b) Disconnectandremovethe generator.
(c) Removethe A/Ccondensenttaching bolts
and move the condenser and receiver/drier asksnup
and out of the way.
(7Y Removethe serpentinedrive belt.
(8 Removethecrankshaft vibrationdamper.
© Removethetiming case cover. Cleathe gasket
materialfrom the cover.
(10 Rotate crankshaftuntil the crankshaftsprocket
timing mark is closestto and on the centerline with the
camshaft sprockeiming mark (Fig. 72).

1900923

Fig. 72 Timing Chain Alignment
17 TIMING MARKS

(11 Remove camshaft sprocket retainingplt.

(12 Removethecrankshaftoil slinger.

(13 Removethe sprocketsand chainasanassembly
(Fig. 73).

CAUTION: The following procedural step must be
accomplished to prevent the camshaft from damag-
ing the rear camshaft plug during pin installation.

(14 Inspectthedamaged camshafpin.

(15 If the pinis aspringtype pin, removethe broken
pin by inserting a self-tapping screw intothe pin and
carefully pulling the pinfrom the camshatft.

(16) If the pinis a doweltype pin, centerpunch it.
Ensurethe exactcenteris locatedwhencenterpunching
the pin.

CAUTION: Cover the opened oil pan area to pre-vent
metal chips from entering the pan.

(7))  Drill into the pincenterwith a 4mm (5/32 inch)
drill bit.
(18 Insertaself-tappingscrew intothedrilled pin

andcarefully pull the pinfrom the camshaft.

®

Fig. 73 Camshaft and Crankshaft Sprocket and
Chain
17 CAMSHAFT SPROCKET
27 CRANKSHAFT SPROCKET
31 CHAIN

INSTALLATION

(1) Cleanthecamshaftpin hole.

(2) Compresghe centerof the replacemenspring pin
with vise grips.

(3) Carefully drive the pininto the camshaftpin hole
until it is seated.

(4) Install the camshaftsprocket, crankshafsprocket
andtiming chainwith thetiming marksaligned(Fig.72).

(5) To verify correctinstallation of the timing chain,
turn the crankshaftto position the camshaft sprocket
timing mark asshownin (Fig. 74). Countthe numberof
chain pins betweenthe timing marksof both sprockets.
Theremustbe 20 pins.

(6) Install thecrankshaftoil slinger.

(7) Tightenthe camshaftsprocketbolt to 108 N-m (80
ft. Ibs.) torque.

(8) Checkthevalve timing.

(9) Coat both sidesof the replacementtiming case
cover gasket with gasketealer.Apply a 3mm (1/8 inch)
bead of ZPP Silicone Rubber Adhes® Sealant, or
equivalentto thejoint formedatthetiming casecoverand
cylinder block.

(10) Positionthetiming casecoveronthe oil pan
gasketand thecylinder block.

(11) Place Timing Case CoveAlignment and Seal
Installation Tool 6139in the crankshaftopening of the
cover (Fig.75).

(12) Install thetiming casecoverto-cylinder block
bolts. Installthe oil panto-timing casecover bolts.

(13) Tightenthe 1/4inch coverto-block boltsto 7 N-m
(60 in. Ibs.) torque. Tighterthe 5/16 inchfront coverto-
block boltsto 22 N-m (192in. Ibs.)torque. Tighterthe oil
panto-coverl/4inchboltsto 14 N-m
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@ 39209-15

Fig. 74 Verify Crankshaftd Camshaft Installation
17 CAMSHAFT SPROCKET
27 20 PINS
37 CRANKSHAFT SPROCKET
47 TIMING MARKS

Je09-23

Fig. 75 Timing Case Cover Alignment and Seal
Installation Tool 6139

17 TIMING CASE COVER ALIGNMENT AND SEAL
INSTALLATION TOOL

(120 in. Ibs.) torque. Tighten the oil pémcover 5/16nch
bolts to 18 N-m (156 in. Ibs.) torque.

(14) Removethecoveralignmenttool andinstall a
replacemenbil seal intothe cover.

(15) Installthevibrationdamperonthe crankshaft.

(16) Lubricateandtightenthe damperboltto 108 N-m
(80 ft. Ibs.) torque.
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(17) If equippedwith air conditioning:

(@ Installthe A/ICcompressor serpentirgrive belt
idler pulley.

(b) Install the generator.

(© Installthe A/C condenseandreceiver/drier
assembly.

(18) Install the serpentinedrive belt on the pulleys and
tighten (referto Group 7, Cooling Systemfor the
specificationsand procedures).

(19) Installtheradiator. Connectheradiatorhosesand
automatic transmissiofluid cooler pipes,if equipped.
Fill the cooling system.

(20) Install the fan and shroud.

(21) Connect negativeableto battery.

CAMSH AFT BEARINGS

The camshaft rotates withifour steelshelled, babbitt
lined bearingsthatarepressednto thecylinder blockand
then linereamed.The camshaftbearingboresandbearing
diametersare not the samsize. Theyaresteppeddownin
0.254mm (0.010 inch)incrementsfrom the front bearing
(largest)to therearbearing(smallest).This permits easier
removal and installation of the camshaft.The camshaft
bearingsarepressurdubricated.

NOTE: It is not advisable to attempt to replace
camshaft bearings unless special removal and
installation tools are available, such as recommended
tool 8544 Camshaft Bushing Remover Installer.

Camshaftendplay is maintainedby the load placedon
the camshaftby the oil pump anddistributor drive gear.
The helical cut of the gearholds the camshaftsprocket
thrustfaceagainstthe cylinderblock face.

CR AN KSHA FT MAIN B EARINGS

REMOVA L

(1) Disconnect negativeable from battery.

(2) Removethe spark plugs.

(3) Raisethe vehicle.

(4) Removethe oil pan and oil pump.

(5) Removeonly onemainbearingcap andower
insertatatime (Fig. 76).

(6) Removethelower insertfrom the bearing cap.

(7) Remove the upper insertby LOOSENING (DO
NOT REMOVE) all of the other bearing capfNow insert
asmall coter pin tool in the crankshaftjournal oil hole.
Bendthe cotterpin asillustratedto fabricatethetool (Fig.
77).With thecotterpin toolin place, rotatehe crankshaft
sothattheupperbearing inserwill rotatein thedirection
of its locking tab. Becausethereis no hole in the No.3
mainjournal,useatonguedepressopr similar softfaced
tool
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18909-144

Fig. 76 Removing Main Bearing Caps and Lower
Inserts

17 CONNECTING ROD JOURNAL

2 MAIN BEARING CAPS

A wWNPRE

F1g. (/ KEmoving upper inserts

1T COTTER PIN
T FABRICATED TOOL
I BEARING INSEK I

I TONGUE DEPRESSOR

to remove the bearing insert (Fig. 77). After moving the insert
approximately 25mm (1 inch), it can be removed by applying
pressure under the tab.

(8) Using the sameprocedure describedbove, remove
the remaining bearing inserts one at a time for
inspection.

INSTALLATION

(@ Lubricatethe bearing surfaceof eachinsert with
engineoil.

@ Loosenall the main bearingcaps.Install the main
bearingupperinserts.

3 Install thelower bearing insertgnto the main
bearingcaps.

@ Install the mainbearing cap(sandlower
insert(s).

(5 Cleanthe rear mairbearingcap(No.5) mating
surfaces.

6 Apply ZPP GasketMaker,or equivalenton therear
bearingcap (Fig. 78). The beadshouldbe 3 mm (0.125
in) thick. DO NOT apply ZPP Gasket Maker, or
equivalentto thelip of the seal.

(7 Install the rear main bearing cap. DO NOT
strike the cap more than twice for proper engage
men t.

(8) Tighten the bolts of caps 1, 3,4 and5 to 54

- o

)l

/
\

”

~_/
)

1950990

Fig. 78 Location of ZPP™ Gasket Maker

GASKET MAKER (OR EQUIVALENT)

—f\ y)
!
1- ZPP
217 (.751IN)
31 6 mm (0.025 IN)

N-m (40 ft. Ibs.) torque. Now tighten thekelts to 95 N-m (70
ft. Ibs.) torque. Finally, tighten these bolts to 108 N-m (80 ft.
Ibs.) torque.
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(9) Pushthecrankshaft forwardndbackward.Loadthe
crankshaftfront or rear andtighten cap bolt No.2to 54
N-m (40 ft.Ibs.) torque Thentightento 95N-m (70 ft.bs.)
torqueandfinally tightento 108 N-m (80 ft. Ibs.) torque.

(10) Rotate the crankshaftafter tightening each main
bearingcapto ensurethe crankshaft rotatesfreely.

(11) Checkcrankshaftend play. Crankshaftend playis
controlled by the thrust bearing whichis flange and
installedatthe No.2 mainbearing posit ion.

@ Attach a magnetic base dial indicator to the
cylinderblock at eitherthefront or rearof the engine.

(b Positionthedial indicatorrod sothatit is
parallelto the centerline of the crankshaft.

© Prythecrankshaftforward, positionthedial
indicatorto zero.

@ Pry the crankshaftforward and backward.Note
the dial indicator readingsEnd play is the difference
between the high and low measurementg(Fig. 79).
Correct end play is 0.0380.165 mm (0.00150.0065
inch). The desired specificationgare 0.05 1-0.064 mm
(0.0020.0025inch).

© If end play is not within specificdion, inspect
crankshaft thrusfacesfor wear.If no wearis apparent,
replacethe thrustbearingand measureendplay. If end
play is still not within specification, replace the
crankshaft.

Fig. 79 Cr ankshaft End Play Measurement
17 DIAL IN DI CATOR
27 CRANKSHAFT

(22) If the crankshaft was removed, install the
crankshaftinto thecylinder block (referto Cylinder Block
- Assemble).

(13) Install the oil pan.

(14) Install thedrainplug. Tightenthe plugto 34N-m
(25 ft. Ibs.) torque.

(15) Install newrearmainseal. Refeto RearMain
Sealin this section.

(16) Lowerthe vehicle.

(17) Install thespark plugs. Tightethe plugsto 37
N-m (27 ft. Ibs.) torque.

(18) Fill the oil panwith engineoil to the safe markon
the dipstick level.

(19) Connect negativeableto battery.

OIL PAN

REMOVAL

(1) Disconnect negativeable from battery.

(2) Raisethe vehicle.

(3) Removethe oil pandrain plug anddraintheengine
oil.

(4) Disconnectthe exhaustpipe atthe engineexhaust
manifold.

(5) Disconnectthe exhaust hangeatthe catalytic
converterandlower the pipe.

(6) Removethe engine startermotor.

(7) Removetheflywheel/torque convertehousing
accesscover.

(8) Positionajack standdirectly undertheengine
vibration damper.

(9) Placeapieceof wood (2 x 2) betweenthe jack
standandthe enginevibration damper.

(10) Removethe engine mount throughbolts.

(11) Usingthejack stand,raisethe engineuntil
adequate clearands obtainedto removethe oil pan.

(12) If equipped, disconnecthe transmissioncooler
lines and oxygen sensor harnedssom oil pan mounting
studs.

(13) Removethe oil panbolts andstuds.Carefully
removethe oilpanand gasket.

INSTALLATION

(1) Cleantheblock and pangasket surfaces.

(2) Fabricate4 alignmentdowelsfrom 1/4 x 11/2 inch
bolts. Cut theheadoff the bolts and cutaslot intothe top
of the dowel. This will allow easierinstallation and
removalwith a screwdriver(Fig. 80).

(3) Install two dowelsin thetiming casecover.Install
the othertwo dowelsin the cylinderblock (Fig. 81).

(4) Apply ZPP Silicone AdhesiveSealantontothe
cylinderblock in four locationasshown (Fig. 82)

(5) Slidetheonepiecegasket ovethe dowelsand
ontotheblock andtiming case cover.

(6) Positionthe oil panoverthe dowelsandontothe
gasket.

(7) Installthe 1/4inch oil panbolts. Tightenthese
boltsto 9.5N-m (84 in.Ibs.) torque. Instalthe 5/16
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(73
i g

19209-6x

=
é

Fig. 80 Fabrication of Alignment Dowels

17 1/4% 31 12% BoLT
27 DOWEL
37 SLOT

J9205%-1¢
ig. 81 Position of Dowels in Cylinder Block

F

17 516°® HOLES

27 DOWEL HOLES
3 CYLINDER BLOCK
47 5/16% HOLES

inch oil panbolts (Fig. 83).Tighten these boltto 15
N-m (132in. Ibs.) torque.

(8) Removethe dowels. Installthe remaining1/4 inch
oil panbolts. Tighten these bolt® 9.5 N-m (84 in.|bs.)
torque.

(9) Lowertheengine untilit is properly locatednthe
engine mounts.

(10) Installthethrough boltsandtightenthe nuts.

(11) Lowerthejack standandremovethe pieceof
wood.

(12) Install theflywheel andtorqueconverter
housingaccesscover.

(13) Installtheengine startermotor.

(14) Connectthe exhaustpipeto the hangerandto

the engineexhaust manifold.

80b7704a

Fig. 82 Location of ZPP' Silicone Adhesive

Sealant on Cylinder Block
17 SEALER LOCATIONS

20abd2b5
Fig. 83 Position of 5/16 inch Oil Pan Bolts

17 OIL PAN
27 OIL PAN DRAIN PLUG

(15) Install the oil pandrainplug (Fig. 83). Tighten
the plugto 34N-m (25 ft. Ibs.) torque.

(16) Lowerthe vehicle.

(17) Connect negativeableto battery.

(18) Fill the oil panwith engineoil to the specified
level.

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

(19) Starttheengineandinspectfor leaks.

OIL PUMP

Thepositivedisplacemengeartype oil pumpis driven
by the distributor shaft, whichis driven by agearon the
camshaft.Oil is siphonedinto the pump
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throughaninlet tubeandstrainer assemblthatis
pressednto the pump body.

The pumpincorporatesanonadjustable pressurelief
valve to limit maximum pressuréo 517 kPa (75 psi). In

the relief position,the valvepermitsoil tobypass through

apassagen the pump bodyto theinlet sideof the pump.

INSTALLATION

@ Install the oil pump on the cylinder block usinga
replacement gasket. Tightdhe boltsto 23 N-m (17 ft.
Ibs.) torque.

@ Install the oil panand gasket.

@ Fill the oil panwith oil to the specified level.

Oil pump removal or replacement will not affect the
distributor timing because the distributor drive gear remains if|STON AN D CONNE CTING ROD

mesh with the camshafiear.

REMOVAL

(1) Draintheengine oil.

(2) Removethe oil pan.

(3) Remove the pump-to-cylinder block attaching
bolts. Removeahe pumpassemblywith gasket (Fig.84).

CAUTION: If the oil pump is not to be serviced, DO
NOT disturb position of oil inlet tube and strainer
assembly in pump body. If the tube is moved within
the pump body, a replacement tube and strainer
assembly must be installed to assure an airtight seal.

19509-85

Fig. 84 Oil Pump Assembly
17 OIL FILTER ADAPTOR
27 BLOCK
37 GASKET
47 OIL INLET TUBE
57 OIL PUMP
61 STRAINER ASSEMBLY
77 ATTACHING BOLTS

REMOVAL

() Removetheenginecylinder head cover.

(@ Removetherockerarms,bridgesand pivots.

(3 Removethe push rods.

@ Removetheenginecylinder head.

(B Positionthepistonsoneatatime nearthe bottom of
the stroke.Use aridge reametto removethe ridge from
the top endf thecylinderwalls. Useaprotectivecloth to
collectthe cuttings.

(6) Raisethe vehicle.

(» Draintheengine oil.

@ Removethe oil pan andgasket.

9 Removetheconnectingodbearingcapsandinserts.
Mark the capsand rods withthe cylinder bore location.
The connectingrods and caps arstampedwith a two
letter combination(Fig. 85).

N

I

154092

Fig. 85 Stamped Connecting Rods and Caps

1 7 CONNECTING ROD CAP
2 7 CONNECTING ROD

(10) Lower thevehicle untilit is about?2 feet fromthe
floor.

CAUTION: Ensure that the connecting rod bolts DO
NOT scratch the crankshaft journals or cylinder walls.
Short pieces of rubber hose, slipped over the rod
bolts will provide protection during removal.

(1) Haveanassistanfpushthe pistonandconnecting
rod assembliesup and through the top of the cylinder
bores (Fig.86).



























