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REVISION CONTROL INFORMATION
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Release Date
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WARNING SUMMARY

Failureto complywith thebelowwarningsmayresultin seriousinjury topersonnel.
Avoid prolongedexposureo usedoil.

Wearprotectiveclothingandwaterproofgloves.

Do notputoily ragsin your pocket.

Do notwearoil-saturatedlothing.

Washwork clothesfrequently Discardclothesandshoeghataresoakedwith oil andcannotbe cleaned.
In theeventof personalnjury, takefirst aid measuresnmediately.

Always apply protectivecreambeforework, which canhelpremovetheoil whentheskinis
contaminated with mineral oil.

Upondetectiornof skinirritation, seekmedicaltreatmentmmediately.

Do notusefaulty or unsuitableools.

Stopthe engineduringmaintenancer repairwork.

Do nottouchhotpartsof anenginethatis runningor thathasjustbeerstopped.
Do nottouchtheenginewhenit is running.
Lettheenginecooldownbeforecarryingoutany maintenanceperation.

Releasé¢hepressuren thefuel andcoolingsystemdeforedisconnectinggrremoving hoses or
associated parts.

At operatingemperaturethecoolantis hotandpressurizedWhenthepressurés released the burning
hot liquid maybe transformed into fumes.

Any contactwith thisburning-hotliquid or fumesmay causeserious burns.

Letthecomponentsén the coolantsystemcool downbeforedrainingthesystem.

Only checkthecoolantlevelwhentheenginehasbeenstopped.

Slowly unscrewthefiller plugto releasehepressure.

Hot oil cancauséanjury. Avoid contactwith theskin.

Sulfuricacidcontainedn batteriess toxic andcorrosivelt canburnclothingandskin,oreven cause
blindness in case of contact with the eyes.

Whenstartingthe engine,useearprotection.
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GENERAL PRECAUTIONS FOR OPERATIONS

INTRODUCTION

Most accidentselated to the use, maintenance and repair of the engine are due to failure to comply
with the safety regulations and basic precautions. They could therefore be avoided by acknowledging
the risks that you face and by taking the corresponding preventivsiresaTo operatejaintainand
repairthis PSlequipmentyou needto havetheappropriatdraining, skills and tooling.

Failure to comply with the instructions set out in this manual may resskrious or even fatal
accidentsPSI cannotforeseeeverypossiblerisk. As such,therulesandinstructionssetoutin this
Manual are not exhaustive.

BEFOREANY OPERATIONINVOLVING A PSIPRODUCT

1 Beforecarryingoutanymaintenancer repairwork, fix afi Dootu s signor a similarsign tothe
starter switches.
Actuatethestarterbatteryisolatingswitch.
Turnoff thecircuit breakeldocatedon the engineconnectiorboxif applicable.
Turntheengineroomcabinetstarterswitchto OFF (optionalfeature).
For engineditted with a pneumaticstarter systenisolatethetanks,anddrainthe pipes between the
tanks and the starter.
For engineditted with anautomaticstartercontroldevice,lock thestartingorderonthe control box.
Beforeusingthebarringtool, alwaystakethenecessargafetyprecautions.
Do notallow anyunauthorizeghersomeartheengine.
Makesurethattherepairpremisesaandsurroundingareaaresuitableto carryoutthe worksafely.
Always makesurethattherepairworkshopor theareaaroundthe engineis cleanandtidy.
Removeanyrings,chains andwatcheseforestartingwork. Wearsuitableandclosefitting work
wear.
Lock theemergencyputtons.

Checkthatthe expiry dateof the protectionequipmentglassesgloves,shoesmasksoveralls,
helmet, etc.) is not exceeded before starting work.

Do notusefaulty or unsuitableools.

Stoptheengineduringmaintenancer repairwork.

= = = =4 = =4 —a —a —a_A E R
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START-UP

1 Never use any product to facilitate start-up (risk of explosion).
1 Never start an engine, engage a gear reducer, or touch a propeller pitch control without having checked
beforehand that this operation can be carried out in complete safety for the people or the equipment.
1 When starting the engine, use ear protection to prevent hearing loss.
1 Only start or stop the engine using the switches designed for this in the engine room control box, the
bridge console, control boxes, etc.
When the engine starts, the power loss must never be below 18 VDC.
SEALS
1 If the temperature exceeds 300°C (572°F), the engine seals may produce corrosive hydrofluoric acid.
Always use protective gear when touching seals subject to high temperatures.
1 Always use rubber thick gloves and safety glasses during decontamination operations.
I Clean the seals and the contaminated surfaces using a 10% calcium dioxide solution or another cleaning
product.
1 Keep any parts which have been removed in a sealed plastic bag and store them in a dedicated area.
STARTER BATTERY
1 Disconnect the batteries before any operation involving the electrical circuit.
1 As the battery gas is explosive, keep it away from naked flames and any source of sparks.
1 Do not smoke near the fuel system and batteries.
1 Never check battery charge by short circuiting it.
1 Do not charge a frozen battery. Heat it up to 16°C (60°F) beforehand.
9  Sulphuric acid contained in batteries is toxic and corrosive; it can burn clothing and skin, or even cause
blindness in case of contact with the eyes.
1 To prevent accidents:
- Fill thebatteriesn well-ventilatedpremises.
- Wearsuitableglovesandglasses.
- Donotinhalethefumes.
1 Inthe event of contact with a part of the body:
- Rinsetheaffectedpartwith plenty of water.
- Apply bicarbonatef sodaor lime to neutralizethe acid.
- Rinsetheeyesfor 10to 15 minutes.
- Seeadoctorassoonaspossible.
1 Inthe event of ingestion:
Seeadoctorassoonaspossible.
1 Do not smoke in areas where batteries are charged.
1 The batteries give off flammable fumes which can explode.
1 If the batteries are in a closed area, make sure there is sufficient ventilation.
1 Make sure the batteries are clean and that covers are fitted.
1 The battery cables must be fitted with a circuit breaker to isolate the circuit if there is a problem. Electric

wiring must be kept in good condition, properly positioned, and soundly attached.
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INJECTION DEVICES

M Use afume extraction device.

91 If the fuel comes into contact with the skin, it can cause injury. Consult a doctor immediately.

1 Fuel, oil, and coolant contain harmful products.

1 Avoid all contact with the skin and eyes. Do not ingest.

1 The use of gloves and safety glasses is highly advisable.

WELDING

1 Unplugall enginewiring harnessebeforedoingweldingoperationd ECU, engine cabinets,
control boxes, ETC..).

1 Do notuseopenfires.

1 Forall electricalor autogenousvelding,useaweldingpermitto maketheareasafe.

1 Makesurethatthework will notaffecttheonboardelectricalandelectroniczquipment.

1 Makesurethattheautomatidire extinguishingsystemis in habitedbeforeanyweldingor grinding
work.

1 Makesurethatthepremisesvheretheweldingwill bedonearesuitably ventilated.

1 Donotweldanddonotuseatorchon pipesor hosesontainingflammabldiquids.

12



THEORY OF OPERATION AND ENGINE COMPONENTS

CYLINDER BLOCK

The cast iron cylinder block is configured in a
atan included angle of 90 degrees. Coolant jackets surround each cylinder bore. Seven cast iron main
bearing caps are each fastened by four bolts, with the crankshaft thrust takereapntiagn bearing

cap.Oil coolingfor eachcylinder isfurnishedby a dedicatedil jet, whichis part of the pressurized

lubrication system passages machined into the block.

CRANKSHAFT

The 32L engine uses a hardened steel forged crankshaft with seven hardened main bearing journals
andsix connectingod journalsorientedwith 120-degregphasing Fourcounterweights$o provide
internal balance of the rotating assembly.

13



PISTONS AND CONNECTING RODS

All twelve pistonsutilize threepistonrings. Onekeystoneing, twist tapereding anda coil spring

loaded ring. All of which are attached to a tpiece forged steel connecting rod and a floating piston
pin, retained in location by a circlip at each end of the piston pin. The forged steel connecting rod cap
is retained to the connecting rod via two sapews.

CYLINDER HEADS

All twelve cast irorcylinder headequipped witHour valvesarelocatedon theupperpart ofthe

cylinder blockandformsthetop of the combustiorchamberThe partsconnectedo thecylinder

head include the intake manifold, exhaust manifold, spark plug, cylinder head cover, cylinder head
gasketyalves,and rocker assemblies.

CAMSHAFT

The roller camshaft utilizes seven cam journals and twienitycam lobes which is assembled into
the cylinder block above therankshaft. With the rotation of the camshatft the flat tappets falew
lobesmachinedntegralto the camshaftppening,andclosingtherespectiveralveline (push rod,
rocker arm, valvand valve spring) in proper sequence.

EXHAUST MANIFOLD
A castmaterialexhausmanifoldis attachedo eachcylinderhead;eachexhausmanifold port

collects exhaust gases from the cylinders, which is attached to two separate sections of the exhaust
pipe system, which are water cooled.

INTAKE MANIFOLD

Intakemanifold startsby passinghroughthe chargeair cooler andhenrunningthroughthe throttle
body and then into the cast material intake manifold.

14



ENGINE CONTROL MODULE (ECM)

Figurel. ECM Assembly

No. Name
1 ECM MountingBracket
2 ECM
3 ECM Bolt
4 ECM
5 ECM MountingBracket
Bolt

The 32L enginecomesequippedwith two EngineControlModules(ECM), onefor the secondary side
(right side) and ontor the primary side (lefide) of the engine. The ECM monitors various engine
sensors viailb-volt signals, this allows for optimal engine performance.

REMOVAL
1. Removehefour boltsfrom eachECM.
2. RemoveheECM.
3. Removehetwo boltsfrom the ECM mountingbracket.
4. Removehe ECM mountingbracket.

INSTALLATION

Placethe ECM mountingbracketovertheintakemanifold.
Insertandtorquedownthetwo mountingbracketboltsto 22ft/Ibs.
PlaceECM onthe ECM mountingbracket.

Insertandtorquethefour ECM boltsto the ECM mountingoracket to 10
ft/Ibs.

PwpnbE
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HOISTING OF ENGINE

Theenginecrankshaftenterlineshouldremainhorizontalwhenhoistingandno verticalor incline

hoisting is allowed. The engine should always be raised and lowered slowly. Lifting rings resistance is
reduced when the angle between the slings or the chains and the engine falld5elow

Usealifting deviceasillustratedbelow. Avoid any contactbetweertheslingsandtheengine parts.
Use the fastening links and slings or properly calibrated chains.
. -

Figure 2. Hoisting Engine
LIFTING EYES

=

Figure 3. Lifting Eyes Assembly

No. Name

1 Lifting Eye

16



REMOVAL
1. Loosenandremoveall four lifting eyes.

WARNING :
Checkfront andrearlifting eyesfor cracksor anydamagesieplacef anycracksor other damages
are found.
INSTALLATION

1. Insertandtorqueall four lifting eyesto 730+5N A m.

17



CYLINDER BLOCK CLEANING AND INSPECTION

Figure4. CylinderBlock Assembl

No. Name No. Name
1 Pipe 20 Hexagonaflangebolt
2 Pipe 21 Hexagonaheadplug
3 Stud 22 Washer
4 Hexagonahut 23 Main bearingshell
5 Clamp 24 Pistonnozzleassembly
6 Engineblock 25 Pistonnozzleassembly
7 Combinationgasket 26 Main bearingshellauxiliary bolt
8 Screwplug 27 Main bearingshellauxiliary bolt
9 Cylindrical pin 28 Hexagonaflangebolt
10 Pipe 29 Sightholecap
11 Cylinderliner gasket 30 Main shaftbushingassembly
12 O-ring 31 Gasket
13 Cylinderliner gasket 32 Thrustmainbearingshell
14 Cylinderliner 33 Main bearingbolt
15 Camshafthrustbearing 34 Thrustplateassembly
16 Hexagonaflangebolt 35 Hexagonakocketplug
17 Gasket 36 Cylindrical pin
18 Hollow plug 37 Camshafbushing
19 Knock sensor 38 Washer
39 Hexagonabocketplug

18




WARNING :
Always wearprotectiveclothingandpropereyeprotectionwhencleaningcomponents.

CYLINDER BLOCK CLEANING

1. Boil cylinderblockin causticsolution.

2. Flushcylinderblockwith wateror steam.

3. Cleanthefollowing areas

All gasketsurfaces
Cylinderboresremoveexcessiveylinderridgeasrequired.
Main bearingcaps.

Oil galleriesremoveall sludgeandrestrictions.
Scaledepositdfrom coolanfpassages

All dirt anddebrisfrom threadedholes

~ooooTw

WARNING
Wear approved safety glasses or face shield when cleaning components. Failure to comply may
result in personal injury.
Wear rubber gloves and protective clothing when cleaning compofeiitge to comply may
result in personal injury.

4. Dry cylinderblockwith compressedir.
5. Lubricatecylinderboreswith PSlapprovednotoroil to preventust.

CYLINDER BLOCK INSPECTION

1. Inspectthecylinderblockfor thefollowing conditions:
Gasketsurfacedor deepgougesor otherdamages.

All machinedsurfacedor burr, oil stainsandscratches.

Oil andwaterpassagefor burr, metalchipsor anyrestrictions.
Tappethole shouldbe freefor anyandall restrictions.
Outercracksor dentsof cylinderblock

Pooop
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ENGINE LUBRICATION

Figureb. LubricationSystem

An oil pump is driven by the front crankshaft gear train connected to the oil pump assembly. A series
of control valves are located inside the oil pan, along with the centrflge. All control valvedead

to theoll filter supportassemblywhich hold all oil filters. Theoil pumpis connectedo both oil
cooler sumps, along with the connecting elbows.

OIL PUMP SERVICE INFORMATION

EngineQil Pressure

At Rated Engine RPM
Model At Low Idle Speed
1500-1800
32L 0.4-0.6 MPa More than 0.12 MPa
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LUBRICATION SYSTEM DIAGRAM

Oil Filter Oil Filter
Turbocharger*
Bypass Valve | Bypass Valve ;
Oil Cooler | Oil Cooler ==
Oil Pressure
Switch

Cylinder Body - Main Gallery

Pressure ‘ ‘
Regulator Valve
: Idle Gear Camshaft . Crank
Qil Pump Shaft Bearing [ Journal
1 Y L Y
Piston Coolin Rocker Arm .
Oil Suction Pipe Nozzles* ¢ Bearing Crank Pin
Strainer V
Rocker Arm
Tappet
Cam Face
LS Y Y Y Y

\ Qil Pan
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ENGINE OIL DIPSTICK TUBE

0il dipstick

Figure6. Engine Oil Dipstick
REMOVAL

1. Removeengineoil dipstickfrom engineoil dipsticktube.
A Checkoil level. (Referto figure6.)
2. Removeupperoil dipstickfrom oil pan.
3. Removewasherandnutandthenremovelower dipstickfrom oil pan.

INSTALLATION

1. Installwasherandnutandtightendownontooil pan.
2. Installupperoil dipstickto oil pan.
3. Installengineoil dipstickin engineoil dipsticktube.
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FRONT ENGINE ACCESSORY DRIVE (FEAD)

ENGINE BELT ROUTING

Figure7. Left-HandBelt Routing

Left-Hand belt runs under the automatic belt tensioner, over and around the crankshatft pulley, around
thewaterpump,overthealternatompulley andbackundertheautomatidelttensioner.

TAWL AN

Figure8. Right HandBelt Routing

The righthand belt runs over the automatic belt tensioner, under and around the crankshaft pulley,
undertheidler pulley, overandaroundthewaterpumppulley andbackovertheautomatic belt
tensioner.
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Figure9. SerpentindBelt Routing

Thegroovedserpentindelt runsunderthe crankshafpulley, overthefan pulley andto the left of the
belt tensioner

24



ALTERNATOR PULLEY ASSEMBLY

Figurel0. AlternatorPulley Assembly

REMOVAL

1. Disconnecboththebatteryandelectricalwiresfrom thealternator.

2. Loosentheserpentindelt (Figurel0, 1) by operatinghetensione(Figure 10, 3).

3. Removehebolts(Figurel0,2) from thebracket(Figure10,4). Removethe
alternator(Figure10,5).

4. Loosenandremovetheboltsfrom thealternatompulleybracket.

INSTALLATION

1. Install alternatorbracket.
2. Insertandtorquedownthefour alternatoibracketbolts.
3. Insertandtorquedownthe centeralternatorpulley bolt

25



LEFT -HAND WATER PUMP ASSEMBLY

Figurell.Left-HandWaterPumpAssembly

No. Name
1 Left-HandEngineMount
2 Left-HandWaterPumpBracket
3 Bolt
4 Left-HandWaterPump
5 Bolt

REMOVAL

1. Removehethreeboltsontheleft-handwaterpumpassemblypracket.
2. Removehetwo rearboltsfrom thewaterpumppulleybracket.
3. Carefullyremovethewaterpumppulleybracket.

INSTALLATION
1. Carefullyplacetheleft-handwaterpumpbracketassemblyontotheleft-handenginemount.
2. Installandtorquedownthetwo rearboltsto thewaterpumppulleybracket.
3. Installandtorquedownthethreefront boltsto thewaterpumppulleybracket.
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LEFT -HAND AUTOMATIC BELT TENSIONER

Figurel2.Left-HandAutomaticBelt TensionetAssembly

No. Name
1 OuterAutomaticBracket Tensioner Bol
2 AutomaticBelt TensioneBolt

REMOVAL

1. Removecenterbolt ontheautomatidoelttensioner.
2. Removeautomatidoelttensioner.

3. Removaall threeouterbolt bracketbolts.

4, Removeautomatidelttensionebracket.

INSTALLATION

1. Installandtorquedownall threeouterautomatidbelttensionetbracketolts.
2. Installandtorquedownthe centerautomatidelttensionebolt.
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MANUAL FAN BELT TENSIONER ASSEMBLY

Figurel3. ManualFanBelt TensioneiAssembly

No. Name
1 SideManualBelt Tensioner Bolt
2 ManualBelt Tensioner
3 ManualBelt Tensioner Bracket Bol
4 RearManualBelt Tensioner Nut

REMOVAL

1. Removehesidemanualbelttensioner.

2. Removeherearmanualbelttensionenut.

3. Removehemanualbelttensioner.

4. Removehethreemanualbelttensionebracketolts.

5. Removehemanualbelttensionebracket.
INSTALLATION

1. Placemanuabelttensionebracketon cylinderblock.

2. Insertandtorquedownall threemanualbettensioneibracketolts.

3. Placemanualbelttensioneontothe bracket.

4. Feedthemanuabelttensioner nuthroughtherear ofthetensioneandtorquedownthe nut.
5

Insertandtorquedownthesidemanualbelttensioneibolt.
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RIGHT -HAND WATER PUMP PULLEY ASSEMBLY

Figurel4.RightHandWaterPumpPulley Assembly

No. Name
Righthandwaterpump
1 bracket bolts
) Right-handwaterpump
bracket
3 Righthandwaterpump
pulley
REMOVAL
1. Removehethreeright-handwaterpumpbracketbolts.
Note:

The righthand automatic belt tensioner needs todmeoved to remove the righind water
pump assembly.

2. Removeheeightboltsonthebackof theright-handwaterpump.(Referto Figurelb)
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No. Name
1 Rearright-handwater
pump brackebolts
2 Righthandwaterpump
3 Righthandwaterpump
bracket

3. Removeheright-handwaterpumpandbracket.
INSTALLATION

1. Placetheright-handwaterpumpbracketandaligntheholesontotheright-handenginemount.
2. Insert andorquedownthetop right bolt to assisin theinstallationprocess(Referto Figure 16.)

Figurel6.RightHandWaterPump/EngindMount Bolt

3. Inserttheright-handautomaticbelttensionemandtorquedowntheremainingboltsto the righthand
water pump brackefRefer to Figure 17.)
4. Insertandtorquedowntheeightboltsin the backof theright-handwaterpumpbracket.
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RIGHT -HAND AUTOMATIC BELT TENSIONER ASSEMBLY

Figurel7.RightHandAutomaticBelt TensionerAssembly

No. Name
1 Righthandautomatidoelt tensioner
bracket bolts
5 Righthandautomaticbelt tensioner
bolt
3 Righthandautomatidoelt tensioner
bracket
4 RightHandAutomatic Belt
TensioneBracket

REMOVAL

1. Removeheright-handautomatidelttensionembolt.

2. Removeheright-handautomatidbelttensioner.

3. Removehethreeright-handautomatidelttensionetbracketolts.
4. Removeheright-handautomatidelttensionebracket.

INSTALLATION

5. Placetheright-handautomaticbelt tensioneibracketontotheright-handenginemount and water pump.
6. Insertandtorquedownthethreeright-handautomatidoelttensionetbracketbolts.

7. Placetheright-handautomaticbelttensioneontothe bracket.

8. Insertandtorquedowntheright-handautomaticbelttensionetolt.
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RIGHT -HAND IDLER PULLEY ASSEMBLY

Figurel8.RightHandldler Pulley Assembly

No.

Name

Righthand Idler PulleyBracketBolts

RighthandPulleyBracket

Right-handidler Pulley

REMOVAL

1. Removethethreeright-handidler pulley brackebolts.
2. Removeheright-handpulley bracket.

INSTALLATION

1. Placetheright-handidler pulley bracketontothemanualbelttensioneframe.

2. Insertandtorquedownthethreeright-handidler pulley brackebolts.
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FAN ASSEMBLY

.
Figurel9.FanAssembly

No. Name No. Name
1 Fansupport 5 Bolt
2 FanSupportBracket 6 Fan
3 Bolt 7 Fanbolts
4 Bolt
REMOVAL
1. Removehesix fanbolts.

2. Removehefan.
3. Removehefour fan supportoracketolts.
4. Removehefansupportassembly

INSTALLATION

1. Cleanall debrisfrom thefollowing components:

a. Fansupport

b. Fansupportassembly

c. Fan
Placethefan supportbracketabovethefront cover.
Insertandtorquedownthefour fan supportbracketbolts.
Placethefan ontothefan supportoracket.
Apply blueloctiteto all six fanbolts.
Insertandtorquedownthesix fan boltsto 140ft/Ibs.

ourwWN
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FRONT COVER

Figure20. FrontCoverAssembly

No. Name No. Name
1 Bolt 8 SensoiSeat
2 Bolt 9 Bolt
3 FrontCoverBracket | 10 | FrontCoverSeal
4 FrontCover 11 O-Ring
5 Bolt 12 DowelPin
6 FrontCoverPlate | 13 Dowel Pin
7 Bolt 14 Speedsensor

34




REMOVAL

Drainoil andcoolantinto a suitablecontainer.

Removethe FEAD assembly(Referto the FEAD section)

Removethefan pulley assembly.

Removethefour boltson thefront coverbracket.

Removethefront coverbracket.

Removethefourteenboltsonthefront cover.

Using the two location pins on tfi®nt cover (refer to image below) insert two bolts into the locationgidsvith
asoftfacehammembeginto removethefront cover untilit is freefrom thecylinderblock.

NogosrwbhE

Figure20 Continued.

NOTE:
Using the guide pins timstall the front cover, prevents damaging the front crank seal.

INSTALLATION

Cleananydebrisfrom bothsurfaceof thecylinderblock andrearof thefrontcover.
Apply newsiliconesealanbntothebackof thefront cover.

Insertthefour M10-1.5X140"front coverguidepinsinto thecylinderblock.
Placethefront coverinto theguidepinsandbeginhandtightenall fourteenfront coverbolts.
Removehefour guidepinsandinsertandhandtightentheremainingfront coverbolts.
Insertandin acrosspatterntightenthefourteenfront coverboltsto6 5 N5 N A m.
Placethefront coverbracketoverthefront cover.

Insertandtorquedownthefour front coverbracketbolts.

Insertthefan pulleyassembly.

Installthe FEAD assembly(Referto the FEAD sectionof themanual)
Referenginewith oil andcoolant.
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TURBOCHARGERS

T <

Figure21.TurbochargeAssembly

No. Name No. Name
1 TurbochargeNut 7 Lower Oil Drain Gasket
2 Turbocharger 8 Qil Inlet Valve
3 TurbochargeGasket 9 Turbocharge©utHose
4 ExhaustManifold 10 | TurbochargeHoseClamp
5 Oil Drain Tube 11 TurbochargeHoseClamp
6 Lower Oil Drain Gasket | 12 Turbochargefmube
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REMOVAL
1. Removebothturbooil supplylinesfrom theoil inlet valve.(Referto Figure22.)

Figure22. TurbochargeOil Supplylines

2. Removehetoptwo oil drainboltsandgasketfrom eachturbocharger.
3. Removehelowertwo oil drainboltsandgasketfrom eachurbocharger
4. Carefullyremovebothoil draintubes.

a. Ensurenotto dent,damagegr scrapeheoil draintubesuponremoval.
5. RemoveQil inlet valve.(If Necessary)
6. Untightenbothturbochargehoseclamps(10& 11)from eachturbocharger(Referto Figure 21.)
7. Removehefour turbochargenutsfrom eachturbocharger(Referto Figure21.)
8. Carefullyremovebothturbochargers.
9. Removebothturbochargegasketgrom theexhausmanifolds.

INSTALLATION

1. Cleananydebrisfrom bothendsof the exhausimanifoldandbottomof both

turbochargers.
2. Placebothnewturbochargegasketverthefour studsonthe endsof the exhausmanifolds.
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NOTE:
Both turbocharger gaskets should be placed with the round edges facing up and away
from the exhaust manifolds.

3. Installbothturbochargersvertheturbochargegaskets.
4. Insert andorquedownall eightnutsoverthefour studsontheexhausmanifoldsto 40 ft/lbs.
5. Leveltheoil inlet onbothturbosusingalevel. (Referto Figure23.)

a. Loosentheboltsontheinsideof eachturboandrotatetheoil inlet.

b. Leveltheoil inlet.

c. Tightentheinsideboltsof eachurbo.

Figure23.Oil Inlet Leveling

6. Orientbothturbochargecompressohousings(Referto Figure24.)
7. TightenbothV-band clamp$l and 2 when complete. Torque clampsto 651 ( 8. 8 NAmM) .

Figure24.CompressoHousingOrientation
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8. Placebothwashersnto oil inlet. (Referto Figure25.)
9. Insertbothoil inletfittings andtorquebothfittings to 21 ft/Ibs. (Re

Y.

p Dy
=79
YY)

Figure25.Oil inlet Assembly

10. Cleananydebrisfrom the bottomof the oil outleton bothturbochargers

No. Name No. Name
1 Lower Oil Drain TubeBolt 4 FlywheelHousing
2 Oil Drain Tube 5 UpperOil Drain TubeGasket
3 Lower Oil Drain TubeGasket | 6 UpperQil Drain TubeBolt
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12. Placethelower draingasketoverthe flywheel housingandinstall the oil draintube.

13. Insertandtorquedownbothoil drainboltsto 51 ft/Ibs.

14. Placeupperdraingasketntothe bottomof theoil drainhousing.

15. Apply PSlapproved_octite to bothupperoil draintubebolts.

16. Insertbothwashergheninsertandtorquedownbothupperoil draintubeboltsto 26ft/Ibs.
17. Install bothoil supplylinesto the oil inlet fittings.

CRANK CASE VENTILATION CANISTER (CCV)

Figure27.CCV CanisterAssembly

No. Name No. Name
1 CCVi Y dose 5 CCV Hose
2 CCV Canister 6 | Oil DrainValve
3 CCV Bracket 7 Oil Pan
4 CCV AdapterHoseClamp
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REMOVAL

Disconnecthe CCV hosefrom theoil drainvalveandtheboost pressurkose.
Removeall clampsholdingdownthe CCV hoseagainsthecylinderblock.
Disconnecthe CCV hosefrom thecanister.

UnscrewCCV adaptehoseclamp.

Removeall four CCV canisterbolts. (Referto Figure28)

RemoveCCV Canister.

INSTALLATION

1. PlaceCCV canisterontothe CCV bracket.
2. Insertandtorquedownall four CCV canisteboltsontothe CCV canistebracket.

ok wnE

Figure28.CCV CanisterBolts

No. Name

1 CCV CanisteBolt

Clampdownthe CCV adaptehose.
Insertandconnecthe CCV hoseto the bottomof the CCV canisterand the boost pressure hose.
Securehe CCV hoseby clampingdownthehoseontothe cylinderblock.

NOTE:

Ensure the CCV hose is raehind the oil filters then into the oil drain valve.

abrow

6. ConnectheCCV hoseontotheoil drainvalve.
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FUEL SYSTEM

Figure29. Fuel SystemAssembly

NOTE:
Each cylinder bank operates with two Direct Electronic Pressure Regulator (DEPR)
and twodiaphragm style variable venturi mixer.

The DEPR and mixers are not adjustable and should not be tampered with.
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AIR FILTERS

Figure30. Air Filter Assembly

No. Name
1 Plug
2 Bolt
3 FlangeBolt
4 Nut
5 Air Filter Element
6 Filter To Mixer Adapter
7 Elbow Adapter
8 Air Filter Gasket
REMOVAL
1. Removeall four air filter nuts.
2. Removeheair filter elementalongwith theair filter gasket.
3. Removaall four nutsfrom the elbowadapter.
4. Removeair filter gasket.
5. Removeall eightflangebolts.
6. Removehefilter to mixeradapter.
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INSTALLATION

Placefilter to mixer adapteoverthemixer.

Insertandtorquedownall eightflangebolts.

Cleananydebrisfrom bothendsof the elbowadapteandthefilter to mixer adapter.
Inserttheair filter gaskentothefilter to mixeradapter.

Insertandplacethe elbowadapteontothefilter to mixeradapter.

NOTE:

aprwdE

Ensure to have the small threaded hole of the elbow adapter facing out and away from
the engine. (Refer tBigure 31.)

g e

Figure31.Elbow Adapter

6. Insertandtightenall four filter to mixer adaptenuts.

7. Cleananydebrisfrom theendof theair filter element.

8. Placetheairfilter gaskebntotheair filter element.

9. Insertboththeair filter gasketandelementontotheelbowadapter.
10. Insertandtightenall four air filter elemennuts.

11. Tightenthewing nutattheendof theair filter elemenif necessary.
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DIRECT ELECTRONIC PRESSURE REGULATOR (DEPR) AND FUEL MIXER ASSEBMLY

Figure 32. DEPR anBHuel Mixer Assembly

REMOVAL

Removetheair filter assembly(Referto theAir Filter Section)

DisconnecbothCCV vaporhosedrom the backof eachmixerassembly.
Disconnecbothclampsonthemixerto turboadaptehose.
Removethethreehexcapboltsunderneatithe dualmixer bracket(Referto Figure33.)

N =

Figure33. Dual Mixer BracketAssembly

No. Name No. Name

1 Dual Mixer Bracket| 2 | HexCapBolt
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5. Removethefour boltsdirectly abovethe dual DEPRbracket.(Referto Figure34.)

Figure34. DEPRBracketAssembly

No. Name
1 Bolts
2 Dual DEPRBracket

6. Removethefour nutsdirectly belowthefi U@dampsboltsandthe upperlock off bracket. (Refer to
Figure 35.)
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7.

Figure35. UpperLock off BracketAssembly

No. Name

1 fi UGlampBolt

2 Nut

CarefullyremovetheentireDEPRandfuel mixerassembly.

INSTALLATION

1.

N

NogakMw

© ®

Ensureall fuel mountshavebeenmountedbeforeinstallingthe DEPRandfuelmixer assembly.
(Refer to the FUEL MOUNTING BRACKETSection)

NOTE:
Loosening thdéuel mounts may ease the DEPR and fuel mixer installation process.

Carefully placethe DEPRandfuel mixer assemblyovertheupperlock off bracket DEPR bracket and
dual mixer bracket.

Apply PSlapproved_octite to thethreehex capbolts.

Insert andorquedownthethreehexcapboltsfrom the bottomof the dualmixer bracket to 12 ft/Ibs.
Insertandtorquedownthefour DEPRboltsto 22ft/Ibs.

Placefi Udampbolt overthelock off valveandthroughthe upperlock off bracket.
Insertandtorquedownthetwo nutsdirectly undertheupperlock off bracketontothed U6 c | a mp
bolts.

ReconnecbothCCV vaporhosedo thebackof eachmixerassembly.
Reconnecbothclampsonthemixerto turboadaptehose.

47



FUEL MOUNTING BRACKETS

Figure36. FuelMountingBracketAssembly

No. Name
1 i UGlamp
2 Lower Lock off Bracket
3 Bolt
4 Dual DEPRBracket
5 Bolt
6 Dual Mixer Bracket
7 Bolt
8 UpperLock off Bracket
9 Bolt
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REMOVAL

1. Removeheair filter assembly(Referto theAir Filter Section)

2. RemoveDEPRandfuel mixerassembly(Referto theDEPRandFUEL MIXER ASSEMBLY
Section)

Removethetwo boltsthatfeedinto thedual DEPRbracket andunthroughthedualmixer bracket.
Removesachdual DEPRbracket.

Removehefour boltsthatfeedinto thedualmixer brackeandrunthroughtheexhausmanifold.
Removesachdualmixer bracket.

Removethethreeboltson eachupper lockoff bracket.

Removeeachupperlock off bracket.

. Removehetwo boltson eachof thelowerlock off bracket.

10. Removeeachlower lock off bracket.

INSTALLATION

1. Placethedualmixerbrackettowardsthe backof theengineby theturbochargersverthe exhaust
manifold. (Refer to Figure 37.)
2. Insertandtorquedownthefour boltsto 60ft/Ibs. (Referto Figure37.)
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Figure37.Dual Mixer BracketAssembly

No. Name
1 Bolt
2 Dual Mixer Bracket

3. PlacethedualDEPRbracketoverthedualmixer bracket(Referto Figure38.)
4. Insert andorquedownbothboltsinto thedual DEPRanddualmixer bracketgo 22t/ Ibs.
(Refer to Figure 38.)
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Figure38.Dual DEPRBracketAssembly

No. Name No. Name

1 Dual DEPRBracket 2 Bolt

5. Placeeachlower lockoff bracket ovethe exhausmanifoldto theleft andright of the CCV canister.
6. Insertandtorquedownthetwo boltsto eachlowerlock off bracket.(Referto Figure39).

Figure39. Lower Lock off Bracket

No. Name No. Name

1 Bolt 2 Lower Lock-Off Bracket
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7. Placetheupperlock off bracketon thelower lock off bracket.(Referto Figure40.)
8. Insertthebolt into theupperandlower lock off bracket.
9. Insertandtoquedownthe nut behindtheupperlock off bracket(Referto Figure40.)

Figure40. UpperLock off BracketAssembly
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EXHAUST MANIFOLD
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Figure41.ExhaustManifold Assembly

No. Name No. Name
1 ExhaustManifold 9 ExhaustManifold to CylinderHeadGasket
2 Washer 10 Bolt
3 HeadPlug 11 Gasket
4 ExhaustManifold 12 ExhaustManifold to TurboAssembly
5 ExhausManifold Mid Gasket 13 Bolt
6 ExhausManifold 14 ExhaustManifold to TurboAssembly
7 ExhaustManifold 15 Nut
8 Bolt 16 Stud
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NOTE:
The exhaust manifold is made up of three different sections.

All fuel system components must be removed before dissembling the exhaust

manifold.
REMOVAL
1. Drainthecoolantfrom the engineinto a suitablecontainer.
2. Removeahewaterpumptubesleadingto the mid-sectionof the exhausinanifold.
3. Removaeall exhausmanifoldassemblypolts.
4. Loosentheexhausmanifoldandcylinderheadfasteningooltsandremovetheexhaust manifold and

5.

gasket in sections to ensure safimoval.
Loosentheconnectingholtsbetweerthe exhausmanifoldsandremovetheexhaust manifold
gasket.

INSTALLATION

Cleananydebrisfrom thecylinderhead.

Insertandtightenthewaterpumptubes.

Placethe exhausmanifoldgaskeontothecylinderheadandtightentheconnectindpolts between the
exhaust manifolds.

Apply pipethreadsealant ortheexhaustnanifold boltsthat pushthroughthepusirod cavity.
Placethe exhaustmanifoldandinsertandtightentheexhaustmanifoldandcylinder head fastening
bolts.

Insertandtightentheexhaustmanifold studnut.
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INTAKE MANIFOLD
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Figure42.IntakeManifold Assembly

No. Name No. Name
1 Intakemanifoldgasket 13 HeadCapScrew
2 Intakemanifold 14 IntakeManifold Gasket
3 Intakemanifold 15 Mixed Air IntakeManifold
4 O-Ring 16 Gasket
5 Intakemanifoldcover 17 ThrottleBody
6 Washer 18 IntercoolerAir PipeAssembly
7 Bolt 19 IntercoolerAir PipeAssembly
8 Bolt 20 IntakeAir Temperatur@ndPressuré&ensor
9 Bolt 21 Bolt
10 Intakemanifold Adapter 22 Bolt
11 O-Ring 23 Washer
12 Thrustring 24 Nut
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REMOVAL

1. Removehetwo boltsoneachECM bracket.
2. Removaeall intakemanifoldbolts.
a. Removeheintakemanifoldin sectiongo ensurecarefuldisassembly.

3. Loosenthehexagorflangeboltsto removetheintakemanifold coverandO-ring.

4. Loosenthethrustring boltsandremovetheintakemanifold,connectingpipe andO-ring.
INSTALLATION

1. Cleananydebrisfrom thecylinderhead.

2. Insertintakemanifoldgasketon cylinderhead.

3. Insertintakemanifold,connectingpipe andO-ring andtightenthethrustringbolts.

4. InserttheintakemanifoldcoverandO-ring andtightenthe hexagorflangebolts.

5. Insertandtightentheintakemanifoldbolts.

6. Insertandtorquedownboththe ECM bracketboltsto theintakemanifold

55



EXPLOSION RELIEF VALVE

Figure43.ExplosionReliefValve Assembly

No. Name
1 Bolt
2 FlatWasher
3 Bolt
4 Throttle AdapterGasket
5 ReliefValve
6 ReliefValve Adapter
7 ReliefValve Gasket
CAUTION:
Do notremovevalve unlessspecificallyrequestedby psi.
REMOVAL
1. Removeheeightboltsfrom therearof thereliefvalve.
CAUTION :
The relief valve is 22 pounds and could cause extreme harm if not handled
accordingly.
2. Removeheexplosionrelief shield.
3. Removeherelief valve.
4. Removeherelief valve gasket.
5. Removehefour boltsfrom therelief valveadapter.
6. Removehethrottleadaptegasket.
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INSTALLATION
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Cleananydebrisfrom bothintakemanifolds.

Placerelief valveadapteigaskebntotherelief valveadapter.

Insertbothrelief valve adaptermandgaskebntotheendof theintakemanifold.

Apply PSlapproved_octite to all four relief valveadaptebolts.

Insertandtorquedownall four relief valve adapteboltsto 27 ft/lbs.

Cleananydebrisfrom the surfaceof thereliefvalve.

Placeall eightwasherontotheeightrelief valvebolts.

Carefullyplacetherelief valve gasketandrelief valveontotherelief valveadapter.
Placetheexplosiorrelief shieldonthebackof therelief valveandensuraheshieldis pointed out
and awayfrom the engine.

. Insertandtorquedowntheeightwasherandboltsin thebelowsequencéo 27 ft/lbs. (Refer to

Figure 44.)

Figure44.ExplosionReliefValve TorquingSequence
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IGNITION COIL

Figure45.Ignition Coil Assembly

No. Name
1 Bolt
2 Bolt
3 Spacer
4 Ignition Coll
5 Ignition Coil Bracket
6 Ignition Coil Boot
REMOVAL
1. Removehetwo boltsontheignition coil.
2. Removeheignition coil.
3. Removeahetwo spacerglirectly belowtheignitioncoil.
4. Removehetwo boltsontheignition coil bracket.
5. Removetheignition coil bracket.
6. Removegnition coil bootif necessary.
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INSTALLATION

1. Apply dielectric grease to each spark plug end of the coil boot.

2. Carefully insert and torque down the spark plug (Figure 44, Item 7) to 25 ft/Ibs.

3. Apply dielectric grease (Permatex Dielectric grease #81150 or equivalent) to each
coil (Figure 44, Iltem 6).

4. Install ignition coil bracket (Figure 44, Iltem 5) and torque down the two ignition coll
bracket bolts (Figure 44, Item 1) to 17 ft-lbs.

5. Insert the coil boot (Figure 44, Item 6) into the spark plug tube (Figure 44, Item 7)
and press firmly to ensure it fully seats on the spark plug, Install the ignition coil on
top of the boot.

6. Insert the ignition coil bolts and spacers (Figure 44, Items 2 & 3) and torque down
the bolts to 80 in-Ibs.

Lo, E i

Coil boot cross-section showing coil and plug assembled

E Grease applied by coil manufacturer

g Grease applied at engine assembly

Figure46.Dielectric Grease applied to ignition coil boots
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CYLINDER HEAD COVER

Figure4?. CylinderHeadCover

No. Name
1 CylinderHeadCoverGasket
2 CylinderHeadCover
3 CylinderHeadlgnition Coil O-Ring
4 CylinderHeadCoverBolt
NOTE:

Removing the cylinder head requires that the spark plugs be removed in advance.

Failure to remove the spark plugs in advance could result in damagespatk@lugs because their tips
are protruding from the cylinder head combustion chamber surface.

REMOVAL

1. Removeall four cylinderheadcoverbolts.
2. RemoveCylinderheadcoverandgasket.

INSTALLATION

1. Cleantop of cylinderheadof anydebris.

2. Installgaskebntocylinderhead.

3. Installcylinderheadcoverandtightenall four boltsto 20ft/Ibs.

4. Placethecylinderheadignition coil O-ring in preparatiorfor ignition coil installation
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ROCKER ARMS
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Figure48. RockerArms

Removethebolts(Figure48, 1) thatretaintherockerarmshaftsupports.
RemoveherockerarmshaftassemblyFigure48, 2) from thecylinderhead.
Removethevalvebridge(Figure48, 3).

NOTE:
Identify the push rods and rocker assembly components so they can be reinstalled in their
original locations.

Removethe pushrodsandidentify for installation.
Removetherockerarmsupport(Figure49, 1).

Slide the exhausbckerarmassembly (Figurd9, 2) out oftherockerarmshaft assembly
(Figure49, 4), rockerarmshaftsleeve(Figure49, 3), andintakerocker armsassembly
(Figure49, 5).

Figure49. RockerArm Assembly
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CYLINDER HEAD REMOVAL

1. Loosenthecylindersecondaryoltsin thefollowing order(Figure50).

et

Figure50. CylinderHeadRemovalOrder

2. Removethecylindersecondaryolts(Figure51, 1). Takethe gasketf(Figure51, 2),
clamping block (Figur®&1, 3) and end plate (Figubd, 4).

Figure51. CylinderheadAssembly
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3. Loosenthebolts(Figure52, 5) andremoveignition coil bushclamp(Figure52, 6).
4. Removetheignition coil bush(Figure52, 7) andthe gasket(Figure52, 8).
5. Removethe cylinderheadmainboltsin thefollowing order(Figure52)
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Figure52. CylinderHeadMain Bolt Assembly

6. Lift thecylinderheadawayfrom thecylinderblock (Figure53, 2). Discardthe cylinder
head gasket (Figure353).

Figure53. CylinderHeadAssembly
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7.
8.

10.
11.
12.

13.

14.
15.

Placethe cylinderheadon thework benchwith the combustiorsidedown.
Usingthevalve springcompressotool, compresshevalve springs(Figure54).

Figure54. VaIveTSpringCompressoAssemny

Removethevalvecollet (Figure55, 1).

Slowly releasahetensiononthevalve spring.

Removethe springtop retainer(Figure55, 2) andouter/innervalve spring(Figure55, 3/4).
Repeathe procedurewith all remainingvalves.

NOTE:
If the valves are to be reused, identify them so they can be installed in their original location.

Turnthecylinderheadsothe exhausport sidefacesdown. Removetheintakeand exhaust valves
(Figure55, 7/8) from the cylinder head.

Removethevalve stemseals(Figure55, 5).

Removethe springbottomretainer(Figure55, 6).

Figure55. CylinderHeadAssembly.
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NOTE:
Removal of the valve guides should be postponed until inspection and measurement
procedures have been performed.

3. If thevalveguideswerenot within specificationsusea hydraulicpresgo drive the valve
guides (Figure 6, 1) out of the cylinder head.

Figure56. CylinderHeadValve Guides
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CYLINDER HEAD CLEANING AND INSPECTION

Always readandfollow safetyrelatedprecautiongoundon containerof hazardousubstances like
parts cleaners, primers, sealants, and sealant removers. Failure to comply could result in death or
serious injury.

Thoroughlycleanall componentsisinga nonmetallicborushandanappropriatesolvent.Eachpart must be
free of carbon, metal filings and other debris.
Inspection of Cylinder Head Components Visually inspect the parts. Replace any parts that are
obviouslydiscoloredheavily pitted, or otherwisedamagedDiscardany partsthatdo not meetits
specified limit.
NOTE:
Any part which is found defective because of inspection or any part whose measured value
does not satisfy the standard or limit must be replaced.

Any part determined to not meet the service standard or limit before the next service, as
determined from the state of current rate of wear, should be replaced even though the part
currently meets the service standard limit.

INSPECTION OF PUSH RODS
Detamine if the bend of the push rods is within the specified limit.

V-blocksmustbeusedto inspectpushrods dugo theweldsontheendsof thepushrods.
1. Placethepushrodsonaflat inspectiorblock or layoutbed.

2. Roll thepushrodsuntil agapcanbeobservedetweera portionof the pushrod andthe surface of
the block or layout bed.
3. Useafeelergaugeto measurehegap(Figure57).

\

R\

Figure57. PushRod Measurement
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INSPECTION OF ROCKER ARM ASSEMBLY

Useatestindicatorandmicrometerto determinef the insidediameterof all therockerarm support
brackets and the rocker arms are within the specified limits.

Inspectthecontactareador excessivevearor damage.

Figure58. RockerArm DiameteiMeasurement

Useamicrometerto measurgherocker arnshaftdiameter Measureat eachrockerarm location in
two directions 90° apart (Figur&p

VALVE GUIDE INSPECTION
Visually inspectthe valve guidesfor distortions scoringor otherdamage.

NOTE:
Measure the valve guidegile they are installed in the cylinder head.

Use a telescoping gauge and micrometer to measure the inside diameter at each end of the valve
guide.Measurdn threeplacesand90° apart(Figure59). Seelintake/ ExhaustValve and Guide chart
for theservice limit. Replace valve guides if not within specification.

\

i
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/

Figureb9. Valve GuideMeasurement
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CYLINDER HEAD INSPECTION

1. Equipthecylinderheadwith thewaterjackettool (leaktest).

2. Connectanair inlet ontothewateroutletof thecylinderhead Immersethecylinderhead in a tank of
water and increase pressure up to 5 bar (FigOre

3. Checkthatthereareno leaksin theintakeducts,exhausducts,injectorsleeve pil passages,
cylinder head ceiling, valve seat housings, discard the cylinder heecei$sary.

a0

Figure60. CylinderHeadOutlet
INSPECTION OF INTAKE AND EXHAUST VALVES

1. Visuallyinspecttheintakeandexhaustalves.

2. Replaceanyvalvesthatareobviouslydiscolored heavilypitted,or otherwisedamaged.

3. Useamicrometetto measurehevalvestemdiameterMeasurghevalvestem near the
combustion end and near the opposite end (FigireSge Intake / Exhaust Valve and
Guide chart for the servidinit.

1 3 i

| _
H— 1 Nl

Figure6l. Valve StemDiameter
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4. Placethevalvestemonaflat inspectiorblock or layout bedRoll thevalve until a gap can be observed
between a portion of the valve stem and the surface of the block or bed. Use a feeler gauge to meast

gap (Figure B). See Intake / Exhaust Valve and Guide chart for the service limit.

Figure62. Valve InspectionBlock

5. Insertthevalvesinto their original locationsandpresshemdownuntil theyare fully
seated. Use a depth micrometer (FiguBet6 measure the difference between the cylinder
head gasketurface and the combustion surface of each exhausattakdvalve. See

CylinderHead specification chart fone servicdimit.

NOTE:
Valve guides must be installed to perform this check.

4
A

7 /11

Figure63. Valve RecessiorCheck
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VALVE SPRING INSPECTION

1. InspectthevalvespringsIf damageor corrosionis seenpr if measurements exceed the
specified limits, replace the springs.
2. Checkfor fracturesontheinsideandoutsideportionsof thesprings If the valve spring is

fracturedreplace the valve spring.

3. Checkfor corrosionof the springmaterialcausedy oxidation.

4. Useaflat surfaceandasquareo checkeachspringfor squarenes@-igure &1). See
Valve Spring specification chart for the sericeit.

Figure64. Valve SpringSquarenesileasurement

5. Useacaliperto measurghelengthof the spring(Figure65). SeeValve Spring Mechanical
chart for the service limit.

Figure65. Valve SpringMeasurement
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CYLINDER HEAD REASSEMBLY

NOTE:
Lubricate allcomponents with oil during reassembly to prevent premature wear or damage.

Use new gaskets,-fngs, and seals for cylinder head installation.
Ensure all debris is removed from all components before installation
VALVE SEAT INSTALLATION
Thevalveseatsareinstalledfrom thedesksideof thecylinderheadandmustbepressed in and fully

bottomed out. All installation of valve seats (FiguBA6ltem 1) must be preapproved by PSI
manufacturing.

Figure66A. Valve SeatAssembly
VALVE GUIDE INSTALLATION
Thevalveguidesareinstalledinto thecylinder headvith anextremelytight presdit. Beforeinstallingthe

valve guides, place the valve guides in a freezer for at least twenty minutes. This will cause the valve guic
contract, making it easier to install the valve guides into place.

Immediatelyafterremovingthevalve guidesfrom thefreezer,nsertthevalve guides(Figure66B, 1)
in their proper positions.

Figure66B. Valve GuideAssembly
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Finishinstallingthevalveguidesinto the cylinderheadto theproper height usinthevalve guide
installation tool (Figure B. See Valve Guide Projection specification chart.

Figure67. Valve GuidelnstallationTool
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INTAKE AND EXHAUST VALVE INSTALLATION

NOTE:
Always install new valve stem seals.

The exhaust valve stem seals are different than the intake valve stem seals and can be
identified by either the paint marks on the outside of the seals or by the color of the
compound. Ensure they are installed in the correct locations.

Always apply PSI approved engine oil to all valve stems.

) Marking
Engine Model

Intake Exhaust
32L Brown Blue

Figure68. Valve StemColor Chart
1. Installthevalvespringbottomretainer(Figure69, 1).

&y

1
4 )\

L

Figure69. Valve SpringRetainer

2. Oil the lip of the valve stem seal (Figufg, 2). Using the valve stem seal installation
tool (Figure70, 1), installa newvalve stemsealon eachof the valve guides.

Figure70. Vale SteamSealinstallationTool
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3. Placethecylinderheadassemblyonits exhausportside.
4. Placeall thevalves(Figure71, 1 & 2) in their properlocationin thecylinderhead.

Figure71. Valve Assembly

5. Placethecylinderheadontheworkbenchwith thecombustiorsidedownto install the valve
springs. Install the valve springs (Figurz 3 & 4) and the spring retainer (Figur2 2).

Figure72. Valve SpringAssembly.
Insertthevalve collets(Figure72, 1) andslowly releaseghetensionon the valve spring.
Repeathe stepson all theremainingvalves.

NOTE:
The engine MUST be barred over three complete rotations before startemgthe, once
new cylinder heads are installed

No

74



CYLINDER HEAD INSTALLATION

1. Carefullycleanboththe combustiorsurfaceof the cylinder headndthetop surfaceof the cylinder
block. Then place a newylinder head gasket (Figur&,77) on the cylinddslock.
2. Positionthecylinderhead(Figure73,6) onthecylinderheadgasket.

Figure73. CylinderHeadAssembly

3. Lightly oil the threads anshoulder of the cylinder head main bolts (Figuse5) and cylindehead
secondaryolts(Figure73, 1). Lightly oil theclampingblock (Figure73, 2) and end plate

(Figure B, 3).
4. Tightenthemainboltsin order(Figure74) 1 through24to atorqueof 80 N-m.

24, 21°|/ 20, vz 16- 13" 12. (-
) O (E : O C ¥ O KQ\ \\ (‘) O_@ IJ)\ \
[h@ @~[ @@\[(@}@@ ;t@)@;@)[(@.

/. (‘/ o\

2\ O 6

Figure74. Main Bolt TorquingOrder

~d
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5.

7.

8.

9.

Tightenthe secondaryoltsin order(Figure75) A throughN to atorqueof 8ON-m.

Figure75. SecondaryBolt TorquingOrder

Tightenthemainboltsin order 1through24to 80+10N-m, thentightenthe boltsto an
angle of 60°+5°.

Tightenthe secondaryoltsin orderA throughN to 80+10N-m, thentightenthebolts to
an angle of 60°+5°.

Tightenthe mainboltsto anangleof 60°+5°.

Tightenthe secondaryoltsto anangleof 60°+5°.

10. Tightenthe secondaryoltsto anangleof 60°+5°.
11. Tightenthemainboltsto anangleof 45°+5°.
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ROCKER ARM INSTALLATION

NOTE:
Ensure the lubrication holes (Figure, 1) in the rocker arm shaft are oriented correctly with
respect to the rockerms (Figure 8, 2).

Figure76. RockerArm

1. Lubricatetherockerarmshaft.SlidetherockerarmsupportgFigure77,1), and rocker
arms (Figurer7, 2 & 5) onto the shaft.

NOTE:
Align the hole in the rocker arm shaft (Figufg 4) and the hole in the rocker arm support
(Figure77, 1).
In order to orient the valve bridge correctly, the full circle side of all valve bridges should go
on the top valve while the open side goes over the bottom.valve

Figure77. RockerArm Assembly
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Installtheignition coil bushwith thegasket.
Oil andputthevalvebridgesonthevalves.

Placetherockerarmshaftassemblyntothecylinderhead.

Inserta0.4~0.6mm feelergaugebetweerrockerarmshaftsleeve(Figure77, 3),and
intakerockerarmsassembl\(Figure77, 5). If outsideof specifications replace rocker
arms.

If removedyeinstallthevalve adjustingscrews(Figure78, 3) andthelock the nuts
(Figure78, 1).

Align the pushrodswith theirrespectiveockerarms.
Reinstallandtightentherockerarmshaftretainingboltsto thespecifiedorque.
AdjustthevalveclearanceSeemeasuringandadjustingvalve clearancehart.

Figure78. RockerArm Assembly

78



MEASURING AND ADJUSTING VALVE CLEARANCE

NOTE:
Measure and adjust while the engine is cold.

1. Remove the timing access cover on the flywheel to expose the timing ondhieflywheel

surfaceg(Figure79). Removeall twelvevalvecovers from the engine.

Rotatetheengineuntil it isat TDC #1.

Checktherockerson cylinder #1(Left side oftheengine closedb the rear (flywheel) end

of the engine). If both rockeese loosethe valves shown below with BLUERROWS can

be adjusted. If both valves atight the valves shown below with RED ARROWS can be

adjusted SeeFigure80.

4. Use afeeler gaugeto checkthe clearancebetween theocker arm andthe valve bridge
(Figure 80). Lash should be set to .0220 (0.65E
mm) for theintakeand.039" (1.0mm)for theexhaust. Repeat @il other valves with
arrows of the same color as shown below.

5. Rotate the crankshaft 360 degrees uhgltiming mark is back at TDC #1 againthé
valves withtheblue arrows wereheckedirst, thevalves with theedarrowsmaynow
be checkedlIf the valveswith the red arrowswere checked first, the valves with the
blue arrows may now behecked.

6. Checklashonall rockersthatwerenot previouslychecked Adjustasnecessary.

7. Reinstallvalvecovers

wn

Figure79
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Figure81
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