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REVISION CONTROL INFORMATION

Revision Level

Release Date

Change Description (s)

1 01/10/2020 Initial Release
Updated torque value for flywheel bolts, updated oil
2 08/07/2020 pump removal and installation process and include new
part numbers for guide pins in the special tools chart.
3 09/24/2020 Updated cylinder head torque valuesand sequence.
4 02/11/2021 Updated oil filter installation procedure.
Included part numbersfor both Majorand Medium Repair
5 05/11/2021 Kits.
Add speed sensor installation/shimming procedure.
6 07/28/2022 Adding greasing procedure to ignition coil boots.
Reformatting
Added torque specs and added CAC Pipe removal and
7 08/22/2022 installation. Added CAC pipe removal and Installation.
8 09/14/2022 Updated crankshaft phasing specification
9 10/11/2022 Updated Speed Sensor Gap specification
10 11/13/2023 Updated OilRecommendation
Added torque specification to mounting bolts for ignition
coils
11 02/07/2024 , , . S .
Addeddielectric grease details for ignition coll
installation
Added text toPage 113 step 11 to include the hardware
12 04/05/2024 MUST include the washer
Added notestating cylinder head bolts may be used a
maximum of three times before needing to be replace
13 8/28/2025

in Cylinder Head Removal/Installation and torques pec
chart
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WARNING SUMMARY

- Failureto comply with the warnings belowmay result in serious injury to personnel.

- Avoidprolonged exposureto used oil.

- Wearprotective clothing and waterproof gloves.

- Donot put oily ragsin your pocket.

- Donot wear oil-saturated clothing.

- Washwork clothes frequently. Discard clothes and shoesthat are soakedwith oil and cannot be
cleaned.

- Inthe eventof personal injury, take first aid measuresimmediately.

- Alwaysapply protective cream before work, which can help removethe oil whenthe skinis
contaminated with mineral oil.

- Upondetection of skinirritation, seekmedical treatment immediately.

- Donot use faulty or unsuitable tools.

- Stopthe engineduring maintenance or repair work.

- Donot touch hot parts of an enginethat is running or that has just beenstopped.

- Donottouch the enginewhenit is running.

- Letthe enginecool down before carryingout any maintenanceoperation.

- Releasethe pressurein the fuel and cooling systems before disconnecting orremoving hoses or
associated parts.

- Atoperatingtemperature, the coolant is hot and pressurized. Whenthe pressureis released the
burning-hot liquid may be transformed into fumes.

- Anycontact with this burning-hot liquid or fumes may cause serious burns.

- Letthe components in the coolant system cool down before drainingthe system.

- Onlycheckthe coolant levelwhenthe enginehas been stopped.

- Slowlyunscrewthe filler plug to releasethe pressure.

- Hotoil can cause injury. Avoid contact with the skin.

- Sulfuric acid contained in batteries is toxic and corrosive. It can burn clothing and skin oreven cause
blindness in case of contact with the eyes.

- When starting the engine, use ear protection.
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GENERAL PRECAUTIONS FOR OPERATIONS

INTRODUCTION

Most accidents related 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 correspondinyeventive measures. To
operate, maintain and repair this PSlequipment, you need to havethe appropriate training,

skills and tooling.

Failure to comply with the instructions set out in this manual may result iserious or even fatal
accidents. PSIcannot foresee everypossible risk. As such, the rules and instructions set out
in this Manual are not exhaustive.

BEFOREANYOPERATIONNVOLVINGAPSIPRODUCT

f  Beforecarryingout any maintenance or repair work, fixasb? ote t Iignor a similar
sign to the starter switches.
Actuate the starter battery isolating switch.
Turnoff the circuit breakerlocated on the engineconnection boxifapplicable.
Turnthe engineroom cabinet starter switch to OFF(optional feature).
For enginesfitted with a pneumatic starter system, isolate the tanks, and drain the
pipes between the tanks and the starter.
1 Forenginesfitted with an automatic starter control device, lock the starting order on

the control box.

= =4 -8 -9

1 Beforeusingthe barringtool, alwaystake the necessarysafetyprecautions.

1 Donot allow anyunauthorized person nearthe engine.

1 Makesurethat the repair premises and surrounding areaare suitable to carry out the
work safely.

1 Alwaysmake sure that the repair workshop or the areaaround the engineis clean and
tidy.

f Removeanyrings, chains, and watches before starting work. Wear suitable and
close-fitting work wear.
1 Lockthe emergencybuttons.

1 Checkthat the expirydate of the protection equipment (glasses,gloves,shoes,
masks, overalls, helmet, etc.) is not exceeded before starting work.

Do not use faulty or unsuitable tools.

Stop the engineduring maintenance or repair work.

= =
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STARTUP

1 Never use any product to facilitate startup (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.
When starting the engine, use ear protection to prevent hearing loss.

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. Alway:

use protective gear when touching seals subject to high temperatures.

Always use rubber thick gloves and safety glasses during decontamination operations.

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
Disconnect the batteries before any operation involving the electrical circuit.

As the battery gas is explosive, keep it away from naked flames and any source of sparks.
Do not smoke near the fuel system and batteries.
Never check battery charge by short circuiting it.
Do not charge a frozen battery. Heat it up to 16°C (60°F) beforehand.
Sulphuric acid contained in batteries is toxic and corrosive; it can burn clothing anskin oreven cause
blindness in case of contact with the eyes.
1 To prevent accidents:

- Fillthe batteries in well-ventilated premises.

- Wearsuitable glovesandglasses.

- Donotinhale the fumes.
1 In the event of contact with a part of the body:

- Rinse the affected part with plenty of water.

- Apply bicarbonate of soda or lime to neutralize the acid.

- Rinse the eyes for 10 to 15 minutes.

- See a doctor as soon as possible.
1 Inthe event of ingestion:

Seeadoctor as soon aspossible.

Do not smoke in areas where batteries are charged.
The batteries give off flammable fumes which can explode.
If the batteries are in a closed area, make sure there is sufficient ventilation.
Make sure the batteries are clean and that covers are fitted.
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.

T
T

1
1

=A =4 =8 -8 -8 =9

= =4 =8 =8 A
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INJECTION DEVICES

1 Use a fume extraction device.

1 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 harnessesbefore doingwelding operations (ECU,engine
cabinets, control boxes, ETC..).

1 Donot use openfires.

1 Forall electrical or autogenouswelding, use awelding permit to make the areasafe.

1 Makesurethat the work will not affect the onboard electrical and electronic equipment.

T Makesurethat the automatic fire extinguishingsystem is in habited before any welding or
grinding work.

1 Makesurethat the premises where the welding will be done are suitably ventilated.

1 Donot weld and do not use atorch on pipes or hoses containing flammable liquids.
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THEORY OF OPERATION AND ENGINE COMPONENTS

CYLINDER BLOCK

N6 WWHet qWRI YOWH! a ROT I WHGYHE WRt WEYUnRNea | T WRUWe
bores at an included angle of 90 degrees. Coolant jackets surround each cylinder bore. Seven

cast iron main bearing caps are each fastened by four bolts, witihe crankshaft thrust taken up

the rear main bearingcap. Oil cooling for eachcylinder isfurnished by a dedicated oil jet, which

is 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 and six connecting rod journals oriented with 120-degreephasing. Four counterweights
to provide internal balance of the rotating assembly.
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PISTONS AND CONNECTING RODS

All twelve pistons utilize three piston rings. Onekeystonering, twist tapered ring and a coill

spring loaded ring. All of which are attached to a twpiece 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 viaso cap screws.

CYLINDER HEADS

All twelve cast ironcylinder headsequipped with four valvesare located on the upper part of
the cylinder block and forms the top of the combustion chamber. Theparts connected to the
cylinder head include the intake manifold, exhaust manifold, spark plug, cylinder head cover,
cylinder head gasket,valves,and rocker assemblies.

CAMSHAFT

The roller camshaft utilizes seven cam journals and twentjour cam lobes which is assembled
into the cylinder block above the crankshaft. With the rotation of the camshaft the flat tappets
follow the lobes machined integral to the camshaft, opening, andlosing the respective valve
line (push rod, rocker arm, valve and valve spring) in proper sequence.

EXHAUST MANIFOLD
A cast material exhaust manifold is attached to each cylinder head; each exhaust manifold

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

Intake manifold starts by passingthrough the chargeair cooler andthen runningthroughthe
throttle body and then into the cast material intake manifold.
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ENGINECONTROLMODULE(ECM)

Figurel. ECMAssembly

No. Name
1 ECMMounting Bracket
2 ECM
3 ECMBolt
4 ECM
5 ECMMountingBracket
Bolt

The32L enginecomes equipped with two EngineControl Modules (ECM),one for the secondary
side (right side) and ondor the primary side (left side) of the engine. The ECM monitors various
engine sensors via ®5-volt signals, this allows for optimal engine performance.

REMOVAL
1. Removethe four bolts from eachECM.
2. Removethe ECM.
3. Removethe two bolts from the ECMmounting bracket.
4. Removethe ECMmounting bracket.

INSTALLATION
1. Placethe ECMmounting bracket overthe intake manifold.
2. Insertandtorque down the two mounting bracket bolts to 22ft/Ibs.
3. Place ECMonthe ECMmounting bracket.
4. Insertandtorque the four ECMbolts to the ECMmounting bracket to 10

ft/lbs.
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HOISTINGOFENGINE

Theenginecrankshaft centerline should remain horizontal when hoisting and no vertical or 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 fall bel®@°.

Usea lifting device asillustrated below. Avoidany contact between the slings and the engine
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
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REMOVAL
1. Loosenand removeall four lifting eyes.

WARNING
Checkfront and rear lifting eyesfor cracks or any damage, replace if any cracks or other
damages are found.
INSTALLATION

1. Insert and torque all four lifting eyesto 730+5 un 0 O
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CYLINDER BLOCK CLEANING AND INSPECTION

Figure4. Cylinder Block Assembly

No. Name No. Name

1 Pipe 20 Hexagonalflange bolt

2 Pipe 21 Hexagonal head plug

3 Stud 22 Washer

4 Hexagonal nut 23 Main bearing shell

5 Clamp 24 Piston nozzle assembly

6 Engine block 25 Piston nozzle assembly

7 Combination gasket 26 Main bearing shell auxiliary bolt
8 Screw plug 27 Main bearing shell auxiliary bolt
9 Cylindrical pin 28 Hexagonal flange bolt

10 Pipe 29 Sight hole cap

11 Cylinder liner gasket 30 Main shaft bushing assembly
12 O-ring 31 Gasket

13 Cylinder liner gasket 32 Thrust main bearing shell
14 Cylinder liner 33 Main bearing bolt

15 Camshaft thrust bearing 34 Thrust plate assembly

16 Hexagonal flange bolt 35 Hexagonal socket plug

17 Gasket 36 Cylindrical pin

18 Hollow plug 37 Camshaft bushing

19 Knock sensor 38 Washer

39 Hexagonalsocket plug
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WARNING
Always wear protective clothing and proper eye protection when cleaning components.

CYLINDER BLOCK CLEANING

1. Boil cylinder block in caustic solution.

2. Flushcylinder block with water or steam.

3. Cleanthe following areas

All gasketsurfaces

Cylinder bores, remove excessivecylinder ridge as required.
Main bearingcaps.

Oil galleries,removeall sludge andrestrictions.
Scaledeposits from coolant passages

All dirt and debris from threadedholes

~eoooTw

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 components. Failure to comply
may result in personal injury.

4. Drycylinder block with compressed air.
5. Lubricate cylinder boreswith PSlapprovedmotor oil to preventrust.

CYLINDER BLOCK INSPECTION

1. Inspectthe cylinder block for the following conditions:
a. Gasket surfaces for deep gouges or other damages.
b. All machined surfaces for burr, oil stains and scratches.
c. Oil and water passages for burr, metal chips or any restrictions.
d. Tappet hole should be free for any and all restrictions.
e. Outer cracks or dents of cylinder block
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ENGINE LUBRICATION

Figure5. Lubrication System

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 centrifuge valve. All control
valveslead to the oil filter support assembly, which holds all oil filters. Theoil pump is

connected to both oil cooler sumps, along with the connecting elbows.

OIL PUMP SERVICE INFORMATION

EngineOil 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

Qil Filter Oil Filter
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ENGINE OIL DIPSTICK TUBE

0il dipstick

Figure6. Engine Oil Dipstick
REMOVAL

1. Removeengineoil dipstick from engineoil dipstick tube.
n Checkoil level. (Referto figure6.)
2. Removeupper oil dipstick from oil pan.
3. Removewasherand nut and then remove lower dipstick from oil pan.

INSTALLATION

1. Install washerand nut and tighten down onto oil pan.
2. Install upper oil dipstick to oil pan.
3. Install engineoil dipstick in engineoil dipstick tube.
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FRONTENGINEACCESSORYDRIVE(FEAD)
ENGINEBELTROUTING

Figure7. Left-Hand Belt Routing

Left-Hand belt runs under the automatic belt tensioner, over and around the crankshaft pulley,
around the water pump, overthe alternator pulley and back under the automatic belt tensioner.

> &/ HP (©)H)
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Figure8. Right Hand Belt Routing

The righthand belt runs over the automatic belt tensioner, under and around the crankshaft
pulley, underthe idler pulley, overand around the water pump pulley and back overthe
automatic belt tensioner.
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Figure9. SerpentineBelt Routing

Thegroovedserpentine belt runs under the crankshaft pulley, overthe fan pulley and to the left of
the belt tensioner
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ALTERNATORULLEYASSEMBLY

Figurel0. Alternator Pulley Assembly

REMOVAL

1. Disconnect both the battery and electrical wires from the alternator.

2. Loosenthe serpentine belt (Figurel0, 1) by operating the tensioner(Figure 10, 3).

3. Removethe bolts (Figurel0, 2) from the bracket (Figurel0, 4). Removethe
alternator (Figurel0, 5).

4. Loosenandremovethe bolts from the alternator pulley bracket.

INSTALLATION

1. Install alternator bracket.
2. Insert and torque down the four alternator bracket bolts.
3. Insert and torque down the center alternator pulley bolt.
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LEFFHANDWATERPUMPASSEMBLY

1
o2
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Figurell. Left-Hand Water Pump Assembly
No. Name
1 Left-Hand EngineMount
2 Left-Hand Water Pump Bracket
3 Bolt
4 Left-Hand Water Pump
5 Bolt
REMOVAL

1. Removethe three bolts on the left-hand water pump assemblybracket.
2. Removethe two rearbolts from the water pump pulley bracket.
3. Carefully removethe water pump pulley bracket.

INSTALLATION
1. Carefully place the left-hand water pump bracket assembly onto the left-hand engine
mount.
2. Install and torque down the two rear bolts to the water pump pulleybracket.
3. Install and torque down the three front bolts to the water pump pulleybracket.

25|Page



LEFFHANDAUTOMATIGBELTTENSIONER

Figurel2. Left-Hand Automatic Belt TensionerAssembly

No. Name
1 Outer Automatic Bracket Tensioner Bol
2 Automatic Belt TensionerBolt

REMOVAL

1. Removecenter bolt on the automatic belt tensioner.
2. Removeautomatic belt tensioner.

3. Removeall three outer bracket bolts.

4, Removeautomatic belt tensioner bracket.

INSTALLATION

1. Install and torque down all three outer automatic belt tensioner bracket bolts.
2. Install and torque down the center automatic belt tensioner bolt.

26|Page



MANUALFANBELTTENSIONERASSEMBLY

Figure13. Manual FanBelt TensionerAssembly

No. Name
1 SideManualBelt Tensioner Bolt
2 Manual Belt Tensioner
3 ManualBelt Tensioner Bracket
Bolts
4 RearManualBelt Tensioner Nut
REMOVAL
1. Removethe side manual belt tensioner.
2. Removethe rear manual belt tensioner nut.
3. Removethe manual belt tensioner.
4. Removethe three manual belt tensioner bracket bolts.
5. Removethe manual belt tensioner bracket.
INSTALLATION
1. Placemanual belt tensioner bracket on cylinder block.
2. Insertandtorque down all three manual bet tensioner bracket bolts.
3. Placemanual belt tensioner onto the bracket.
4. Feedthe manual belt tensioner nutthroughthe rear ofthe tensioner and torque down
the nut.
5. Insertandtorque down the side manual belt tensioner bolt.
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RIGHTFHAND WATERPUMPPULLEYASSEMBLY
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Figurel4. RightHand Water Pump Pulley Assembly

No. Name
Righthand water pump
1 bracket bolts
5 Righthand water pump
bracket
3 Righthand water pump
pulley
REMOVAL
1. Removethe three right-hand water pump bracket bolts.
Note:

The righthand automatic belt tensioner needs to be removed to remove the rightand
water pump assembly.

2. Removethe eightbolts on the back of the right-hand water pump. (Referto Figurel5)
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8.

Figurel5. RearRightHand Water Pump Pulley Assembly

No. Name
1 Rear righthand water
pump bracket bolts
2 Righthand water pump
3 Righthand water pump

bracket

3. Removethe right-hand water pump and bracket.
INSTALLATION

1. Placethe right-hand water pump bracket and align the holes onto the right-hand engine
mount.

2. Insert andtorque down the top right bolt to assist in the installation process. (Referto Figure
16.

3. Insertthe right-hand automatic belt tensioner and torque down the remaining bolts to the right-
hand water pump bracket. (Refer to Figure 17.)
4. Insertandtorque down the eightbolts in the back of the right-hand water pump bracket.
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RIGHTFHAND AUTOMATIBELTTENSIONERASSEMBLY

Figurel7.RightHand Automatic Belt TensionerAssembly

No. Name
1 Righthand automatic belt
tensioner bracket bolts
Righthand automatic belt
2 .
tensioner bolt
Righthand automatic belt
3 .
tensioner bracket
4 RightHand Automatic Belt
Tensioner Bracket

REMOVAL

1. Removethe right-hand automatic belt tensioner bolt.

2. Removethe right-hand automatic belt tensioner.

3. Removethe three right-hand automatic belt tensioner bracket bolts.
4. Removethe right-hand automatic belt tensioner bracket.

INSTALLATION

5. Place the righthand automatic belt tensioner bracket onto the righthand engine mount and water pump.
6. Insert and torque down the three righthand automatic belt tensioner bracket bolts.

7. Place the righthand automatic belt tensioner onto the bracket.

8. Insert and torquedown the righthand automatic belt tensioner bolt.
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RIGHT-HAND IDLERPULLEYASSEMBLY
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Figure18. RightHand Idler Pulley Assembly

No. Name
1 Righthand Idler PulleyBracket
Bolts
2 Righthand Pulley Bracket
3 Righthand Idler Pulley

REMOVAL
1. Removethe three right-hand idler pulley bracketbolts.
2. Removethe right-hand pulley bracket.
INSTALLATION

1. Placetheright-handidler pulley bracket onto the manual belt tensionerframe.
2. Insertandtorque down the three right-handidler pulley bracketbolts.
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FANASSEMBLY

Figure19. FanAssembly

No. Name No. Name
1 Fansupport 5 Bolt
2 FanSupport Bracket 6 Fan
3 Bolt 7 Fanbolts
4 Bolt

REMOVAL

1. Removethe sixfanbolts.

2. Removethe fan.

3. Removethe four fan support bracket bolts.
4. Removethe fan support assembly

INSTALLATION

1. Cleanall debris from the following components:

a. Fansupport
b. Fansupport assembly
c. Fan

Placethe fan onto the fan support bracket.
Applyblue loctite to all sixfanbolts.

ourwWN

Placethe fan support bracket abovethe front cover.
Insert and torque down the four fan support bracket bolts.

Insert and torque down the six fan bolts to 140ft/Ibs.
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FRONTCOVER
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Figure20. Front Cover Assembly

No. Name No. Name
1 Bolt 8 SensorSeat
2 Bolt 9 Bolt
3 FrontCoverBracket | 10 | FrontCover Seal
4 Front Cover 11 O-Ring
5 Bolt 12 Dowel Pin
6 FrontCoverPlate | 13 Dowel Pin
7 Bolt 14 | SpeedSensor
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REMOVAL

Drain oil and coolant into a suitable container.

Removethe FEADassembly. (Referto the FEADsection)

Removethe fan pulley assembly.

Removethe four bolts on the front coverbracket.

Removethe front coverbracket.

Removethe fourteen bolts on the front cover.

Using the two location pins on thefront cover (refer to image below) insert two bolts into the location pins
and with a soft face hammer beginto removethe front cover untilit is free from the cylinderblock.
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Figure20 Continued.
NOTE:
Using the guide pins to install the front cover, prevents damaging the front crank
seal.

INSTALLATION

Cleananydebris from both surfaces of the cylinder block and rear of the frontcover.

Apply new silicone sealant onto the back of the front cover.

Insertthe four M10-1.5X140"front cover guide pins into the cylinder block.

Placethe front coverinto the guide pins and begin handtighten all fourteen front coverbolts.
Removethe four guide pins and insert and hand tighten the remaining front coverbolts.
Insert and in a cross pattern tighten the fourteen front coverboltsto X PP n G O
Placethe front cover bracket overthe front cover.

Insertand torque down the four front cover bracket bolts.

Insert the fan pulley assembly.

Install the FEADassembly. (Referto the FEADsection of the manual)

Referenginewith oil and coolant.
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TURBOCHARGERS
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Figure21. TurbochargerAssembly

No. Name No. Name
1 TurbochargerNut 7 Lower Qil Drain Gasket
2 Turbocharger 8 Qil Inlet Valve
3 TurbochargerGasket 9 TurbochargerOut Hose
4 ExhaustManifold 10 | TurbochargerHose Clamp
5 Oil Drain Tube 11 | TurbochargerHose Clamp
6 LowerOil Drain Gasket | 12 TurbochargerTube
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REMOVAL

1. Removeboth turbo oil supply lines from the oil inlet valve. (Referto Figure22.)

Figure22. TurbochargerQil Supplylines

2. Removethe top two oil drain bolts and gasketfrom eachturbocharger.
3. Removethe lower two oil drain bolts and gasketfrom eachturbocharger
4. Carefully removeboth oil draintubes.
a. Ensurenot to dent, damage,or scrape the oil drain tubes uponremoval.
5. RemoveOilinlet valve. (If Necessary)
6. Untightenboth turbocharger hose clamps (10& 11)from eachturbocharger. (Referto Figure
21.)
7. Removethe four turbocharger nuts from each turbocharger. (Referto Figure21.)
8. Carefullyremoveboth turbochargers.
9. Removeboth turbocharger gasketsfrom the exhaustmanifolds.

INSTALLATION

1. Cleananydebris from both ends of the exhaustmanifold and bottom of both
turbochargers.

2. Placeboth newturbocharger gasketsoverthe four studs on the ends of the exhaust
manifolds.
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NOTE:
Both turbocharger gaskets should be placed with the round edges facing up and
away from the exhaust manifolds.

3. Install both turbochargers overthe turbochargergaskets.
4. Insert andtorque down all eight nuts overthe four studs on the exhaustmanifolds to 40 ft/lbs.
5. Levelthe oil inlet on both turbos using a level. (Referto Figure23.)

a. Loosenthe bolts onthe inside of eachturbo and rotate the oilinlet.

b. Levelthe oil inlet.

c. Tightenthe inside bolts of eachturbo.

Figure23. Oil Inlet Leveling

6. Orientboth turbochargercompressor housings. (Referto Figure24.)
7. Tightenboth V-band clamps (1and 2) when complete. Torque clampsto 6.516n q) LWLl Y KOY W Y G b 1O
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2

Figure24. CompressorHousing Orientation
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8. Place both washers into oil inlet. (Refer to Figure 25.)

9.

No. Name No. Name
1 Lower Oil Drain TubeBolt 4 FlywheelHousing
2 Oil Drain Tube 5 | UpperQil Drain TubeGasket
3 LowerQil Drain TubeGasket | 6 Upper Oil Drain TubeBolt
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12. Place the lower drain gasket over the flywheel housing and install the oil drain tube.

13. Insert and torque down both oil drain bolts to 51 ft/Ibs.

14. Place upper drain gasket onto the bottom of the oil drain housing.

15. Apply PSI approved Loctite to both upper oil drain tube bolts.

16. Insert both washers then insert and torque down both upper oil drain tube bolts to 26ft/Ibs.
17. Install both oil supply lines to the oil inlet fittings.

CRANKCASEVENTILATIONCANISTERCCV)
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Figure27. CCVCanister Assembly
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No. Name No. Name
1 CCV/sbOHp$H 5 CCVHose
2 CCVCanister 6 | Oil DrainValve
3 CCVBracket 7 Oil Pan
4 CCVAdapter Hose Clamp
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REMOVAL

Disconnect the CCVhose from the oil drain valveand the boost pressurehose.
Removeall clamps holding down the CCVhose againstthe cylinder block.
Disconnect the CCVhose from the canister.

Unscrew CCVadapter hose clamp.

Removeall four CCVcanister bolts. (Referto Figure28)

6. RemoveCCVCanister.

INSTALLATION

1. PlaceCCVcanister onto the CCVbracket.
2. Insertandtorque down all four CCVcanister bolts onto the CCV canister bracket.

agrwNE

Figure28. CCVCanister Bolts

No. Name

1 CCVCanister Bolt

3. Clamp down the CCV adapter hose.
Insert and connect the CCV hose to the bottom of the CCV canister and the boost pressure hose.
Secure the CCV hose by clamping down the hose onto the cylinder block.
NOTE:
Ensure the CCV hose isun behind the oil filters then into the oil drain valve.
6. Connect the CCV hose onto the oil drain valve.

S
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FUELSYSTEM

Figure29. Fuel SystemAssembly

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

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

Figure 30. Air Filter Assembly

No. Name
1 Plug
2 Bolt
3 FlangeBolt
4 Nut
5 Air Filter Element
6 Filter ToMixer Adapter
7 Elbow Adapter
8 Air Filter Gasket
REMOVAL
1. Removeall four air filter nuts.
2. Removethe airfilter element alongwith the air filter gasket.
3. Removeall four nuts from the elbowadapter.
4. Removealir filter gasket.
5. Removeall eight flangebolts.
6. Removethe filter to mixeradapter.
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INSTALLATION

Placefilter to mixer adapter overthe mixer.
Insert and torque down all eight flange bolts.
Clean any debris from both ends of the elbow adapter and the filter to mixer adapter.
Insertthe air filter gasketonto the filter to mixeradapter.
Insertand place the elbow adapter onto the filter to mixeradapter.
NOTE:
Ensure to have the small threaded hole of the elbow adapter facing out and away
from the engine. (Refer to Figure 31.)
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Figure31. Elbow Adapter

6. Insertandtighten all four filters to mixer adapternuts.

7. Cleananydebris from the end of the air filter element.

8. Placethe airfilter gasketonto the air filter element.

9. Insertboth the air filter gasketand element onto the elbow adapter.
10. Insertand tighten all four air filter element nuts.

11. Tightenthe wing nut at the end of the air filter element if necessary.
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DIRECTELECTRONI®PRESSURIREGULATORDEPR)AND FUELMIXERASSEBMLY

Figure 32. DEPR and Fuel Mixer Assembly

REMOVAL

Removethe air filter assembly. (Referto the Air Filter Section)

Disconnect both CCVvapor hosesfrom the back of each mixerassembly.

Disconnect both clamps on the mixerto turbo adapter hose.

Removethe three hexcap bolts underneath the dual mixer bracket. (Referto Figure33.)
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Figure33. Dual Mixer Bracket Assembly

No. Name No. Name

1 Dual MixerBracket | 2 | HexCap Bolt
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5. Remove the four bolts directly above the dual DEPR bracket. (Refer to Figure 34.)

Figure34. DEPRBracket Assembly

No. Name
1 Bolts
2 Dual DEPRBracket

6. AdaY2U0WaqéWWnYel WOeaqt W RI DAqO! WADGOYs Wad DIWLOwWHGE G
Figure 35.)
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Figure35. Upper Lock off Bracket Assembly

No. Name
1 b O@amp Bolt
2 Nut

7. Carefully removethe entire DEPRand fuel mixerassembly.

INSTALLATION

1. Ensureall fuel mounts havebeen mounted before installing the DEPRand fuelmixer
assembly. (Refer to the FUEL MOUNTING BRACKE&@&ion)
NOTE:
Loosening the fuel mounts may ease the DEPR and fuel mixer installation
process.

2. Carefully place the DEPRand fuel mixer assembly overthe upper lock off bracket, DEPR bracket
and dual mixer bracket.

3. ApplyPSlapprovedLoctite to the three hexcap bolts.

4. Insert andtorque down the three hexcap bolts from the bottom of the dual mixer bracket to 12
ft/Ibs.

5. Insertandtorque down the four DEPRbolts to 22ft/Ibs.

6. PlacessOatamp bolt overthe lock off valve and through the upper lock off bracket.

7. Insertand torque down the two nuts directly under the upper lock off bracket onto the /O b LU
clamp bolts.

8. Reconnectboth CCVvaporhosesto the back of each mixerassembly.

9. Reconnectboth clamps on the mixerto turbo adapterhose.
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FUEL MOUNTING BRACKETS

Figure36. FuelMounting Bracket Assembly

No. Name
1 BO@amp
2 LowerLock off Bracket
3 Bolt
4 Dual DEPRBracket
5 Bolt
6 Dual Mixer Bracket
7 Bolt
8 Upper Lock off Bracket
9 Bolt
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REMOVAL

1. Removethe air filter assembly. (Referto the Air Filter Section)

2. RemoveDEPRand fuel mixerassembly. (Referto the DEPRand FUELMIXER ASSEMBLY
Section)

3. Removethe two bolts that feed into the dual DEPRbracket andrun through the dualmixer

bracket.

Removeeach dual DEPRbracket.

Removethe four bolts that feed into the dual mixer bracketand run through theexhaust

manifold.

Removeeach dual mixer bracket.

Removethe three bolts on each upper lock off bracket.

Removeeach upper lock off bracket.

. Removethe two bolts on each of the lower lock off bracket.

10. Removeeach lower lock off bracket.

INSTALLATION

1. Place the dual mixer bracket towards the back of the engine by the turbochargers over the
exhaust manifold. (Refer to Figure 37.)
2. Insertandtorque down the four bolts to 60ft/Ibs. (Referto Figure37.)
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Figure37. Dual MixerBracket Assembly

No. Name
1 Bolt
2 Dual MixerBracket

3. Placethe dual DEPRoracket overthe dual mixer bracket. (Referto Figure38.)
4. Insert andtorque down both bolts into the dual DEPRand dual mixer bracketsto 22 ft/ Ibs.
(Refer to Figure 38.)
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Figure38. Dual DEPRBracket Assembly

No. Name No. Name

1 Dual DEPRBracket 2 Bolt

5. Place each lower lock off bracket over the exhaust manifold to the left and right of the CCV canister.
6. Insert and torque down the two bolts to each lower lock off bracket. (Refer to Figure 39).

Figure39. LowerLock off Bracket

No. Name No. Name

1 Bolt 2 Lower Lock-Off Bracket
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7. Place the upper lock off bracket on the lower lock off bracket. (Refer to Figure 40.)
8. Insert the bolt into the upper and lower lock off bracket.
9. Insert and toque down the nut behind the upper lock off bracket. (Refer to Figure 40.)

Figure40. Upper Lock off Bracket Assembly
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EXHAUSTMANIFOLD
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Figure4l. ExhaustManifold Assembly
No. Name No. Name
1 ExhaustManifold 9 ExhaustManifold to Cylinder Head Gasket
2 Washer 10 Bolt
3 Head Plug 11 Gasket
4 ExhaustManifold 12 ExhaustManifold to TurboAssembly
5 ExhaustManifold Mid Gasket 13 Bolt
6 ExhaustManifold 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. Drainthe coolant from the engineinto a suitable container.
2. Removethe water pump tubes leadingto the mid-section of the exhaustmanifold.
3. Removeall exhaustmanifold assembly bolts.
4. Loosenthe exhaustmanifold and cylinder head fastening bolts and removethe exhaust

manifold and gasket in sections to ensure safeemoval.
5. Loosenthe connecting bolts betweenthe exhaustmanifolds and removethe exhaust
manifold gasket.

INSTALLATION

1. Cleananydebris from the cylinder head.

2. Insertandtighten the water pumptubes.

3. Placethe exhaustmanifold gasketonto the cylinder head and tighten the connectingbolts
between the exhaust manifolds.

4. Applypipe thread sealant onthe exhaustmanifold bolts that push through the pushrod
cavity.

5. Placethe exhaustmanifold and insert and tighten the exhaustmanifold and cylinder head
fastening bolts.

6. Insertandtightenthe exhaustmanifold stud nut.
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INTAKEMANIFOLD
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Figure42. Intake Manifold Assembly

No. Name No. Name
1 Intake manifold gasket 13 Head Cap Screw
2 Intake manifold 14 Intake Manifold Gasket
3 Intake manifold 15 Mixed Air Intake Manifold
4 O-Ring 16 Gasket
5 Intake manifold cover 17 Throttle Body
6 Washer 18 Intercooler Air Pipe Assembly
7 Bolt 19 Intercooler Air Pipe Assembly
8 Bolt 20 Intake Air Temperatureand PressureSensor
9 Bolt 21 Bolt

10 Intake manifold Adapter 22 Bolt

11 O-Ring 23 Washer

12 Thrustring 24 Nut
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REMOVAL

1. Removethe two bolts on each ECMbracket.
2. Removeall intake manifold bolts.
a. Removethe intake manifold in sections to ensure careful disassembly.
3. Loosenthe hexagonflange bolts to removethe intake manifold cover andO-ring.
4. Loosenthe thrust ring bolts and removethe intake manifold, connecting pipe andO-ring.

INSTALLATION

Clean anydebris from the cylinder head.

Insert intake manifold gasketon cylinder head.

Insertintake manifold, connecting pipe and O-ring and tighten the thrust ringbolts.
Insertthe intake manifold coverand O-ring and tighten the hexagonflangebolts.
Insert and tighten the intake manifold bolts.

Insert and torque down both the ECM bracket bolts to the intake manifold.
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EXPLOSIONRELIER/ALVE

Figure43. ExplosionReliefValve Assembly

No. Name

1 Bolt

2 Flat Washer

3 Bolt

4 Throttle Adapter Gasket

5 ReliefValve

6 ReliefValve Adapter

7 ReliefValve Gasket

CAUTION:
Do not removevalve unless specifically requested by PSI
REMOVAL
1. Removethe eightbolts from the rear of the reliefvalve.
CAUTION
The relief valve is 22 pounds and could cause extreme harm if not handled
accordingly.

2. Removethe explosionrelief shield.
3. Removethe relief valve.
4. Removethe relief valve gasket.
5. Removethe four bolts from the relief valveadapter.
6. Removethe throttle adaptergasket.
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INSTALLATION

Cleananydebris from both intake manifolds.
Placerelief valveadapter gasketonto the relief valveadapter.
Insert both relief valve adapter and gasketonto the end of the intake manifold.
ApplyPSlapproved Loctite to all four relief valveadapterbolts.
Insertand torque down all four relief valveadapter bolts to 27 ft/Ibs.
Clean anydebris from the surface of the relief valve.
Placeall eightwashersonto the eightrelief valvebolts.
Carefully place the relief valve gasketand relief valveonto the relief valveadapter.
Placethe explosionrelief shield onthe back of the relief valveand ensurethe shield is
pointed out and away from the engine.

. Insertand torque down the eightwashersand bolts in the below sequenceto 27 ft/lbs. (Refer
to Figure 44))
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Figure44. ExplosionReliefValveTorquingSequence
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IGNITION COIL
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Figure45. Ignition Coil Assembly

No. Name
1 Bolt
2 Bolt
3 Spacer
4 Ignition Caoil
5 Ignition Coil Bracket
6 Ignition Coil Boot
REMOVAL
1. Removethe two bolts on the ignition coil.
2. Removethe ignition coil.
3. Removethe two spacersdirectly below the ignition coil.
4. Removethe two bolts on the ignition coil bracket.
5. Remove the ignition coil bracket.
6. Removeignition coil boot if necessary.

57|Page



INSTALLATION

. Apply dielectric greaseto each spark plugend of the coil boot.
. Carefully insertand torque down the spark plug (Figure 44, Item7) to 25 ft/lbs.
. Apply dielectric grease (Permatex Dielectric grease #81150 or equivalent) to each coil

(Figure 44, Item 6).

. Install ignition coil bracket (Figure 44, Iltem 5) and torque down the two ignition coll

bracket bolts (Figure 44, Item 1) to 17 ibs.

. Insert the coil boot (Figure 44, Item 6) into the spark plug tube (Figure 44, Iltem 7) and

press firmly to ensure it fully seats on the spark plug, Install the ignition coil on top of
the boot.

. Insertthe ignition coil bolts and spacers (Figure44, ltems 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

; Grease applied at engine assembly

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

Figure47. Cylinder Head Cover

No. Name
1 CylinderHead Cover Gasket
2 CylinderHead Cover
3 CylinderHeadIgnition Coil O-Ring
4 CylinderHead CoverBolt
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 damages to the spark plugs because
their tips are protruding from the cylinder head combustion chamber surface.

REMOVAL

1. Removeall four cylinder head coverbolts.
2. RemoveCylinder head cover and gasket.

INSTALLATION

1. Cleantop of cylinder head of any debris.

2. Install gasketonto cylinder head.

3. Install cylinder head cover and tighten all four bolts to 20ft/Ibs.

4. Place the cylinder head ignition coil Gring in preparation for ignition coil installation
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ROCKERARMS

Figure48. RockerArms

Removethe bolts (Figure48, 1)that retain the rocker arm shaft supports.
Removethe rocker arm shaft assembly (Figure48, 2) from the cylinderhead.
Removethe valvebridge (Figure48, 3).

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

wnN e

4. Remove the push rods and identify for installation.

5. Remove the rocker arm support (Figurd9, 1).

6. Slide the exhaust rocker arm assembly (Figur49, 2) out of the rocker arm shaft
assembly (Figured9, 4), rocker arm shaft sleeve (Figurd9, 3), and intake rocker arms
assembly (Figure49, 5).

Figure49. RockerArm Assembly
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CYLINDERHEADREMOVAL

1. Loosenthe cylinder secondarybolts in the following order (Figure50).

Figure50. Cylinder Head RemovalOrder
NOTE:
Primary and secondary head boltanay be reused a maximum of three times and MUST be
discarded after allowed usage.

2. Removethe cylinder secondarybolts (Figure51, 1). Takethe gasket(Figure51, 2),
clamping block (Figure51, 3) and end plate (Figurél, 4).

Figure51. Cylinder head Assembly
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3. Loosen the bolts (Figure 8, 5) and remove ignition coil bush clamp (Figurg2, 6).
4. Remove the ignition coil bush (Figuré2, 7) and the gasket (Figuré2, 8).
5. Remove the cylinder head main bolts in the following order (FiguB®)

Flgure52. Cyllnder Head Main Bolt Assembly

6. Lift the cylinder head away from the cylinder block (Figurg3, 2). Discard the cylinder
head gasket (Figure 8, 3).

Figure53. Cylinder Head Assembly
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7.
8.

10.
11.
12.

13.

14.
15.

Place the cylinder head on the work bench with the combustion side down.
Using the valve spring compressor tool, compress the valve springs (Figuré)5

Figure54. ValvegbringCompressorAssemny

Remove the valve collet (Figure$ 1).
Slowly release the tension on the valve spring.
Remove the spring top retainer (Figurg5, 2) and outer/inner valve spring (Figurg5, 3/4).
Repeat the procedure with all remaining valves.
NOTE:

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

Turn the cylinder head so the exhaust port side faces down. Remove the intake and exhaust
valves (Figureb5, 7/8) from the cylinder head.

Remove the valve stem seals (Figure5, 5).

Remove the spring bottom retainer (Figuré5, 6).

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

3. Ifthe valveguideswere not within specifications, use a hydraulic pressto drive the valve
guides (Figure B, 1) out of the cylinder head.

Figure56. Cylinder Head Valve Guides
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CYLINDERHEADCLEANINGAND INSPECTION

Alwaysread and follow safety related precautions found on containers of hazardous
substances like parts cleaners, primers, sealants, and sealant removers. Failure to comply
could result in death or serious injury.

Thoroughlyclean all components usinga nonmetallic brush and an appropriate solvent. 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
obviously discolored, heavily pitted, or otherwise damaged. Discard any parts that do not meet
its 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 notmeet 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

Determine if the bend of the push rods is within the specified limit.

V-blocks must be usedto inspect push rods dueto the welds on the ends of the pushrods.
1. Place the push rods on a flat inspection block or layout bed.

2. Roll the push rods until a gap can be observed between a portion of the push rod and the
surface of the block or layout bed.
3. Use a feeler gauge to measure the gap (Figur&)s
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Figure57. PushRodMeasurement
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INSPECTIONOFROCKERARMASSEMBLY

Useatest indicator and micrometer to determine if the inside diameter of all the rocker arm
support brackets and the rocker arms are within the specified limits.

Inspect the contact areasfor excessivewear or damage.

Figure58. RockerArm Diameter Measurement

Use a micrometer to measure the rocker arm shaft diameter. Measure at each rocker arm
location in two directions 90° apart (Figure 8).

VALVE GUIDE INSPECTION

Visually inspect the valve guides for distortions, scoring or other damage.

NOTE:
Measure the valve guides while 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. Measure in three places and 90° apart (Figur8)5See Intake / Exhaust Valve and
Guide chart for the service limit. Replace valve guides if not within specification.
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Figure59. Valve Guide Measurement
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CYLINDER HEAD INSPECTION

1. Equipthe cylinder head with the water jacket tool (leaktest).

2. Connectanair inlet onto the water outlet of the cylinder head. Immerse the cylinderhead in a
tank of water and increase pressure up to 5 bar (Figug€).

3. Checkthat there are no leaks in the intake ducts, exhaustducts, injector sleeve, ol
passages, cylinder head ceiling, valve seat housings, discard the cylinder head if
necessary.

Figure60. Cylinder Head Outlet
INSPECTION OF INTAKE AND EXHAUST VALVES

1. Visuallyinspect the intake and exhaustvalves.

2. Replaceanyvalvesthat are obviously discolored, heavily pitted, or otherwise
damaged.

3. Useamicrometer to measurethe valve stem diameter. Measurethe valve stem near
the combustion end and near the opposite end (Figurel§. See Intake / Exhaust Valve
and Guide chart for the servicdimit.
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Figure61. Valve Stem Diameter
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4. Place the valve stem on a flat inspection block or layout bed. Roll the valve 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 measure the gap (Figure2h See Intake / Exhaust Valve and Guide chart for

the service limit.

Figure62. Valvelnspection Block

5. Insertthe valvesinto their original locations and pressthem down until they are fully
seated. Use a depth micrometer (Figure  to measure the difference between the
cylinder head gasket surface and the combustion surface of each exhaust andtake
valve. See CylindeHead specification chart forthe servicelimit.

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

o

D= T/A/T/

7 /11

Figure63. ValveRecessionCheck
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VALVE SPRING INSPECTION

1. Inspectthe valvesprings. If damageor corrosion is seen, or if measurements
exceed the specified limits, replace the springs.

2. Checkfor fractures on the inside and outside portions of the springs. If the valve
spring is fractured, replace the valve spring.

3. Checkfor corrosion of the spring material caused by oxidation.

4. Useaflat surface and a squareto check each spring for squareness(Figure &t).
See Valve Spring specification chart for the servidamit.

Figure64. Valve SpringSquarenessMeasurement

5. Use a caliper to measure the length of the spring (Figur&p See Valve Spring
Mechanical chart for the service limit.

Figure65. Valve SpringMeasurement
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CYLINDERHEADREASSEMBLY

NOTE:

Lubricate all components with oil during reassembly to prevent premature wear or
damage.

Use new gaskets, &rings, and seals for cylinder head installation.

Ensure all debris is removed from all components before installation
VALVESEATINSTALLATION
Thevalveseats areinstalled from the desk side of the cylinder head and must be pressed in and fully

bottomed out. All installation of valve seats (Figure &A, Item 1) must be preapproved by PSI
manufacturing.

Figure66A. Valve Seat Assembly
VALVE GUIDE INSTALLATION
Thevalveguidesare installed into the cylinder headwith an extremelytight pressfit. Beforeinstalling

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

Immediately after removingthe valve guidesfrom the freezer,insert the valveguides (Figure
66B, 1) in their proper positions.
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Finishinstalling the valve guidesinto the cylinder head to the proper height usingthe valve
guide installation tool (Figure &). See Valve Guide Projection specification chart.

Figure67. ValveGuide Installation Tool

72|Page



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 Stem Color Chart
1. Install the valve spring bottom retainer (Figure % 1).

Figure69. ValveSpringRetainer

2. Qil the lip of the valve stem seal (Figur@0, 2). Using the valve stem seal
installation tool (Figure70, 1), install a new valve stem seal on each of the valve
guides.

Figure70. Vale Steam SeallInstallation Tool

73|Page



3. Placethe cylinder head assembly on its exhaustport side.
4. Placeall the valves(Figure71, 1 & 2)in their proper location in the cylinder head.

Figure71. ValveAssembly

5. Placethe cylinder head on the workbench with the combustion side down to install the
valve springs. Install the valve springs (Figure273 & 4) and the spring retainer (Figure

72, 2).

Figure72. ValveSpringAssembly.
Insert the valve collets (Figure Z, 1) and slowly release the tension on the valve spring.
7. Repeat the steps on all the remaining vahse
NOTE:
The engine MUST be barred over three complete rotations before starting #megine,
once new cylinder heads are installed

o
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CYLINDER HEAD INSTALLATION

NOTE:
Primary and secondary head boltanay be reused a maximum of three times and MUST be
discarded after allowed usage.

1. Carefully clean both the combustion surface of the cylinder headand the top surface of the
cylinder block. Then place a newylinder head gasket (Figure 3, 7) on the cylindeblock.
2. Positionthe cylinder head (Figure73,6) on the cylinder headgasket.

Figure73. Cylinder Head Assembly

3. Lightly oil the threads and shoulder of the cylinder head main bolts (Figure3,75) and cylinder
head secondarybolts (Figure73, 1). Lightly oil the clamping block (Figure73, 2) and end plate
(Figure B, 3).

4. Tightenthe main bolts in order (Figure74) 1 through 24to atorque of 80 N-m.
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Figure74. Main Bolt TorquingOrder
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5. Tighten the secondary bolts in order (Figure5j A through N to a torque of 80N-m.

Figure75. SecondaryBolt TorquingOrder

6. Tighten the main bolts in order 1 through 24 to 80+10 N-m, then tighten the bolts to an
angle of 60°+5°,

7. Tighten the secondary bolts in order A through N to 80£10 N;imen tighten the bolts
to an angle of 60°+5°.

8. Tighten the main bolts to an angle of 60°+5°.

9. Tighten the secondary bolts to an angle of 60°+5°.

10. Tighten the secondary bolts to an angle of 60°+5°.

11. Tighten the main bolts to an angle of 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 rocker arms (Figure @, 2).

Figure76. RockerArm

1. Lubricate the rocker arm shaft. Slidethe rocker arm supports (Figure77,1), and
rocker arms (Figure/7, 2 & 5) onto the shatft.
NOTE:
Align the hole in the rocker arm shaft (Figuré7, 4) and the hole in the rocker arm
support (Figure77, 1).
In order toorient 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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Install the ignition coil bush with thegasket.
Oil and put the valvebridgeson thevalves.

Placethe rocker arm shaft assembly onto the cylinder head.

Inserta 0.4~0.6mm feeler gaugebetween rocker arm shaft sleeve (Figurer7, 3),and
intake rocker arms assembly (Figure77, 5). If outside of specifications replace
rocker arms.

If removed, reinstall the valve adjusting screws (Figure78, 3) and the lock the nuts
(Figure78, 1).

Alignthe push rods with their respective rockerarms.

Reinstalland tighten the rocker arm shaft retaining bolts to the specifiedtorque.
Adjustthe valveclearance. Seemeasuringand adjusting valve clearance chart.

Figure78. RockerArm Assembly
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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 mar&a the

flywheel surface (Figure79). Removeall twelve valve covers from the engine.

Rotatethe engineuntil it is at TDC#1.

Check the rockers on cylinder #1 (Left side ofthe engine closestto the rear (flywheel)

end of the engine). If both rockersare loose, the valves shown below with BLUE

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

ARROWS can be adjustedsee Figure80.

4. Use afeeler gaugeto check the clearance between therocker arm and the valve bridge
b RND2 |l DWYMbOWx ¢t 6 W 6Yedl WHUIW Ualldg VY WOME = 1 Wbl MIOF
mm) for theintake and .039" (1.0mm) for the exhaust. Repeat orall other valves
with arrows of the same color as shown below.

5. Rotate the crankshaft 360 degrees untithe timing mark is back at TDC #1 again.

If the valves withthe blue arrows werechecked first, the valves with thered arrows
may now be checked. If the valves with the red arrows were checked first, the
valves with the blue arrows may now behecked.

6. Check lash on all rockers that were not previously checked. Adjust as
necessary.

7. Reinstallvalvecovers.

wnN

Figure79
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THROTTLE BODY

Figure82. Throttle Body Assembly

No. Name

1 bolt

2 Bolt

3 FlangeBolt

4 Throttle Body Adapter

5 Throttle Adapter Gasket

6 Throttle Inlet Adapter

7 Throttle Body
NOTE:

All 32L engines are equipped with two throttle bodies, one on each end of the intake manifold.
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