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GENERAL INFORMATION

Description

The 2.0L in-line four cylinder engine has the following features:
e Dual overhead camshafts

e Four valves per cylinder

e Aluminum cylinder head

e Aluminum cylinder block

Operation

The 2.0L engine utilizes 4 valve-per-cylinders and a dual overhead camshaft design. The engine uses an individual
coil ignition system. The cylinder block is made of aluminum and the bearing caps are integrated into the lower cyl-
inder block assembly. An aluminum oil pan bolts to the bottom of the lower cylinder block. The camshafts are
mounted in the cylinder head and act against valve tappets to open and close the valves. The camshafts are driven
off the front of the cylinder head by one timing belt. The belt is driven by a sprocket that is located on the crankshaft.
The piston assembly is an aluminum piston with a cast iron connecting rod.

The aluminum cylinder head contains dual overhead camshafts with 4 valve-per-cylinder construction. The valves are
arranged in two in-line banks. The cylinder head incorporates powdered metal valve guides and seats. The cylinder

head is sealed to the block using a multi-layer steel head gasket and retaining bolts.

Specifications

2.0L Engine Specifications

DESCRIPTION SPECIFICATION
Type In-Line OHV, DOHC
Number of Cylinders 4
Compression Ratio 10:1
Compression Pressure 10 - 15 bar
Max. Compression Pressure Variation Between 559,
Cylinders 3
Stroke 90 mm
Bore 83.5 mm
Displacement 1971 cc
Firing Order 1-3-4-2
Mechanical Specifications
DESCRIPTION ITEM STANDARD LIMIT
Lower Idle Speed (800 +
50 RPM) 1.2 - 1.5 bar -
Engine Oil Pressure High Idle Speed (2000 ) )
RPM) 3.2 - 3.5 bar
High Speed (4000 RPM) 3.7 + 0.5 bar -

Surface Distortion - 0.15 mm
) Inner Diameter 83.500 - 83.510 mm -
Engine Block Clearance
Out-Of-Round - < 0.008 mm
Taper - < 0.01 mm
Piston Ring Groove First Ring 0.04 - 0.08 mm -
Clearance Second Ring 0.0251 - 0.01 mm -
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DESCRIPTION ITEM STANDARD LIMIT
Piston Ring End Gap First Ring 0.2 -0.4 mm 0.8 mm
Clearance Second Ring 0.4-0.6 mm 1.0 mm
Piston To Piston Pin
Clearance - 0.002 - 0.013 mm -
Piston Diameter - 83.451 - 83.469 mm -

. First Ring 0.04 - 0.08 mm -
Ring Groove Clearance -

Second Ring 0.01 - 0.0251 mm -

Connecting Rod Radial
Clearance - 0.016 - 0.051 mm -
Connecting Rod Axial
Clearance - 0.002 - 0.013 mm -
Diameter Of Crankshaft
Main Journals ) 53.981 - 54 mm )
Diameter Of Crankshaft
Rod Journals - 47.884 - 47.9 mm -
Out-Of-Round Maximum
Of Crankshaft Main - - < 0.008 mm
Journals
Axial Clearance Of
Crankshaft - 0.07 - 0.265 mm -
Radial Clearance Of
otk - 0.0035 - 0.034 mm -
Coaxality Crankshaft Main
Journal ) < 0.005 mm
Thrust Washer Thickness - 2.4 - 2.405 mm -
Oil Clearance Of
Crankshaft Rod and Main - 0.022 mm 0.058 mm
Journals
Cylinder Head Flatness - - < 0.04 mm
Intake Valve Deflection - < 0.02 mm
Exhaust Valve Deflection - - < 0.04 mm
Spring Height - 47.7 mm -
Spring Height At 620
Newtons Of Pressure ) 82.0 mm )
Intake Cam Lobe Height - 37.15 mm -
Exhaust Cam Lobe Height - 37.05 mm -

Camshaft Journal #1 Outer
Diameter

31.934 - 31.95 mm

Camshaft Journal #2, #3,
#4, #5, Outer Diameter

23.947 - 23.96 mm

Camshaft Cam Bearing #1
Inner Diameter

32 - 32.025 mm

Camshaft Cam Bearing
#2, #3, #4, #5, Inner
Diameter

24 - 24.021 mm

Camshaft Journal #1
Clearance

0.05 - 0.091 mm

Camshaft Journal #2, #3,
#4, #5 Clearance

0.04 - 0.074 mm
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Clearance

DESCRIPTION ITEM STANDARD LIMIT
Intake Camshaft Axial
Clearance - 0.15-0.20 mm -
Exhaust Camshaft Axial ) 0.15 - 0.20 mm i

Intake Valve Guide
Clearance

0.012 - 0.043 mm -

Exhaust Valve Guide
Clearance

0.032 - 0.063 mm -

Intake Valve

5.98 + 0.008 mm -

Valve Outer Diameter
Exhaust Valve

5.96 + 0.008 mm -

Valve Guide Inner Intake Valve 54 +0.1 mm -
Diameter Exhaust Valve 5.4 + 0.1 mm -
Fringe Thickness On Top Intake Valve 0.3 +0.15 mm -
Of Valve Exhaust Valve 0.3+ 0.15 mm -
i Intake Valve 65° -

Valve Tilt Angle
Exhaust Valve 68° -
) Intake Valve 107.998 mm -

Valve Height

Exhaust Valve 106.318 mm -

Torque Specifications

CAUTION:

When torquing a fastener in two steps, DO NOT use a torque wrench for the second step.

DESCRIPTION TORQUE (N-m)
Accessory Drive Belt Tensioner Pulley Bolt 35
Camshaft Bearing Cap Bolts 11
Clutch Pressure Plate Bolts 25

Connecting Rod Cap Bolts

1st Step: Tighten the bolt to 25 N-m
2nd Step: Tighten the bolt an additional 90°

Crankshaft Holder

28

Crankshaft Main Bearing Cap Bolts

1st Step: Tighten the bolt to 45 N-m
2nd Step: Tighten the bolt an additional 180°

Crankshaft Timing Belt Pulley Bolt

1st Step: Tighten the bolt to 130 N-m
2nd Step: Tighten the bolt an additional 65°

Crankshaft Vibration Damper Bolts

25

Cylinder Head Cover Bolts

11

Cylinder Head Bolts

1st Step: Tighten the bolt to 40 + 5 N-m
2nd Step: Tighten the bolt an additional 90 + 5°
3rd Step: Tighten the bolt an additional 90 + 5°

Dipstick Bracket Bolts

11

Drive Plate Bolts (automatic transaxle) 75
Engine Left Mount Bolt 70
Engine Right Mount Bolt 70
Engine Front Mount Bolt 60
Engine Rear Mount Bolt 60
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DESCRIPTION TORQUE (N-m)

Engine To Transaxle Bolts 80
Exhaust Manifold Nuts 25
Exhaust Manifold Heat Shield Bolts 15
Exhaust Camshaft Timing Belt Pulley Bolt 120
Flywheel Bolts (manual transaxle) 75
Fuel Rail Bracket Bolts 11
Idler Pulley Bolt 40
Intake Camshaft Timing Belt Pulley Bolt 120
Intake Manifold Bolts 10
Intake Manifold Nuts 1
Intake Manifold Bracket Bolts 25
Lower Idler Pulley Bolt 45
Lower Cylinder Block Bolts 23
Oil Filter 25
Oil Pan Bolts 18
Oil Drain Plug 40
Oil Strainer Bolts 18
@Ry (Apply with Loctite 5010 Thread-Locker)
Rear Timing Cover Bolts 7
Timing Belt Upper Cover Bolts 11
Timing Belt Lower Cover Bolts 11
Timing Belt Tensioner Assembly 27
Timing Belt Tensioner Pulley Bolt 30
Throttle Body Bolts 1
Upper Idler Pulley Bolt 45
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Special Tools

Right Engine Mount Bolt Remover
CH-20001

besm020079

Camshaft Seal Installer @
CH-20002 \

Crankshaft Holder
CH-20003

Valve Spring Compressor Adaptor
CH-20004

0000000000

besm020009

7

0

besm020080

Rear Crankshaft Qil Seal Installer
CH-20005

@

besm020003
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Rear Crankshaft Oil Seal Guide
CH-20006

73

besm020002

Front Crankshaft Seal Installer
CH-20007

besm020004

Front Crankshaft Seal Guide
CH-20008

besm020005

Camshaft Holder
CH-20010

5~
=

besm020008

/

Valve Seal Installer
CH-20011

C

Y

0000000000
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Valve Stem Seal Installer Guide
CH-20012

Valve Seal Remover
CH-20013

Valve Keeper Installer
CH-20017

0000000000

Valve Spring Compressor
CH-20018

Crankshaft Belt Pulley Fixture
CH-20019

besm020085
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Engine Hoist

besm020010

Flywheel Fixture
CH-20043

Itsm020211

e
Oil Filter Remover Q
CH-10003

L

s

besm020087

Lubrication System

The engine lubrication system operates as follows:

e Qil is drawn into the oil pump through the oil pump strainer tube in the sump of the oil pan.

Oil is pumped through the oil filter on the cylinder block.

Oil enters the main oil gallery where it is distributed to the crankshaft main journals and to the cylinder head.

From the main journals, the oil is routed through cross-drilled passages in the crankshaft to lubricate the con-

necting rod bearings. Controlled leakage through the crankshaft main bearings and connecting rod bearings is

slung radially outward to cool and lubricate the cylinder walls as well as the entire connecting rod, piston and

piston ring assembly.

e The engine lubrication system is a full-flow filtration, pressure feed type. The oil pump body is mounted to the
engine block. The pump inner rotor is driven by the crankshaft.

Engine Oil Pressure Specifications

Lower Idle Speed (800 + 50 RPM) 1.2 - 1.5 bar
High Idle Speed (2000 RPM) 3.2 - 3.5 bar
High Speed (4000 RPM) 3.7 + 0.5 bar
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Engine Lubrication System Exploded View

ltsm020161

1 - Oil Dipstick 16 - Oil Pan Bolt

2 - Qil Dipstick Bolt 17 - Qil Pan Bolt

3 - QOil Dipstick Bracket 18 - Qil Pan Bolt

4 - Qil Dipstick Guide 19 - Qil Pan

5 - Crankshaft Rear Oil Seal 20 - O-Ring

6 - O-Ring 21 - O-Ring

7 - Oil Filter Bracket Gasket 22 - Oil Pump Strainer Bolt

8 - Oil Filter Bracket 23 - Oil Pump Strainer

9 - Pressure-Relief Plunger 24 - Baffle Plate

10 - Flange Bolt 25 - O-Ring

11 - Flange Bolt 26 - O-Ring

12 - Qil Cooler 27 - Crankshaft Front Oil Seal

13 - Oil Filter Connector 28 - Oil Pump Bolt

14 - Oil Filter 29 - Oil Pump Assembly

15 - Dowel Pin 30 - Oil Pump Assembly Gasket
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Engine Oil Flow Diagram

®
besm020088

1 - Oil Pump Strainer 9 - To Middle Bearing Cap
2 - Baffle Plate 10 - Oil Dipstick
3 - Oil Pan 11 - To Crankcase
4 - Oil Pump 12 - Crankcase Pipe
5 - Turbocharger Inlet Oil Passage (if equipped) 183 - Qil Filter Bracket
6 - To Cylinder Head 14 - QOil Pressure Switch
7 - Oil Return Passage 15 - Qil Cooler
8 - To Front Bearing Cap 16 - Oil Filter
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DIAGNOSIS & TESTING

Engine Performance Diagnostics

CONDITION

POSSIBLE CAUSE

CORRECTION

1. Weak battery.
2. Corroded or loose battery
connections.

1. Test battery. Charge or replace if
necessary.

2. Clean and tighten battery
connections. Apply a coat of light
mineral grease to terminals.

3. Test starting system. Check for
codes. (Refer to Appropriate
Diagnostic Information)

3. Faulty starter.
Engine Does Not Start 4. Faulty coil(s) or control unit. 4F.{'I'festtan§ replac_:etasDneedecl:
5. Incorrect spark plug gap. I( fe er f[:.’ ppropriate Liiaghostic
6. Contamination in fuel system. 5” %Z?a ;on)
7. Faulty fuel_ pump. 6: Clea% gystem and replace fuel
8. Incorrect timing. filter.
7. Test fuel pump and replace as
needed. (Refer to Appropriate
Diagnostic Information)
8. Check for a skipped timing belt.
1. Test minimum air flow. (Refer to
Appropriate Diagnostic Information)
1. Idle speed too low 2. (Refer to Appropriate Diagnostic
' s Information)
Engine Stalls Or Idles Rough g :gfgggegaf;’ﬁélrg'fg;gée 3. Inspect intake manifold, manifold
4. Faulty ignition coil(s). gasket gagd vacuum HESES"

4. Test and replace if necessary.
(Refer to Appropriate Diagnostic
Information)

Engine Loss Of Power

1. Dirty or incorrectly gapped spark
plugs.

2. Contamination in fuel system.
3. Faulty fuel pump.

4. Incorrect valve timing.

5. Leaking cylinder head gasket.
6. Low compression.

7. Burned, warped, excessive
clearance, or pitted valves.

8. Plugged or restricted exhaust
system.

9. Faulty ignition coil(s).

10. Burned spark plugs.

1. Clean spark plugs and set gap.
2. Clean system and replace fuel
filter.

3. Test and replace if necessary.
(Refer to Appropriate Diagnostic
Information)

4. Correct valve timing.

5. Replace cylinder head gasket.
6. Test compression of each
cylinder.

7. Replace valves.

8. Perform exhaust restriction test.
Install new parts.

9. Test and replace if necessary.
(Refer to Appropriate Diagnostic
Information)

10. Replace spark plugs.
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CONDITION

POSSIBLE CAUSE

CORRECTION

Engine Miss On Acceleration

1. Dirty or incorrectly gapped spark
plugs.

2. Contamination in fuel system.

7. Burned, warped, excessive
clearance, or pitted valves.

4. Faulty ignition coil(s).

1. Clean spark plugs and set gap.
2. Clean fuel system and replace
fuel filter.

3. Replace valves.

4. Test and replace if necessary.
(Refer to Appropriate Diagnostic
Information)

Engine Miss At High Speed

1. Dirty or incorrect spark plug gap.
2. Faulty ignition coil(s).

3. Dirty fuel injector(s).

4. Contamination in fuel system.

1. Clean spark plugs and set gap.
2. Test and replace if necessary.
(Refer to Appropriate Diagnostic
Information)

3. Test and replace if necessary.
(Refer to Appropriate Diagnostic
Information)

4. Clean system and replace fuel
filter.

Engine Mechanical Diagnostics

CONDITION

POSSIBLE CAUSE

CORRECTION

Valve Train Noise

. High or low oil level in crankcase.
. Thin or diluted oil.

. Thick oil.

. Low.oil pressure.

. Worn cam lobe.

. Worn valve guides.

. Excessive runout of valve seats
on valve faces.

NO O, WN =

1. Check and correct engine oil
level.

2. Change oil to correct viscosity.
3. Change engine oil and filter.
4. Check and correct engine oil
level.

5. Install new camshaft.

6. Replace cylinder head.

7. Grind valve seats and replace
valves.

Connecting Rod Noise

1. Insufficient oil supply.

2. Low oil pressure.

3. Thin or diluted oil.

4. Excessive bearing clearance.
5. Connecting rod journal out-of-
round.

6. Connecting rod out-of-round.
7. Misaligned connecting rods.
8. Connecting rod nuts loose.

1. Check engine oil level.

2. Check engine oil level. Inspect oil
pump relief valve and spring.

3. Change oil to correct viscosity.
4. Measure bearings for correct
clearance. Repair if necessary.

5. Replace crankshaft or grind
surface.

6. Replace connecting rod.

7. Replace bent connecting rods.
8. Tighten the connecting rod nuts.

Main Bearing Noise

. Insufficient oil supply.

. Low oil pressure.

. Thin or diluted oil.

. Excessive bearing clearance.

. Excessive end play.

. Crankshaft journal out-of-round or
worn.

7. Loose flywheel or torque
converter.

OO WN =

1. Check engine oil level.

2. Check engine ail level. Inspect oil
pump.

3. Change oil to correct viscosity.
4. Measure bearings for correct
clearance. Repair if necessary.

5. Check thrust bearing for wear on
flanges.

6. Replace crankshaft or grind
journals.

7. Tighten to correct torque.
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CONDITION

POSSIBLE CAUSE

CORRECTION

Oil Pressure Drop

. Low oil level.

. Faulty oil pressure sending unit.
. Low oil pressure.

. Clogged oil filter.

. Thin or diluted oil.

. Excessive bearing clearance.

OO~ WN =

1. Check engine oil level.

2. Install new sending unit.

3. Check sending unit and main
bearing oil clearance.

4. Install new oil filter.

5. Change oil to correct viscosity.
6. Measure bearings for correct
clearance.

QOil Leaks

1. Misaligned or deteriorated
gaskets.

2. Loose fastener, broken or porous
metal part.

3. Misaligned or deteriorated cup or
threaded plug.

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

Oil Consumption Or Spark Plugs
Fouled

. PCV system malfunction.

. Worn, scuffed or broken rings.

. Carbon in oil ring slots.

. Rings fitted too tightly in grooves.
. Worn valve guide(s).

. Valve stem seal(s) worn or
amaged.

QOO WN =

1. Check system and repair if
necessary.

2. Hone cylinder bores. Install new
rings.

3. Install new rings.

4. Remove rings and check grooves.
If groove is not proper width, replace
piston.

5. Replace cylinder head.

6. Replace seal(s).

WWW.DIGITALKHODRO.COM

021 62 99 92 92




WWW.DIGITALKHODRO.COM 021 62 99 92 92

DIAGNOSIS & TESTING

Cylinder Compression Pressure Test

e The result of a cylinder compression pressure test can be utilized to diagnose several engine malfunctions.

e Ensure the battery is completely charged and the engine starter motor is in good operating condition. Otherwise
the indicated compression pressures may not be valid for diagnostic purposes.

NOTE :

Check engine oil level and add oil if necessary.

Disconnect the spark plug wires.

Remove all spark plugs from engine (as spark plugs are being removed, check electrodes for abnormal
firing indicators fouled, hot, oily, etc.).

Record cylinder number of each spark plug for future reference.

Disconnect fuel injector electrical connectors.

Be sure throttle blade is fully open during the compression check.

Insert compression pressure adaptor or the equivalent into each spark plug hole in cylinder head.

Crank engine until maximum pressure is reached on gauge. Record each cylinder pressure.

Compression should not be less than 1000 kPa and not vary more than 25 percent from cylinder to cylinder.
If one or more cylinders have abnormally low compression pressures, repeat the compression test.

If the same cylinder or cylinders repeat an abnormally low reading on the second compression test, it could
indicate the existence of a problem with the cylinder in question.

The recommended compression pressures are to be used only as a guide to diagnosing engine problems. An engine
should not be disassembled to determine the cause of low compression unless some malfunction is present.

Cylinder Head Gasket Test

e A cylinder head gasket leak can be located between adjacent cylinders, between a cylinder and the adjacent
water jacket or from an oil passage to the exterior of the engine.

e Possible indications of the cylinder head gasket leaking between adjacent cylinders are:

Loss of engine power
Engine misfiring
Poor fuel economy

e Possible indications of the cylinder head gasket leaking between a cylinder and an adjacent water jacket are:

Engine overheating

Loss of coolant

Excessive steam (white smoke) emitting from exhaust
Coolant foaming
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Accessory Drive Belt

Removal & Installation

ltsm020163

1 - Drive Belt 10 - Generator Bracket Bolt

2 - Generator Bolt 11 - Power Steering Pump Bolt

3 - Tensioner Pulley Bolt 12 - Power Steering Pump Bolt

4 - Tensioner 13 - Power Steering Pump Bolt

5 - Compressor 14 - Power Steering Pump Bracket

6 - Generator 15 - Power Steering Pump Bracket Bolt
7 - Idler Pulley 16 - Power Steering Pump

8 - Generator Bracket 17 - Idler Pulley

9 - Generator Bracket Bolt 18 - Compressor Bolt

WARNING!

Inspect the drive belt only when the engine is stopped.

1. While using a suitable tool and securely holding the hexagonal portion of the drive belt tensioner, rotate the
pulley counterclockwise to loosen the drive belt.

WARNING!

Avoid placing hands near the drive belt tensioner while it is being held.
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2. Remove the drive belt.
3. Remove accessory drive belt tensioner (1)

ltsm020196

4. Installation is in the reverse order of removal.

Air Cleaner Element

Removal & Installation
1. Unhook the air cleaner case side clips (1) and

raise the air cleaner case (upper).

ltsm020238

2. Remove the air cleaner element.
3. Install a new air cleaner element.
4. Installation is in the reverse order of removal.
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Air Cleaner Housing

Removal & Installation
1. Disconnect the negative battery cable.

2. Disconnect the air flow sensor electrical connector (1.8L Engine).

3. Loosen the clamp (1) between the air intake air
hose and the air cleaner and remove the intake air
hose.

4. Remove the screws (1) securing the air cleaner
housing to its base.

ltsm020243

5. Remove the air cleaner housing.
6. Remove the air cleaner base.
7. Installation is in the reverse order of removal.

Cylinder Head Cover

Removal & Installation

Disconnect the negative battery cable.

Remove the engine cover.

Use compressed air to blow dirt and debris off the cylinder head cover prior to removal.
Disconnect the camshaft position sensor electrical connector.

Remove the camshaft position sensor (2) and set it aside.

o krwnd~
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6. Remove the spark plug wires (3) and set them
aside.

7. Remove the PCV hose (1) from cylinder head
cover.

S

1

i Emi O))

besm020022

8. Remove the cylinder head cover bolts (1).

(Tighten: Cylinder head cover bolts to 11 N-m)

9. Remove the cylinder head cover (2) from the cylin-
der head.

10. Remove the cylinder head cover gasket (3).
11. Installation is in the reverse order of removal.

NOTE :
Install a new cylinder head cover gasket during
installation.

Itsm020198

Camshaft

Removal & Installation

NOTE :
The following special tools are required to perform the repair procedure:
e CH-20002 - Camshaft Seal Installer

Remove the accessory drive belt (See Accessory Drive Belt Removal & Installation in Section 02 Engine).
Remove the engine timing belt (See Engine Timing Belt Removal & Installation in Section 02 Engine).
Remove the cylinder head cover (See Cylinder Head Cover Removal & Installation in Section 02 Engine).

Remove the intake or exhaust camshaft timing belt pulley.
(Tighten: Camshaft timing belt pulley bolt to 120 N-m)

oD~
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5. Remove the rear timing cover of the timing pulley.
(Tighten: Rear timing cover bolts to 7 N-m)

6. Remove the camshaft bearing cap bolts.
(Tighten: Camshaft bearing cap bolts to 11 N-m)

NOTE: Equally loosen camshaft bearing cap bolts
in several steps.

7. Remove the camshaft bearing caps and place
them in proper order.

NOTE: The camshaft bearing caps are marked for
identification.

8. Remove the camshafts and then remove the cam-
shaft seals.

9. Installation is in the reverse order of removal.

WWW.DIGITALKHODRO.COM
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Installation Notes:
e Use special tool CH-20010 (1), to install the camshaft holder to hold the camshafts in place.

NOTE :
The camshaft holder will prevent the camshafts from
rotating in either direction.

besm020016

e Use special tool CH-20002 (1), to install the camshaft seal.

o Install the intake and exhaust camshaft bearing
caps in the proper order.

¢ Slowly tighten bolts to the specified torque.

ltsm020215

e Follow the torque sequence as shown.

1 3
5 2 2 7
6 8
10 o) 3
FOCO) o o[ OFIO  M
2 4
6 8
S N

besm020036
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Cylinder Head

Removal & Installation

ltsm020167

1 - Rocker Arms 5 - Valve Springs

2 - Hydraulic Tappets 6 - Valve Qil Seals

3 - Valve Keepers 7 - Valve Spring Lower Retainers
4 - Valve Spring Upper Retainers 8 - Valves

NOTE :
Replacement cylinder head comes complete with valves, seals, springs, retainers, keepers, and camshafts.

1.

ook wN

Remove engine timing belt (See Engine Timing Belt Removal & Installation in Section 02 Engine).
Remove the cylinder head cover (See Cylinder Head Cover Removal & Installation in Section 02 Engine).
Remove the camshafts (See Camshaft Removal & Installation in Section 02 Engine).

Remove intake manifold (See Intake Manifold Removal & Installation in Section 02 Engine).

Remove exhaust manifold (See Exhaust Manifold Removal & Installation in Section 02 Engine).

Remove water pipe and thermostat assembly.
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7. Remove the cylinder head bolts in the order
shown.

besm020065

8. Remove cylinder head gasket.
9. Installation is in the reverse order of removal.

Installation Notes:

e Ensure cylinder head bolt holes in the block are clean, dry (free of residual oil or coolant), and threads are not
damaged.

e The cylinder head bolts should not be reused. The new bolts should be examined before use. If the bolts are
stretched, the bolts should be replaced.

e Position the new cylinder head gasket on the engine block with the part number facing up. Ensure gasket is
seated over the locating dowels in the block.

o Before installing the bolts, the threads should be lightly coated with engine oil.
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Install the cylinder head bolts in the order shown.
Torque the cylinder head bolts in the following three

step sequence:
1st Step: Tighten the bolt to 40 + 5 N-m
2nd Step: Tighten the bolt an additional 90
50
3rd Step: Tighten the bolt an additional 90 +
50

+

+

ltsm020236

Front Crankshaft Oil Seal

Removal & Installation

NOTE :

The following special tools are required to perform the repair procedure:
e CH-20007 - Front Crankshaft Seal Installer

e CH-20008 - Front Crankshaft Seal Guide

® CH-20019 - Crankshaft Belt Pulley Fixture

1. Remove the accessory drive belt (See Accessory Drive Belt Removal & Installation in Section 02 Engine).

2. Remove the crankshaft vibration damper bolts (1).
(Tighten: Crankshaft vibration damper bolts to 25
N-m)

besm020055

3. Remove the engine timing belt (See Engine Timing Belt Removal & Installation in Section 02 Engine).
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4. Remove the crankshaft timing belt pulley bolt (2)
from the crankshaft.
(Tighten: Crankshaft timing belt pulley bolt to 130
N-m and an additional 65°)

5. Remove the key-way from the crankshaft.

6. Using an appropriate tool, remove the front crank-
shaft oil seal (1).

CAUTION:
Be careful not to damage the front cover seal
surface while removing the seal.

ltsm020199

7. Installation is in the reverse order of removal.

Installation Notes:

e Lubricate the new front seal with engine oil prior to assembly.
e Use the front crankshaft seal installer CH-20007
(1), to install the new seal.

ltsm020216

Rear Crankshaft Oil Seal

Removal & Installation

NOTE :
The following special tools are required to perform the repair procedure:
e CH-20005 - Rear Crankshaft Oil Seal Installer
e CH-20006 - Rear Crankshaft Oil Seal Guide
e CH-20043 - Flywheel Fixture
1. Remove the transaxle assembly (See Transaxle Assembly Removal & Installation in Section 08 Transaxle and
Transfer Case).

2. Using special tool CH-20043 (1), hold the flywheel.

ltsm080145
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3. If equipped with manual transaxle, remove clutch
pressure plate retaining bolts (1) and remove the

clutch pressure plate.
(Tighten: Clutch pressure plate bolts to 25 N-m)

besm080046
4. If equipped with manual transaxle, remove the fly-
wheel bolts (1) and then remove the flywheel.
(Tighten: Flywheel bolts to 75 N-m)
besm020058

5. If equipped with automatic transaxle, remove the
drive plate retaining bolts (1) and then remove

drive plate.
(Tighten: Drive plate bolts to 75 N-m)

besm020031

6. Remove the rear oil seal using a suitable tool.
7. Installation is in the reverse order of removal.
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Installation Notes:

e When installing seal, lubricate seal guide with clean
engine oil.

e Position the seal over the rear crankshaft seal
guide.

e Use special tool CH-20005 (2) and CH-20006 (1),
to install the rear crankshaft oil seal.

e Ensure that the lip of the seal is facing toward the
crankcase during installation.

WWW.DIGITALKHODRO.COM
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Engine Mounts

Removal & Installation - Left Mount

NOTE :
The following special tools are required to perform the repair procedure:
e Engine Hoist

1. Disconnect the negative battery cable.

2. Support the engine with the engine hoist.

3. Remove the air cleaner housing. (See Air Cleaner
Housing Removal & Installation in Section 02
Engine).

4. Remove the engine left mount retaining bolts (2)
and remove the engine left mount bracket bolts (1).
(Tighten: Engine left mount bolts to 70 N-m)

5. Installation is in the reverse order of removal.

Iltsm020156
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Removal & Installation - Right Mount

NOTE :
The following special tools are required to perform the repair procedure:
e Engine Hoist

1. Disconnect the negative battery cable.

2. Support the engine with the engine hoist.

3. Remove the engine right mount retaining bolts (2)
and remove the engine right mount bracket bolts
(1).

(Tighten: Engine right mount bolts to 70 N-m)

4. Installation is in the reverse order of removal.

Iltsm020155

Removal & Installation - Front Mount

NOTE :
The following special tools are required to perform the
repair procedure:
e Engine Hoist
1. Disconnect the negative battery cable.
2. Support the engine with the engine hoist.

3. Remove the bolts (1) securing the front engine
mount.
(Tighten: Engine front mount bolts to 60 N-m)

4. Installation is in the reverse order of removal.

besm080035
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Removal & Installation - Rear Mount

NOTE :
The following special tools are required to perform the
repair procedure:
e Engine Hoist
1. Disconnect the negative battery cable.
2. Support the engine with the engine hoist.
3. Remove the engine rear mount retaining bolts (2)
and remove the engine rear mount bracket bolts
1).
ET?ghten: Engine rear mount bolts to 60 N-m)
4. Installation is in the reverse order of removal.

Itsm020188

Engine Assembly

Removal & Installation

NOTE :

The following special tools are required to perform the repair procedure:
e CH-20001 - Right Engine Mount Bolt Remover

e Engine Hoist

NOTE :
The engine is removed with the transaxle as an assembly.

1. Remove the vehicle hood.

2. Remove the negative battery cable from the engine.
3. Remove the engine cover.
4

. Remove the battery, battery hold downs, and battery tray (See Battery Removal & Installation in Section 05
Starting & Charging).
5. Discharge air conditioning system (See A/C System Evacuation and Recharge in Section 13 Heating & Air Con-
ditioning).
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6. Drain the cooling system (See Cooling System
Draining and Filling in Section 06 Cooling).

ltsm020190

WARNING!

Always allow the engine to cool before opening the cooling system. Do not loosen the coolant pressure relief
cap when the engine is operating or the cooling system is hot. The cooling system is under pressure; steam and
hot liquid can come out forcefully when the cap is loosened slightly. Failure to follow these instructions may
result in serious personal injury.

7. Remove the coolant fan & radiator assembly (See Coolant Fan & Radiator Assembly Removal & Installation in
Section 06 Cooling).

8. Remove the starter motor wiring.
9. Relieve the fuel pressure (See Fuel Pressure Relief Procedure in Section 04 Fuel Delivery).
10. Disconnect and remove the fuel line at the fuel rail.

11. Remove the air inlet hose and the air cleaner case
assembly.
NOTE: For 1.8L engine, disconnect the air flow
sensor electrical connector.

Itsm020226

12. Remove the ground cable bolt from the cylinder head.
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13. Disconnect and remove the following electrical connectors:
e Coolant temperature sensor

Camshaft position sensor

Ignition coil

Four fuel injectors

Intake manifold air pressure sensor (1.6L)

Air flow sensor (1.8L)

Carbon canister solenoid valve

Throttle body control

A/C compressor

Oil pressure sensor

Power steering pump pressure switch

Generator

14. Remove the pipe from the canister control valve

(1).

) A
=1 @0, <A
=R R Y
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ltsm020235

15. Disconnect the heater hoses (1) on the vehicle.

16. Remove the vacuum line from the brake booster
(2).
17. Remove the dipstick.

besm020025
18. If equipped with a manual transaxle remove the
transaxle shift cable (1).
19. Remove the hydraulic pipe from the clutch slave
cylinder.
besm080051
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20. If equipped with an automatic transaxle remove the
transaxle shift cable (1) and the shift cable clamp

@).

Itsm080186

21. Remove the A/C compressor line bolt (1) from the
A/C compressor.
(Tighten: A/C compressor line bolts to 20 N-m)

NOTE :
After removing the A/C lines, plug the A/C lines to pre-
vent any debris from entering the A/C system.

vism130017
22. Remove the high pressure line (1) and low pres-
sure line (2) from the power steering pump (drain
fluid from lines).
(Tighten: High pressure line to power steering
pump 40 = 5 N-m)
(Tighten: Low pressure line to power steering pump
40 = 5 N-m)
besm110011

23. Remove the exhaust manifold heat shield bolts (1)
and then remove heat shield.
(Tighten: Exhaust manifold heat shield bolts to 15
N-m)

besm020078

24. Disconnect the upstream and downstream oxygen sensor connectors.
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25. Remove the catalytic converter to exhaust manifold
bolts (1).

ltsm020201

26. Raise and support the vehicle.
27. Remove the front axle shaft (See Front Axle Shaft Removal & Installation in Section 09 Driveline & Axle).
28. Drain the engine oil.

29. Lower the vehicle and install engine lift chain hangers.
30. Remove the bolts (1) securing the front engine

mount.
(Tighten: Engine front mount bolt to 60 N-m)

besm080035

31. Remove the bolts (1) securing the rear engine

mount.
(Tighten: Engine rear mount bolt to 60 N-m)

ltsm020207
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32. Remove the left transaxle mount bolts (2) and the
transaxle mount bracket retaining bolts (1).
(Tighten: Left transaxle mount bolt to 70 N-m)

ltsm020156

33. Using special tool CH-20001 (2), remove the three
bolts (1) securing the right engine mount.
(Tighten: Engine right mount bolt to 70 N-m)

Itsm020218

34. Verify all components between the engine and vehicle are disconnected.
35. Remove the front sub-frame (See Front Sub-Frame Removal & Installation in Section 10 Suspension).
36. Hoist the engine from vehicle.

CAUTION:
Verify all electrical connectors are disconnected prior to engine/transaxle removal.

37. Separate engine and transaxle.
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38. Remove the accessory drive belt (1) (See Acces-
sory Drive Belt Removal & Installation in Section
02 Engine).

ltsm020200

39. Remove the generator (1) from the bracket (See

Generator Removal & Installation in Section 05
Starting & Charging).

40. Remove the A/C compressor pipe.

41. Remove the A/C compressor (2) (See A/C Com-
pressor Removal & Installation in Section 13 Heat-
ing & Air Conditioning).

besm020029

42. Remove the power steering pump (1) with piping
connected and set aside with wire.

Loie

besm020028

43. Installation is in the reverse order of removal.
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Engine Timing Belt

Removal & Installation

ltsm020162

1 - Timing Belt Upper Cover Bolt 9 - Rear Timing Cover

2 - Timing Belt Upper Cover 10 - Idler Pulley

3 - Timing Belt Cover Gasket 11 - Tensioner Pulley

4 - Timing Belt 12 - Tensioner Pulley Bolt

5 - Timing Belt Touch Pulley 13 - Timing Belt Lower Cover

6 - Camshaft Bolt 14 - Timing Belt Lower Cover Bolt
7 - Camshaft 15 - Timing Belt Upper Cover Bolt
8 - Rear Timing Cover Bolt

NOTE :
The following special tools are required to perform the repair procedure:
e CH-20001 - Right Engine Mount Bolt Remover
e CH-20003 - Crankshaft Holder
e CH-20010 - Camshaft Holder
e Engine Hoist
1. Release the coolant system pressure.

WARNING!

Always allow the engine to cool before opening the cooling system. Do not loosen the coolant pressure relief
cap when the engine is operating or the cooling system is hot. The cooling system is under pressure; steam and
hot liquid can come out forcefully when the cap is loosened slightly. Failure to follow these instructions may
result in serious personal injury.
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2. Remove the coolant reservoir (1) and set aside.

ltsm020190

3. Attach an engine hoist and support the engine using an engine hoist.

4. Using special tool CH-20001 (2), remove the
engine right mount bolts (1) and bracket.
(Tighten: Engine right mount bolts to 70 N-m)

Iltsm020218

5. Remove the accessory drive belt (See Accessory Drive Belt Removal & Installation in Section 02 Engine).
6. Remove the crankshaft vibration damper bolts (1).

(Tighten: Crankshaft vibration damper bolts to
25 N-m)

besm020055
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7. Remove the timing belt upper cover (1) and timing
belt lower cover (2).
(Tighten: Timing belt upper cover bolts to 11 N-m)
(Tighten: Timing belt lower cover bolts to 11 N-m)

besm020020

8. Remove the cylinder head cover (See Cylinder Head Cover Removal & Installation in Section 02 Engine).
9. Remove the plug in the cylinder block.

10. Using special tool CH-20003 (1), install the crank-
shaft holder into the cylinder block and rotate the
crankshaft until the crankshaft tool completely
holds the crankshaft in place.

(Tighten: Crankshaft holder to 28 N-m)

NOTE: The crankshaft holder will prevent the
crankshaft from rotating in either direction.

Iltsm020234

11. Using special tool CH-20010 (1), install the cam-
shaft holder to hold the camshafts in place.

NOTE: The camshaft holder will prevent the cam-
shafts from rotating in either direction.

besm020016

CAUTION: Rotating the camshafts or crankshaft with timing components loosened or removed can cause
serious damage to the valves or pistons.
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12. Loosen the bolt of the timing belt tensioner pulley
(1), remove the pulley.
(Tighten: Timing belt tensioner pulley bolt to 30
N-m)

13. Remove the timing belt (3).

14. Installation is in the reverse order of removal.

Installation Notes:

e [nstall the timing belt and rotate the tensioner pul-
ley with an Allen wrench in order to apply tension
to the belt and align the finger pointer of the ten-
sioner to the middle of the U-slot opening. Tighten
the tensioner pulley bolt (1) to 30 N-m, then tighten
the intake and exhaust camshaft pulley bolts (2 &
4) to 120 N-m.

pzsm020037

Exhaust Manifold

Removal & Installation

1. Remove the engine cover.
2. Remove the bolts (1) attaching the exhaust mani-

fold heat shield.
(Tighten: Exhaust manifold heat shield bolts to
15 N-m)

3. Remove the exhaust manifold heat shield.

besm020078
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4. Remove the three bolts (1) securing the exhaust
manifold to the catalytic converter assembly.

5. Disconnect the catalytic converter assembly from
the manifold.

6. Remove the exhaust manifold nuts (1).
(Tighten: Exhaust manifold nuts to 25 N-m)

besm020033

7. Remove the exhaust manifold.
8. Remove and discard manifold gasket (1).

Iltsm020169

9. Installation is in the reverse order of removal.
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Installation Notes:

e Clean all surfaces of manifold and cylinder head.
e Install a new exhaust manifold gasket during installation.

Intake Manifold

Removal & Installation

ltsm020164

1 - Fuel Rail Bolt 7 - Air Intake Pressure Temperature Sensor
2 - Fuel Rail 8 - Intake Manifold Bolt

3 - Electronic Throttle Control Actuator Bolt 9 - Intake Manifold

4 - Electronic Throttle Control Actuator 10 - Intake Manifold Bracket

5 - Electronic Throttle Control Actuator Gasket 11 - Intake Manifold Gasket

6 - Air Intake Pressure Temperature Sensor Bolt

1. Disconnect the negative battery cable.

2. Remove the engine cover.

3. Drain the cooling system (See Cooling System Draining and Filling in Section 06 Cooling).
WARNING!

Always allow the engine to cool before opening the cooling system. Do not loosen the coolant pressure relief
cap when the engine is operating or the cooling system is hot. The cooling system is under pressure; steam and
hot liquid can come out forcefully when the cap is loosened slightly. Failure to follow these instructions may
result in serious personal injury.
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4. Disconnect the four fuel injector electrical connec-
tors (1).

5. Disconnect the throttle body control electrical con-
nector (2).

6. Disconnect the air flow sensor electrical connector

(1).

ltsm020221

ltsm020204

7. Loosen the clamp between the air intake hose and the air cleaner.

© ®

10. Remove the fuel rail bracket bolts (1).
(Tighten: Fuel rail bracket bolts to 11 N-m)

11. Remove the fuel rail with the fuel injectors and set aside.

12. Remove the fuel injector O-rings.

NOTE :
Install new O-rings on the fuel injectors.

Loosen the clamp between the air intake hose and the throttle body and then remove the intake pipe.
. Loosen the clamp on the PCV hose and then disconnect the PCV hose.

,51
—

ltsm020222

13. Remove the screws securing the vacuum valve bracket to the intake manifold.

14. Set aside the vacuum valve and pipe.

15. Disconnect intake manifold electrical harness, and vacuum hose.
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16. Remove the bolts (2) & (3) securing the engine oil
dipstick to intake manifold. Remove the dipstick.
(Tighten: Dipstick bracket bolts to 11 N-m)

17. Disconnect the oil pressure switch connector (4).

18. Remove the nuts (1) securing the intake manifold
to cylinder head.
(Tighten: Intake manifold nuts to 11 N-m)

NOTE: Replace the manifold gasket.

ltsm020223

19. Installation is in the reverse order of removal.

Installation Notes:

e Clean all surfaces of manifold and cylinder head.
¢ Install a new intake manifold gasket during installation.
¢ Install new O-rings on the fuel injectors.

Idler Pulley

Removal & Installation

1. While using a suitable tool and securely holding the hexagonal portion of the drive belt tensioner, rotate the
pulley counterclockwise to loosen the drive belt.

WARNING!

Avoid placing hands near the drive belt tensioner while it is being held.

2. Remove the drive belt.

Upper Accessory Drive Belt Idler Pulley (1)

e Remove the bolt and the upper accessory drive
belt idler pulley.

(Tighten: Upper idler pulley bolt to 45 N-m)

Lower Accessory Drive Belt Idler Pulley (2)

e Remove the bolt and the lower accessory drive belt
idler pulley.

(Tighten: Lower idler pulley bolt to 45 N-m)
3. Installation is in the reverse order of removal. 1tsm020203

Oil Filter

Removal & Installation

NOTE :
The following special tools are required to perform the repair procedure:
e CH-10003 - Oil Filter Remover

CAUTION:
When servicing the oil filter, avoid deforming the filter by installing the special tool against the
base of the filter.
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WARNING!

Prolonged and repeated contact with engine oil will harm your skin. If engine oil is spilled on your skin, wash it
off immediately with water. In addition, used engine oil contains potentially harmful contaminants which may
cause skin cancer. Always use adequate skin protection when performing vehicle service.

1. Using special tool CH-10003 oil filter remover,
remove the oil filter (1).
(Tighten: Oil filter to 25 N-m)
CAUTION: When removing the oil filter, ensure
that the oil filter gasket is not stuck to the

engine. The oil filter gasket must be removed >
from the engine before installing the new oil fias
filter.

(==

ltsm020206

2. Installation is in the reverse order of removal.

Installation Notes:
e Clean all surfaces, and verify the oil filter does not leak.

Oil Pan

Removal & Installation

1. Remove the oil dipstick.
2. Raise and support the vehicle.

3. Remove the oil pan drain plug and drain the
engine oil.
(Tighten: Oil pan drain plug to 40 N-m)

NOTE :
Do not pry on cylinder block to remove oil pan. Nl s 7
4. Remove oil pan bolts (1). =izt

(Tighten: Oil pan bolts to 18 N-m)

ltsm020205

5. Using a putty knife, loosen seal around oil pan.
6. Remove the oil pan.
7. Installation is in the reverse order of removal.
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Installation Notes:

Oil pan sealing surfaces must be free of grease or oil.
Install the four oil pan corner bolts in the sequence shown (1-2-3-4).
Install the remaining oil pan bolts.

Torque all the oil pan bolts to the proper
specification.

vism020013

Oil Pump

Removal & Installation

1. Remove the accessory drive belt (See Accessory Drive Belt Removal & Installation in Section 02 Engine).
2. Remove the crankshaft vibration damper retaining

bolt (1).
(Tighten: Crankshaft vibration damper bolts to 25
N-m)

besm020055

3. Remove the engine timing belt (See Engine Timing Belt Removal & Installation in Section 02 Engine).
4. Remove the crankshaft timing belt pulley bolt (2)

from the crankshaft.
(Tighten: Crankshaft timing belt pulley bolt to
130 N-m and an additional 65°)

5. Remove the key-way from the crankshaft.

6. Using an appropriate tool, remove the front crank-
shaft oil seal (1).

ltsm020199
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7. Remove the four oil pump bolts (1).
(Tighten: Oil pump bolts to 11 N-m)

8. Remove the oil pump (2) using a suitable tool.
9. Remove the oil pump gasket (3).

besm020032

10. Installation is in the reverse order of removal.

Installation Notes:

e Before installing, prime the new oil pump. Fill the oil pump with engine oil and rotate the oil pump.
e Replace the oil pump gasket.

Oil Strainer

Removal & Installation
1. Raise and support the vehicle.
2. Remove the oil pan (See Oil Pan Removal & Installation in Section 02 Engine).

3. Remove the oil strainer retaining bolts (1).
(Tighten: Oil strainer bolts to 18 N-m)

besm020018

4. Carefully remove the oil strainer.
5. Installation is in the reverse order of removal.

Installation Notes:
¢ Install new O-rings on the oil strainer pipe.
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Engine Block
Specifications

Torque Specifications

DESCRIPTION

TORQUE (N-m)

Connecting Rod Cap Bolts

1st Step: Tighten the bolt to 25 N-m
2nd Step: Tighten the bolt an additional 90°

Main Bearing Cap Bolts

1st Step: Tighten the bolt to 45 N-m
2nd Step: Tighten the bolt an additional 180°

Lower Cylinder Block Bolts

23

Clearance Specifications

DESCRIPTION SPECIFICATION (mm)
Surface Distortion Limit 0.15
Inner Diameter Standard 84
Out-Of-Round < 0.008
Taper < 0.01

Disassembly
1. ‘Remove the oil pan and then remove oil baffle.
2. Remove the oil strainer.

besm020060

3. For each connecting rod/piston assembly to be removed, rotate the crankshaft to the bottom dead center position

for each cylinder.

NOTE :

Before removing the connecting rod/piston assembly, check the connecting rod side clearance.
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4. Remove the connecting rod retaining bolts.

besm020042

5. Remove the connecting rod bearing cap.

besm020043

6. Using a hammer handle or similar tool, push the
connecting rod/piston assembly (1) out through the
top of the cylinder block.

besm020044

7. Remove the connecting rod bearings (See Con-
necting Rod Removal & Installation in Section 02
Engine).

CAUTION: When removing the connecting rod
side bearings, note the installation position.
Keep them in the correct order.

besm020045

8. Installation is in the reverse order of removal.
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Inspection

NOTE :
All measurements should be taken with the engine block at room temperature, 21°C.

Engine Block

e Clean cylinder block thoroughly and check all core hole plugs for evidence of leaking.
e Examine block and cylinder bores for cracks or fractures.
e Check block deck surfaces for flatness. Deck surface must be within service limit of 0.050 mm.

Cylinder Bore

e The cylinder walls should be checked for out-of-round and taper with cylinder indicator or equivalent. If the cyl-
inder walls are badly scuffed or scored, the cylinder block should be replaced, and new pistons and rings fitted.

e Measure the cylinder bore at three levels in directions X and Y. Top measurement should be 10 mm down and
bottom measurement should be 10 mm up from
bottom of bore.

besm020063

CYLINDER BORE
All Cylinders 83.500 - 83.510 mm

Assembly

NOTE :

Cleanliness is extremely important during the engine assembly procedure. Any foreign material, including any mate-
rial created while cleaning gasket surfaces, that enters the oil passages, coolant passages or the oil pan can cause
engine failure.

NOTE :
Assemble all components in their original position.

1. Install the pistons to the connecting rods.
2. Using a piston ring expander, install the piston rings.
3. Assemble all components in the reverse order of disassembly.
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Pistons

Specifications

Clearance Specifications - Pistons

DESCRIPTION SPECIFICATION (mm)
Surface Distortion Limit 0.15
Inner Diameter Standard 84
Out-Of-Round < 0.008
Taper < 0.01

Clearance Specifications - Piston Ring Groove

DESCRIPTION SPECIFICATION (mm)
First Ring 0.04 - 0.08
Second Ring 0.01 - 0.0251
Clearance Specifications - Piston Ring End Gap
DESCRIPTION SPECIFICATION LIMIT
First Ring End Gap 0.2 - 0.4 mm 0.8 mm
Second Ring End Gap 0.4 - 0.6 mm 1.0 mm

Clearance Specifications - Piston to Piston Pin

DESCRIPTION

SPECIFICATION (mm)

Piston To Piston Pin

0.002 - 0.013
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Disassembly
e Piston Ring Removal
— Using a suitable ring expander, remove upper

and intermediate piston rings.

— Remove the upper oil ring side rail, lower oil
ring side rail and then oil ring expander from
piston.

— Clean ring grooves of any carbon deposits.

besm020047

CAUTION:
Before removing the piston rings (1), check the
piston ring side clearance. Be careful to mark
the location of the piston rings if they are to
be reused.

besm020046

e Piston Pin Snap Ring Removal
— Using snap ring pliers, remove the snap ring

(1).

— Heat the pistons if necessary.

besm020048
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e Piston Pin Removal
— Push out the piston pin with a suitable tool.

besm020049

e Connecting Rod & Piston Disassembly
— Remove the piston from the connecting rod.

besm020041

Inspection
e Check the piston diameter.
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PISTON DIAMETER
All Pistons 83.451 - 83.469 mm
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e Check the inner diameter of each cylinder bore (See Cylinder Bore Inspection in Section 02 Engine).

besm020063

CYLINDER BORE

All Cylinders 83.500 - 83.510 mm

e Check piston ring to groove side clearance.
— Clean the ring slot using a suitable tool.

— Measure piston ring to groove side clearance.

besm020051

RING GROOVE CLEARANCE

First Ring 0.04 - 0.08 mm

Second Ring 0.01 - 0.0251 mm

e Wipe the cylinder bore clean. Insert ring and push down with piston to ensure it is square in the bore. The ring
gap measurement must be made with the ring posi-

tioned at least 13 mm from bottom of cylinder bore
and below the bottom of the oil ring travel where
the cylinder bore has minimal wear. Check gap with
feeler gauge.

besm020052
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RING END GAP CLEARANCE
First Ring 0.2 - 0.4 mm 0.8 mm
Second Ring 0.4 - 0.6 mm 1.0 mm

e Check the diameter of the piston pin bore.
e Check the outer diameter of the piston pin.

besm020053

e Check the inner diameter of connecting rod (small end).

besm020054

PISTON PIN CLEARANCE
Piston and Piston Pin 0.002 - 0.013 mm

Assembly

1. Install the piston to the connecting rod. Assemble the components in their original positions.
2. Using a piston ring expander, install the piston rings. Assemble the components in their original positions.
3. Assemble all components in the reverse order of disassembly.
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Connecting Rods

Specifications

Torque Specifications

DESCRIPTION

TORQUE (N-m)

Connecting Rod Bolts

1st Step: Tighten bolts to 25 N-m
2nd Step: Tighten the connecting rod bolts an additional
90°

Clearance Specifications

DESCRIPTION SPECIFICATION (mm)
Connecting Rod Radial Clearance 0.016 - 0.051
Connecting Rod Axial Clearance 0.002 - 0.013

Disassembly

1. Remove the connecting rod cap bolts.
2. Remove the connecting rod bearing cap.

3. Using a hammer handle or similar tool, push the
piston and connecting rod assembly (1) out
through the cylinder head side of the engine block.
NOTE: Before removing the piston and connecting
rod assembly, check the connecting rod side
clearance.

WWW.DIGITALKHODRO.COM
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4. Remove the connecting rod bearings.
CAUTION: When removing the connecting rod
side bearings, note the installation position.
Keep them in the correct order.

besm020045

Inspection
e Check the radial clearance of connecting rod bearing.

CONNECTING ROD RADIAL CLEARANCE
Radial Clearance 0.016 - 0.051 mm

Assembly

NOTE :
The rod bolts should not be reused.

1. Before installing the NEW rod bolts, the threads and under the bolt head should be oiled with clean engine oil.
2. Install each bolt finger tight, then alternately tighten each bolt to assemble the cap properly.

3. Tighten the connecting rod bolts using the two step
torque-turn method:
e 1st Step: Tighten bolts to 25 N-m
e 2nd Step: Tighten the connecting rod bolts an
additional 90°

ltsm020208

4. Using a feeler gauge check connecting rod side clearance.
e Check axial clearance of connecting rod.

besm020064
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Crankshaft

Specifications

Torque Specifications

DESCRIPTION

TORQUE (N-m)

Main Bearing Cap Bolts

1st Step: Tighten the bolt to 45 N-m
2nd Step: Tighten the bolt an additional 180°

Lower Cylinder Block Bolts

23

Clearance Specifications

DESCRIPTION SPECIFICATION (mm)

Diameter of Crankshaft Main Journals 53.981 - 54
Diameter of Crankshaft Rod Journals 47.884 - 47.9
Out-of-Round Maximum of Crankshaft Main Journals 0.008

Axial Clearance of Crankshaft 0.07 - 0.265
Radial Clearance of Crankshaft 0.0035 - 0.034
Coaxality of Crankshaft Main Journals 0.05

Thrust Washer Thickness 2.4 - 2.405

Disassembly

1. Remove the front crankshaft oil seal (See Front Crankshaft Oil Seal Removal & Installation in Section 02
Engine).

2. Remove the rear crankshaft oil seal (See Rear Crankshaft Oil Seal Removal & Installation in Section 02 Engine).

Remove the pistons with connecting rod assemblies.

4. Remove the lower cylinder block bolts in the

oo

sequence shown.
NOTE: Before loosening the lower cylinder block ?) = @) - 3 ;
bolts, measure the crankshaft side clearance. M\

8) |O\(o), 7°°°°°39C;@

N
5o°sois OO O)
6 = 9 8 4 2
besm020074

5. Remove the lower cylinder block.
Remove the crankshaft.
7. Remove the main bearings and thrust bearings from the cylinder block and lower cylinder block.

NOTE: If reusing the bearings, identify and number the bearings so that they are assembled in the same position
and direction.

o
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Inspection

e The crankshaft main journals should be checked for
excessive wear, roundness and scoring. Limits of
roundness on any crankshaft main journals should
be held to 0.008 mm. Limits of roundness on any
crankshaft rod journals should be held to 0.005
mm. DO NOT nick crank pin or bearing fillets. Lim-
its of out of round on any crankshaft journals
should be held to 0.005 mm.

besm020075

e Check the axial clearance after installation. Stan-
dard of axial clearance should be 0.07 mm. Limits
of axial clearance should be held to 0.265 mm.

besm020076

¢ Qil Clearance of crankshaft main journal

— Clean the journal and bearing.

— Install the crankshaft.

— Cut the plastic-gauge to the same width as
the bearing, and then put it onto the crank-
shaft journal to make it parallel with the cen-
tral line of the crankshaft.

— Install the main bearing cap carefully, and
tighten the bolts to the specified torque.

— Remove the main bearing cap.

— Measure the oil clearance with the plastic-
gauge.

Standard oil clearance of crankshaft main journal
should be 0.022 mm. Limits of oil clearance of crank-
shaft main journal should be 0.058 mm.

besm020077
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Assembly
1. Install the main bearings and thrust bearings to the upper cylinder block and lower cylinder block.
NOTE: Identify and number the bearings, if reusing them, so that they are assembled in the same position and

direction.
2. Assemble the crankshaft and main bearings in the reverse order of disassembly.
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Cylinder Head
Specifications

Torque Specifications

DESCRIPTION TORQUE (N-m)
1st Step: Tighten the bolt to 40 + 5 N-m
Cylinder Head Bolts 2nd Step: Tighten the bolt an additional 90 + 5°
3rd Step: Tighten the bolt an additional 90 + 5°
Cylinder Head Cover Bolts 11

Clearance Specifications

DESCRIPTION SPECIFICATION (mm)
Cylinder Head Flatness 0.04
Intake Valve Deflection 0.02
Exhaust Valve Deflection 0.04
Spring Height 47.7

Disassembly

NOTE :

The following special tools are required to perform the repair procedure:
e CH-20010 - Camshaft Holder

CH-20011 - Valve Seal Installer

CH-20012 - Valve Stem Seal Installer Guide

CH-20013 - Valve Seal Remover

CH-20017 - Valve Keeper Installer

CH-20018 - Valve Spring Compressor

NOTE :
Replacement cylinder head comes complete with valves, seals, springs, retainers, keepers, tappets, and camshafts.

1. Remove camshafts (See Camshaft Removal & Installation in Section 02 Engine).
2. Remove the hydraulic tappet assembly (1).

besm020071
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3. Using the special tool CH-20018 (1), compress the
valve spring.

besm020067

4. Remove the valve keeper (1), valve spring retainer

(2) and valve spring (3).
5. Push the valve stem from the cylinder head and
remove the valve (4).

6. Using special tool CH-20013 (1), remove the valve

oil seal.

ltsm020225

7. Remove the valve guide.
8. Remove the spark plugs.
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Inspection

Inspect the cylinder head for the following:

e Cylinder head must be flat within 0.04 mm.

e Inspect camshaft bearing journals for scoring.

e Remove carbon and varnish deposits from inside of
valve guides with a valve guide cleaner.

o Verify the valve tappets move freely in their bores,
and that they have been rotating.

e Check the valve guide height.

besm020068

Assembly

1. Install new valve guide if necessary.
2. Install new valve seat if necessary.

3. Using special tool CH-20011 (1) and CH-20012 (2),
install the new valve oil seal.

Iltsm020224

4. Install the valves into the cylinder head (larger diameter on intake side).
5. Install the valve springs.
6. Install the valve spring retainers.
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7. Using a valve spring compressor CH-20018 (1),

compress the valve springs.
8. Install the valve keepers.

besm020067

9. Strike the valve stem lightly with a plastic hammer after installation to verify proper assembly.

10. Install valve tappets in the head.
11. Install the camshafts.

Installation Notes:
e Coat the valve oil seal with engine oil.

Camshaft
Specifications

Camshaft Specifications

DESCRIPTION SPECIFICATION (mm)

Intake Cam Lobe Height 37.15
Exhaust Cam Lobe Height 37.05
Journal #1 Outer Diameter 31.934 - 31.95
Journal #2, #3, #4, #5, Outer Diameter 23.947 - 23.96
Cam Bearing #1 Inner Diameter 32 - 32.025
Cam Bearing #2, #3, #4, #5, Inner Diameter 24 - 24.021
Journal #1 Clearance 0.05 - 0.091
Journal #2, #3, #4, #5 Clearance 0.04 - 0.074
Intake Camshaft Axial Clearance 0.15-0.20
Exhaust Camshaft Axial Clearance 0.15-0.20

WWW.DIGITALKHODRO.COM

021 62 99 92 92




WWW.DIGITALKHODRO.COM 021 62 99 92 92
CYLINDER HEAD UNIT REPAIR

Disassembly

1. Remove the camshaft bearing caps bolts.

NOTE: Equally loosen camshaft bearing cap bolts
in several steps.

besm020035

2. Remove the camshaft bearing caps and place them in proper order.
NOTE: The camshaft bearing caps are marked for identification.
3. Remove the camshafts and then remove the camshaft seals.

Inspection

Inspect the camshaft for the following:
e Measure the camshaft cam lobe height.
o If wear is beyond the limit, replace the camshaft.

besm020037

CAMSHAFT CAM LOBE HEIGHT
Intake Cam Lobe Height 37.15 mm
Exhaust Cam Lobe Height 37.05 mm
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e Measure the outer diameter of the camshaft
journal.

besm020038

OUTER DIAMETER OF CAMSHAFT JOURNAL

Journal #1 Outer Diameter

31.934 - 31.95 mm

Journal #2, #3, #4, #5, Outer Diameter

23.947 - 23.96 mm

e Measure the inner diameter of the camshaft
bearing.

besm020039

INNER DIAMETER OF CAMSHAFT BEARING

Cam Bearing #1 Inner Diameter

32 - 32.025 mm

Cam Bearing #2, #3, #4, #5, Inner Diameter

24 - 24.021 mm

e Calculation of camshaft journal clearance

Journal clearance = (inner diameter of camshaft bearing) - (outer diameter of camshaft journal)

CAMSHAFT JOURNAL CLEARANCE

Journal #1 Clearance

0.05 - 0.091 mm

Journal #2, #3, #4, #5 Clearance

0.04 - 0.074 mm
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e Measure the axial clearance of camshatft.

besm020070

CAMSHAFT AXIAL CLEARANCE

Intake Camshaft
Exhaust Camshaft

0.15 - 0.20 mm
0.15 - 0.20 mm

Assembly

1. Using special tool CH-20010 (1), install the cam-
shaft holder to hold the camshafts in place.
NOTE :

The camshaft holder will prevent the camshafts from
rotating in either direction.

besm020016
2. Installation is in the reverse order of removal.
Installation Notes: 5
1
¢ Install the intake and exhaust camshaft bearing 5 1 n 7
caps in the proper order. o 2 A
e Slowly tighten bolts to the specified torque.
¢ Follow the torque sequence as shown. OX)EO 00 O30
5 7
2 4
6 8
—
besm020036
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Valve & Valve Guides
Specifications

Valve & Valve Guide Specifications

DESCRIPTION SPECIFICATION (mm)
Intake Valve Deflection 0.02
Exhaust Valve Deflection 0.04
Intake Valve Guide Clearance 0.012 - 0.043
Exhaust Valve Guide Clearance 0.032 - 0.063

Disassembly

NOTE :

The following special tools are required to perform the repair procedure:
e CH-20011 - Valve Seal Installer

CH-20012 - Valve Stem Seal Installer Guide

CH-20013 - Valve Seal Remover

CH-20017 - Valve Keeper Installer

CH-20018 - Valve Spring Compressor

1. Using the special tool CH-20018 (1), compress the

valve springs.

besm020067
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2. Remove the valve keeper (1), valve spring retainer
(2) and valve spring (3).
3. Remove valves (4) from the cylinder head.

Inspection

Inspect the valves for the following:

e Clean all valves thoroughly and discard burned,
warped and cracked valves.

e Check valve seats and valve faces for damage.

o When reconditioning valves follow the specifications
outlined for both intake and exhaust valves.
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ITEM SPECIFICATION (mm)
. Intake Valve 5.98 + 0.008
Valve Outer Diameter

Exhaust Valve 5.96 + 0.008

. . Intake Valve 54 +01

Valve Guide Inner Diameter
Exhaust Valve 54 +0.1
. . Intake Valve 0.3 +0.15
Fringe Thickness On Top Of Valve
Exhaust Valve 0.3 +0.15
. Intake Valve 65°
Valve Tilt Angle
Exhaust Valve 68°
. Intake Valve 107.998
Valve Height
Exhaust Valve 106.318
e Measure valve deflection.
VALVE DEFLECTION LIMIT (DIAL GAUGE READING)
Intake 0.02 mm
Exhaust 0.04 mm

e If it exceeds the limit, check valve to valve guide clearance.

— Measure valve stem diameter and valve guide inner diameter.

— Check that clearance is within specification.

— If it exceeds the limit, replace valve or valve

guide.
besm020073
VALVE TO VALVE GUIDE CLEARANCE STANDARD
Intake 0.012 - 0.043 mm
Exhaust 0.032 - 0.063 mm
Assembly

1. Install the valves into the cylinder head (larger diameter on intake side).

2. Install the valve springs.
3. Install the valve spring retainers.
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4. Using valve spring compressor CH-20018 (1), com-
press the valve springs.

5. Install the valve keepers.

besm020067

6. Strike the valve stem lightly with a plastic hammer after installation to verify proper assembly.
Valve Springs
Specifications

Valve Spring Specifications

DESCRIPTION SPECIFICATION (mm)
Spring Free Length 47.7
Spring Height At 620 Newtons Of Pressure 32.0

Disassembly

NOTE :

The following special tools are required to perform the repair procedure:
CH-20011 - Valve Seal Installer

CH-20012 - Valve Stem Seal Installer Guide

CH-200183 - Valve Seal Remover

CH-20017 - Valve Keeper Installer

CH-20018 - Valve Spring Compressor

1. Using the special tool CH-20018 (1), compress the
valve springs.

besm020067
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2. Remove the valve keeper (1), valve spring retainer
2).

3. Remove the valve springs (3) from the cylinder
head.

vism080040

Inspection

Inspect the valve springs for the following:

e Whenever valves have been removed for inspec-
tion, reconditioning or replacement, valve springs
should be tested for correct load.

e Discard the springs that do not meet specifications.
e The following specifications apply to both intake 4[}\
and exhaust valve springs. .
bl 111 ’|—\
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VALVE SPRING LENGTH/HEIGHT
Spring Free Length 47.7 mm
Spring Height At 620 Newtons Of Pressure 32.0 mm

If it is not within specifications, replace the valve spring.
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Assembly
1. Install the valve springs.
2. Install the valve spring retainers.

3. Using a valve spring compressor CH-20018 (1),
compress the valve springs.

4. Install the valve keepers.

besm020067

5. Strike the valve stem lightly with a plastic hammer after installation to verify proper assembly.
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