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ENGINE MECHANICAL SYSTEM

SPECIAL SERVICE TOOLS

Engine
Special service tools

0K130 990 007

Engine stand

Used to disassemble and assemble engine.

0K130 160 019

Centering tool, clutch disc

Used to install clutch disc and clutch cover.

0K410 101 004

Hanger, engine stand

N

Used to disassembie and assemble engine.

0K552 111 001

Holder, camshaft pulley

'Used to install camshatt pulley.

0K993 120 004

Pivot, valve spring lifter

s

Used to remove and install valve.

- 0K552 131 002

Adapter, compression gauge

Usad to measure compression pressure.

0K710 120 004

Installer, valve seal

Used to install valve seal.

0K993 120 001

Arm, valve spring lifter

WS

Used to remove and install valve.




SYMPTOM-RELATED DIAGNOSTIC PROCEDURE

EM-5

- Problem Possible Cause Action to be taken
White smoke out of Usually caused by water vapor, which is a nomal by product None required
exhaust of combustion on cold days.
Excessive white smoke with engine warmed up could be Repair or replace
caused by a failed cylinder head or intake gasket, could also
be cracked block, ¢ylinder head or intake manifold.
Black smoke out of Malfunction of fuel system Refer to section FL, fuei system
exhaust Malfunction of emission system Refer to section EC, emission

control system

Abnormal combustion Sticking or bumed valve Repiace
: Weak or broken valve spring Replace
Carbon accumulation in combustion chamber Eliminate the carbon
Poor Idling Malfunction of fuel system Refer to section FL, fuel system
Malfunction of emission system Refer to saction EC, emission
control system
Uneven cylinder compressicn Repair
Poor valve to valve seat contact Repair or replace
Broken valve spring Repair
Failed cylinder head gasket Replace
Turbocharger nolse Contaminated air cleaner element Replace
Foreign material in intake duct or compressor housing Clean
. Foreign material between intake manifold and compressor Clean
Foreign material in engine exhaust system Clean
Carbon deposit on turbine housing Clean
_Interference between turbocharger rotating parts || 'Repair or replace
Tighten

Loose connecting parts of intake and exhaust system

Engine knocks when Loose or worn accessory drive beltftensioner Replace if necessary
hot and at idle Improper oil viscosity Install proper oil viscosity for
expected temperature
Excessive piston pin clearance install new piston pin and/or
connecting rod .

Connecting rod alignment Check and replace
Insufficient piston to bore clearance Hone and fit new pistons
Faulty timing belt tensioner or guide Replace
Loose damper pulley Tighten or replace

Slight nolse at Idle, Valve spring clicking on cap, off square or broken Repair or replace

becomes louder as engine | Excessive stem to guide clearance Repair

speed Is increased Excessive valve seat runout Repair
Holed exhaust pipe Replace

Engine knoks when cold Excessive piston to wall clearance Replace
Loose ar broken damper pulley Tighten or replace

Knock increase with Excessive piston to bore clearance Replace piston

torque Bent connecting rod Replace

Engine has heavy knock Broken damper pulley Replace

when hot and torque is Accessory belts too tight or damaged Adjust or replace belt

applied Belt tensioner damaged Replace
Flywhest cracked or loose cluich plate Replace flywheel or cluich plate
Excessive main bearing clearance Repair
Excessive rod bearing clearance Repair




EM-6 ENGINE MECHANICAL SYSTEM
Problem Possible Cause Action to be taken
Engine has light knock Imprcper timing Check timing
when hot and under Piston pin andfor connectmg rod Replace
light lood conditions Poor quality fuel ' Replace
Exhaust leak at manifold - Tighten or replace

Excessive rod bearing clearance

Repair

Engine knocks on initlal

Improper oil viscosity

Install proper oil viscosity

start up.and knock lasts for expected temperature
only a few seconds
Interference of Damaged compressor blades due to external cause Rapair or replace
turbocharger, poor Interference of turbine and compressor blades with housing Repair or replace
rotation Excessive deposit on compressor housing or wheel Clean or repair
Excessive carbon deposit on the back of iurblne blade Clean or repair
Bum out of center housing Replace
Leakage from Excessive initial oil applying Bumn it normally
turbocharger turbine shaft | Blocked crankcase breather Repair
Cbstacte in turbocharger oil drain line Clean and repair
. Bum out of center housing Clean and replace
Wear on turbocharger bearing, bearing bore ar shaft journal Repair or replace
Excessive crankcasa oil Correct il amount
Leakage from Contaminated air cleaner element - Replace
turbocharger compressor | Biocked duct between comipressor and air cleaner Repair
Loose compressor and intake system connecting duct Tighten
Leakage from intake manifold - Repair
Obstacle in turbocharger oil drain line ’ e *Repair or replace
Blocked blowby passage in crankcase ' " Repair
Wom or damaged compressor blades Clean or replace
Wear or turbocharger bearing bore, bearing or shaft journat Replace '
Wear on turbocharger Contaminated oil Replace
bearing, bore or shaft Insufficient oil supply Check
Journal Obstacle in turbocharger oil supply line Check and repair
Plugged ail filter Replace
Poor oil pump operation Check and repair




SPECIAL SERVICE TOOLS

EM-3

0K993 120 006

Remover, valve seal

=

Usad to remove valve seal.

0K590 111 001

Ring gear brake set

Used to prevent engine rotation.

0K130 111 004

Holder, c_ouhllﬁg flange

Used to remove camshaft gear.
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ENGINE MECHANICAL SYSTEM

SYMPTOM-RELATED DIAGNOSTIC PROCEDURE

Engine
Diagnostic chart
Problem Possible Cause Action to be taken
insufficient power Insufficient compression caused by:

smoke generation

1. Contaminated air cleaner element

2. Loose hose connection between compressor

and intercooler

Leakage from intake manifold

Leakage from exhaust manifold

Leakage from turbocharger mounting flange

Interference between turbocharger compressor

turbine and case

7. Blocked duct between air cleaner and turbocharger
compressor

8. Blocked duct between compressor and intake manifold

9. Interference between intake and exhaust manifolds

10. Leakage from valve seat

11. Seized valve stem

12. Weak or broken valve spring

13. Failed cylinder head gasket

14. Cracked or distorted cylinder head

15. Sticking, damaged, or worn piston ring

16. Cracked or worn piston :

;oL

Malfunction of fuel system
Slipping clitch
Wrang fire size
Restricted exhaust system

Refer to section FL, fuel system
Refer to section CH, clitch

Refer to section 33, wheel and tires

Refer to section EM-IE, exhaust
system

Excessive oil
consumption

Abnormal engine oil viscosity

Leakage from turbocharger compressor
{adhesion of cil to housing or wheel)
Leakage turbocharger turbine

Wom or sticking piston ring or groove
Worn piston or cylinder

Bad valve seal

Wom valve stem or guide

Replace
Repair

Repair

Replace

Repair or replace
Replace

Replace

Engine cranks

Malfunction of fuel system

Refer to section FL, fuel system

normally, but does Malfunction of electrical system Refer to section EE, starting
not start system
Restricted exhaust system Refer to section EMHE,
exhaust system
Timing belt and/or related parts Replace
Low compression
Camshaft wom
Blue smoke out of Usually caused by oil bumning in the combustion chamber from: Repiace
exhaust wom rings, wom valve guides, worn valve seals or failed
cylinder head gasket
Contaminated air cleaner element
Loose hose connection between compressor and intercooler Tighten
Leakage from intake manifold Repair
Blocked oil filter Replace
Blocked duct between air cleaner and turbocharger compressor Repair
Leakage from turbocharger compressor Repair
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SPECIFICATION EM-7
SPECIFICATION
Engine
Specification
Engine madel J3:COMMON RAIL SYSTEM
item )
Type Diesel, 4-Cycles .
Number of cylinders 4-Cylinder.inline
Combustion chamber Re-entrant
Displacement - cu. in {cc) 177 (2902)
Baore and stroke in (mm) 3.82 X 3.85 (97.1 X 98)
Compression ratio 19.3
Compression pressure psi (kPa, kg/icm?)-rpm 426.6 (2943, 30) - 200
Valve timing Intake Open ‘BTDC 26°
' Closed ABDC 50°
Exhaust Open BBDC 50°
_ Closed ATDC 29°
Valve clearance(cold engine) Intake 0 : Maintenance-free
) ~in (rhm) " Exhaust 0 : Maintenance-free. .
Idle speed pm 800 100
Injection order 1-3-4-2
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EM-8 ENGINE MECHANICAL SYSTEM
ON-VEHICLE SERVICE Engine coolant
PROCEDURE Coolant level
. . A WARNING
Engine oil A) NEVER REMOVE THE RADIATOR CAP
1. Be sure the vehicle is on level ground. WHILE THE ENGINE IS HOT.
2. Warm up the engine to normal operating B) WRAP A THICK CLOTH AROUND THE CAP
temperature and stop it. WHEN REMOVING IT.
3. Wait for § minutes. ,
4. Remove the oil level gauge and check the oil level 1. Verify that the coolant level is near the radiator filler
and condition. neck.
' 2. Check that the level in the coolant reservoir is
between the “Full” and “Low™ marks.
AGX01dAD22
AV2A10020
5. Add or replace oil if necessary.

3. Add coolant if necessary.

Coolant quality

1. Verify that there is no build up of rust or scale
around the radiator cap of radiator filler neck.

2. Verify that the coolant is free of oil.

3. Replace the coolant if necessary.



ON-VEHICLE SERVICE PROCEDURE
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Drive belt

Inspection

1. Check the drive belts for wear, cracks, and fraying.
Replace if necessary.

2. Verify that the drive belts are correctly mounted on
the pulleys.

3. Verify that “g” mark of auto-tensioner align “t ¢~
mark. lf two marks align as shown (), the tension of
auto-tensioner is good. If not align as shown (2, re-
install the auto-tensioner or replace the drive belt.

AV2A10B001

4. Check the A/C drive belt deflection by applying
moderate pressure (22 Ib, 98 N, 10 kg) midway
between the pulleys.

AVZA10B0O02

Y Caution
a) Measure the belt deflection between the pulleys.
b) Consider the belt as a new one if it has been used
on a running engine for less than five minutes.
¢} Check the belt deflection when the engine is cold
or at least 30 minuies after the engine Is stopped.

A/C belt deflection:
New one: 0.28~0.35 in (7~9 mm)
Used one: 0.35~0.43 in {9~11 mm)

Adjustment

‘ AN9010018-1

1. Loosen the idler pulley mounting bolt.

2. Adjust the bel deflection by turning the adjusting bolt.

Deflection (When applying 22 Ib, 98 N, 10 kg)
New one: 0.28~0.35 in (7~9 mm)
Used one: 0.35~0.43 in {8~11 mm)

3. After making the adjustment, tighten the idler pulley
mounting ‘bolt.

Tightening terque:
28~38 Ib-ft (37~52N-m, 3.8~5.3 kg-m)

Replacement

Raise the vehicle and support it with safety stands.
Remove the RH side wheel.

Loosen the idle pulley mounting bolt.

Remove the A/C drive belt.

Lower the auto tensioner with spanner and then
remove the drive bel.

PSR e

AV2A10B038

6. Lower the auto tensioner with spanner and then
install the drive belt.

7. Install the A/C drive belt.

8. Check the A/C drive belt deflection. (Refer to
Inspection and Adjustment, page EM-9)
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ENGINE MECHANICAL SYSTEM

Timing belt

Removal

Raise vehicle and support it with safety stands.
Remove the radiator upper hose.

Remove the fuel filter hoses still connected.
Remove the No.3 engine mounting rubber.

hOMN=

No.3 engine
mounting rubber

AV2A10B039A

5. Remove the No.3 engine mounting brackét.

AVZA10B040

Remove the RH side whesl.

Remove the A/C drive belt.

Remove the drive belt.(Refer to Drive belt
replacement, page EM-9) ’

9. Remove the autb tensioner.

10. Remove the water pump pulley.

11. Remove the crankshaft pulley.

12. Remove the upper timing belt cover.

13. Remove the lower timing belt cover.

14. Rotate crankshaft and align timing mark on timing
belt pulley with timing mark on engine block.

S

igh pressure

Crankshaft
pulley pump pulley
BV2A10B001

15. Remove the auto tensioner.
16. Remove the timing belt.



'ON-VEHICLE SERVICE PROCEDURE

EM-11

Replacement

1. Check that timing mark on timing belt pulley,
camshaft pulley and high pressure pump pulley is
aligned with timing mark on engine.

Camshaft
pulleys

Idler No.1

Auto .
tensioner High
pressure
Crankshaft - purmp pulley
pulley _j Idler No.2
= BV2A108001

2. Install the timing bett. .
1) The timing belt is installed in sequence crank
shaft pulley, idler No_2, high pressure pump
pulley, idler No.1 and camshaft pulley.

% Notice
a} The auto-tensionar must be mounted onto the
engine after the timing belt is installed.
b} Keep the tension of timing belt when install
timing belt. -

3. Install the auto-tensioner.
1) Install the auto-tensioner as shown illust.
The dowel pin has to be located between the
tensioner fork {back plate). e

\ Cowsl pin

Special washer

Pointer Lock bolt

s

Timing be#

EV2A10B004

2) Pretighten the auto-tensioner.

Tightening torque:
2.91b-ft (3.9N-m , 0.4kg-m)

% Notice
a) Oil must not get in contact with the tensioner.
The tensioner has to be replaced by a new one,
ifitis oily.
b) The positions of the pointer, the back plate and
the special washer are in accordance to the
illust. : :

4. Check again if the alignment marks of camshatts,
crankshaft and high pressure pump are aligned with
the marks on the timing case.

5. Adjust the auto-tensioner, and then tighten it.
1) Align the pointer to the back plate by rotating
the special washer in counter-clockwise using
the hexagon wrench as shown illust.

Peinter

Special washer
: BY2A10B005

2} Tighten the auto-tensioner lock bolt with holding
the special washer by the hexagon wrench
when the pointer is aligned with the back plate.

Tightening torque :
17.41b-ft (23.5N-m, 2.4kg-m)

Pointer

Hexagon
wrench

BV2A10B008

3} Remove the hexagon wrench,
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ENGINE MECHANICAL SYSTEM

% Notice
if the pointer can not be aligned with the back plate,
then a new belt has to be used.

6. Rotate the crankshaft two full revolutions in
clockwise to align the TDC maric

7. Check again if the alignment marks of camshafts,
crankshaft and high pressure pump are aligned with
the marks on the timing case.

8. Check the alignment of tha pointer and back plate.

BV2A10B007

Allowance misalignment : +5°

9. If the misalignment between pointer and back plate
is bigger than +5°, repeat step 4~8.

10. Install the upper and lower timing belt cover.

Tightening torque:
5.1~7.2 Ib-ft (6.9~9.8 N-m, 70~100 kg-cm)

11. Install the crankshaft pullay.

Tightening torque:
253~289 Ib-ft (343~392 N-m, 35~40 kg-m)

12. Install the water pump pulley.

Tightening torque:
13.0~20.9 Ib-ft (17.6~28.4 N-m, 1.8~2.9 kg-m)

13. Install the auto tensioner.

Tightening torque:
13.0~20.9 Ib-ft (17.6~28.4 N-m, 1.8~2.9 kg-m)

14. Install the drive belt and A/C drive belt.
{Refer to Drive belt, page EM-9)
15. Install the RH side wheel.

Tightening torque:
65~79 Ib-ft (88~108 N-m, 9.0~11.0 kg-m)

16. Install the No.3 engine mounting bracket.

Tightening torque:
26.7~39.8 Ib-ft (36.2~53.9 N'm, 3.7~5.5 kg-m)

17. Install the No.3 engine mounting rubber.
Tightening torque:

Nut: 49.1~68.7 Ib-ft (66.7~93.1 Nem, 6.8~0.5 kg-n)
Bolt: 62.9~85.0 Ib-ft (85.3~116.7 Nem, 8.7~11.9 kg-m)

A

AV2A10BO3SA

18. Instail the fuel filter.

19. Install the radiator hose.

20. Fill engine coolant with specified type and
amount.(Refer to section EM-CL, Cooling systerm)

21, Start engine and then check for leaks.

Compression pressure

Inspection

1. Warm up the engine upto the normal operating
temperature, then stop the engine and disconnect
the connector of fuel cut solenoid.

Remove ali injection pipes, nozzles and washers.
Attach the 88T to the nozzle hole.

Measure the compression pressure during
cranking.

pON

Engine model | J3 COMMON RAIL
Hem ISYSTEM

426.6(2943, 30)-200
383.9(2649, 27)-200

Compression pressure | Nommal
psi (kPa, kg/cm?-pm Limit

Cylinder-to-cylinder pressure difference

] . below 42.7(294,3.0)
psi (kPa, kg/em?)

5. Do above step 3~4 again for each cylinder.

6. Mthe measure value is below the limit, consider it
as abrasion or damage of piston and piston ring,
misalignment of valve, damage of gasket, and etc..
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Ladder frame

Removal

1. Remove oil pan.(Refer to section EM-LU,
Lubrication system)

2. Adjustthe V groove TDC mark on the outside of
pulley to the TDC mark “T” on the timing cover, by
rotating the crank shaft pulley.

AV2A10B031

3. When disassembiing ladder frame, separate the oil
feeding pipe from the oil pump by loosening the oil
feeding pipe boltt. - . :

Oil pump J—“—.’

uuuuuuuu

Crankshaft
gear

AV2A10B036

4. Loosen the ladder frame fastener bolt. Remove ladder
frame.

Replacement - .
1. install the ladder frame into block. Check the dowel
pin of ladder frame is matched with lower surface of

block and insert the oil level gauge into the ladder
frame hole. -

Tightening torque (ladder frame boit):
32.5 Ib-ft (44 N-m, 4.5 kg-m)

2. Install crankshatt sprocket and oil pump sprocket.
3. Install the oil feeding pipe into the ladder frame, oil
pump and block and then tighten bolts.

" Qil pump

H

Crankshaft
gear
S AV2A10B036
4. -Install the oil pan. (Refer to section EM-LU,
Lubrication system). -
5. Fill engine oil with specified type and amount.(Refer
to section EM-LU, Lubrication system)
6. Start engine and then check for leaks.
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ENGINE MECHANICAL SYSTEM

DISASSEMBLY, INSPECTION
AND REASSEMBLY
PROCEDURE

% Notice : : L ;

a) Code all identical parts(such as pistons, piston
rings, connecting rods, and valve springs) so
that they can be reinstalled in the cylinder from
which they were removed. : .

b} Clean the parts with steam, blow off any
remining water with compressed air.

c) Care should be taken during the disassembly of
any part or system to study its order of
assembly. Any deformation, wear or damage
should also be noted.

‘Auxiliary parts
Disassembly

1. Remove inter cooler cover. o
2. Remove inter cooler and inter cooler-air inlet hose.

Inter cooler air inlet hose

AV2A10B052

3. Remove engine hamess.
4. Remove ventilator hose.
5. Remove fuel injection pipe.

Injection pipe

EFLOFLO11

6. Remove air separator and air separator hose/pipe.

Air seperator
pipe
Air
seperator
[

[ Sa— )
i EFLOFLO60

7. Remove ventilation pipe and hose.
8. Remove lower water hose from cylinder block.
9. Remove EGR pipe: :
10. Remove alternator, hose, altermator bracket and
auto tensioner.

AV2A10B056

11. Remove thermostat housing assembly.

AV2A108067

12. Remave turbo charger insulator.



DISASSEMBLY, INSPECTION AND REASSEMBLY PROCEDURE EM-15

13. Remove turbo charger assembly.

15. Remove power steering pump bracket.

AV2ZA10B058A

AV2A10B0O52

16. Remove exhaust manifold insulator, exhaust

mapnifold and gasket.
17. Remove EGR valve and gasket.
18. Remove intake manifold and gasket.

| A

&

Bolt Bolt

EFLOFLOS2

19. Remove common rail.(Refer to section FL)

Common rail Protection cap

Bolt EFLOFLO17

O®

Sa=

Installation holes

AV2A10B037

21. Mount engine on the. SST (0K 130 990 007).

.

AV2A108060

Reassembly
Assembly will be performed in the reverse order.
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ENGINE MECHANICAL SYSTEM

Timing belt cover
Disassembly

Neo N~

Remove No.3 engine mounting bracket.
Remove water pump pulley.

Remove power steering pump.
Remove crankshait pulley.

Remove idler and bracket.

Remove upper timing beit cover.
Remove lower timing belt cover.

Reassembly

1.

Install upper and lower timing belt cover.

Tightening torque:
5.1~7.2 Ib-ft {6.9~9.8 N»m, 0.7~1.0 kg-m}

Install idler and bracket.

Tightening torque: .
27.5~38.3 Ib-1t (37.2~51.9 N-m, 3.8~5.3 kg-m)

insta”ii crankshaft pulley.

Tightening torque:
253~289 lh—ﬂ (343~392 Nemn,- 35-40 kg-m)

Instatl power steermg pump.

Tlghlening torque
21.7~28.9 Ib-ft (29.4~39.2 N-m, 3.0~4.0 kg-m)

Install No.3 engine mounting bracket.

Tightening torque:
49.2~68.7 Ib-ft (66.6~83.1 N-m, 6.8~8.5 kg-m)
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Timing belt

AVZA10BOE2A

(1) Timing belt

{2} Water pump

{3} Camshaft pulley

{4) Tensioner

{5) Idler

{(6) Timing belt pulley

{7) Upper plate assembly
(8) Engine hanger '

(8) Imjector bracket

{10) Injector

{11) Cylinder head cover

{12) Rocker arm shaft assembly
{13) Camshatt cap

(14) Camshaft

(15) Cylinder head
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Disassefnbly 14. Remove the cylinder head bolts in the order shown
in the figure.

1. Rotate crankshatft and align timing mark on timing
belt pulley with timing mark on engine block.

High pressure

Crankshaft pump pulley

pulley

AV2A10B008

BV2A10B00%

Remove the auto tensioner.

Remove the timing belt. _
Remove the high pressure pump. :
Install the SST (0K552 111 001) as shown in the
figure and the remove the camshatt pulley.

s

0K552 111 001

AV2A10B022

Remove the idler.

Remove the timing belt pulley.

Remove the upper plate assembly.
Remove the engine hanger.

10. Remove the injector bracket and injector.
11. Remove the cylinder head cover.

12. Remove the rocker arm shaft assembly.
13. Remove the camshaft cap and camshaft.
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Inspection-
Front timing belt

3} Notice .
a) Never forcefully twist, tum inside out or bend
timing beit. '
b) Do not alfow oil or grease o come in contact
with timing belt.

1. Replace timing belt if it is contaminated with oil or
grease. -

2. Check timing belt for uneven wear, fraying, peeling,
cracking and-hardening. Replace timing belt if
necessary.

Damage / Wear
[~ -amag

ABT010217

3. Bend timing belt into.a “U” shapes as shown in

figure. Distance “A” must be at least 1.0 in (25 mm).

- ABTO10216

Camshaft pulleys and timing beit pulley

% Notice
Do not clean pulleys with cleaning fluids. If needed,
use a soft cloth to wipe them clean, and avoid
scraltching the pulleys as it will affect integrity of the
timing beft.

1. Check pulley teeth for wear, deformities and other
damage. Replace pulleys if necessary.

Tensioner spring
1. Check the tensioner spring. Replace tensioner
spring if necessary.

AV2A10B083

Tensioner and idler

%k Notice
Do not clean tensioner pulley or idler pulley with
cleaning fluids. If needed, use a soit rag to wipe
them clean. Avoid scratching tensioner puiley or
idler pulley as it can affect integrity of timing belt.

1. Check tensioner pulley émd idier puliey for smooth
rotation and proper sound. Replace tensioner pulley
and idler pulley if necessary.

AV2410B064
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Camshaft

1.

2.

3.

Set front and rear camshaft bearing journals on V-
blocks.

Position a dial indicator on center bearing journal
and zero dial. : _
Rotate camshatft in V-blocks and check runout.

Runout: 0.0031 in (0.08 mm) maximum

AVZA10B066

Check camshatt for uneven wear patterns, cracks,
or damage.
Measure cam lobe heights at two points as shown.

Lobe height

Intake : 0.8857 in (22.497 mm)
Exhaust : 0.8894 in (22.593 mm)

2 4

AV2A10B067

oo~

10.
11.
12.
13.

14.

Check camshaft bearing journat diameter (X and Y
directions) on both sides (A and B) of joumal as
shown in figure.

Minimum diameter: )
1.1000~1.1032 In {27.941~27.960 mm)

BSX010B0894A

Replace camshafts if necessary.

Measure camshaft journal cil ¢clearance.

Remaove all foreign material and oil from journals
and bearing surfaces. N

Set camshafts onto cylinder head.

Position plastigage® on journals in axial direction.
Do not rotate camshafis.

Instali camshatft caps according to cap number and
arrow mark.

install cap nuts. Tighten them in five or six steps in
order shown. '

Tightening torque:
13.0~19.5 Ib-ft (17.6~26.5 N-m, 1.8~2.7 kg-m)

AS2A10107
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15. Loosen camshatft cap nuts in five or six steps in
order shown.
16. Remove camshaft caps.

AS2A10107

17. Measure oil clearances.

Qil clearance:
0.0016~0.0031 in (004—-008 mm) -

18. If oil clearance exceeds specification, replace
cylinder head.

BSX010B093

19. Install camshafts. :

20. Place a dial indicator against end of camshaft.

21. Using a prying tool, move camshatt as far forward
as possible.

22, Zerg dial.

23. Using prying tool, move camshaft as far rearward
as possible.

24, Check gauge tc determine how much end play is
present.

End play:
0.0031~0.0046 in (0.08~0.11 mm)

BSX0108094

Rocker arm and rocker arm shaft
1. Measure the rocker arm inner diameter.

Inner diameter: . :
0.7862~0.7874 in (19.97~20.00 mm)

2. Measure the rocker arm shaft outer diameter.

Outer diameter: .
. 0.7875~0.7866 In (19.959~18.980 mm)
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Reassembly 9, Install the camshaft cap nuts and tighten them in
1. Remove all foreign material from the top of the two or three steps in the order shown in the figure.
cylinder block. _ : i '
2. Place the new cylinder head gasket in position. Tightening torque:
: . . : 13.0~19.5 |b-ft (17.6~26.5 N-m, 1.8~2.7 kg-m)
v# Caution - ' _
Measure the length of cylinder head bolt, _ :
_replace if necessary. 7 o Q e /°
Long bolt: 5.2In (132 mm) . ° —
Short bolt: 3.7 in (83 mm} A & A l
. J
3. Install the cylinder head. : 0 =) n?,_\o @ YO=
4. Apply an engine oil into the surface and thread of ) AR - Sl
cylinder head bolt, and install the cylinder head D o~ d «@
- bolts to the cylinder head. l l
5. Tighten the cylinder head bolts in the order shown .
in the figure. | I_’_’ & ) @ r ® \_J ®
Tightening torque:
AS2A10107

Angle contorl
Long bott: 25.32 Ib-t (34.3 Nem, 3.5 kg-m)+45°+70°
Short bolt: 25.32 Ib-ft (34.3 N-m, 3.5 kg-m)

+40°+45° _

® ® ®@ © @ @ @ O© ©®

~__ [ [ [ [ [ [ [

@T@r’:@m NLOY
%‘f > M

[-
( ",ﬁ

(
I
{

A1 1 1 [ 1 1 1 1
B @ & O & @ ®
AVZ2A10BO0S

6. Remove all foreign material and oil from the
joumals and bearing surface.

7. Set the camshaft onto the cylinder head.

8. Install the camshaft caps according to the cap
number and arrow mark.

© & ©& ©&
(o { (Co [ (Lo ( (o
& @ ® )
& W W W

AVZA10B065

¥ Notice o _ B
Do not exchange intake rocker arm shaft and
exhaust rocker arm shaft each other.
- Intake side: Yellow o
» Exhaust side: Black

10. Install the intake rocker arm shaft and exhaust
rocker arm shaft and tighten them in two or three
steps’in the order shown in the figure.

Tighienlng_torqﬁé: _
13.0~18.5 Ib-ft (17.6~26.5 N-m, 1.8~2.7 kg-m)

© AV2A10B025
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11. Install the cylinder head cover.

Tightening torque: o
5.1~6.5 Ib-ft (6.9~8.8 N-m, 70~90 kg-cm)

% Notice ,
Inspact clearance between dowel pin of camshaft
end and phase sensor, before install cylinder head
cover. : ‘ :

Clearance: 0.019~0.059in (0.5~1.5mm)

0.019~0.059 in’
{0.5~1.5mm)

— -

Phase sensor

Camshaft

Dowel pin

AVZA10B084

12. Install the injector and install the injector bracket.
(Refer to section FL)

Tightening torque: . -
14.5~15.9 Ib-ft (19:6~21.6 N-m, 2.0~2.2 kg-m)

13. Install the front and rear engine hanger.
14. Install the upper plate assembly.
15. Install the idlers.

Tightening torque :
29.71b-ft (40.2N-m , 4.1kg-m)

% Notice T
Be careful that the idlers does not change.
tdler No.1{ # 2.36in{ » 60mm)),idler No2( ¢ 2.16in
{# 55mm)) . '

16. Install the high pressure pump.
1)} Tighten the high pressure pump assembly fixing
bolts after installed the high pressure pump to
the timing case.

Tightening torque : .
15.9~18.8Ib-ft (21.6~25.5N-m , 2.2~2.6kg-m)

2) Pre-tighten the high pressure pump pulley lock
nut after instalied the high pressure pump pulley
to the high pressure pump shaft with key.

3) Fix the high pressure pump pulley by used to
two setting bolts, after aligned the high pressure
pump pulley timing mark as shown illust.

Setting bolt

Timing mark

Timing mark
BV2A10B002A

4) Tighten the high pressure pump pulley lock nut.

Tightening torque :
47.0lb-ft (63.7N-m , 6.5kg-m)

5) Instafl the high pressure pump bracket to the
high pressure pump and cylinder bloqk.

Y#. Caution
First tighten the cylinder block side bolts and
then second tighten the pump side bolts after
checking that there is no clearance between
bracket and pump. .

Tightening torque :
Pump side :
15.9~18.8Ib-ft (21.6~25.5N-m , 2.2~2.6kg-m)
Cylinder block side :
25.3~29.71b-ft (34.3~40.2N-m , 3.5~4.1kg-m)
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2) Install the camshatt fixing tool (SST) between
two camshaft pulleys.
Timing case 3) Tighten the camshaft pulley lock nut.
15.9-15.8 Ib-#t Tightening torque :
~ {21.6~25.5 N'm,
oo 47.0Ib-ft (63.7N-m , 6.5kg-m)
15.9-18.8 It 4) Remove the camshatt fixing tool (SST).
{21.6~25.5 Nem,
2.2~2.8kg-m) 19. Install the timing belt. _
12;3;-236?2':?;' 1) The timing belt is installed in sequence crank
3.5~4.1 kgem) shaft pulley, idler No.2, high pressure pump

‘ » _ EFLOFLOG!
17. Align the crankshaft pulley timing mark.

VS Caution
When the crankshaft is rotated without timing
belt, could damage piston and vaive.
Before assemble the-cylinder head, align TDC
for No.1 piston.” . -

18. Align the camshé'ﬂ pulley timing maric.
1) Align "EX"mark of the left camshaft pulley and
"IN" mark of the right camshatft pulley to the
cylinder head top face as shown illust

Y4 Caution 7 '

Cylinder head top face

Timing mark

. BV2A10B003

When the camshaftt Is rotated withotit iming
belt, could damage piston and vaive. -
Before assemble the cylinder head, align the
camshaft pulley iming mark

pulley, idler No.1 and camshaft pulley.

% Notice o
a) The auto-tensioner must be mounted onto the
engine affer the iming beR is installed.
b) Keep the tension of timing belt when install
timing belt.

20. Install the auto-tensioner.
1} Install the auto-tensioner as shown illust.
The dowe! pin has to be located between the
tensioner fork (back plate).

Back plate \ Dowel pin

Special washer

Point

Timing belt,

BV2A10B004

2) Pretighten the auto-tensioner.

Tightening forque : .
2.9Ib-ft (3.9N-m , 0.4kg-m)

% Notice
a) Oil must not get in contact with the tensioner.
The tensioner has to be replaced by a new one,
if it is oily.
b} The positions of the pointer, the back plate and
_ the special washer are in accordance lo the
iflust.
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21. Install the touch idier.

Tightening torque :
17.41b-ft (23.5N-m, 2.4kg-m)

22, Remove two setting bolts from the high pressure
pump pulley. ,

23. Check again if the alignment marks of camshafts,
crankshaft and high pressure pump are aligned with
the marks on the timing case.

High pressu're_ .

Crankshaft 3
pump puliey

pulley

BV2A10B001

24, Adjust the auto-tensioner, and then tighten it.
1) Align the pointer to the back plate by rotating
the special washer in counter-clockwise using
the hexagon wrench as shown illust.

Pointer

Spacial washer

BV2A10B005

2) Tighten the auto-tensioner lock bolt with holding
the special washer by the hexagon wrench
when the pointer is aligned with the back plate.

Tightening torque :
17.41b-ft {23.5N-m , 2.4kg-m)

Pointer

Hexagon
wrench

BV2A10B006
3) Remove the hexagon wrench.

%k Notice
if the pointer can not be aligned with the back plate,
then a new belt has to be used. .

25. Rotate the crankshaft two full revolutions in
clockwise to align the TDG mark.

26. Check again if the alignment marks of camshatfts,
crankshaft and high pressure pump are aligned with
the marks on the timing case.

27. Check the alignment of the pointer and back plate.

BV2A10B007

Allowance misalignment : +5°

28. If the misalignment between pointer and back plate
is bigger than {£5°), repeat step 23~27.
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Cylinder head
AV2A10B8082

(1) Valve cotter - (4) Véfve'spring lower seat
{2) Valve spring upper seat . (5) Valve
(3) Valve spring ' o {6) Valve seal
Disassembly o 3. Pul the valve seal out by using the SST (0K983
1. Remove the valve cotter by using the SST (0K993 120 008). -

120 001 / 0K993 120 004).

0K993 120 001

0K993 120 006

AV2A10B069
AV2A10B068

2. Remove the valve spring upper seat, valve spring,
valve spring lower seat and valve.
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Inspection

Valve mechanism
1. Inspect each valve for following:
a. Damaged or bent valve stem
b. Rough or damaged face
c. Damaged or unevenly worn stem tip

2. Resurface or replace valve as needed.

Margin thickness
Intake: 0.047 in (1.2 mm)
Exhaust: 0.043 in (1.1 mm)

@7 Stem tip BSXO10A112

Valve spring

= 1. Inspect each valve spring for cracks and damage.

' 2. Measure free length and out-of-square. Replace
valve springs as needed

- Free Iength 2 066 in (52 AT mm)
) A Out-of-square -2° maximum
Margin _L_ .

thickness Valve face
T angle 45°

BSX010A110

3. Measure diameter of each valve stem.

Diameter - Qut-of-square
Intake: 0.2742~0.2748 in (6.965~6.980 mm)

Exhaust: 0.2734~0.2740 in {6.945~6.960 mm)

2T
AS2A10139

BSX010A111

4. Measure inside diameter of each valve guide at
points shown in figure.

Diameter intake and exhaust valve guide:
0.2759~0.2767 in (7.010~7.030 mm)
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Reassembly
1. By using the proper tool, press the valve seal.

Q Q
—
() () /é E
(&)
L
AV2A10B070

2. Install the valve, valve spring lower seat, vaive
spring and valve spring upper seat.

3. By using SST (0K993 120 001/ 0K993 120 004),
compress the valve spring and place the valve
cotter securely.

4. By using a plastic hammer, tap the stem lightly to
assure proper fit. | .

QK293 120 001

AV2ZA10B068
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Cylinder block

AVZA10B071A

(1) Oil pan

{2) Qil feed pipe

(3) Timing belt case

{4) Ladder frame

(5) Qil strainer

{6) Qil pump

(7) Clutch cover and clutch disc {MTX only)
(8) Flywheel (MTX only)

(9) Rear cover

(10) Connecting rod cap
(11) Connecting rod

(12) Main bearing

(13) Piston and piston pin
(14) Piston rings

(15) Main bearing cap
(16) Main bearing

(17) Crankshaft

(18) Qil jet
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Disassembly

1. Remove the clutch cover, cluich disc and flywheel.
2. Remove the oil pan mounting bolts.

3. Remove oil pan with a screwdriver or suitable tool.

Y4 Caution
a) Do not force tools between cylinder block
and oli pan as this may damage sealing
surface.
b) Do not damage sealing surface when
removing old sealant.

4. Remove the oil feed pipe.

5. Remove the timing belt case.

6. Remove the ladder frame.

7. Remove the oil strainer and oil pump. .~

8. Remove the lever, tensioner and guide.

9. Remove the rear cover. ]

10. Before removing the connecting rod, measure the
connecting rod side clearance.

Side clearance: 0.0055~0.0153 in (0.14~0.39 mm)

AN9010052

11. Remove connecting rod cap.

12. Measure the connecting rod bearing oil clearance.
1) Remove all foreign material and oil from the
crank pin and bearing surface.
2) Position Plastigage atop the crank pin in the
axial direction.
3) Install the connecting rod cap and tighten.

Tightening torque:
Tighten 50.6 Ib-ft (68.6 N-m, 7.0 kg-m),
tighten 21.7 Ib-ft (29.4 N-m, 3.0 kg-m) and
then tighten 90°.

ANG010049

4) Loosen the connecting rod cap nuts.
5) Measure the oil clearance at each crank pin.

Qil clearance:
0.00169~0.00303 in (0.043~0.077 mm)

- 13. Remove the connecting rod and piston.

14. Before removing the main bearing cap, measure
the crankshaft end play.

End play: 0.0055~0.0153 In (0.14~0.39 mm)

g A B B ¥

a—

) 1

ANTD10A185
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15. Remove main bearing cap.
16. Measure the main bearing oil clearance :
1) Remove all foreign material and oil from the
journals and bearing surface. .
2) Position Plastigage atop the Journals in the axlal
direction. '
3) Install the main beanng cap and tighten as
shown in the figure. -

Tightening torque:
Pretighten 54.97 Ib-ft (74.5 N-m, 7.6 kg-m),
and then tighten 60°.

AN7O10A164

4) Loosen the main bearing cap bolts and reniove
main bearing cap.
5) Measure the oil clearance at each jo}u}rznal.

OII clearance: ‘
‘No.1,24,5: 0.00177~0.00311 in {0.045~0.079 mm)
" No:3: 0.00267~0.00397 In (0.068~0.101 mm)
17. Loosen the main bearing cap boits in two or three
steps in the order shown in the figure.
18. Remove the main bearing cap, main bearing and
crankshaft.

AV2A10B072

19. Remove the balance shaft and thrust platé.

20. Remove the balance gear.

21. Remove the oil jet.

22. Remove the snap ring with snap ring pliers and
then remove the piston pin.

23. Using a piston ring expander, remove piston rings.

Inspection
Piston

% Notice
Heplacmg a p:ston also requ:res replacing p:ston
rings. -

1. Check circumference of piston for damage, scoring,

or unusual wear patterns. Replace piston as
needed. )

Scoring

Uneven
wear

Crack

AV2A10BO73

2. Check outside diameter of each piston at a 90° right
angle to piston pin, 0.16 in (15 mm) above lower
end of piston. .

Piston diameter .
A grade: 3.8195~3.8201 in (97 015~QT 030 mm)
B grade: 3.8201~3.8207 in (87.030~97.045 mm)

%k Notice
if piston is coﬂapsed or bell mounthed, replace
piston.

Quter diameter

AVZA10B074
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3. Check piston-to-cylinder liner wall clearance by
subtracting piston diameter from the largest cylinder
liner wall diameter, at each cylinder.

Clearance: 0.0028~0.0039 in (0.070~0.098 mm)

4. If clearance exceeds maximum, replace piston or
cylinder liner.

—o={ |=- Clearance
AS2A10080

Piston rings _

1. Insert a new piston ring into a piston ring groove
and check piston ring-to-side clearance. Piston nng
groove clearance.

Piston ring groove clearance:
:Top ring: 0.0029~0.0040 in (0.076~0.102 mm)
Second ring: 0.0016~0.0031 In {0.040~0.080 mm)
Oil ring: 0.0012~0.0028 In (0.030~0.070 mrn)
Limit: 0.0118 in {0.30 mm)

AS2A10081

If clearance exceeds the limit, replace piston.
Inspect piston rings for damage, abnon'nal wear, or
breakage.

Replace piston rings if necessary.

Insert piston ring into cylinder by hand.

Square ring in cylinder by inverting a piston into
eylinder and pushing ring to the bottom of its travel
in cylinder liner.

wn

U S

|
s Piston ring
AS2A10081

7. Place afeeler gauge in end gap and check end gap
clearance.

End gap clearance:
Top ring: 0.0118~0.0177 in {0.30~0.45 mm)
~ Second ring: 0.0157~0.0217 in (0.40~0.55 mm)
Oil rall: 0.00798~0.0157 In (0.20~0.40 mm)
Limit: 0.0591 In (1.50 mm)

ABT010208

8. Replace piston ring if necessary.
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Piston pin .
1. Measure each piston pin diameterat Xand Y
direction at four locations shown.
Diameter: 1.2596~1.2598 in (31.994~32.000 mm)
ABTO10210
5. Replace connecting rods if necessary.
%k Notice .
AS2A10142 Connecting rods must always be replaced as an
assembly. Rod cap, rod, bolts and nuts are a
Connecting rod 1 - matohed set.
1. Che?k chnectlng r9d bushing |§sde'dlameter. _ Crankshaft |
Inside diameter: ' | | ‘ 1. S:r:l;:r:::sshc%f:i g;aring’ and crank pin journals for
.2603~1.2611 i 2.012~32. : .
12 611 in (32,012~32.033 mm) - 2. - Check oil holes for clogging.
3. Setcrankshaft on V-blocks.
4. Medsure crankshaft run-out at center jounal.

AS2A10143A

2. Subtract piston pin diameter from connecting rod
bushing inside diameter to determine piston-pin fit.

Clearance: 0.0005~0.0015 In (OA.012~0.039 mm)
3. lf clearance is not within specification, replace

connecting rod bushing.
4. Check each connecting rod for bending.

Replace crankshatt if it is not within specification.

Run-out: 0.0055~0.0154 in {0.14~0.39 mm)

Main joumél

AV2A10B075



EM-34

ENGINE MECHANICAL SYSTEM

Pin journal bearing selection
1. Check the connecting rod big-end bore size code.

% Notice
The code is carved on connecting rod cap bolt hole
side.

Connecting rod blg-ehd bore diameter

Main journal bearing selection
1. Check the cylinder block main bearing bore size
code.

& Notice
The code is located on the side of ladder frame boit
hole.

Cylinder block maln bearing bore diameter

Grade Connecting rod big-end bore diameter
1 2.39499~2.39523 in (60.833~60.839 mm)
2 2.39523~2.39550 in (60.839~60.846 mm)

Crankshaft pin journal diameter:
" 2.24827~2.24898 In (57.106~57.124 mm)

2. Choose the proper pin jounal bearing as below
table.

Pin journal bearing clearance::. - .
0.00138~0.00272 in (0.035~0.069 mm)

Pin journal bearing selection table

Code Cylinder block main bearing bore diameter
A 2.91598~2.91633 in (74.066~74.075 mm)
. 2.91633~2.91669 in (74.075~74.084 mm)
C .| 2.91669~2.91700in (74.084~74.092 mm)

2. Check the crankshaft main journal size code.

® Notice
The code is located on the between main journal
and pin journal.

Crankshaft maln journal diameter

Connecting Pin joumal _ Crankshaft main journal dlameter
: Oll clearance Code -
rod grade bearing grade No.1,2,4,5 _ No. 3
1 Biue 0.00146~0.00272 in A 2.75570~2.75598 in 2.75483~2.75511 in
{0.037~0.069 mm) (69.995~70.002 mm) | (69.973~69.980 mm)
2 Red 0.001 3B~0.0D268 in’ 2.75598~2.75625 in 2.75511~2.755639 in
’ o (0.035~0.068 mm) ' (70.002~70.009 mm) {69.980~69.987 mm)
. c 2.75625~2.75649 in 2.75539~2.75562 in
{70.009~70.015 mm)} {69.987~69.993 mm)
%k Notice

Painting mark is focated on the bearing side face.

Pin journal bearing thickness

3. Choose the proper main journal bearing in below

table.

Main journal bearing selection table

Color Pin Journal bearing thickness
Blue 0.07213~0.07228 in (1.832~1.836 mm) Cylinder block main bearing
Red - 0:07228~0.07244 in (1.836~1.840 mm) bore size code
' ' ' A . C
. ' o ) haft A Brown Black Black
3. Position properly upper bearing and lower bearing ?nz:’;ﬁuﬁ-nal . Green Brown Black
to connecting rod and connecting rod cap and then size code G Yell Pew B
install connecting rod and connecting rod cap to eflow areen rown

crankshatft pin journal

Tightening torque:
Tighten 50.6 ib-ft (68.6 N-m, 7.0 kg-m),
tighten 21.7 Ib-ft {29.4 N-m, 3.0 kg-m) and
then tighten 90°.

Main journal bearing clearance:
No.1,2,4,5: 0.00146~0.00280 in (0.037~0.071 mm)
No.3: 0.00232~0.00366 in (0.059~0.093 mm)
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Main journal bearing thickness Piston selection table
Color Main journal bearing thickness Cylinder liner Piston Ofl clearance
Black 0.07925~0.07945 in (2.013~2.018 mm) mark mark '
Brown. 0.07905~0.07925 in (2.008~2.013 mm) Yellow B - +0.0028~0.0039 in
Green 0.07886~0.07905 in (2.003~2.008 mm) - (0.070~0.098 mm)
Yellow 0.07866~0.07886 in (1.998~2.003 mm) Blue A 0.0028~0.0039 in

(0.070~0.098 mm)

4. Position properly upper bearing and lower bearing

to cylinder block and main bearing cap. % Notice

5. Set crankshatft to cylinder block and then install
main bearing cap to cylinder block.

The mark for outer diameter is carved on.the out
surface of liner and for inner diameter is painfed on
the top of liner.

Tightening torque:
Pretighten 54.97 Ib-ft (74.5 Nem, 7.6 kg-m), Cylinder liner outer diameter and Inner diameter
and then tighten 60°, M. - =
Code Outer diameter Color Inner dlameter
Cylinder liner and piston selection 3y 3.9958~3.9063in ) Yellow| 3.8234~3.8239in
1. Check the cylinder bore inner diameter size code of {101.493~101.506 mm}) (97.115~87.128 mm)
cylinder block. ay 3.9958~3.9963 in Blue | 3.8228~3.8233in
- (101.493~1016508mm) | . . | {97-100~97.113 mm)
% Notice ax 3.9953~3.9958in | Yellow| ~3.8234~38239in
The COde is CafVEd on the Iap Of each Cyhnder (101.480~1 01493 mm)’ k -(97.115"97123 mm}
Cylinder bore inner dlameter ’ X 3.993 ‘\3 9958 in t Bue +3.8225-3.8233In
(101.480~101.493 mm) (87.100~97.113 mm)
Code Cyllnder bore Inner diameter ' '
Y 3.9966~3.9971 in (101.513~101.526 mm)
X 3.9960~3.9966 in (101.500~101.513 mm) Piston outer diameter
Code Piston outer dilameter
2. Choose the proper cylinder liner as below table. A, 8.8195~3.8201 in (87.015~97.030 mm)
B 3.8201~3.8207 in (97.030~97.045 mm)

Clearance between cylinder liner and cyl:nder
bore of cylinder block :
0.0003~0.0013 in (0.007~0.033 mm)

Cylinder liner selection table

Cylinder bore Cylinder Oil clearance
size code liner mark

Y 3Y - Yellow 0.0003~0.0013 in
{0.007~0.033 mm}
Y 3Y - Blue 0.0003~0.0013 in
' {0.007~0.033 mm)
X 3X - Yellow 0.0003~0.0013 in
. (0.007~0.033 mm)
X 3X - Blue 0.0003~0.0013 in
(0.007~0.033 mm}
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Reassembly

%k Notice
a} Clean all parts before reassembly.
b) Apply new engine oil to all sliding and rotating

1. Install the thres-piece oil rings on the pistons.
1) Apply engine oil to the il ring spacer and rails.
2) Install the oil ring spacer so that the opening
faces upward. o
3) Install the upper rail and lower rail.

% Notice
a} . The upper rail and lower rail are the same.
b) Each rail can be installed with either face
upward. - o

AS2A10085

2. Check that both rails are expanded by the spacer
tangs as shown in figure by checking that both rails
turmn smoothly in both directions.

Spacer tang
hY Upper rail
Oil ring ]
spacer ends j\
Lower rail
ABTO10170

3. Install the second ring to the piston first, then install
the top ring. Use piston ring expander,

8 Notice
The rings must be installed with the Y™ marks
facing upward.

AV2ZA10BOTE

4. Apply aliberal amount of clean engine oil to the
second and top piston rings.

5. Position the opening of each ring as shown in the
figure. ' '

Qil ring upper rail Top ring

Qil ring spacer - Piston pin

- ? Second ring
Qil ring lower rail

BSX010A162

6. Install one piston pin snap ring into grooves on
piston.

7. Insert connecting rod into piston and slide piston pin
through piston and through connecting rod until it
makes contact with the piston pin shap ring already
installed.

% Notice
Verify that piston and rod are assembled in same
direction as thay were prior o disassembly.
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ASZ2A10086

8. Install second piston pin snap ring grooves on
opposite side of piston. o :

AS2A100897

9. Hold piston upright and move connecting rod back
and forth. Check that rod moves freely.

10. Install the oil jet. . . ‘ _

11. Before installing the crankshaft, inspect the main
bearing oil clearance as follows.

Oil clearance inspection
(1) Remove all foreign material and oil from the
journals and bearings. - - s

Y#. Caution S
a) Install the grooved upper main bearings in
the cylinder block. C
b) Install the thrust bearings with the oll groove
facing the crankshaft.

(2) Install the upper main bearings and thmsi
bearings. : :
(3) Set the crankshaft in the cylinder block.

V.S Caution
Do not rotate the crankshaft when measuring
the oil clearances.

{4) Position plastigage atop the journals in the axial
direction. .

AVZA10B079

(5) Install the lower main bearings and the main
bearing caps according to the cap number and
<= mark.

(6) Tighten the main bearing cap boits in two or
three steps in the order shown.in the figure.

Tightening torque:

Pretighten: 54.97 Ib-ft (74.5 N-m, 7.6 kg-m)
and then tighten 60°

AV2A10B072

(7) Remove the main bearing caps, and measure
the plastigage at each journal at the widest
point for the smallest clearance and at the
narrowest point for the largest clearance.

(8) If the oil clearance exceeds specification, grind
the crankshafi and use undersize main
bearings.

Ol clearance:
No.1,2,4,5: 0.00146~0.00280 in {0.037~0.071 mm)
No.3: 0.00232~0.00366 in (0.059~0.093 mm)
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12. Apply a liberal amount of clean engine oil to the
main bearings, thrust bearings and main journals.

13. Install the crankshaft and the main bearing caps
according to the cap number and ¢= mark.

14. Tighten the main bearing cap bolts in two or three
steps in the order shown in the figure.

Tightening torque:
Pretighten: 54.97 Ib-ft (74.5 N-m, 7.6 kg-m)
and then tighten 60°.

l ‘ - AV2A108072

15. Before installing the connecting rod, inspect the
connecting rod bearing oil clearance as follows.

(1) Slip piston and connecting rod assembly into a
piston ring compressor.

(2) Rotate crankshaft so that crank pin journal for
specific cylinder is at its lowest point{bottom
dead center). '

(3) Lower piston and connecting rod assembly until
piston ring compressor makes contact with dect
surface of engine block.

BSX010B8103

{4) Using butt end of a hammer, tap the top of
piston into cylinder and continue tapping until
connecting rod makes contact with crankshaft.

{5) Instal a connecting rod bearing in each
connecting rod cap.

(6) Place a piece of Plastigage® on crank pin
journals.

Notice .
Align the maching marks on the cap and connecting
rod when installing the connecting rod cap.

(7) Install connecting rod caps.

Tightening torque:
Tighten 50.6 Ib-ft (68.6 N-m, 7.0 kg-m),
tighten 21.7 Ib-ft (28.4 N-m, 3.0 kg-m} and
then tighten 80°

Mark

AV2A108080

(8) Loosen and remove connecting rod caps.
(9) Gheck the connecting rod bearing clearance.

Qil clearance:
0.00138~0.00272 in (0.035~0.069 mm})

(10) I oil clearance exceeds maximum oil clearance
specification, grind the crankshaft and use
undersized connecting rod bearings.

(11) Apply a coat of clean engine oil to connecting
rod bearing in connecting rod cap. -

(12)Install connecting rod cap and torque to

- specification. '

Tightening torque:
Tighten 50.6 Ib-ft (68.6 N-m, 7.0 kg-m),
tighten 21.7 Ib-ft (29.4 N-m, 3.0 kg-m) and
then tighten 90° -
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16. Install the oil pump and oil strainer. = -

17. Inatall the oil feeding pipe into the ladder frame, oil
pump and block, and then tighten bolts.

Tightening torque (oll feeding pipe bolt):
16.6 Ib-ft (23 N-m, 2.3 kg-m)

18. Install the crankshatft sprocket and oil pump
sprocket.

19. Install the timing belt case.

20. Install the rear cover..

Tightening torque: .
5.8~7.9 Ib-ft (7.8~10.8 N-m, 80~110 kg-m)

21. Remove all foreign materiai from gasket surface.

% Notice -
Instail oif pan within five minutes of applying sificone
sealer.

22. Apply a continuous bead of silicone sealant to ol
pan contact surfaces.

Sealant

AV2A10B077

23. Install the oil pan. -
24. Install the flywheel, clutch disc and clutch cover.
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SYMPTOM-RELATED DIAGNOSTIC PROCEDURE

Cooling system
Diagnostic chart

Problem Possible Cause Action
Overheating Coolant level insufficient Add’ '
Coolant leakage Repair
Radiator fins clogged Clean
Radiator cap malfunction Replace
Fan motor malfunction Replace
Thermostat malfunction Replace
Water passage clogged Clean
Water pump malfunction Replace
Corrosion Impurities in coolant Fleplacé
Cooling system
Specification
Engine model ' T
(tem J3 COMMON RAIL SYSTEM .
Cooling system Water-cooled, forced circulation
Coolant capacity Us gt (liter, Imp at) 9.93 (9.4, 8.27) '
Waterpump | Type Centrifugal
Themostat | Type \ Wax
Initial opening temperature °F (°C} 187.7~193.1 (86.5~89.5)
Fultopen temperature °F (°C}) 212 (100)
Fuill-open lift in {mm) 0.33 (8.5) minimum
Radiator Type Cermrugated fin
Cap valve opening pressure Psi (kPa, kg/cn? ) 10.7~14.9 {73.6~103.0, 0.75~1.05)
Cooiing fan Type Thermo type with plate type bimetal
Operating temperature °F {°C) Above 208.4 (98) - Low speed
Above 221 (105) - High speed
Number of biades 5
Quter diameter in (mmj) 14.4 (366)
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REMOVAL AND
REPLACEMENT PROCEDURE

Cooling fan motor
Removal

Disconnect negative battery cable.

Remove fresh air duct. -

Disconnect cooling fan motor connector.

Remove three bolts securing cooling fan assembly.

N~

Fan motor

BY2A12001

5. Remove cooling fan assembly.

6. Remove U-clip securing cooling fan and remove
cooling fan.

7. Remove nuts securing fan motor and remove fan
motor.

Replacément

Install fan motor.

Install cooling fan to fan motor by use of U—clrp
Install cooling fan assembly. -

Reconnect cooling fan motor connector. ~
Install frash air duct..

Reconnect negative battery cable

gopN

Radiator
Removal

Drain engine coolant.

Remove cooling fan assembly.

{Refer to cooling fan motor removal ; from step 1 to
step 5}

Disconnect coolant upper hose.

Disconnect reserve tank hose.

Disconnect coolant lower hose.

Remove radiator brackets.

N —

® oo

Radiator

BV2A12002

7. Remove radiator.
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Replacement

Install radiator.

Install radiator bracket.
Reconnect coolant lower hose.
Reconnect reserve tank hose.
Reconnect coolant upper hose.
Install cooling fan assembly.
Refill engine coolant.

NOO RN

Water pump
Removal

Drain engine coolant. :

Raise vehicle and support it with safety stands.
Remove RH side wheel. :

Loosen A/C drive belt tension by turning |dler :
adjusting balt. - o

P

ANS010018-1

L/ Adjusting bolt

5. Remove A/C drive belt.
6. Lower auto-tensioner with spanner and then _
remove dnve belt. '

AV2A108038

Lower timing belt cover

Auto-tensioner

@ Crankshaft pulley

© BV2A12003
8. Remove water pump pulley.
9. Remove crankshatt pulley.
10. Remove lower timing belt cover.
11. Remove water pump.
Water pump

BV2A12004
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Replacement

1. Install new gasket and water pump.
2. Install lower timing belt cover,

Tightening torque:
6.1~7.2 Ib-ft (6.9~8.8 N-m, 0.7~1 kg-m)}

3. Install crank shatt pulley.

Tightening torque:
253~289 Ib-ft (343~392 N-m, 35~40 kg-m)

4. Install water pump puliey.

Tightening torque:
13.0~20.9 Ib-ft (17.6~28.4 N*m, 1.8~2.9 kg-m)

5. Install auto-tensioner.

Tightening torque:
13.0~20.9 ib-ft (17.6~28.4 N-m, 1.8~2.9 kg-m)

6. Lower auto-tensioner with spanner and then install
drive bel.

7. Install A/C drive belt.

8. Adjust belt deflection by turning adjusting bolt.

Deflection (when applying 22 Ib, 98 N, 10 kg) -
New one : 0.28~0.35 in (7~9 mm) - '
Used one : 0.35~0.43 in {9~11 mm)
9. Install RH side wheel.

Tightening torque: ' :
65~79 Ib-ft (88~107 N-m, 9~11 kg-m)

10. Refill engine coolant.

Thermostat
Removal

1. Remove two bolts securing thermostat housing.

AV2A108044

2. Remove thermastat and gasket.
3. Replace thermostat if necessary.
Replacement

1. Install thermostat. S
2. Install new gasket and thermostat housing.
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SPECIAL SERVICE TOOL

Lubrication system
Special service too!

O0K670 140 015

Oil pressure gauge

Used to inspect oil-pressure.

SYMPTOM- RELATED DIAGNOSTIC PROCEDURE

Lubrication system
Diagnostic chart

Problem Possible Cause - . Action

Engine hard starting Improper engine oil Replace

Insufficient engine oil Add oil
Excessive oil Intemal engine wear Refer to Section EM
consumption Qil leak Repair
Oil pressure drop Insufficient oil Add oil

Qil ieakage Repair

Wom and/or damaged oil pump gear Replace

Wom plunger (inside oil pump) or weak spring Replace

Clogged oil strainer Clean

Excessive main bearing or connecting rod bearing clearance Refer o Section EM
Warning famp Qil pressure drop As described above
iluminates while Malfunction of oil pressure switch Inspect oil pressure switch
engine is running Maliunction of electrical system Inspect electrical system
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SPECIFICATION
Lubrication system
Specification
. -Engine model
Hem o J3 COMMON RAIL SYSTEM
Lubrication system Force-fed type
Oil pump Type Trochoid gear
_ .. | Relief pressure, -psi (kPa, kg/cm?) 78.2~92.4 (539~637, 5.5~6.5)
Oil filter Type _ Full-flow. type, Paper element
Relief pressure differential  psi {kPa, kg/cnm) - 11.4~17.1-(78~118, 0.8~1.2)
Oil pressuire swiich activation pressure psi (kPa, kg/crv) 2.8~4.9 (20~34, 0.2~0.35)
Oil capacity | Total (dryengine} =~~~ Usqt (liter, Imp qt) 7750 (7.1, 6.2)
Oil pan Us qt (liter, Imp qt) 5.92(5.6,49)
Oil filter Us qt (liter, Imp qt) 0.63 (0.6, 0.5)
Engine oil APl service CF-4, CG4 . .

SAE 10W-30
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ON-VEHICLE SERVICE Oil filter replacement -
PROG EDURE 1. Remove oil filter with oil filter wrench. If rubber seal

Engine oil replacement

A WARNING

pON

BE CAREFUL WHEN DRAINING BECAUSE OIlL.
IS HOT AND COULD CAUSE PERSONAL
INJURY.

. Wamm engine to norma! operating temperature and

turn engine off. Position a surtable contamer under
oil pan.

Remove oil fi Iler cap and orl pan drain plug

Allow oil to be fully drained.

Install drain plug with new gasket.

Tightening torque:
23.1~30.4 |b-ft (31.4~41.2 N-m, 3.2~4.2 kg-m)

Refill engine with specified type and amount of
engine oil.(Refer to specification table; page EM-
LU-3)

Install oil filler cap.

Run engine and check for leaks.

Check oil level by level gauge and add oil if
necessary.

Oil pressure check

1.
2.

3.
4.

Disconnect and remove oil pressure switch.
Install oil pressure gauge into oil pressure switch
instaliation hole.

Warm engine to normal operating temperature.
Run engine and note gauge readings.

Oil pressure:

45.5~71.1 psl (314~490 kPa, 3.2~5.0 kg/eny* }-
3,000 rpm

If pressure is not within specification, check for
cause, and repair. (Refer to Symptom-related
diagnostic procedure; page EM-LU-2.)

Remove oil pressure gauge and install oil pressure
switch.

Tightening torque:
8.7~13.0 Ib-ft {11.7~17.6 N-m, 1.2~1.8 kKg-m)

2.

3.

is stuck to engine, remove it. .

Apply a small amount of clean’ englne 0|I to rubber
seal of new filter.

Install.oil filter and turn it by hand untll rubber seal
contacts base.

Tighten filter 1-1/6 tums with filter wrench. o

Tlghtenlng torque

16~18 bt (21.6~24.5 Nem, 2.2~2.5 kg-m)

: Start engme and-check for leaks. -

Tum engine off, and wait 5 mlnutes Check oil Ievel
and add oil if necessary. e
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REMOVAL AND

REPLACEMENT PROCEDURE
Oil pump

Removal

1. Remove oil pan. :

2. " Adjust V groove TDC mark on outside of pulley to

TDC mark “T” on timing cover, by rotating crank-
shaft pulley.

O ©F | 0
([ (loQo
o)
| {/HO
O .
g Adjust TDC mark
AV2A10B01

3. Remove oil feeding pipe from ladder frame.

™ Ol feeding pipe

- BV2A11001

4. Remove oil pump with four bolts.
5. Remove oil pump. :

Replacement ,
1. Remove oil pump after loosen the chain by push
_the end of chain tensioner with the chain tensioner
lever. ‘
2. Install oil feeding pipe.

Tightening torque:
16.6 Ib-ft (23 N-m, 2.3 kg-m)

3. Install oil pan.

Oil cooler .

Removal

1. Remove fresh air duct.

2. Remave ventilator mounting bracket.

<" - |
Qil pressure —
switch
Ol fitter
‘ BV2A11002A

3. Remove oil filter assembly with two nuts and eight
bolts. S ‘

4. Remove four nuts securing oil cooler.

5. Remove oil cooler from oil filter assembly.

Replacement
1. Install new “O” rings and oil cooler to oil filter
assembly. -

Tightening torque: ; .
10.8~18.0 Ib-ft (14.7~24.5 Nem, 1.5~2.5 kg-m)

2. Ifistall new gasket and oil filter assembly to cylinder
block. : :

3. Install ventilate mounting bracket.

4. Install fresh air duct.
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ON-VEHICLE SERVICE PROCEDURE

Turbocharger ‘
After checking the turbocharger, replace the assembly in case of abnormality.
Symptom
Gheck point Check result Lowpower, poor
| o o Oll leak Smoke Ahmmal i
Turbine rotor il leakage N [ A A
Carbon deposit - A ® O O
Friction with housing A 0 [ o
Bentorbrokenblade | L @
Compressor oil Contaminated intake inlet wrth oﬂ o) o
Friction with housing A o ® o]
] Bent or broken blade . ° @
Turbine and compressor | Heavy or catching feeling when rotated by finger :
check in both directions | No movement when rotated . 4 ©
Excessive looseness in bearing 0 £ )
Garbon deposit in drain oil hole A A o N
QObservation on oil hole Carbon deposit in drain il hole A ' A A
Operation of waste gate | No smooth operation when applied after
valve {alrcon used) remeoving positive pressure d

@ : High possibility
© : Medium possibility
A Low possibility

Turbocharger

On-vehicle Inspection
1.. Warm up the engine to the normal operating

temperature.

2. Disconnect the hose between the air inlet tube and
the boost compensator from the air inlet side. -
3. Install the pressure gauge by rnsertrng the 3—way

DN O

connector. a)
4. Read the maximum valve on the pressure gauge
after starting the engine and i mcreasrng the engine b)
speed.
Pressure gauge reading Check point .
No positive pressure or | « Air exhaust gas leakage <)
low pressure + Abnormal turbocharger -
Above the specified « Leakage by separation or
supercharging pressure breakage of actuator hose:
(Standard value) + Abnormal operation of actuator d}
Removal e)

1. Discharge the coolant.

2. After removing the air duct, keep foreign material
from entering the turbocharger inlet.

3. Remove the turbocharger insulator.

4. Remove the turbocharger water outlet pipe.

Remove the turbocharger oil supply pipe.
Remove the exhaust and front pipes.

Remove the turbocharger inlet and outlet pipes.
Remove the turbocharger by loosening the
turbocharger mounting bolts. :

Y Caution

Don't carry the actuator by holding the
actuator rod and the actuator hose.

Use the stud bolt of specified type when it is
damaged. If one of different material Is used,
ft may be elongated at high temperature and
that can resuit in gas leakage.

The turbocharger is operated at high
temperature and high speed that sufficlent
care should be taken on inclusion of foreign
material into the oil pipe, deformation of the
oil pump and etc..

After removing the turbocharger, attach the
cap or tape on the air and exhaust gas Iniets
for foreign material not to be included.

If the oil in the sensor housing flows out fo
the turbine and the compressor housing
inside, it can be wrongly judged as
turbocharger trouble that the turbocharger
should be placed horizontally as originally
mounied after removal.
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Installation
Install them in the reverse order of removal.

Y# Caution

8) When installing a new turbocharger, pour
small amount of oil into the lubricant inlet of
the turbocharger.

b) When starting the engine, be sure fo
connect the lubricant supply pipe and idle it
for 1~2 minutes at low speed. Then increase
the engine speed after lubricant has been
supplied to the turbocharger sufficiently.

Inspection

1. Check if the rotor shaft is rotated smoothly when
turned by a finger.

2. Check if there is looseness on the rotor shaft when
moved up and down.

3. Install a dial gauge at the end of the shaft and
check the free travel.

Free travel
0.001~0.003 in (0.026~0.074 mm)

AV2A20002

4. Check if there is oil attached or carbon deposit on
the turbine or the compressor wheels.

5. Check if there is deformation or crack on the turbine
or the compressor wheels.

6. Check if the turbine or the compressor wheels are
interfered with housings.

7. Check if the waste gate valve is operated smoothly
and if there is no deformation or crack after
removing the fixing pin of the actuator rod.

8. Check if there is poor contact between the waste
gate valve and the turbine housing seat.

Inspection

1. Disconnect the air hose from the actuator.

2. Connect the pressure tester to one end of the
actuator pipe and connect the other end to the
actuator.

3. Install the dial gauge on the siraight line of the
actuator rod.

4. Check if the actuator is operated and if the reading

- of the dial gauge is moved by 0.08 in (2.0 mm)
when pressure of 1080~1170 mmHg is applied by
the pressure tester.

Tuborcharger actuator

Y4 Caution
If pressure over 1.5 kg/cn¥ is applied, the
actuator may be damaged.

5. Ifitis not operated or it does not reach the standard
pressure, replace the actuator.
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Intercooler

Inspection

1. Check if there is crack or damage on the intercooler
visually and replace it if it is abnormal.

2. Check if the pin is damaged and adjust it by a driver
if damaged. .

3. Check if there is leakage after applying pressure of
1.5 kg/cm”.
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