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PRECAUTIONS

© o ®»
Ty Inner
-] side
Groove Bolt hole

SEMB5DE

Parts Requiring Angular Tightening

Use an angle wrench for the final tightening of the follow-
ing engine parts:

{1)Cylinder head bolts

{2) Main bearing cap bolts

{3) Connecting rod cap nuts.

Do not use a torgue value for final tightening.

The torque vafue for these parts are for a preliminary step.
Ensure thread and seat surfaces are clean and coated with
engine oil.

Liquid Gasket Application Procedure

a.

Use a scraper to remove all traces of old liquid gasket from

mating surfaces and grooves. Also, completely clean any

oil from these areas.

Apply a continuous bead of liquid gasket to mating sur-

faces. {(Use Genuine Liquid Gasket or equivalent.)

o Be sure liquid gasket is 3.5 to 4.5 mm (0.138 to 0.177 in)
wide (for oil pan).

o Be sure liquid gasket is 2.0 to 3.0 mm (0.079 to 0.118 in)
wide {in areas except oil pan).

Apply liquid gasket to inner surface around bolt holes.

Assembly should be done within 5 minutes afler coating.

Wait at least 30 minuies before refilling engine oil and

engine coolant.

EM-2



PREPARATION

Special Service Tools

The actual shapes of Kent-Moore tools may differ from those of special service tools illustrated here.

Tool number
(Kent-Moore No.)
Teool name

Description

ST05015000
{( — )
Engine stand assembly
(I STO5011000
« — )

Engine stand

Disassembling and assembling

(@ ST05012000
¢ — )
Base NT042
KV10114300 4@ instaliing bolt and nut Disassembling and assembling
( - ) e ﬁ
Engine stand support arm
Installing bolt
{J type) and nut
s
\—Engine stand
Adapter assembly {STO5015000)
Stopper .64 ':')

NT043
KV10106500 When overhauling engine
« —
Engine stand shaft

NTD28
KVv10114601
- — )
Engine sub-attachment

NT240
ST10120000 Loosening and tightening cylinder head
(J24239-01) bolt
Cylinder head boil wrench

a: 13 mm {0.51 in) dia.
b: 12 mm {0.47 in)

NT583 ¢: 10 mm {0.39 in})
(J39773) Disassembling and assembling valve
Valve spring compressor components

NT103
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PREPARATION

Special Service Tools (Cont’d)

Tool number
{(Kent-Moore No.) Description
Tool name

D (JB8125-1B) Removing main bearing cap

Slide hammer
@ (J38139-1)
Slide hammer adapter

NT377

KV10114400 Loosening or tightening heated oxygen

(J-38365) ‘ 2 sensor
Heated oxygen sensor
wrench

NTB36 a: 22 mm (0.87 in)

Installing piston assembly into ¢ylinder
bore

EMO03470000
(J8037)
Piston ring compressor

NT044

ST16610001 Removing crankshaft pilot bushing

(J23907)
Pilot bushing pulier

NT045

Kv10111100 Removing oil pan
(J37228)
Seal cutter

NT048

WS39930000 Pressing the tube of liquid gasket

t — )

Tube presser

NT052

EG 15060000

{ — )
Compression gauge and
adapter

NT238

EM-4



PREPARATION

Commercial Service Tools

Tool name

Description

Spark plug wrench

NTO047

Removing and installing spark plug

GV

Valve seat cutter set

NT048

Finishing valve seat dimensions

Piston ring expander

NT&3G

Remaoving and instalfing piston ring

Valve guide drift

NTO15

Removing and installing valve guide

1.5 mm {0.4532 in) dia.

Intake: 1
6.5 mm (0.256 in) dia.
1
7

I

2.5 mm (0.492 in) dia.
.5 mm (0.295 in} dia.

a

b
Exhaust: a
b

I

Valve guide reamer

NTC16

Reaming valve guide (1) or hole for
% oversize valve guide @

Intake; d, 7.000 mm (0.2756 in) dia.
Exhaust: d, = 8.000 mm {0.3150 in) dia.
Intake: d, = 11.175 mm (0.4400 in) dia.
Exhaust: d, = 12.175 mm (0.4753 in) dia.

Front dgil seal drift

NT049

installing front oil seal

75 mm (2.95 In) dia.
45 mm {1.77 in) dia.

Rear oil seal drift

NT049

Installing rear cil seal

110 mm (4.33 in) dia.
80 mm (3.15 in) dia.

o
(]
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OUTER COMPONENT PARTS

SEC. 140-147-148-150-164.226-233
2.9 - 3.8 (0.30 - 0.39, 26.0 - 33.8)

[(12-15 (1.2- 15,9 -11)
/ Intake collector g

@
7 P 6?/CU] Refer lo
, N

ri@l84 - 108 (0.86 - 1.10, 7456 - 955)

5

oy
' / @E’i’f rEGH valve
' Eﬁ B2 EGRC-BPT tube
=9 @ 8-10

{0.8 - 1.0, 69 - 87)

EGR temperature sensor
/{DJ 15 .25 {1.5 - 2.5, 11 - 18)

=N
,\ﬁ Installation

injector harness ' of timing

Sub-fuet tube

=] y
. ] B e
.~ Throttle < EGR tube

position switch L 39 - 49
S LIRS

(C] 16-21 (16 -21,12 - 15’\§ 23 20 - ¢ 2.0- 25 K (4.0 - 5.0, 29 - 36)
7 =) ﬁ (02 - 0.26, 17.4 - 22.6)

Front heated oxygen sensor
Intake manifold gasket g4

PCV valve
20 - 29
(2.0 - 3.0, 14 -

[ 40 - 60
(4.1 -6.1, 30 - 44)

R 2

(31- 41,22 - 30)—

[J)4s-52(45-53,33 - 33)/ &= )
Exhaust manifold for right bank
Alternator bracket:

[Cl 16 - 21 (16 - 2.1, 12 - 15) \"/I
: Nem (kg-m, in-lb ;
[): Nem (kg-m, in-o) [Qar-a (2.3-3.2,20-23)_/®

[O): Nem (kg-m, ft-1b)

16 - 21 _ ‘
[01(1_5 - 21,12 - 15)‘% .
@F /
@ w Starter motor
Knock sensor M 30 - 40 N
) T
W
\

Front ornament cover

* Throttle body bolts

Tightening procedure

1) Tighten all bolts to @ to
11 Nem (0.9 to 1.1 kg-m,
78 to 95 in-Ib)

2) Tighten all bolts to 18 to
22 N«m (1.8 to 2.2 kg-m,
13 to 16 #-ib).

Tighten in numerical order.

Tighten in numerical order.
[@] 6.3 - 8.3 (0.64 - 0.85, 556 - 73.8)

MEMOS1AA

%0 EM-6



COMPRESSION PRESSURE

Measurement of Compression Pressure

),\hlgnition coil bracket fixing bolts 1. Warm up engine_
“=0 ¢ 2. Turn ignition switch off.
3. Release fuel pressure.
Refer to “'Fuel Pressure Release”, “BASIC SERVICE PRO- Gl
CEDURE” in EC section. :
4. Remove air duct (only left bank).
5. Remove harness connector bracket.
6
7

‘ Remove ornamental rocker covers.
Ground wire securing screw Disconnect ignition coil with power transistor harness con-
SEME25E nectors.

8. Remove ignition coil bracket fixing bolts and ground wire
securing screw, and pull out this bracket with ignition coils. LE
9. Remove all spark piugs. -

EC
FE
AT
}' o 10. Attach a compression tester to No. 1 cylinder. -
o/ 11. Depress accelerator pedal fully to keep throttie valve wide e
/ ] 5z open. .

Ve A . . o i
f N ‘}‘ 12. Crank engine and record highest gauge indication. 54,
5‘\. 3 ) LT 13. Repeat the measurement on each cylinder.
s

= ¢ AN ; - -
il ’ s Use a fully-charged ballery to get specified engine speed.

NOAD ’t £ - Compression pressure: kPa (kg/cm?, psi)/rpm E A
AN gﬁ . Standard
\ NS ‘_9 : 1,275 (13.0, 185)/300
®‘3 @}@O ~ Minimum B
Y 7 SEMGAOE 981 (10.0, 142)/300
Difference limit between cylinders _r
98 (1.0, 14)/300 5T

14. if compression in one or more cylinders is low:

a. Pour a small amount of engine oif into cytinders through
spark plug holes. RS

b. Re-test compression.

If adding oil improves cylinder compression, piston rings 37
may be worn or damaged. Replace piston rings after check-
ing piston. -

e If pressure stays low, a valve may be sticking or seating H#
improperly. Inspect valve and valve seat. Refer to SDS
{EM-45).

e Compression stays low in two cylinders that are next to [EL
each other:

The cylinder head gasket may be leaking, or
Both cylinders may have valve component damage.
Inspect and repair as necessary.

EM-7 _ 81



OIL PAN

Removal

Remove engine under cover.
Drain engine oil.

Remaove fan coupling with fan.
Remove the following parts.
All drive belts

Alternator

A/C compressor

Engine gusset

ee 08 nN

Remove steering lower joint.

Set a suitable transmission jack under the transmission.
Hoist engine with engine slinger.

7. Remove suspension member assembly.

> o

8. Remove oil pan.

S N
|

==Snnnpt
I mink

O B e © ®

Loosen in n I
umerical order. SEMS22E

9. Remove oil pan.

(1) Insert Tool between cylinder biock and oil pan.

¢ Do not drive seal cutler into oil pump or rear oil seal
retainer portion. Doing so will damage the aluminum mat-

lj\g;g;;ﬂoo ing face.

( : e Do not insert screwdriver, or oil pan flange will be
A\\ﬁ{ﬂ/////\’ deformed.
/ (2) Slide Tool by tapping its side with a hammer, and remove
T oil pan.

KV10111100
{J37228}

EM-8



OIL PAN

installation

1. Before installing oil pan, remove all traces of liquid gasket
from mating surface using a scraper.

o Remove traces of old liquid gasket from mating surface of
cylinder block. Gt

e Alsoremove traces of old liquid gasket from around all bolt
holes and bolt threads.

SEMB6BC

2. Apply a continuous bead of fiquid gasket to mating surface
of oil pan. LG
e Use Genuine Liquid Gasket or equivalent.

SEMBE9C

Cut here. e Be sure liquid gasket is 3.5 to 4.5 mm (0.138 to 0.177 in)

; P
wide.
CW 7 mm (0.28 in) 3. Apply liquid gasket to inner sealing surface as shown in
9! }f figure. B

» e Attaching should be done within 5 minutes after coating.

1 1
ﬁ Inner -
X side IR

Groove Balt hole

Liquid gasket

&

SEMOTSE

22
[z

4. Install oil pan.
e Install bolts/nuts in the reverse order of removal.
e Wait at least 30 minutes before refilling engine oil. B

Tighten in numerical order.

SEMBZ3E

EM-9 83



TIMING CHAIN

SEC. 120+130+135-221

Chain tensioner

(13- 19 (1.3 - 1.9, 9 - 14) e t1e 010
[T127 - 137 (13.0 - 14.0, 94 - 101)

k6.3 - 8.3 (0.64 - 0.85, 55.6 - 73.9)

Upper front cover for right bank

@sa - 83"

(0.64 - 0.85,-
55.6 - 73.8)
Qil pump
chain guide

(1.6 - 2.2, 12 - 16)
‘ Timing chain for lefi bank
) o [MJ1a-19(1.2-19,9-14
% Qil pump chain
(30 - 40 (3.1 - 4.1, 22 - 30)

6.3 - 8.3 (0.64 - 0.85, 55.6 - 73.8)

\/

-
-
e

L
e

Upper front cover for right bank

Lq—;—l—-«

[ _L_ -

\ 1
H I
i i
| 1
| 1
H )
1
) i
\ '
]

'
. I
: ]
o ]
¢ I

1
]

'
1 1
H I
1
! )
H 1
1 1
i i
H )
H 1
' )
1

(0.64 - 0.85, 55.6 - 73.9)
[Clasa - 373
(36 - 38, 260 - 275)

[ : Nem (kg-m, H-Ib) '
K9] : Nem (kg-m, in-ib)
;. Liquid gasket

# L: More than 40 mm (1.57 in)
5.3 - 8.3 (0.64 - 0.85, 55.6 - 73.8)
Less than 40 mm (1.57 in}
[Plo.0 - 11.8 (0.92 - 1.2, 6.7 - 8.7)

Camshaft position sensor

MEM126A

i EM-10



TIMING CHAIN

Upper front cover for left bank POS|T|0N FOR APPLY'NG LlQU'D GASKET
A Refer to “Installation” in **OIL PAN" for installing oil pan (EM- -
9.
CAUTION:
e After removing timing chain, do not turn crankshafi and G
camshaft separately, or valves will sirike piston heads.
WA
Do not allow lfquid\ -
gasket to protrude -Liquid gasket
into oil groove. SEMB30E
Upper front cover for right bank
8 g L@
EC
AT
Liquid gasket SEMB28E
Liquid gasket Front cover o
[RE
B
Liquid gasket SEMI09C
Upper front cover Upper front cover g i
for right bank for left bank
20 - 3.0 mm _ EIS
(0.079 - 0.118 In) dia. :
-
BT
RA
SEME31E
EL
o
e
(0.079 - 0.118 in) dia,
Chain tensioner
for right bank ;(
- .t Y SEM910C
85

EM-11



TIMING CHAIN

Removal

1. Remove engine with transmission. Refer to “ENGINE
REMOVAL" (EM-31).

Remove the following parts
Suspension member

Engine mounts

A/C compressor bracket
Exhaust manifold

Cooling fan with coupling
Engine gusset

Transmission

Place engine on a work stand.

Remove oil pan.
Remove intake colleclor.

Ok WSSO ROSOS N

r—;ﬁﬁ—\i

IT” JLJLJi
Cr I e [
F¢]{ ' ’}E 7 jﬁh \F

SEM522E
mjecto, hamess 6. Disconnect injector harness connector and remove injector
! - tube assembly with injector.
‘ ‘ Be careful not to let rubber washer fall into intake manifold.
(ﬁ‘ = R (J“
I [ Injiector tube
L‘D@ﬁ o ) #assembly
\Lla;f:;ctc-:ri o /] QLLTJJT_P
b
Front SEMBAZE

7. Remove intake manifold.

8. Remove ornamental rocker cover.

LROCK&I’ cover

SEMB34E

EM-12



TIMING CHAIN
Removai (Cont’d)

8. Remove all ignition coils and spark plugs.

H .. @
e

Ignition coil assembly o
SEME35E

10. Remove rocker covers.

11. Set No. 1 piston at TDC on its compression stroke.
Align the timing mark {orange paint) on crank pulley with
timing indicator on front cover.

Make sure the intake camshaft iobe for the No. 1 cylinder faces §T
the intake port and the exhaust lobe faces the exhaust port.
Reterence:

It is possible to confirm camshaft positions by checking noich S
positions on the camshaft when No. 1 piston is at TDC of the
compression stroke. This is the position where cylinder head

bolts can be removed. BT
HA
12. Remove crankshaft pulley. el
13. Remove camshaft position sensor.
)

N

s
.-:\\\j:

Suitable puller

SEME3TE

EM-13 87
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TIMING CHAIN

mn1enﬂoner(
r left bank
/&"( SEMBBEC

fo

Engine oll ievel

gauge guide

anher
for right bank .

MRS

SEMB887C

Front cover

SEMB02C

N

:
/,. S2 MEM127A

MEM128A

Removal (Cont’d)

14. Remove chain tensioners.
15. Remove upper front covers.

16. Remove front cover.

e Timing chain will not be disengaged or dislocated from
crankshaft sprocket unless front cover is removed. For this
reason, stopper need not be used.

Cast portion of front cover is located on lower side of the crank-

shaft sprocketl. Therefore, the timing chain is not disengaged

from the sprocket.

17. Remove camshaft sprockets.
18. Remove oil pump chain and timing chains.

EM-14



TIMING CHAIN
Removal (Cont’d)

19. Remove camshaft bracket and camshaft.
e These parts should be reassembled in their original posi-

n o
et A CeROR S tions.

A0 -l -e T 9 20. Remove rocker arm and hydraulic lash adjusters.
: @ o O e Tie up each hydraulic lash adjuster with a string. This will o
i e d o i o e o e
@@ @ @

allow each to be reassembled to its original position.
e
@& 10 MA

Loosen in numerical order,

SEMS28E

o If hydraulic lash adjuster is kept on its side, there is a risk
of air entering it. When hydraulic lash adjusters are LG
removed, stand them straight up or soak them in new

engine oil.
e Do not disassemble hydraulic lash adjuster. . EC
© e Attach tags o valve lifters so as not to mix them up.
FE
AT
SEMB7BCA
21. Remove cylinder head assembly and cylinder head gasket. 5D

¢ Head warpage or cracking could result from removing in
. incorrect order.
e Cylinder head bolts should be loosened in two or three A

steps.
RA
Loosen in numerical order, BR
SEMB530E
Inspection 8T
Check for cracks and excessive wear at roller links. Replace if
necessary. BS
BT
HA
MEM1294
; EL
Dowel pin Installation
1. Position crankshaft so that No. 1 pisten is set at TDC on
compression stroke. X

2. Turncrankshaft until No. 1 piston is set at approximately 45°
before TDC on compression stroke. (At this point, No. 3
piston will be at the same height as No. 1 piston to prevent

Crankshaft key interference of valves and pistons.)

e

No. 1 piston at TDC
SEM757C

EM-15 89
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TIMING CHAIN

Cylinder head bolt washer

L] [ )

$

GCylinder head side

SEMB7TA

SEMBS6C

Engine oil

- = —Plunger

f
ril[!\

SEM347E

5
Front '!@

®"’_® m;@g@—,/x ®$®m®

VA - YN e, =) 2
TS B8 ol & Leig 28
il c,® ill Hlﬂ

el > 2P N, © SN, | SVENE

Tighten in numerical order.

SEMS3E

Installation (Cont’d)

3. Install cylinder heads with new gaskets. Temporarily
tighten cylinder head bolts for right and left bank cylinder
heads when installing front cover.

e Temporarily tighten cylinder head bolts. This is necessary
to avoid damaging cylinder head gaskets.

e Be sure to install washers between bolts and cylinder head.

e Do not rotate crankshaft and camshaft separately, or valves
will hit piston heads.

4. Install hydraulic lash adjusters and check them.

1}  When rocker arm can be moved at least 1 mm (0.04 in) by
pushing at hydraulic lash adjuster location, there is air in
the high pressure chamber. '
Noise will be emitted from hydraulic lash adjuster if engine
is started without bleeding air.

2) Remove hydraulic lash adjuster and dip in a container filled
with engine oil. While pushing plunger as shown in figure,
lightly push check ball using proper rod. Air is completely
bled when plunger no longer moves.

Air cannot be bled from this type of lash adjuster by running the

engine.

5. Install rocker arm, camshaft and camshaft bracket for right
bank.

6. Install cam sprockets on right bank.

EM-16



TIMING CHAIN

Installation (Cont’d)

e 7. Ensure that camshafts are still correctly positioned. Then
'Q@ﬁ&mmmg ark turn crankshaft clockwise to set No. 1 piston at TDC on
% ",j* X compression stroke.

=]

E.‘ £ W/\ R4
RS\ _‘Cfa}nkshaﬁ key
e WA

SEMB40E

8. Install two sprockets on crankshaft.

Crankshaft sprocket .
Lo '
EC
Front <j FE
AT
SEMB38E

Mating mark ~ Mating mark (silver) 9. Align mating marks on crankshaft sprocket and camshaft 5
{sitver) | e, sprockets {on both intake and exhaust sides) with those on ™

chain. Then install chain on right bank.
e Be careful not to damage cylinder head gasket when EA
installing chain. '

10. Install chain tensicner on right bank. 8T
RS
BT
- - A
~ Chain tensiener
for right bank e
SEMS12C
‘ . 11. Turn crankshaft approximately 120° clockwise from the EL
Mating mark (sliver) = point where No. 1 piston is at TDC on compression stroke.
_ ﬁ\;’ ol / (At this point, valves in left bank still remain unlifted.) oY
Mating mark (gold) '/ / 12. Correctly position camshafts for left cylinder head.
13. Install cam sprockets on left bank.
14. Align mating marks on crankshaft sprocket and camshaft
iy | sprockets (on both intake and exhaust sides) with those on
« Q:Ti— chain. Then install chain on left bank.
A ) 25 5 lP \Mating mark
et S ;:;Jlﬁ“. — ‘
ﬂ\-Mating mark SEMB41E

EM-17 o1
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TIMING CHAIN

il pump drive
) sprocket
R procke
Front Crankshaft
side
hd
e
SEM4GIE

Feeler gauge —~ \1\_'.' Ak )
[Thickness: Tmm {0.04 in)] o pump upper/\_T
chain guide  SEM9gIG

Installation (Cont’d)
15. Install oil pump chain and sprockets.

16. Install oil pump chain guides.

Place a 1 mm (0.04 in) feeler gauge between the upper
chain guide and chain before assembling chain guides.
Force applied to chain is equivalent to upper chain guide

weight.

17. install front covers.

¢ Be careful not to damage cylinder head gasket when

installing front cover.

Tighten in numerical order.

SEMB42E

Chain tensioner”
for left bank ¥
. SEMBBEC

18. Install chain tensioner for left bank.

EM-18




TIMING CHAIN

Installation (Cont’d)
19. Install camshaft position sensor.

Notch
@D/- Protrusion Note:
Py N Notch on exhaust camshaft on left bank is off-centered so that
camshaft position sensor can be installed properly.
20. Install crank puliey. ' : Gl

MA

21. Set No. 1 piston at TDC on its compression stroke.
Align the timing mark (orange paint) on crank pulley with |
timing indicator on front cover.

EC

FE

Orange paint

AT

SEMB36E

22. Tighten front cover bolts. _ oD

FA
RA&

BR

. Tighten cylinder head hoits. 8T
Lubricate threads and seat surfaces of the bolts with new
engine oil.

Tightening procedure

Tighten bolls to 29 N-m (3.0 kg-m, 22 fi-1b}.

Tighten bolts to 93 N-m (9.5 kg-m, 69 fi-ib).

Loosen bolis completely. BT
Tighten bolis to 25 to 34 N-m (2.5 to 3.5 kg-m, 18 to 25 ft-Ib).
Turn bolts 90 1o 95 degrees clockwise or if angle wrench is HA
not available, tighten bolts to 93 to 98 N-m (9.5 to 10.0 kg-m,
SEMB32E 69 to 72 ft-Ib).

24. Remove all old liquid gasket from mating surfaces of rocker
cover and cylinder head.

\ 25. Apply a continuous bead of liquid gasket to mating surface DX

RS

Tighten in numerical order.

EL

of rocker cover gasket and cylinder head.

10 (0.39)
Jﬂ ¢ Use Genuine Liquid Gasket or equivalent.
10 (0.39)

3 (0.12) P Liquid
gasket

Unit: mm ({in} SEMB27E

EM-19 93



TIMING CHAIN

Installation (Cont’d)
26. Instail rocker cover.

1
3 mm (012 In) 5[2 Liquid gasket

SEMGB43E

27. Install oil pan. (Refer to “Installation’ in ""CIL PAN", EM-9.)
28. Tighten rocker cover nuts.
e Tightening procedure

STEP1 _

Tighten nuts to 4 N-m (0.4 kg-m, 35 in-Ib).

STEP2

Tighten nuts to 10 to 12 N-m {1.0 to 1.2 kg-m, 87 to 104 in-Ib}.

Tighten in numerical arder.

STEP 1 RH rocker cover STEP 2 RH rocker cover
® / - @_h 2B g 9w 0B
= | ‘, L/ %
e W %L GG TR
d ol it

Bes @“’—V“f@@ QMW@‘@“CL

3

%

@m 35 OB @@

@ Tighten in numerical order. SEMEEIE
¢zs, No. 8 29. Install intake manifolds, fuel tube assemblies (including

fuel injectors) and intake collector.
¢ Follow procedures 1) - 9) in order to make installation of the
? fuel tube assemblies and collectors less difficult. These
procedures are necessary. for proper alignment of intake
manifolds, fuel tube and intake collector.

Injector holes

Front of il Cylinder
engine SEMBA4E

EM-20



TIMING CHAIN
Installation (Cont’d)

1) Install the eight intake manifolds in their proper positions
on cylinder head, and lightly tighten mounting bolts.

MA

Front SEM&45E

2) Connect injector tube assemblies (including fuel injectors)
to intake manifolds, and lightly tighten mounting bolts. LE

e Be careful not to let rubber washer fall into intake manifold.

EC

AT

3) Install intake collector and lightly tighten mounting bolts. oD

4) Tighten intake manifolds mounting bolts at cylinder head. g7
5) Remove intake collectors.

6) Tighten intake manifclds to the specified torque.
RS

BT

HA

SEMA4E6E

EL

7) Tighten sub-fuel tubes in numerical order.

o Tightening procedure
(1) Tighten all bolis to 4.2 to 5.9 N'-m {(0.43 to 0.60 kg-m, 37.3 to v

52.1 in-lb).
(2) Tighten all bolts to 8.4 to 10.8 N-m (0.86 {o 1.1 kg-m, 74.6 to
95.5 in-lb).
@O
| }--wfi

Tighten in numerical order.

SEMg62C

EM-21 9%
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TIMING CHAIN

Tighten in

meri . G Front
numerical order. SEM467E

; Y
Left bank exhaust manitold Sy, /
“the, SEME15C

Tighten in numerical order.

Installation (Cont’d)
8) Tighten injector tube assemblies in numerical order.

e Tightening procedure

(1} Tighien ail bolts to 9.3 to 10.8 N-m (0.95 to 1.1 kg-m, 82.5 to
95.5 In-1b).

(2) Tighten all bolis to 21 to 26 N-m (2.1 to 2.7 kg-m, 15 to 20
ft-Ib).

9) Install intake collectors and tighten to the specified torque.

30. Install exhaust manifolds.

EM-22



OIL SEAL REPLACEMENT

VALVE OIL SEAL

Remove engine with transmission from vehicle.

Remove rocker cover.

Remove camshaft.

Remove rocker arm. dl
Remove valve spring and valve oil seal with suitable tool.

Piston concerned should be set at TDC to prevent valves from
falling. 1A,

I

6. Apply engine oil to new valve oil seal and install it with
Tool. LT

EC

FE

AT

SEMO17C

PD

Valve oil seal

13.85 {0.5453) ' A

5.35 (0.2106}) : BA

Unit: mm {in) : BR
SEMBACE

OIL SEAL INSTALLING DIRECTION 8T
¢ Install new oil seal in the direction shown in the figure.

Engine ) Engine
inside <:| outside BT

Qil seal lip /—Dust seal lip us
gl

SEM715A

FRONT OIL SEAL

1. Remove the following parts.

Engine under cover I
Cooling fan o

Engine gusset

Lower rear plate {Removal of crankshaft pulley bolt
requires removal of this part.)

o Crankshaft pulley

2. Remove front oil seal.

Be careful not to scratch front cover.

EM-23 , 97
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OIL SEAL REPLACEMENT

SEMa20C

SEMO21C

Eaas SEM922C

20 - 3.0 mm
{0.079 - 0.118 in) dla.

SEM923C

3.

Apply engine oil to new oil seal and install it using suitable
tool.

REAR OIL SEAL

1.
2.
3.

4.

5.

8.

Remove drive plate.
Remove rear oil seal retainer.
Remove traces of liquid gasket using scraper.

Remove rear oil seal from rear oil seal retainer.

Apply engine oil to new oil seal and install it using suitable
tool.

Apply a continuous bead of liquid gasket to rear oil seal
retainer.

EM-24



CYLINDER HEAD

SEC. 111+130+210
Right-side bank
Cylinder head bolt [FY
[T] Refer to installation of timing chain.
Gl
Ignition coll with
ower transistor . S0 Y,
P P sce EM-20. bt R MA
Spark plug , Rocker cover \ 7 g - {:
%\ P2 . : 16 - 21 (1.6 - 2.1, 12 - 15)
y @ o n, o ' @9
¢ s Pd See EM-20, 9
_ ‘ EM-20. ! LG
2k I Roller rocker armg & ® Intake valve
/ q /7 Hydraulic lash adjuster
dg. - Exhaust valve
: P FE
/ [Ch2 - 14 (1.2 - 1.4, 9 - 10)
(@12 - 14 (1.2 - 1.4, 9 - 10) BT
Left-side bank Cylinder head gasketg D)
Fdsee EM-2c.
Cylinder head bolt [ EA
Refer to installation ot timing chain.
Rocker cover gasket
Roller rocker arm Ignition coil with power
. . transistor RA
Single valve spring "
o8
Intake valve o Spark plug
Hydraulic E - :
lash adjuster @ B = [C)Refer to instalation Y]
%; of timing chain.
Exhaust valve i
RS
Camshaft
bracket
[0 : Nem (kg:m, 1b) [12 - 14 (1.2 - 1.4, 9 - 10) BT
: Lubricate with new engine oil .
A : Liquid gasket
HA
MEM131A
CAUTION: BL
¢ When installing rocker arms, camshaft and oil seal, {ubricate contacting surfaces with new engine =-

oil.
e When tightening cylinder head bolts, camshaft sprocket holts and camshaft bracket bolts, lubricate IBX
thread portions and seat surfaces of bolts with new engine oil. :

EM-25 9



CYLINDER HEAD

Removal

¢ This removal is the same procedure as those for timing
chain. Refer to ““Removal” in “TIMING CHAIN"' (EM-12).

Disassembly

1. Remove valve components with Tool.
2. Remove valve cil seal with a suitable tool.

SEMBESE

Inspection

CYLINDER HEAD DISTORTION
Head surface flatness:

Standard
- Less than 0.03 mm (0.0012 in)
Limit
' 0.1 mm (0.004 in)
If beyond the specified limit, replace it or resurface it.
/ 9>'A:<e Resurfacing limit:

The resurfacing limit of cylinder head is determined by the
relationship with the amount of cylinder block resurfacing.
Amouni of cylinder head resurfacing is “A”,
Amount of cylinder block resurfacing is “B"",
The maximum limit is as follows:
A + B = 0.2 mm (0.008 in)
After resurfacing cylinder head, check that camshaft rotates
freely by hand. If resistance is felt, cylinder head must be
replaced.
Nominal cylinder head height:
130.7 - 130.9 mm (5.146 - 5.154 in)

SEMO25C

CAMSHAFT VISUAL CHECK
Check camshaft for scratches, seizure and wear.

CAMSHAFT RUNOUT

1. Measure camshaft runout at the center journal.
Runout (Total indicator reading):
Standard
Less than 0.02 mm (0.0008 in)
Limit
0.05 mm (0.0020 in)
If it exceeds the iimit, replace camshaft.

CAMSHAFT CAM HEIGHT

1. Measure camshatt cam height.
Standard cam height:
Intake :
37.734 - 37.924 mm (1.4856 - 1.4931 in)
Exhaust ‘
35.155 - 35.345 mm (1.3841 - 1.3915 in)
Cam wear limit:
Intake & Exhaust
0.05 mm (0.0020 in)
SEms4Al 2 |f wear is beyond the limit, replace camshaft.

EM-26
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CYLINDER HEAD

SEME27C

SEMOD12A)

SEMS29C

Inspection (Cont’d)
CAMSHAFT JOURNAL CLEARANCE

1.

2.

Install camshaft bracket and tighten bolts to the specified
torque.
Measure inner diameter of camshaft bearing.
Standard inner diameter:
26.000 - 26.021 mm (1.0236 - 1.0244 in)

Measure outer diameter of camshaft journal.
Standard outer diameter:
25.935 - 25.955 mm (1.0211 - 1.0218 in)
If clearance exceeds the limit, replace camshaft and/or cyl-
inder head.
Camshaft journal clearance:
Standard
0.045 - 0.086 mm (0.0018 - 0.0034 in)
Limit
0.15 mm (0.0059 in}

CAMSHAFT END PLAY

1.
2.

Install camshait and thermostat housing in cylinder head.
Measure camshaft end play.
Camshaft end play:
Standard
0.070 - 0.148 mm (0.0028 - 0.0058 in)
Limit
0.20 mm (0.0079 in)

CAMSHAFT SPROCKET RUNOUT

1.
2.

3.

Install sprocket on camshaft.
Measure camshaft sprocket runout.
Runout {Tofal indicator reading):
Less than 0.15 mm (0.0059 in)
if it exceeds the limit, replace camshaft sprocket.

VALVE GUIDE CLEARANCE

1.

Measure valve deflection in a parallel direction with rocker
arm. (Valve and valve guide mostly wear in this direction.)
Valve deflection limit (Dial gauge reading):
Intake & Exhaust
0.15 mm (0.0059 in)

EM-27

A

€3

fifl
(9]

i)
i

I=
-]

vy
=

AR
DX

101



102

CYLINDER HEAD

Micrometer

SEMO38C

SEMO08A

Suitable reamer

Exhaust side

Intake side

SEMB33C

Inspection (Cont’d)
2. Ifit exceeds the limit, check valve to valve guide clearance.
a. Measure valve stem diameter and valve guide inner diam-
eter.
b. Check that clearance is within specification.
Valve to valve guide clearance:
Urit: mm (in}

Standard Limit
0.029 - 0.052
intak 0.080 {0.0031
niaxe (0.0011 - 0.0020) { )
0.035 - 0.051
Exhaust 0.080 (0.0031
xnavs (0.0014 - 0.0020) (0.0031)

¢. If it exceeds the limit, replace valve or valve guide.

VALVE GUIDE REPLACEMENT
1. To remove valve guide, heat ¢cylinder head to 110 to 130°C
(230 to 266°F).

2. Drive out valve guide with a press [under a 20 kN (2 ton,
2.2 US ton, 2.0 Imp ton) pressure] or hammer and suitable

tool.

3. Ream cylinder head valve guide hole.
Valve guide hole diameter
(for service parts):
intake
11.175 - 11.196 mm (0.4400 - 0.4408 in)

Exhaust
12,175 - 12.196 mm (0.4793 - 0.4802 in)

4. Heat cylinder head to 110 to 130°C (230 tc 266°F) and press
service valve guide onto cylinder head.
Projection “L’’:
17.15 - 17.35 mm {0.6725 - (.6831 in)

EM-28



CYLINDER HEAD
Inspection (Cont’d)

5. Ream valve guide.

_ Finished size:

Suitable reamer Intake
7.000 - 7.018 mm (0.2756 - 0.2763 in)

Exhaust el
8.000 - 8.011 mm (0.3150 - 0.3154 in) ‘

VALVE SEATS

Check valve seats for pitting at contact surface. Resurface or LG

replace if excessively worn.

e Before repairing vaive seats, check valve and valve guide BE
for wear. If they have worn, replace them. Then correct
valve seal.

e Cut with both hands to uniform the cutting surface.

il
Al

REPLACING VALVE SEAT FOR SERVICE PARTS

1. Bore out old seat until it collapses. Set machine depth stop
so that boring cannot contact bottom face of seat recess in
cylinder head. EA
2. Ream cylinder head recess.
Reaming bore for service valve seat

Oversize [0.5 mm (0.020 in)]: T
Intake 39.500 - 39.516 mm {1.5551 - 1.5557 in)
Exhaust 34.500 - 34.516 mm (1.3583 - 1.,3589 in) -

Use the valve guide center for reaming to ensure valve seat will
SEM795A,  have the correct fit.

3. Heat cylinder head to 110 to 130°C (230 to 266°F). 8T
4. Press fit valve seat until it seats on the bottom.
5. Cut or grind valve seat using suitable tool at the specified
dimensions as shown in SDS (EM-45). ks
6. After cutting, lap valve seat with abrasive compound.
7. Check valve seating condition.
Seat face angle “o’: 44°53' - 45°07' deg. AT
Coniacling width “W"’:
Intake 1.13 - 1.27 mm (0.0445 - 0.0500 in)
Exhaust 1.45 - 1.48 mm (0.0571 - 0.0583 in)

SEMBZ28

T (Margin thickness| VALVE DIMENSIONS
*' T Check dimensions in each valve. For dimensions, refer to SDS
(EM-44). (DX
o When valve head has been worn down to 0.5 mm (0.020 in) in
\ margin thickness, replace valve.
T Grinding allowance for valve stem tip is 0.2 mm (0.008 in) or
D
'

1 | less

SEM18BA
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CYLINDER HEAD

Y

Jﬂ* 8 [(Out-of-square}

SEM288A

EM113

SEM836C

SEM837C

Wide pitch

Narrow pitch

I

s

Cylinder head side

SEMB38B

104

Inspection (Cont’d})
VALVE SPRING

Squareness

1.

2.

Measure S’ dimension.
Out-of-square:
Less than 2.06 mm (0.0811 in)
If it exceeds the limit, replace spring.

Pressure
Check valve spring pressure.

Pressure: N (kg, Ib) at height mm (in)
Standard
535.5 (54.6, 120.4} at 26.8 (1.055)
Limit
477.6 (48.7, 107.4} at 26.8 (1.055)

If it exceeds the limit, replace spring.

HYDRAULIC LASH ADJUSTER

1.

Check contact and sliding surfaces for wear or scratches.

2. Check diameter of fash adjuster.
Outer diameter:
16.980 - 16.993 mm (0.6685 - 0.6690 in)
3. Check lash adjuster guide inner diameter.
Inner diameter:
17.000 - 17.020 mm (0.6693 - 0.6701 in)
Standard clearance between lash adjuster and
adjuster guide:
0.007 - 0.040 mm (0.0003 - 0.0016 in)
Assembly
1. Install valve component paris.
e Alfways use new valve oil seal. Refer to OIL SEAL
REPLACEMENT (EM-23).
e Before installing valve oil seal, install valve spring seat.
¢ Install outer valve spring {uneven pitch type) with its nar-
row pitch side toward cylinder head side.
e After installing valve components, tap valve stem tip with

a plastic hammer to assure a proper fit.

Instaliation

This installation is the same procedure as those for timing
chain. Refer to “Installation” in “TIMING CHAIN" (EM-15).

EM-30



ENGINE REMOVAL

SEC. 111-112

7o |
[C] 43 - 55 (4.4 - 556, 32 - 41) | J/gger
45 - 60 (4.6 - 6.1, 33 - 44)

[(}43 - 55 (4.4 - 556, 32 - 41)z

— @K

/ {0 -
' 43 - 55 N
2 {44 - 58, 32 - 41)—%/

[Jaz-ss5

(4.4 - 56, 32 - 41)-

A

% [O] 43 - 65 (4.4 - 5.5, 32 - 41)

[(J22-28 (22-29 16 - 21)

[C] 55 - 67 (5.6 - 6.8, 41 - 49)

D Nem (kg-m, ft-b
{qss-sv(s.s-s.a,n-m/ O : Nem (kg-m, ft-)

SEMAB1EA

WARNING:

e Position vehicle on a flat and solid surface.

e Place chocks at front and back of rear wheels.

¢ Do not remove engine until exhaust system has completely cooled off.
Otherwise, you may burn yourself and/or fire may break out in fuel line.

e Before disconnecting fuel hose, release fuel pressure.
Refer to EC section (“Fuel Pressure Release’, “BASIC SERVICE PROCEDURE").

e Be sure to hoist engine and transaxle in a safe manner.

¢ For engines not equipped with engine slingers, attach proper slingers and bolts described in PARTS
CATALOG.

CAUTION:

e When lifting engine, be sure to clear surrounding parts. Take special care near accelerator wire
casing, brake lines and brake master cylinder.

e In hoisting the engine, always use engine slingers in a safe manner.

e In removing drive shaft, be careful not to damage grease seal of transaxle.

e Before removing transmission assembiy from engine, remove crankshaft position sensor (OBD) from
the assembly.

¢ Always take extira care not to damage edge of crankshaft position sensor (OBD), or ring gear teeth.

EM-31
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ENGINE REMOVAL

. N . |!;—7 -
[;Stabilizer /Q ’\
Transverse link ¥~ ~z~+ & i

SEMB74C

Removal

1.

12,
13.

14.

Remove engine under cover and hood.

Drain coolant from both cylinder block drain plugs and radi-
ator drain cock.

Drain engine oil from drain plug of oil pan.

Remove vacuum hoses, fuel tubes, wires, harness and con-
nectors and so on.

Remove exhaust tubes and propelier shaft.

Remove radiater and shroud.

Remove drive belts.

Remove alternator, A/C compressor and power steering
tube from engine.

Remove steering lower joint.

Remove stabilizer, transverse link and tension rod with
bracket.

. Sel a suitable transmission jack under transmission. Hoist

engine with engine slinger.

Remove suspension member fixing bolts.

Remove engine mounting bolts from both sides and then
slowly lower transmission jack.

Remove engine with transmission as shown in following
figure.

SEMB75C
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CYLINDER BLOCK

SEC. 110-120.150

Rear oil seal retainer

)63 -83
d\‘ {0.64 - 0.85, 5.6 - 73.8) &

MA

Water drain plug
[O)15 - 25 (15 - 25, 11 - 18)

46 - 52 (4.7 - 5.3, 34 - 38)

Aluminum cylinder block

Gear type oil pump

Main bearing L@

[ 83 - 93 (85 - 9.5, 61 - 69)
M e

Piston rings FE
Piston
Snap ring ‘:‘h AT
; PD
Full-floating pistan pin / Rear plate
Connecting rod G
T F Main bearing cap FA
Connecting rod bearing@
RA
Main bearing beam
Connecting rod cap @R
[D] Refer o “Assembly".
ST
Baffle plate

1D

Oil strainer RS
V[ Reter to “Assembly".

BT
HA
EL

ﬂ : Lubricate with
new engine oil.

@ : Nem (kg-m, in-Ib) DX
0] : Nem (kg-m, ft-Ib)
: Liquid gasket

/g

6.3 - 8.3 (0.64 - 0.85, 55.6 - 73.8)

SEMIB7EA
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CYLINDER BLOCK

SEMB77B

Loosen in numerical order.

SEMS34E

MEM132A

SEMBT2E

CAUTION:

e When installing sliding parts (bearings and pistons, etc.),
apply new engine oil on the sliding surfaces.

e Place removed parts such as bearings and bearing caps in
their proper order and direction.

e When installing connecting rod nuts, and main bearing cap
bolts, apply new engine oil to threads and seating surfaces.

¢ Do not allow any magnetic materials to contact the signal
plate teeth of drive plate.

Disassembly

PISTON AND CRANKSHAFT

1. Remove timing chain.
Refer to “"Removal” in “TIMING CHAIN" {(EM-12).

2. Remove baffle plate.

3. Remove pistons with connecting rods.

e When disassembling piston and connecting rod, remove
snap ring first. Then heat piston to 60 to 70°C (140 te 158°F),
or use piston pin press stand at room temperature.

4. Remove bearing beam, bearing cap and crankshaft.

e Before removing bearing cap, measure crankshaft end
play.

e Bolls should he loosened in two or three steps.

Inspection

PISTON AND PISTON PIN CLEARANCE
1. Measure inner diameter of piston pin hole “dp".
Standard diameter “dp”’:
21.987 - 21.999 mm (0.8656 - 0.8661 in)
2. Measure outer diameter of piston pin “Dp’'.
Standard diameter *Dp”’:
21.989 - 22.001 mm (0.8657 - 0.8662 in)
3. Calculate piston pin clearance.
dp - Dp = -0.004 to 0 mm (-0.0002 to 0 in)
If it exceeds the above value, replace piston assembly with pin.

EM-34



CYLINDER BLOCK
Inspection {Cont’d)
PISTON RING SIDE CLEARANCE

NG Side clearance:
Top ring
0.040 - 0.080 mm (0.0016 - 0.0031 in)
Feeler N ond ring @ﬁ
gavge 0.030 - 0.070 mm (0.0012 - 0.0028 in)

oK Max. limit of side clearance:

0.1 mm (0.004 in) MA
If out of specification, replace piston and/or piston ring assem-
bly.

Piston PISTON RING END GAP
Press-fit End gap: L&
“i B Top ring 0.27 - 0.46 mm (0.0106 - 0.0181 in)
(] ‘I 2nd ring 0.39 - 0.63 mm (0.0154 - 0.0248 In)
; Oil ring 0.20 - 0.69 mm (0.0079 - 0.0272 In) EC
Max. limit of ring gap: 1.0 mm (0.039 In)
Ring If out of specification, replace piston ring. If gap exceeds max- oE
imum limit with new ring, rebore cylinder and use oversize “°
Measuring point piston and piston rings.
Refer to SDS (EM-47). AT
SEMB22B l
CONNECTING ROD BEND AND TORSION B

Bend: Limit 0.15 mm (0.0059 in)
per 100 mm (3.94 In) length
Torsion: Limit 0.30 mm (0.012 In) EA
per 100 mm (3.94 in) length
If it exceeds the limit, replace connecting rod assembly.

RA
BR
SEM150B
CYLINDER BLOCK DISTORTION AND WEAR &7
1. Clean upper face of cylinder block and measure the distor-
tion. -
Standard: Less than 4.03 mm (0.0012 in) RS

Limit: 0.10 mm (0.0039 in)
2. If out of specification, resurface it. BT
The resurfacing limit is determined by the relationship with
the amount of cylinder head resurfacing.
Amount of cylinder head resurfacing is “A’". HA
Amount of cylinder block resurfacing is “B”.
The maximum limit is as follows:
A + B = 0.2 mm (0.008 in) EL
Nominal cylinder block height
from crankshaft center:
220.3 - 220.4 mm (8.673 - 8.677 in) 1o
3. i necessary, replace cylinder block.

76 +0.1 (2.992 + 0.004)

Unit: mm {in)

SEMS41G
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CYLINDER BLOCK

SEM3SDE

Cylinder bore grade

number ————_—— number r
— — ey
F— e SEM748CA

/ __Jylinder block
g
4 8
:I % No‘/‘r‘/i
No. 1
[ No. 2— - f ﬂ 6
221 f

.h. -
Main journal grade

SEMBS20B

Inspection (Cont’d)
PISTON-TO-BORE CLEARANCE AND BORING

1. Using a bore gauge, measure cylinder bore for wear, out-
of-round and taper.
Standard inner diameter:
93.000 - 93.030 mm (3.6614 - 3.6626 in)
Wear limit: 0.20 mm (0.0079 in)
OQut-of-round (X - Y) limit: 0.015 mm (0.0006 in)
Taper (A — B — C) limit: 0.010 mm (0.0004 in)
If it exceeds the limit, rebore all cylinders. Replace cylin-
der biock if necessary.
2. Check for scratches and seizure. If necessary, hone it.
It cylinder block or piston is replaced, malch piston grade
with grade number on cylinder block upper surface.

3. Measure piston skirt diameter.
Piston diameier “A’":
Refer to SDS (EM-47).
Measuring point “a” (Distance from the bottom):
11.5 mm (0.453 in)
4. Check that piston-to-bore clearance is within specification.
Piston-to-bore clearance:
0.010 - 0.030 mm (0.0004 - 0.0012 in)
5. Determine piston oversize according to amount of cylinder
wear.
Oversize pistons are available for service. Refer to SDS (EM-
47).
6. Cylinder bore size is determined by adding piston-to-bore
clearance to piston diameter “A".
Rebored size calculation. D= A + B-C
where, D: Bored diameter
A: Piston diameter as measured
B: Piston-to-bore clearance
C: Honing allowance 0.02 mm (0.0008 in)
7. Install main bearing caps and tighten bolts to the specified
torque. This will prevent distortion of cylinder bores.
8. Rebore cylinders.
e When any cylinder needs boring, all other cylinders must
also be bored.
¢ Do not cut cylinder bore too deeply at a time. Bore only
about 0.05 mm (0.0020 in) in diameter at a time.
9. Hone cylinders to obtain specified piston-to-bore clear-
ance.
10. Measure finished cylinder bore for out-of-round and taper.
¢ Measurement should be done after cylinder bore cools
down.
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CYLINDER BLOCK
Inspection (Cont’d)

A B CRANKSHAFT
i } 1. Check crankshaft main and pin journals for score, wear or
I cracks.
2. With a micrometer, measure journais for taper and out-of-
round. @l

Qut-of-round (X - Y):

Less than 0.005 mm (0.0002 in)
Taper (A — B): WA
Taper: A - B Less than 0.005 mm (0.0002 in)

Out-of-round: X - Y ‘
S5EM316A

3. Measure crankshaft runout.
Runout limit (Tolal indicator reading): LE
0.05 mm (0.0020 in)

HTT

EC
AT
BEARING CLEARANCE D
¢ Use Method A or Method B. Method A is preferred because
it is more accurate.
Method A (Using bore gauge & micrometer) B

Main bearing

1. Set main bearings in their proper positions on cylinder RA
block and main bearing cap.

2. Install main bearing cap to cylinder block.

Tighten all bolts in correct order in two or three stages.
MEMO9A] 3. Measure inner diameter “A’" of each main bearing.
4. Measure outer diameter “Dm’ of each crankshaft main §T

journal.
5. Calculate main bearing clearance.
Main bearing clearance = A - Dm RS

Standard: 0.012 - 0.030 mm (0.0005 - 0.0012 in})
Limit: 0.050 mm (0.0020 in)

e
=1

6. If it exceeds the limit, replace bearing.
7. If clearance cannot be adjusted within the standard, grind
crankshaft journal and use undersized bearing. A
b
CAUTION: L
s When grinding crankshaft journal, confirm that ‘L dimen-
sion in fillet roll is more than the specified limit. Io%
“L”: 0.1 mm (0.004 in)
¢ Refer to SDS for available service parts when grinding it.
111

EM-37



112

CYLINDER BLOCK

el
_ No. 8
o
No 7 L
/5%[ \_‘\7 |
No. 1]’:
= nls
<

1) 322,
Cylinder bore grade —— —— Main journal grade
number - —————-———number ]—
P
F—— [ e S
- e T SEM748CA
Pin journal grade number
No. 1- B o= - No. 4
‘0 0 OK\ No. 5
011
Main journal grade number
g
Crankshaft front view
SEMTS1CA

Inspection (Cont’d)

8. If crankshaft is reused, measure main bearing clearances

and select thickness of main bearings.

If crankshatft is replaced with a new one, it is necessary to

select thickness of main bearings as follows:

a. The grade number of each cylinder block main journal is

punched in either Arabic or Roman numerals.

b. The grade number of each crankshaft main journal is
punched in either Arabic or Roman numerals.

c. Select main bearing with suitable thickness according to

the following table.
How to select main bearings

Cylinder block journal grade number
Main Bearing
0 14{1) 2 {1y 3 (1N
Crankshafi 0 ! 2 3
journal 14N 1 2 3 4
grade 2y 2 3 4 5
number 3 (I 4 5 6
Identification mark and color
0 1 2 3 4 5 6
D G, N
A, Black | B, Brown | C, Green : E, Blue | F, Pink °
Yellow color

For example:

Cylinder block journal grade number: 1
Crankshaft journal grade number: 2

Main bearing grade number

EM-38
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CYLINDER BILOCK
Inspection (Cont'd)

Connecting rod bearing (Big end)

1. Install connecting rod bearing to connecting rod and cap.
2. Install connecting rod cap to connecting rod.

Tighten bolts to the specified torque.

Inside micrometer

3. Measure inner diameter “C" of each bearing. Gl
4. Measure outer diameter “Dp” of each crankshaft pin jour-
e———— nal.
- WA

5. Calculate connecting red bearing clearance.
Connecting rod bearing clearance = C - Dp LE
Standard: 0.020 - 0.045 mm (0.0008 - 0.0018 in)
Limit: 0.065 mm (0.0026 in)
6. If it exceeds the limit, repiace bearing. EC
7. |f clearance cannot be adjusted within the standard of any
bearing, grind crankshaft journal and use undersized bear-

ing.
Refer to step 7 of “"BEARING CLEARANCE — Main
bearing” (EM-37). AT

AEM(34

Pin journal grade number 8. If crankshaft is replaced, select thickness of main bearings

No. 1 - ez _—No. 4 as follows:
A~ \°1°0°,°1/,i«' No. 5 Connecting rod bearing grade number:
!
¥ . =\ -
Main journal grade number =)
{ N i i i
/, /:\\\ 3 Crank pin Connecting rod bearing Identification color
f(((jﬂ ]\ _SV grade number grade number
\\ . T /J L 0 0 No color RA
Nl /\\
\ M—/ PR 1{) 10) Brown
“. P -
e E 2 (l) 2 (I Green B
Crankshaft front view
SEM751CA
Method B (Using plastigage) ST
CAUTION:

¢ Do not turn crankshaft or connecting rod while plastigage as
is being inserted. '

o When bearing clearance exceeds the specified limit,
ensure that the proper bearing has been installed. If clear- BT
ance cannot be adjusted using any standard bearing grade,
grind crankshaft journal and use undersized bearing.

CONNECTING ROD BUSHING CLEARANCE (Small end)

1. Measure inner diameter “C’ of bushing.
2. Measure outer diameter “Dp” of piston pin. MY
3. Calculate connecting rod bushing clearance.
Connecting rod bushing clearance = C -~ Dp
Standard:
0.005 - 0.017 mm {0.0002 - 0.0007 in)
Limit:
0.023 mm (0.0009 in)
If it exceeds the limit, replace connecting rod assembly or
SEMS73E connecting rod bushing and/or piston set with pin.
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CYLINDER BLOCK

SEMOG2A

Front mark
number

Qil hole

Front

Cylinder
number

SEMbG35E

Punchmark side up,

if present
O
SEM569B
Qi ring e Top ring
o Oil ring

expander ' é
Front

=

% ‘ upper rail

A
A

2nd ring

Qil ring
lower rail

Y
=%

SEM536E

Inspection (Cont’d)
REPLACEMENT OF CONNECTING ROD BUSHING (Small

end)
1. Drive in small end bushing until it is flush with end surface
of rod.

Be sure to align oil holes.
2. Ream the bushing so that clearance with piston pin is
within specification.
Clearance:
0.005 - 0.017 mm (0.0002 - 0.0007 in)

DRIVE PLATE RUNOUT
Drive plate runout (Total Indicator reading):
Less than 0.20 mm (0.0079 In) '

CAUTION:

e Be careful not to damage the signal plate, especially the
teeth,

s Do not allow any magnetic materials to contact the signal
plate teeth.

Assembly

PISTON

1. Install new snap ring an one side of piston pin hole.

2. Heat piston to 60 to 70°C (140 to 158°F) and assemble
piston, piston pin, connecting rod and new snap ring.

e Align the direction of piston and connecting rod.

# Numbers stamped on connecting rod and cap correspond
to each cylinder.

e After assembly,
smooihly.

make sure connecting rod swings

3. Set piston rings as shown.

CAUTION:

¢ When piston rings are not replaced, make sure that piston
rings are mounted in their original positions.

e When replacing piston rings, if there is no punchmark,
install with either side up.

e Align piston rings so thal end gaps are positioned as
shown in the figure.
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CYLINDER BLOCK
Assembly (Cont’d)

#5 CRANKSHAFT

1. Set main bearings in their proper positions on cylinder
block and main bearing cap.

e Confirm that correct main bearings are used. Refer to
“Inspection” of this section (EM-38). G

SEM753C

2. Install crankshaft, main bearing caps and beam and tighten
bolts to the specified torque. LE

e Prior to tightening bearing cap bolts, shift crankshaft back
and forth to properly seat the bearing cap.

- e Tightening procedure EC
Front 1) Tighten bolts (D) - &) to @.
2} Turn bolts (1) - €@) & degrees clockwise. FE
3) Tighten all bolis (&) - @) to ©.
Unit: N-m (kg-m, fi-Ib)
Tighten in numerical order. AT
SEMT87C Bolts (T} (@ Bolts Bolts Bolts
® - @) (@ @) (6 - @) (&) - @)
36 - 42 36 - 42 26 - 32 PD
{3.7 - 4.3, (3.7 - 4.3, (2.7 - 3.3, —
27 - 31) 27 - A 20- 24
+5 +5) +5} F"@‘
® 6075 407 35 _
degrees degrees degrees
46 - 52 RA
® — — — (47 -53,
34 - 38
BB

e After securing bearing cap bolts, make sure crankshaft

turns smoothly by hand. ‘ §T
¢ Lubricate threads and seat surfaces of the bolts with new
engine oil.
RS
BT
A
3. Measure crankshaft end play. EL
Crankshaft end play:
Standard DX
0.10 - 0.26 mm (0.0039 - 0.0102 in)
Limit

0.30 mm (0.0118 in)
If above the limit, replace bearing with a new one.

I MEMO99A
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CYLINDER BLOCK

SEM1596

EMO3470000 (J8037) or suitable tool r{g}

SEM768C

Crankshait side

SEMS37E|

Assembly (Cont’d)

4. Install connecting rod bearings in connecting rods and con-
necting rod caps. "

e Confirm that correct bearings are used. "Refer to
“Inspection”.

¢ Install bearings so that oil hole in connecting rod aligns
with oil hole of bearing.

Install pistons with connecting rods.

install them into corresponding cylinders with Tool.

Be careful not to scratch cylinder wall by connecting rod.
Arrange so that front mark on piston head faces toward
front of engine.

®e p

b. Install connecting rod caps.
Tighten connecting rod bearing cap nuts to the specified
torque.
Tightening procedure:
1) Tighten nuts to 14 to 16 N-m (1.4 to 1.6 kg-m, 10
to 12 ft-Ib).
2) Turn nuis 60 to 65 degrees clockwise or if
angle wrench is not available, tighten nuts to
38 to 44 N'm (3.9 to 4.5 kg-m, 28 to 33 fi-Ib).

6. Measure connecting rod side clearance.
Connecling rod side clearance:
Siandard
0.20 - 0.35 mm {0.0079 - 0.0138 in)
Limit
0.40 mm (0.0157 in)
If beyond the Iimit, replace connecting rod and/or crankshatft.

REPLACING PILOT CONVERTER

1. Remove pilot converter.
2. Install pilot converter.
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SERVICE DATA AND SPECIFI'CATIONS‘(SDS)

General Specifications
COMPRESSION PRESSURE

Cylinder arrangement V-8
. Unit; kPa {(kg/cm®, psi)/300 rpm
Displacement om?® {cu in) 4,494 (274,22)
e .
Bore and stroke mm (in) 93 x 82.7 (3.66 x 3.256) ompresston pressure @l
Valve arrangement DOHG Standard 1,275 {13.0, 185)
Firing order 4-8.7-3-6-5.4-2 Minimum 981 (10.0, 142} MA
Number of piston rings D|ff'erent|ar limit batween 98 (1.0, 14)
cylinders '
Compression 2
Oil 1
Number of main bearings 5
_ LE
Compression ratio 10.2 )
i Valve timing
>
£ EC
)
8]
Cylinder number Q‘T
K FE
L
£
O
&
& AT
EM120
Unit: degree E/’.‘\
SEM857C a b ¢ d ® f
236 232 1] 52 4 52
RA
Inspection and Adjustment 57
CYLINDER HEAD
Unit: mm (in)
Siandard Limit ST
. . Less than
Head surface distortion 0.03 (0.0012) 0.1 {0.004) e
Aty
BT
A
EL
B2

Nominal cylinder head height:
H = 130.7 - 130.9 mm (5.146 - 5.154 in) SEMO56C
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SERVICE DATA AND SPECIFICATIONS (SDS)

VALVE

Inspection and Adjustment (Cont’d)
Hydraulic lash adjuster (HLA)

Unit: mm (in) Unit: mm (in)

T (Margin thickness)

i

K

T®)

16.980 - 16.993
(0.6685 - 0.6890)

17.000 - 17.020
(0.6693 - 0.6701)

HLA outer diameter

HLA guide inner diameter

0.007 - 0.040

HI.A gui
. Clearance between HLA and HLLA guide (0.0003 - 0.0016)

Valve guide

L | ' Unit: mm {in)

SEM188

Valve head diameter "D’

Intake

Exhaust

38.0 - 38.3 (1.496 - 1.508)
33.0 - 33.2 (1.599 - 1.307)

Valve length "'L"

Intake 10H.70 - 102.30 (4.0039 - 4.0278)
Exhaust 102.12 - 102.72 {4.0205 - 4.0441)
Valve stem diameter ''d" Exhaust side Y/ Intake side
Intake £.966 - 6.971 (0.2743 - 0.2744)
Exhaust 7.960 - 7.985 (0.3134 - 0.3136) SEMA33C
Vaive seat angle "o Standard Service
Intake . Valve guide
45°15" - 45°45'
Exhaust Intake 11.023 - 11.034 11.223 - 11.234
Outer {0.4340 - 0.4344) | (0.4418 - 0.4423)
Valve margin "'T" di
iameter Exhaust| 12:023 - 12.034 12.223 - 12.234
intake 1.15 - 1.45 (0.0453 - 0.0571) xnaus (0.4733 - 0,4738) (04812 - 0.4817)
Exhaust 1.45 - 1.75 {0.0571 -.0.0689) valve guide
Valve margin "T" limit More than 0.5 (0.020
9 ( ) L’T"‘:ﬂ’eter intake 7.000 - 7.018 (0.2756 - 0.2763)
Valve st d surf ind- 1a
va vlf"" s‘tem end suriace grin Less than 0.2 (0.008) (Finished :
fng fimt size) Exnaust 8,000 - 8.011 (0.3150 - 0.3154}
Valve clearance
_ . intake 10.975 - 10.996 11.175 - 11.196
Intake 0(0) Cylinder head (0.4321 - 0.4329) { (0.4400 - 0.4408)
Exhaust 000 valve guide
x (0) nole diameter pynaust| 19797 11996 12175 - 12.196

Valve spring

{0.4715 - 0.4723)

(0.4793 - 0.4802)

Interference fit of valve
guide

0.027 - 0.058 (0.0011 - 0.0023)

Free height mm {in)

49.42 (1.9457)

Pressure
N {kg, Ib) at height mm (in)

Standard

535.5 (54.5, 120.4)
at 26.8 {1.055)

Standard Lirnit
Intake 0.028 - 0.052 0.080 (6.0031)
Stemn to guide (0.0011 - 0.0020)
clearance 0.035 - 0.051
Exhaust ’ 0.080 (0.0031)

{0.0014 - 0.0020)

Valve deflection limii

0.15 (0.0059)

Limit

477.6 (48.7, 107.4)
al 26.8 (1.055)

Projection length 'L

17.15 - 17.35 {0.6752 - 0.6831)

Out-of-square mm (in)

Less than 2.06 (0.0811)
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SERVICE DATA AND SPECIFICATIONS (SDS)

VALVE SEAT

Inspection and Adjustment (Cont’d)

Urit: mm (in)

Cylinder head

Intake

Exhaust

Contacting width {W); 1.13 - 1.27 (0.0445 - 0.0500)

h
/4.

re————d (1480 - 1.488)

‘44°53" - 45°07' [a)

l "35.9 - 36.1 {1.413 - 1.421) 4

*376 - 378

500

*: Machining data

P
*44°53 - 45007'

r—— .

*30.4 - 30,6 {1.197 - 1.205)

‘324 . 328
(1.276 - 1.283)

Contacting width (W); 1.45 - 1.48 (0.0571 - 0.0583)

SEMGBTE

Standard

Service

Cylinder head seat recess diameter (D)

39.000 - 39.016 (1.5354 - 1.5361)

39.500 - 39.516 (1.5551 - 1.5557)

Ex. 34.000 - 34.016 (1.3386 - 1.3392) 34.500 - 34.516 (1,3583 - 1.3589}
In. 0.081 - 0.113 (0.0032 - 0.0044)
Valve seat interference fit
Ex. 0.064 - 0.096 (0.0025 - 0.0038)
In. 39.097 - 36.113 (1.5382 - 1.5398) 39.597 - 39.613 (1.5589 - 1.5596)
Valve seat outer diameter (d)
Ex. 34.080 - 34.096 (1.3417 - 1.3424) 34.580 - 34.596 (1.3614 - 1.3620)
In. 6.32 - 6.52 (0.2488 - 0.2567)
Depth (H}
Ex. 6.15 - 6.35 (0.2421 - 0.2500)
Height {h) 6.2 - 6.3 (0.244 - 0.248)

EM-45
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SERVICE DATA AND SPECIFICATIONS (SDS)

Inspection and Adjustment (Cont’d)
CAMSHAFT AND CAMSHAFT BEARING

- Unit: mm (in)

CYLINDER BLOCK

Unit: mm (in)

Standard

Limit

Camshatft journal to
bearing clearance

0.045 - 0.086
{0.0018 - 0.0034)

0.15 (0.0059)

inner diameter of cam-
shaft bearing

26.000 - 26.021
(1.0236 - 1.0244)

Outer diameter of
camshaft journal

25,935 - 25,955
{1.0211 - 1.0218)

. Less than
Camshaft runout [TIR™) 0.02 (0.0008) 0.05 (0.0020;
Camshaft sprocket Less than _
runout {TIR"] Q.15 (0.0059)
0.070 - 0.148
f . .
Camshaft end play {0.0028 - 0.0058) 0.20 (0.0079)
EMEG7%
Cam height "'A"
Intake 37.734 ~ 37.924 (1.4856 - 1.4931)
Exhaust 35,155 - 35.345 (1.3841 - 1.3915)

Wear {imit of cam
height

0.05 (9.0020)

*Total indicator reading

EM-46

1 (2.992 +0.004

SEMISHG

Surface flatness

Standard

Limnit

Less than 0.03 (0.0012)
0.10 {0.0039)

Cylinder bore

Inner diameter

Standard

Grade No, 1
Grade No. 2
Grade No. 3

Wear limit

93.000 - 93.610 (3.6614 - 3.6618)
93.010 - 93.020 (3.6618 - 3.6622)
93.020 - 93.030 (3.6622 - 3.6626)

T 0.20 (0.0079)

Out-of-round (X - Y)

Less than 0.015 (0.00086)

Tager (A — B- C)

l.ess than 0.010 (0.0004)

Difference in inner
diameter betweaen cylin-
ders

Limnit

l.ess than 0.03 (0.0012)

Main journal inner
diameter

Grade No. 0
Grade No. 1
Grade No. 2
Gragde No. 3

68.944 - 68.950 (2.7143 - 2.7146)
68,950 - 68.956 (2.7146 - 2.7148)
68 956 - 68.962 (2.7148 - 2.7150)
68.962 - 68.968 (2.7150 - 2.7153)




SERVICE DATA AND SPECIFICATIONS (SDS)
Inspection and Adjustment (Cont’d)
PISTON, PISTON RING AND PISTON PIN Piston pin

Available piston

Unit: mm (in)

Unit: mm (in) Piston pin outer diameter 21.989 - 22.001 (0.8657 - 0.8662)
lnterference fit of piston pin 0,004 to © (~0.0002 to 0) ~
to piston '\g'lﬂ

L . J Piston pin to connecting
:_1 — rod bushing clearance ~
[o o 0 o] Mﬂfﬁl
—_— Standard 0.005 - 0.017 (0.0002 - 0.0007)
Limit §.023 (0.0009)
*Values measured at ambient temperature of 20°C (68°F)
o
- A
‘ ]
a LG
! CONNECTING ROD

Unit: mm {in)

EHa
SEM750C Center distance 146.95 - 147.05 (5.7854 - 5.7894) o0
Piston skirt diameter “A" Bend, torsion [per 100
3.94 .
Standard ( 2 FE
Limit 0.15 {0.0059)
Grade No. 1 92.980 - 92.990 (3.6606 - 3.6610}
Torsion [per 100 {3.94)] :
Grade No. 2 92,990 - 93.00C {3.6610 - 3.6614) 'ﬁ\\T
Limit 0.3 (0.0012) -
Grade No. 3 93.000 - 93.010 (3.6614 - 3.6613}
Connecting rod small end
- . . 24.980 - 25.000 (0.9835 - 0.9843
0.20(0.0079) over- g4 150 _ 93 210 (3.6685 - 3.6697) inner diameter ( '
size (Service) i
Piston pin bushing inner
‘a’" dimension 11.5 (0.453) diametzr* 9 22.000 - 22.012 (0.8661 - 0.8666)
Piston clearance to cylin- Connecting rod bi d A
der block 0.010 - 0.030 (0.0004 - 0.00%2) innr:er di;’:r?eter 'g en 55.000 - 55.013 (2.1654 - 2.16509)
Piston pin hole diameter 21.887 - 21.999 (0.8656 - 0.8661) Side clearance
Standard 0.20 - 0.35 {0.0079 - 0.0138}
Limit 0.40 (0.0157)
H H 0,
Piston ring *After installing in connecting rod BR
Unit: mm {in)
Standard Limit ==
: 8T
Side clearance
To 0.040 - 0.080
P (0.0016 - 0.0031) RS
0.1 (0.004)
ond 0.030 - 0.070
(0.0012 - 0.0028) _
BT
End gap
To 0.27 - 0.46
P (0.0106 - 0.0181) HA
0.39 - 0.63
2nd (0.0154 - 0.0248) 1.0 {0.038)
Oil {rall ring) 0.20 - 0.69 Bl
¢ (0.0079 - 0.0272)
()
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SERVICE DATA AND SPECIFICATIONS (SDS)

CRANKSHAFT

Inspection and Adjustment (Cont’d)
AVAILABLE MAIN BEARING

Unit: mm (in)

Main journal dia. “"Dm"

Grade No. 0
Grade No. 1
Grade No. 2
. Grade No. 3

63.958 - 63.964 {2.5180 - 2.5183)
63.952 - 63.958 (2.5178 - 2.5180)
63.946 - 63.952 (2.5176 - 2.5178)
63.840 - 63.846 (2.5173 - 2.5176)

Pin journal dia. '"'Dp"”

Grade No. 0
Grade No. 1
Grade No. 2

51.968 - 51.974 (2.0460 - 2.0452)
51.962 - 51.968 (2.0457 - 2.0460)
51,956 - 51.962 (2.0455 - 2.0457)

Engine front

Center distance ''r

41.31 - 41.39 (1.6264 - 1.6295)

SEM753C
Cut-of-round (X - Y)
Standard Less than 0,005 (0.0002)
Taper (A - B)
Standard Less than 0.005 {0.0002) No. 1 and 5 main bearing
Runout [TIR] Standard size
Unit: mm (in)
Standard Less than 0.025 {0.0010)
Limit 0.05 (0.0020) Grade |1 ickness T Width W Identilication
number color (mark)
Free end ptay ] 2481 - 2.484 stack )
Standard 0.10 - 0.26 (0.0039 - 0.0102) (0.0977 - 0.0978)
Limit 0.30 (0.0118) 2.484 - 2.487
! (0.0978 - 0.0979) Brown (B}
Om 2.487 - 2.490
2 {0.0979 - 0.0980) Green (C)
2.490 - 2.493 19.9 - 20.1
3 (0.0980 - 0.0981) | (0.783 - 0.791) vellow (D)
2.493 - 2.496
jL 4 (0.0981 - 0.0983) Blue (E)
- 2.496 - 2.499
r e Pink {F
L. 3 (0.0983 - 0.0984) ik (F}
2,499 - 2.502
SEMO54C 8 (0.0984 - 0.0985) No color (G}
Cut-of-round ®-»
Taper @ -
@&
‘W ¥
EM715
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SERVICE DATA AND SPECIFICATIONS (SDS)

No. 2 and 4 main bearing

Standard size

Inspection and Adjustment (Cont’d)

AVAILABLE CONNECTING ROD BEARING

Connecting rod bearing

Ynit: mm (in) Standard size
Grade Thickness “T" Width W Identification Unit: mm (in)
number color {mark)
Grade Thickness “"T" ldentification
0 2.481-2.484 Black (A) number s color {mark}
{0.0977 - 0.0978) Pvv——
T 1
; 2.484 - 2.487 Brown (B) 0 (0.0591 - 0.0592) No color (A)
{0.0978 - 0.0879)
| 1,503 - 1.506 Brown (B)
5 2.487 - 2480 Green (C) (0.0592 - 0.0593)
{0.0979 - 0.0980)
1.506 - 1.509
2.490 - 2.493 22.2-22.4 2 (0.0593 - 0.0594) Green (C)
3 Yellow (D} : -
{.0980 - 0.0981) | (0.874 - 0.882)
2.493 - 2.496
4 Bl E
(0.0981 - £.0083) ue (£)
] 0,496 - 2.499 ik () Undersize
(0.0983 - 0.0984) Unit: mm (in)
2499 - 2.502 Crank pin journal
[ No color (G) ; pin |
(0.0984 - 0.0985) Thickness diameter "Dp"
1,641 - 1.549

No. 3 main bearing

Standard size

Unit: mm (in)

0.08 (0.0031)

(C.0607 - 0.0610)

0.12 {0.0047)

1.561 - 1.569
{0.0615 - 0.0618)

0.25 (0.0098)

1.626 - 1.634
{0.0640 - 0.0643})

Grind s0 that bear-
ing clearance is the
specified value.

Bearing clearance

Unit: mm (in)

Main bearing clearance

Standard

Limit

0.012 - 0.030 (0.0005 - 0.0012)

0.050 (0.0020)

Connecting rod bearing clearance

0.020 - 0.045 (0.0008 - 0.0018)

Standard
Limit

0.085 (0.0026)

MISCELLANEOQOUS COMPONENTS

Unit: mm (in)

Erive plate

Runout [TIR]*

Less than 0.20 (0.0079}

tdentilicati
Grade Thickness ““T" Width "W" deniitication
number color {mark)
2.481 - 2.484
Black (A
0 (0.0977 - 0.0978) ack (A)
.484 - 2.487
B B
1 (0.0978 - 0.0979) rown (B)
2.487 - 2.490
G
2 (0.0979 - 0.0980) reen (C)
2.490 - 2.493 212.21.4
3 {0.0980 - 0.0981) | (0.835 - 0.843) Yellow (D)
2.493 - 2.496
Blue (E
4 (0.0981 - 0.0983) ue (E)
2.496 - 2.439 )
Pink [F
s (0.0983 - 0.0984) ik (F)
2.499 - 2.502
6 (0.0984 - 0.0985) No eolor {G)
Undersize
Unit: mm (in}
. Main journal
Thickness diameter “Dm"
0.25 2613 - 2.621 Grind so that bearing
© 6098) (© 1'029 ) 0'1032) ¢clearance is the speci-
. ’ ’ fied value.

*Total indicator reading
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