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Engine Mechanical

PRELIMINARY

CLEANING AND
INSPECTION

Before disassembling
serve the following items:
I. Prior to disassembling, check
outer parts for sign of leak past their
gasketed surfaces.

2. Check fuel hoses for deteriora-
tion, cracks or otherwise leakage of
fuel past their jointed or connected
surfaces.

3. Wipe dust and mud off engine.

4. Inspect outer parts for visual
faults and broken or missing parts such
as bolts and nuts.

5. Check piping and electrical ¢ir-
cuits for deterioration, breakage,
fittings, discontinuity or insulation.

engine, ob-

DISASSEMBLY

To remove engine from car, refer to
Section ER.
1. Remove starting molorand trans-
mission from engine.
2. Remove clutch assembly, using
Clutch Aligning Bar KV30100100 to
support weight of clutch disc.
3.  Remove auxiliary cooling fan as-
sembly (if so equipped).
4, Remove alternator and alternalor
bracket.
5. Place engine asscmblg’ -cm lhe en-
gine stand. Pk

(1) Remove engine__ mmn‘-;lin;‘.(\

bracker R.H.
{2) Remove oi] filter using Ol rllter
Wrench ST19320000. \

(3) Install engine aliachment to Lyl—

inder blogk using bolt holes securing
alternator bracket and engine niount-
ing.

(4) Remove oil pressure switch.,

(5) Setengine on the stand.

ENGINE DISASSEMBLY

Engine Attachment ST05340001
Engine Stand Assembly ST05018000

STOS 31’000\

Intake Manifold Assembly

\~ Jo Exhaust manifold

Engine on Eng:m¢ Siaﬂd
| / .-
u lf \

A i’ \\ ',/
6. Thoroughly drain éngine oi,l and
coolant by n,m(wlmz drain phggs
7. Remave \[he following mner parls
and cieun\.alpans Sk ,f
e Distributor cap m\xd Ingh /tension

cable, }-\,,_,.-”

!

e Disiribugsr i
e Hose apd pipe conneéted to engine
|

s Fuel !||nc' |' || J
o Intake' ..,mﬁui I‘o]lj:l/;' ,.

_,--No[e \Removg intake manifold as an
memlﬂy Of fuel pipe, injector, air
_ Ialbr etc. as follows:
"-,_ \a& Dis’wnvliect hose connecting rocker
“Cover o throttle chamber at rocker
_cover.
fD\aconnecl water pipe connecting
\héater housing to water inlet at
— water inlet.

Remove holt which secures water

pipe and fuel pipe to cylinder head.

/c. Remove tube connecting heater

housing to thermostat housing.

d. Remove bolt which secures intake
manifold to cylinder head and re-
move intake manifold as an assem-
bly.

e. Remove P.C.V. valve hose, sub heat
shield plate and E.G.R. tube (if so
equipped).

EM-3

o Thermostal housing
¢ Crank pulley using Puller Crank

Pulley ST16540000.

ST 16540000

EMT706

Remouving Crank Pulley

o Water pump

Oil pump and oil
spindle.

e Rocker cover

s Oil level gauge

e Spark plugs, eic.

pump  drive

8. Remove cylindér head assembly.
(1) Remove camshaft sprocket and
slowly lower timing chain.

EM707
Rewoving Camshaft Sprocket



Engine Mechanical

'Note:lr"N'ﬁrnbgrs are stamped on con-
necting rod and cap corresponding

(2) Loosen cylinder head bolts in
the sequence using Cylinder Head Bolt

Wrench ST10120000. to_eachcylinder, Care should be
."'taken- to avoid wrong combination
\inchiding bearing.
@O ® BB O ®
e © o o o 1 15. ~Remove ctankshaft,
(1) R-'uﬂlnds_{e flywheel and end plate.
e o 2 @ b . ® o -
®® @ B 0o 0 & | WARNING:
“When remaving flywheel, be careful
BM708 4 [ [/ ot todropit.
Cylinder Head Bolt Loosening e R : . ./, .i .'
Sequence 3 Siack slde chain guide G\
3 Tension side chain guide
4  Oil thrower
(3) Remove bolts securing cylinder & il g drlve gear =
head to front cover. 6 Crankshalt sprocket ™~ -
.| Em7oe
Note: When removing cylinder head Removing Chain q;f?i’;z"eéh“;ﬁ
from engine installed on car, follow |'. th il
the instructions below,
a. Turn crapkshaft until No. 1 piston b il .
is at T.D.C. on its compression Note: If it is hard 1o 'extract crank-
stroke, shaft sprocket, useasditable puller,
b. To facilitate assembling operation, e % _ EM710

seribe a mark on timing chain and
camshaft sprocket with paint be-
fore removal,
¢, Support timing chain by utilizing
Chain  Stopper KV10105800
(ST17420001) between timing j = Y mmeahs
chains, / \ H A\t
{ A & ‘EM2B6
KV10105800 Removing Crankshaft Sprocket
(5T17420001) S

i Removing Flywhee!

(2) Remove main bearing cap.

Note:

a. When loosening main bearing cap
bolt, loosen from outside in se-
guence,

b. Use Crankshaft Main Bearing Cap
Puller KY101041S0 fo remove
center and rear main bearing caps.
Keep them in order.

A4 "\:H.el\mi'v‘y piston and connecting
/ rod-assemply.

SEM132
Supporting Tim t'ng[,-CHh_!'H

9. Remove oil pan and oil strdiner.
10. Remove front cover, |\
11. Remove chain tensioner and
chain guide, \
12, Remove timing chain,

13. Remove ail thrower, oil pump
drive gear and crankshaft sprocket Removing Piston and Connecting (3)  Remove rear oil seal,
from crankshaft, Rod Assembly (4) Remove crankshaft.

Removing Rear Main Bearing Cap

EM-4



Engine Mechanical

16. Remove baffle plate and steel

Removing Baffle Plate and Net

PISTON AND
CONNECTING ROD

1. Remove piston rings with a ring
remover,

l. Remiove v;\ﬂi’e_ﬁroclg!cr spring.

2. Loosen valve rotker pivot lock
nut and remove rocker arm by pressing
down valve §p ving/” ST

|

Remouving Piston Rings

2. Press piston pin out. Using préss

b g = o N R /;__

and  Piston  Pin  Press S'.la'i-l-\d | F EBL !ﬁ} O o
ST13030001. >
! / Remouving Rocker Arm

Remove camshafl.

ST13030001 3.

EM15E

Remouving Piston Pin

Note: Keep the disassembled parts in
order.

Removing Camshaft

EM-5

CYLINDER HEAD AND VALVE

Camshafi
Valve rocker spring
Valve rocker
Valve rocker puide
Valve spring collet
Valve spring retainer

7T Valve outer spring

8 Valve inner spring

Valve oil seal

10 Valve outer spring seal
Il Valve inner spring seat
12 Valve
13 Valve rocker pivol
14 Rocker pivot rock nut
I5 Rocker spring retainer
16 Rocker pivot bushing

EM712

Valve Mechanism

Note: At this time, take care not to
damage camshaft bearings and cam
lobes.

4. Remove valve rocker pivol, rock-
er pivot lock nut and rocker spring
rétainer.

Note: Do mot remove rocker pivot
bushing.

5. Remove valves using Valve Lifter
ST12070000.

~ ST12070000

Removing Valve

Note: Be sure to leave camshaft bear-
ing intact. Because the bearing
center is liable to be ont of align-
ment.
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INSPECTION AND REPAIR

PREPARATION FOR
INSPECTION

1. Before cleaning, check for sign of
water and oil leaks.

2, Clean oil and carbon deposits
from all parts. They should be clean
from gasket or sealant,

3. Clean all oil holes with solvent
and dry with compressed air. Make
sure that they are not restricted,

CYLINDER HEAD
AND VALVE

CHECKING CYLINDER
HEAD MATING FACE

CAUTION:

Never remove camshaft bearings unless
you have a suitable machine for boring
camshaft bearing in line. If you once
remove camshaft bearings, bearing
centerg will be out of alignment and
reconditioning is very difficult withaut
center borings.

l. Make u visual check for cracks
and flaws,

2. Measure the surface of cylinder

head (on cylinder block side) for ——

Warpage.
If beyond the specified limit, ¢or/
rect with a surface grinder.

Warpage of surface:
Less than __ ' _
0.1 mm (0,0__04 in J"‘.

EM713

Measuring Cylinder Heud Surface

Note: Surface grinding limit
The grinding limit of cylinder head
is determined by the cylinder block
grinding in an engine,
Depth of cylinder head grinding
is A"

Depth of cylinder block grinding A==t

is GI.B’T
The limit is as follows:

A + B =0.2 mm (0.008 in) B mﬁ-‘*

VALVE

I. Check each of the intake and
exhaust valve for worn{,-' d_z'ﬁ-‘;ag?d o
deformed valve caps or stems/ Cbrrect /

or replace the valve that isfadlty, /
For standard size of valve, refer to

Service Data and Specifications,—

2. Valve face’ or valve stem end

surface should ‘be refaced|by using a

valve grinder:. -'

Note: When valve head has'been worn
down to-0.5 mm~(0.020 in) in
thickness, replace the valve,
Grinding| allowance for valve stem

end surface is 0.5 mm (0.020 in) or

Regrinding Valve Face

" VALVE SPRING

. Check valve spring for squareness
using a steel square and surface piate.
If spring is out of square “S" more
than specified limit, replace with new
ones,
Out of square (*'S")
Quter;
Less than
2.2 mm (0.087 in)
Inner:
Less than
1.2 mm (0.047 in)

EM-6

Measuring Spring Squareness

2 Measure the free length and the

tension of each spring. I the measured
value exceeds the specified limit, re-
place spring.

Refer to Service Data and Specifica-
tions,

EM113

Measuring Spring Tension

ROCKER ARM AND VALVE
ROCKER PIVOT

Check pivot head and cam contact
and pivot contact surfaces of rocker
arm for damage or wear, If faults are
found, replace them. A faulty pivot
necessitates its replacernent together
with the corresponding rocker arm,

VALVE GUIDE

Measure the clearance between
valve guide and valve stem. If the
clearance exceeds the specified limit,
replace the worn parts or both valve
and valve guide, In this case, it is
essential to determine if such a clear-
ance has been caused by a worn or
bent valve stem or by a worn valve
guide,
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Determining clearance

Precise measurement of clearance
between valve stem and valve guide
needs the aid of a micrometer and a
telescope hole gauge. By using these
gauges, measure the diameter of valve
stem in three places; tap, center and
boitom,

Refer to Service Data and Specifica-
tions.

EMO30

Measuring Valve Stem Diameter
viamerer

Inser! telescope hole gauge in valve
guide bore, measuring at center.

Subtract the highest reading of
valve stem dismeter [rom valve guide
bore to obtain the stem fo guide
clearance.

As an expedient, a valve is pushed
in valve guide and moved 1o the right
and left. If its tip deflects beyond the
specified Iimit there, it will be known
that the cleargnce between stem and
guide exceeds the maximum limit.

Max. allowable deflection:
0.2 mm (0.008 in)
Max. tolerance:
Stem to guide clearance
0.1 mm (0.004 in) vér
1

Note: Valve

ly, a large amount of wear gceurs in
this direction.) - )

. Max. .:J]mwbledcﬂaruon
G i \ /

30 mm {1 1 8 m}

EMI15

Measuring deflection befween Valve
Stem and Valve Guide

LY
should be moved in "
parallel with rocker arm, (General-,

T 0.2 mm (ﬂ 0;}8 rn} —

Replacement of valve guide

I. To remove old pguides, use Drift

ST11033000 and a press (under a

2-ton pressure) or a hammer.

Drive them out from combustion
chamber side toward rocker cover.
Heated cylinder head will facilitate the
operation.

2. Ream cylinder head valve guide

hole using Reamer ST11081000 [12.2 /
mm (0.480 in) dia.] at room iemperas

ture,

Refer to Sewlce Data and Specifica-
tions. BN

EM290
Correcting Valve Seatf

,

_ Replacement valve seat insert

N 1 Old insert can be removed bY

\\

'\Rq_um ing ﬁga’ue Ibufde

3. Press new vilve guiffé ifto head
carefully so that it will I'il"qmoolhly
after heatifig Cylinder, hcad to 150 to
200°C (302tp 391°F}

Vahrp gunﬂe tjl 0.2 mm (0.008 in)
oversize dm‘nelér is available for serv-
ice. Refer to !:.eﬂilcc Data and Specifi-
cafions. N\

'4f ~Ream fhc bore with valve guide
pre-sscd in; usmg Valve Guide Reamer
“ST11632000/ (8.0 mm (0315 in)

"_d'lﬁ.\l .\“-..‘

. Reaming bore:
) 8.000 - 8.018 mm
f,f0.3150 -0.3157 in)

=57 Correct valve seat surface with

new valve guide as the axis.

VALVE SEAT INSERTS

Check- valve seat inserts for any
cvidence of pitiing at valve contact
surface, and reseat or replace if worn
out excessively.

Correct valve seat surface with
Valve Seat Cutter STI11650001 and
grind with a grinding compound.

Valve seat insert of 0.5 mm (0.020
in) oversize is available for service.

EM-7

boring out until it collapses., The
machine depth stop should be set so
that boring cannot continue beyond
the bottom face of the insert recess in
cylinder head.

2. Select a suitable valve seat inserl
and check its outside diameter.

3. Machine cylinder head recess Lo
the concentric circles o valve guide
center so that insert will have the
correct fil.

4. Ream the cylinder head recess at
room lemperature,

5. Heat cylinder head o a tempera-
ture of 150 to 200°C (302 to 392°F).
6. Fil insert ensuring that il beds on
the botton face of its recess, and
caulk more than 4 points.

7. Valve seats newly fitted should be
cut or ground using Valve Seat Cutter
ST11650001 at the specified dimen-
sions as shown in Service Data and
Specifications.

8. Apply small amount of fine grid-
ing compound to valve contacting face
and put valve into guide. Lap valve
apainst its seat uniil proper valve seal-
ing is obtained. Remove valve and then
chean valve and valve seat.

CAMSHAFT AND
CAMSHAFT BEARING

CAMSHAFT BEARING
CLEARANCE
Measure the inside diameter of cam-

shafl bearing with an inside dial gauge
and the outside diameter of camshafi
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journal with a micrometer. If any
malfunction is found, replace camishaft
or cylinder head assembly,

Max. tolerance of camshaft
bearing clearance;

0.1 mm {0.004 in)

EM118
Meuasuring Camshaft Bearing

CAMSHAFT ALIGNMENT

1. Check camshaft, camshaft journal
and cam surface for bend, wear or
damage. If problems are beyond the
limits, replace the parts,

2. Camshaft can be checked for
bend by placing it on V-blocks and
using a dial gauge with its indicating
finger resting on center journal.

Camshaft hend
(Total indicator reading):
Less than 0.10 mm {0.0039 in)

Measuring Camshaft Bend | :

3. Measure camshaft end play. If be-
yond- the specified limit, replace locat-
ing plate. \

Camshaft end play:
0.08 - 0.38 mm
{0.0031 - 0.0150 in)

Measuring Camshaft End Play

4. Measure camshalt cam height. If
beyond the specified limit, replacp
camshaft.

tions.

VALVE TIMING

If any valve is found optm'él'f"spacii"i.

cations (refer to Service “Data and -

Specifications), one possibility is that
cam labe is worn or damaged calln]g
for replacement ol'Lamslmft

CYLINDER BLOCK

. Visually check Ly mder block for
cracks or flaws. ._.’ ~

2. Measure thefop of c}dmder block
(cylinder head matmg face) for warp-
age. If warpage exwods the spec:lflt,d
limit, correct wnh a grmder.

Warpage of wllnder_blt:ck surface;
Less than 0:10 mm (0.0039 in}

Merssurmg C'yimde'r Hlock Surface

% ﬁ?te:_“ Surface grinding limit;

The grinding Bmit of cylinder block
is. determined by the cylinder head
grmdmg in an engine,

Depth of cylinder head grinding
_igMAn
/“Depth of cylinder block grinding
/is "B

. The limit is as follows:
A+ B=02 mm (0.008 in)

3. Using a bore gauge, measure cyl-

“_inder bore for out-of-round or taper.

If, out-of-round or taper is excessive,
rebore the cylinder walls by means of a
boring machine. Measurement should
be taken along bores for taper and
around bores for out-of-round,

Refer to Service Data and Specifica-
tions.

EM-8

Refer to Service Data and Spgcmca R

Qut-of-round x-Y
Taper A-B

T 20(0.79)

Isoo (3.94)

Unit: mm (in) EM125

Cylinder Bore Measuring Positions

EM304

Measuring Cylinder Bore Diameter

4. When wear, taper or out-of-round
is minor and within the limit, remove
the step at the topmost portion of
cylinder using a ridge reamer or other
similar tool,

CYLINDER BORING

1. When any cylinder needs boring,
all other cylinders must also be bored
at the same time,
2. Determine piston oversize accord-
ing to amount of wear of ¢cylinder.
Refer to Service Data and Specifica-
tions,
3. The size 1o which cylinders must
be honed is determined by adding
piston-to-cylinder clearance to the pis-
ton skirt diameter “A".
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Measuring Piston Skirt Diameter

L7} ]

Note: Measure dimension “a” at posi-
tion shown below.

Dimansion "a"
(distance from center of pin):
Approximately
20 mm (0.79 in)

(i E

EM714
Measuring Position of Piston Skirt

Diameter

Rebored size caleulation
D=A+B-(C= A+[0005L0 |
0.025 mm (0.0002 to 0.0010 m}]

|" [ pull #ee}er gauge straight upward.

168 \ cylmder Be heated to 20°C (68°F).

where, et Y
D : Honed diameter /' Sty
A . Skirt diameter as n"w’aqumd\
B : Piston-to-wall cleardnce )
C : Machining al]owahce\k /
0.02 mm (0.0008 EQ} W
CAUTION:

a. To prevént strain due to cuttlng
heat, hnre: e 'cylinders i in the Jorder
of 1-53624.\ |\ /

b. Before boring am,r l:gli’nder install
main bearing éaps in plaue and
tighten to the spaclflcaﬁan so that
the crankshaft bearing bores will
not become distorted from the bor-
ing operation.

4. Do not cut too much out of PIiTON, PISTON
cylinder bore at a time. Cut only 0.05 P‘N IND\

mm (0.0020 in) or so in diameter at a
ik ; gl TON RINGS

time,
5. Measurement of a just machined / ™ easure, the side clearance of
cylinder bore requires utmost care “~Ilng;\1 «ing grooves as each ring is
since it is expanded by cutling heat. ue%

6. As a final step, cylinders shopid \ [f\slda clearance exceeds the speci-
be honed to size. N\ fied himt replace piston together with
7. Measure the finished cyimdcr N pmmnmng

bore for out-of-round or taperéd p::/l,

Ma tol f side
Refer Lo Service Data and gpémﬁ SLE S

tions. .' |' clearance:
8. Measure piston- Lq byhhder ch?dr , 0.1 mm {0.004 in)
ance. il ¢ — /

This clearance can be “checked
easily by using a feelgfgaugc\.md A
spring balance Ilookfaen I'E&Le:\ﬂaugeﬂ;
measuring the amoyn’n of fnmﬁ ré-
quired to pull gm.[lge Jout from belw,een
piston and wllnGEr / ."\ e

S\
N .

Feei{r gauga_used \\\' —

/0. (M mm (0. 0015 lr? EMi2g
EX"MQW force: 1 | Measuring Piston Ring Side Cloarance
20 - 14, ? N

©.2-15ka./ /
04-331) /
‘\.}\ j;‘ 2. Measure ring gap with a feeler
Nol 45\ [ ¥ gauge, placing ring squarely in cyl-
inder.
Ring should be placed to diameter
at upper or lower limit of ring travel.
If ring gap exceeds the specified
limit, replace ring.

a,/When ma@.&nr/ ing clearance, slowly

b\ It is/ recornmended that piston and

Max. tolerance of ring gap:
1.0 mm (0.039 in)

bt

EM308

Measuring Piston Fit in Cylinder

T ———TEM130
Measuring Ring Gap
Note: If cylinder bore has wom be-
vond the wear limit, use-cylinder
liner. Note:
Undersize cylinder liners are avail- a. When piston ring only is to be
able for service. replaced, without cylinder bore be-
Interference fit of cylinder liner in ing corrected, measure the gap at
cylinder block should be 0.08 to the bottom of cylinder where the
0.09 mm (0.00631 to 0.0035 in). wear is minor.

EM-9
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b. Oversize piston rings are available
for service. [0.5 mm (0.020 in), 1.0
mm (0,039 in) oversize].

3. Measure piston pin hole in rela-
tion to the outer diameter of pin. If
wear exceeds the limit, replace such
piston pin together with piston on
which it is installed,

Piston pin to piston clearance:
0.006 -0.013 mm
{00002 - 0.0005 in)

Note: Determine the fitting of piston
pin into piston pin hole to such an
extent that it can he pressed
smoothly by finger al room tem-
perature. This piston pin must be a
tight press fit into connecting rod.

EM131
Pistan Pin Fitting

CONNECTING ROD

1. Check connecting rod for bend or
torsion using a connecting rod aligner.
If bend or torsion exceeds the limit,
correct or replace.

Bend and torsion
[per 100 mm (3.94 in) length} :
Less than ~
0.05 mm (0.0020 in)

Measuring Rod Alignment

2. When replacing connecting rod,
select rod so that weight difference
between new and old ones is within 7
gr (025 oz).

3. lnstall connecting rods with bear-
ings on to corresponding crank pins
and measure the thrust clearance. if
the measured value exceeds the limit,
replace such connecting rod.

Max. tolerance of big end play:
0.6 mm (0,024 in}

. / EMI134

M easuring Big E r:d__.-'fﬂay

I.  Repair [or/replace 4s required, If
faults aré minor| dorrect with fine
crocuscloth, &7/

2. (Check \wg.h amicrometer journals
and/ crank. pins for taper and out-of-
round, Measurement should be taken
along journals'for taper and around

_~faurnals for put-of-round.
——If outofaound or taper exceeds

the épecil'ied limit, replace or repair,
|

% _Qillt-of-rqund (X-¥):

Less than 0.03 mm {0.0012 in}
—Taper (A-B):
Less than 0,03 mm (0.0012 in)

Qut-of-round XY
Taper A-bB

\A BJ
o e
FI B,

EM7I1E

Measurement Point

EM-10

3. After regrinding crankshati, finish
it to the necessary size indicated in the
chart undeér Service Data and Specifi-
cat.ions_,by;'i"ﬁéi'rig-an adequate undersize
beariné_ ar.‘l:'(:-rdi'n'g'-..w._.-:the extent of
required repair.

4. /Crankshaft can be checked for
bgnd"b-y[_ p.]ﬁ‘c;igg At on V-blocks and
dsing a dia] gauge with its indicating
fiﬁi_nge_:'r-r_estiné _,ori'cenler journal.

) NI bend-¢éxceeds the specified limit,

replace.or repair.

EM716
Measuring Cranfishaft Bend

Bend (Total indicator reading):
Less than 0.10 mm {0,0039 in)

5. Measure crankshaft end play. IT
beyond the specified limit, replace
main bedring.

EM717
Measuring Crankshaft End Play

Max. tolerance of end play:
0.3 mm {0.012 in)

6. To replace crankshaft rear pilot
bushing, proceed as follows:
(1) Pull out bushing using Pilot
Bushing Puller ST16610001.
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2. Crankshalt journals and beurings
should be clean and free from dust and
dirt before oil clearance is measured.
3. Set main bearing on cap block.

4. Cut a plastigage to the width of
hearing and place it in parallel with
crank journal, getting clear of the oil
hole. Install cap on the assembly and
tighten them together to rhe specified
lorgue,

T : Main bearing cap

MEASUREMENT OF
CONNECTING ROD
BEARING

1. Measure connceting rod bearing
clearance in the same manner as above,

T : Conaecting rod bearing cap
/ 44-54 N-m
AT 4555 kgm,
3 33 40 ft-Ib)

{ X
b hY
\

"2 elearance exceeds the specified

Pulling Out Pilot Bushing ?:f; 52!:::; i ) B \'dil\m\\\\l%pjldce bearing with an under.
N /N size bearing and grind the crankshaft
. L . Lo 33 - 40 frb) N journul adequately.
(2)  Before installing a new hushing, # i
thoroughly clean bushing hiole. /" > Max tolerance of connecting
(3) Insert pilot bushing until dis- /SC“F [ 7 \ rod bearing clearance:

\

tance buiween flange end and pilot
bushing 1s the speciflicd distance “A”™.

Distance “A"": \ \
Approximately (AN
4.0 mm (0.157 in}
; f. ‘\:w" 41
Do not il bushing. f,} ““.’;
 Fig }lﬁM'-{Q Plastigage
A b , "'\__\ //,,
— iy ST

iPILOT . No!e:,—"'{)é’. not turn crankshaft while
| Aw PETL S
MaRING the plastigage is being inserted.

s
/

5. Remove cap. and compare width
of l'i.}_e__.plus!ig:j)}ghg! its widest par! with
the scale printed in the plastisage
t;ilytcli}pc:; P ~

(L) )]

o

EMT71 q, N

Installing Pilot Bushing(
L

N

Note: When installing pilot _,t';fusﬁing_l, %

be careful not to damagf edge of)
pilot bushing and not to \inserf

\

excessively. Y \_ /
f Measuring Bearing Clearance
BEARING/ | |
— | / f
MEQSUREMENTI"._OFI"'»--"J. 6. If clearance exceeds the specified

/

MAIN BEARING CLEARANCE

l.  Thoroi thly clean Eu,ﬁearings and
cheek foo seratches, mielt, score or

vahie, replace bearing with an under-
size bearing and grind crankshaft
journal adeguately.

Max. tolerance of main

W EAT.
Replace bearings, i any faull is bearing clearance:
detected. 0.12 mm {0.0047 in}

EM-11

 \Plastigage |

P

~ MISCELLANEOQUS

0.12 mm {0.0047 in)

COMPONENTS

CAMSHAFT SPROCIET

Install camshalt sprocket in posi-
tion and check for runoul,

If runout exceeds (he specificd
limit. repluce camshafl sprocket.

Runout:
(Total indicator reading)
Less than 0.1 mm (0.004 in}

Meuosuring Camshaft Sprocket Runout

CHAIN

I, Check chain for damage. exces-
sive wear or stietch at roller hinks.
Replace of Taulty,
2. To properly adjust chain tension
{or valve timing). camshafl sprockst
has a cam locating plate and three
location holes (Nos. 1, 2 and 3).
Camshaft sprockst is preset at No.
1 hole at the factory. If ¢chain becomes
loose, adjust it by selting camshaft
sprocket at No. 2 or No. 3 hole.
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To check and adjust stretch of
chain, proceed as follows:

(1) 10(8): Timing mark
e B B

[.ocation hole
Oblong
groove

.~ Location
noteh

After adjustment

EMTE2

Adjusting Camshaft Sprocket Location

e o

4° 15°

10®

(2)

EMJ46—
Camshaft Location .‘.."."q-te P

If the location notch/ is, O‘ff the”

Runout:
(Total indicator reading)
/Less than'0,15 mm (0.0058 in)

Measurifig Flywheel Deviation

left end of the oblong groove,( cham

stretch is beyond limits and No. 2

location hole of camshaft _ﬁsp_r_pslget i

set on camshaft pin, This'No. 2 natch

should then be an the oblong groove
When No. 2 hole is used,No. 2 tlmmg(..-'

mark must also be used. The amounl
of the modification is @42 rotauon. of
crankshaft. / "

(3) Ii the/ valve tlmmg r:annot be
corrected by using No. 2 hole, use No.
3 hole in the same- procedure as above.
The amount of modmcanon by using
No. 3 hole is an 8° rmatmn of
crankshaft. gy

(4) Wbén modlflcafmn becomes im-
possiblg even by hmmferrmg camshaft
location hoie replak,e chain assembly.

CHAIN TEN'SIQHER AND
CHAIN GUIDE

el [Check. for wear and breakage, Re-
\pl.m\e if necbssary

ot
T

"ff_jFLYWHEEL

(1) Turn engine until No., | piston [s/
at T.D.C. on its compression stroke. \
Determine whether camshaft sprouke
location notch comes off the left end
of the oblong groove c-n camshafl
locating plate. /

Chneck the clutch disc contact
surface |w:th flywheel for damage or

S_wear, Repan or replace if necessary,

2. Measure runout of the clutch disc

""'._'C'O'lli'tact surface with a dial gauge, If it
-"exlpeeds the specified limit, replace it,

EM-12

3. Check tooth surfaces of ring gear

Tfor flaws or wear.

Replace if necessary,

Note: Replace ring gear at about 180
to 220°C (356 to 428°F),

FRONT AND
REAR OIL SEAL

First check front and rear oil seals
for worn or folded over sealing lip or
oil leakage. If necessary, replace with a
new seal. When installing a new seal,
pay attention to its mounting direc-
tion,

Note: It is good practice to renew oil
seal whenever engine is overhauled.

Front ‘

Rear
EM 15D
Oil Seal of Crankshaft

Front
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PRECAUTIONS

1. Use thoroughly cleaned parts.
Particularly, make sure that oil holes
are clear of foreign matter,
2. When installing sliding parts such
as bearings, be sure to apply engine oil
to them.
3. Use new packings and oil scals.
4. Do not reuse lock washers that
have been removed.
5. Keep tools and work benches
clean.
6. Keep the necessary parts and
tools ready near at hand.
7. Be sure to follow
tightening torque and order.
8. Applying sealant

Use sealant to eliminate water and
oil leaks. Parts requiring sealant are:
(1) Front cover gasket: Front side
of cylinder block and cover gasket.
(2) Front cover: Top of front cover.
(3) Main bearing cap and cylinder
block: Each side of rear main bearing
cap and cach corner of cylinder block.
(4) Cylinder block: Step portions at
four mating surfaces (cylinder block to
front chain cover and cylinder block
to rear main bearing cap).

specified

Note: Do not apply sealant too much.

Apply sealant at these pomts

Applying Sealant {Fronl coﬁér_

and gashet}

,."

ENGINE ASSEMBLY

C.'ylmde: block Rear main bearing cap
o ._/3//
20- 25 mm =

{0.79 - 0.98 in)

%\ﬁ

Apply sealant ar these points.

rq'n?'zn

Applying Sealant (Main bqarmg eap

and cyfwdér bfock)

Points to apply /
sealant

/
EM315

A ppfy!mg Seb!anf ( Cylinder block)

i
\ \ -' /
\ .J Fii, ,.f

.‘l |'.II
=T/

cw DE!! HEAD
L. \To install/ valve, proceed as
!’Eﬂlowsa\ b/
,{1}\5&[ valve spring inner and outer
_seat and valvé oil seal,
Then insert valve into valve guide

smoolhly without scratching lip of oil

-~
seal: /‘

\'--.\{Q) Install valve spring inner and

ou{‘eh valve spring retainer, valve
Spngé collet and valve rocker guide by

MJPE. Valve Lifter ST12070000.

Insta!!;ng Valve

EM-13

Fa

; Pam fcd side

~
S

Nme. s )

a. Chetk whcthér the valve face is free
~from forergn matter.

b Outer: valve spring is of an uneven
p?tch ty]r.e Install valve spring with

“\_ its nammow pitch side (painted) at

r:ylm&er head side,

Phﬁ'rttd color. Red

-
Nallow pitch  Wide pitch

EM316
Installing Valve Spring

2. Valve rocker pivot assembly
Screw valve rocker pivots joined

with lock nuts into pivot bushing.
Install valve rocker spring retainer.

Note: Fully screw in valve rocker
pivot.

3. Camshaft assembly

Note:
a, Set locating plate and install cam-
shaft in cylinder head carefully.

S

(I} : Camshaft locating plate
59-98N-m
(0.6 - 1.0 kg-m,

4.3 -7.2 ftib)

b. Do not damage the bearing inside.

c. The oblong groove of locating plate
must be directed toward the front
side of engine,

Oblong groove of locating plate

Installing Camshaft Locating Plate
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4. Install rocker arms by pressing
down valve springs with a screwdriver,

Installing Rocker Arm

5. Install valve rocker springs.

6. After assembling cylinder head,
turn camshatt until No, 1 piston is at
T.D.C. on ils compression stroke,

PISTON AND
CONNECTING ROD

1. Assemble pistons, piston pinsand
connecting rods on  the designated
eylinder,

Note:

. Piston is pressed into connecting
rod, and fitting force is from 4.9 to
14.7 KN (0.5 to 1.5t, 0.6 to 1.7
US ton, 0.5 to 1.5 Imp ton) and the
aid of Piston Pin Press Stand
ST13030001 is necessary.

When pressing piston pin in con-
necting rod, apply engine oil to pin
and small end of connecting rod.

5T130306001

EM156

Installing Piston Pin

b. Arrange so that oil jet of connect-
ing rod big end is directed toward
the right side of cylinder block.

¢. Be sure to install piston in cylinders
with notch mark of piston head
toward the front of engine,

EMI1B7

Assembling Pistan and Connecting

Rod

2. lnstall piston ring,

Note;

a. Install so that marks stamped on

top and 2nd rings face upward
b. Top ring is chromiumy/ plated o
liner contacting face.

c. Second ring has Iarge;'taper surface"-'

than top ring. (
d. In the combined oil rmg. upper ra:!
is the same s Jower ornie,.

_Mu;’.kcd sidg- _

~ 1

Top:

2ud: //f

il :EL ey
(Urnh!m.d :

Wpo'
I L b b EMT722
.:'nsmﬂmg Piston Ring

ENGINE ASSEMBLY

1o ln%!.all hafﬂe plate including steel

il
[ |2, Bet main bearings at the proper
“portion of cylinder block,

DO ND DD

Uﬂuuaaa

6008

EM739
Fig, EM-66 Main Bearing

Note:

4. Only center bearing (No. 4) is a
flanged type.

b. All inter-bearings are the same type.

c. Front bearing (No. 1) is also the
same type as rear bearing {No. 7).

EM-14

CAUTION:

Use care when installing main hearings.
Slﬂe with oil groove should be at
cylinder block side and side without

{oil 'groove should be at main cap side.

T Appty gngine oil to main bearing

surfaces/ on both sides of cylinder
block and cap.
Install crankshaft,

4, Install main bearing cap and

\tighten bolts to specified torque.

/T : Main bearing cap

44 -54 N-m
(45 -5.5 kg-m,
33 - 40 ft-lb)

Note:

a. Apply sealant to each side of rear
main bearing cap and each corner
of cylinder block.

b. Arrange the parts so that the arrow

mark on bearing cap faces toward

the front of engine.

Prior ta tightening bearing cap

bolts, place bearing cap in proper

position by shifting crankshaft in
the axial direction.

d. Tighten bearing cap bolts gradually
in separating two to three stages
and outwardly from center bearing
in sequence.

€. After securing bearing cap bolts,
ascertain that crankshaft turn
smoothly.

o

® ® ® © ® © O
EMTEI

Torgue Sequence of Cap Bolts

5. TInsgtall side oil seals into rear main
bearing cap. Prior to installing, apply
sealant to these seals,
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{T) : Flywheel fixing bolts
127 - 147 N-m
{13.0 - 15.0 kg-m,
94 - 108 ft-ib)

EM724
Driving Side Qil Seal

: i EMIZT
Note: Install oil seal with its core at

bearing cap side Installing Flywheel

10. Insert pistons in Lorrespon;ﬂ’iu \ '\J

eylinder using Piston Ring Comprésaor (
EM03470000.

6. Make sure that there exists proper
end play at crankshaft,

Max. tolerance of end play:
0.3 mm (0.012 in) EM(34 7@900[

'-a\

“, b
N, . J

/EMG?E

I nstaa‘fmg Pmton\li;‘ /[ ssembly
/

EM717 / \-. (
Checking Crankshaft End Play Note: £ <) I =
a A ly | engme'mj Im sildmg parts.
ange S0 t‘la t”c front mark on
E“‘h“ head/ [acesf to the front of

7. Install rear oil seal using Crank-
shaft Rear Oil Seal Drift KV10105500

(8T15310000) / engm}:\ i/
{n.stall men rmg as shown below.
.f \

e s o Toerie

e N \ A e 7, ~ Oil ring
S 2 (upper rail)

KV10105500 b i £ UO- .
) il ring

(ST15310000) w3 | Piston pin direction {expander)
SEM133~__~ /
Ins!aﬂi;xf\ﬁ ear Oil Seal \6

/’f

Note: When lnssallmg oq seal, glve
coating of erginé \oil \to mating
shaft to pfevent scmtches and,
folded lip. Also : applir co:itmg/of oil 11.
to pertphery of oil se.'{'l o/

= ﬁecond ring ~
Dli ring (lower rail) EM725
Piston Ring Direction

Install connecting rod caps.

\ / (1) : Connecting rod cap nut
8. Install rearend plate.\  / 44 -54 N-m
9. Install flywheel secﬂtefy and {45 -55 ka-m,
tighten bolts to specified torque. 33 -40 ft-b)

EM-15

/ EM3I29

' \
be ta!hnb\ém\cx?mg Rod Cap
AL e
k\n A\lange ¢o(mieclmg rods and

~ Gonnecti 5d caps so that the
Vi / cylm m:\numhers face in the same

}h e uo \

c sure that there exisis
pr p& end play at connecting rod big
Refer to connecting rod for in-

sp&on and repair.
Install crankshaft sprocket and

ml pump dirve gear and fit oil thrower.

T}Iote :

a Make sure that the mating marks of

crankshaft sprocket faces to the
front.

b. Install oil pump drive gear so that
large chamfered inner side faces
rearward,

14.  Install cylinder head assembly
through gasket by accommodating
knock pin of cylinder block.

Note:

a. Thoroughly clean cylinder block
and head surface.

Do not apply sealant to any other
part of cylinder block and head
surface.

h. Turn crankshaft vatil No, 1 piston
is at T.D.C. on its compression
stroke.

¢. When installing cylinder head, make
sure that all valves are apart from
head of pistons.

d, Do not rotate crankshaft and cam-

shaft separately, because valves

will hit head of pistons.

Temporarily tighten two center

bolts.

€

-

T) : Cylinder head bolt {Temporary
tightening torque)
20 N-m (2 kg-m, 14 ft-Ib)

15. Set chain by aligning mating
mark on camshaft sprock{:t with that
of erankshaft sprocket and install cam-
shaft sprocket to camshaft.
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CT, i Gamshaft sprocket
118 - 157 N-m
(12 - 16 kg-m,
87 - 116 f1b)

Chaln guide (Slack side)
Chain lenslaner

Crank sprocket

Cam sprocke!

Chain guide (Tenslon side)

EM726

L7, T N AR

Installing Timing Chain

Note:

a. Set timing chain by making its
mating marks align with those of
crankshaft sprocket and camshaft
sprocket the right hand side.

b. No. 1 hole is factory adjusted.
When chain stretches excessively,
adjust camshaft sprocket at No. 2
or No, 3 hole,

For adjustment, refer to Inspection
and Repair of Chain.

16. Install chain guide and chain
tensioner,

T:59-98Nm

{06 -10kg-m, a
4.3-7.2 ft-lb) g\

Note: Adjust the protrusion of’"chmn’-.___
tensioner spindle to 0 mm (0 in) |

with slack sxde chain gmde.

Installing Chain Tensgioner

17. Press new oil seal in fromnt cover.

Note: Front cover oil seal should be
replaced when front cover is disas-
sembled.

18, Install front cover with gasket in

place.

Note:

inder block and front cover gasket

b. Apply scalant only to the top of 7,

front cover,

¢. Install front cover with head gasket

in place.

d. Check the height dlfferejlce bc e
tween cylinder block mpper face-...
and fromt cover upper/face Itl;"':_;-
difference must be less| than 0. 15 /

mm (0,0059 in), o
¢, Note that dlfferent Iength'a of bﬁi{b
are used, :

: Frent cmger ho}ts

Size M8 2
10 -16 N'vm\_ ;
(1.0 - 1.6 kg-m;._ /
7- 1'2"1’14:[:;} 1]

Size' MG »
39-98N.m)
10 45 1.0 kg-m,
_?._.9 -7 24 II_;)

19:¢ install c\rdnkshdfl pulley and

wam pt:mp

O Grankshaffpulley nut
118157 N-m

[ 12116 kg-m,

87 -116 ft-lb)

\ /
20.. Findlly tighten head bolts to the
specified torque in several steps, by
using_ Cylinder Head Bolt Wrench
ST10120000,

a. Apply sealant to front side of ch' j

® ® @ @ @

® o ® o o o
® o o e © & e |
® ® ® © @ ©@ ©
EM727

Tightening Sequence

EM-16

T : eylinder head bolt

(7.0.- 8.5 kg-m,
51 61\% k)

Note‘ {
. 8, Be suré tn tighten bolt securing cyl-

inder hgad to front cover,
b.-After engine has been operated for

~_several minutes; if necessary, re-

 tighten.

21. | Install oil pump and distributor

_driving spindle in front cover,

—@ + Oil pump bolts
11 -15 N:m
(1.1 -1.5 kg-m,
8 - 11 ft-lb)

Installing Oil Pump

Note:

a. Assemble oil pump and drive
spindle, aligning driving spindle face
with oil pump hole.

.! Punch mark
' I ~ Oil hole

ELOCS

Setting Distributor Driving Spindle

b. Install oil pump together with drive
spindle so that the prajection on its
top is located at the 11:25 am,
position. At this point, the smaller
bow-shape will be facing toward the
front.
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Front _

Selting Distributor Drive Spindle

¢. Be sure to install gasket.

22.  Install oil strainer and oil pan
with gasket in place.

@) : Oil strainer boits
10 -16 N-m
(1.0 - 1.6 kg-m,
7 - 12 ft-lb)

Oil pan bolts

59-98Nm
(0.6 - 1.0 kg-m,
43 -7.2 ft-lb)

Note:

a. Apply sealant fo the step portions
at four mating surfaces.

b. Oil pan should be tightened in
criss-cross pattern.

23.  Adjust valve clearance to the
specified dimensions Using Pivot Ad-
Jjuster ST1064000) .

T :49-59 N-m
(5.0 - 6.0 kg-m,
36 -43 ft-lb)
Valve clearance:
Cold - Intake
0.17 mm (0.007 in}*
Cold - Exhaust
0.24 mm (0.009 in)* /\
Hot - Intake Aailslk H"-.
025mm (0.010in) |
Hot - Exhaust
0.30 mm {0.072 in)

“: Ambient temperature at 20°C (88°F }

Note:
a. First set clearance to the cold
specifications.

/n /ldler pulley and air conditioning

- e Clutch assembly, wusing Clutch
._..f_..__.__.-Feclelgaugc
g

Aligning Bar KV30100100

Q\k\?\%‘ !

\1 311064000_5(

Adjusting Valve Clearance

b. After engine has been assembled, :
run it for at least several minutes, TR fnstaﬂmg Clutch Assembly
finally adjust the clearance to the /~ .

hot specifications. e

‘73 Usmg an overhead hoist and
\liftirg cable hoist engine away from
engine’ “stand and remove engine at-

\_tachment.

Note: For tightening torque speﬂﬁd, 26, Install alternator bracket adjust-
tions, refer to Service [}ata and Jing bar alternator, cooling fan and
Specifications. hinipisf beIt

.\ /[ 7 /Be sure that belt deflection is held

e Rocker cover within specified range when moderate

24.  Install the following outer p;msf
and electrical parls. f p

. S\ _/force is applied midway between
e Exhaust rnam!‘ol;] :;nd 1ntake\m:.m pulleys.
fold with gdsket ! | Belt deflection:

8-12mm

(0.31 -0.47 in)
Pushing force:
98 N (10 kg, 22 Ib)

e Lnngbe.uwmmus? in)
‘\-\. 2 Shore bolt 32 mm (1.26 in)

I@catrqn of Intake Manifold

; <3 / Securing Bolts
|? Fuel ljille Fan Belt Tension
o Witer m!ct and thermostat housing.
1 :
: g: e;:eps'ﬁ:]ngaar 27. Install engine mounting bracket
gt g R.H., oil filter, oil pressure sending
' ldler pulley and power steering oil

unit and oil level gauge. When install-
ing oil filter, fasten it to cylinder block
by hand.

pump mounting bracket. (if so e-
qtipped)

/ compressor mounting bracket. (if
so equipped)

e Distributor

e High tension cable

& Engine mounting bracket L.H.

e Auxiliary cooling fan assembly (if 28.
s0 equipped) Jevel.

Note: Do not overtighten filter, other-
wise oil leakage may occur.

Fill engine oil up to specified

EM-17
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SERVICE DATA AND SPECIFICATIONS

; < N \ ) =3 NS
INSPECTION AND ADJUSTMENT PR R
CYLINDER HEAD AND VALVE SN
B .\\\ \.J
Cylinder head Unit: mm (in) Valve guide [ 2 Unit; mm {in)
" N x [
T N e il
Stendard Limit EXHAUST /-~ o / 8.3-8.5 (0.327 - 0.335) dia.
Head surface flatness Less than on . %"‘\:_ =
[} P | T ey
0.06 (0.0020) D e ¥
' /3 0.12) b
NTake S/
Valve Unit: mm {in} i\ \ / —
| 'n - _1!. d D
m*f’ 2 o ]
/10,421 - 0.433) =1~
=] .-‘; v | \:"" 59.0 {2.323)—
[ ,-*'I Ay W
e e (e EM730
s gyl e adlaiiy S
EM109 7 ‘H‘-\“j\‘ W
e 1S
Salve hed diatstar Intake 44.0 {1.732) N 1088 10.6
i 5 | (0,408 - __} (0.409 - "lrd'r
Exhaust 35.0(1.378) ( | o -1171 ) |P_l_/ oM7) L
|atake 114.9 - 115.2 (4.52 - 4 54)~ ; || - =
Valve length "L - i o ] | | g
| Exhaust | 1157-1160 (4.56-457) | | / ] || 1!
| 7.965-7.980, i s /C é\L
Intake et \ ( |/ i r
Valve stem diameter 10.3136 - 0'31,.'42!'"' ) e N [ i | ] ] [|-—_
-an 7 7 T \ i JLE I - S
e 7.845 - 7.960( | | S8l e A
il 0312803134,/ | / | INTAKE EXHAUST
/) EM116
Intake LT
Valve seat angle "o 45930"
Exhaust [ ; e Standard Service
=
\ \-\_\ N Valve guide 12.023-12.034 12,223 -12.239
i \ b Outer diameter “D” | {0.4733 - 0.4738) | {04812 0.4817)
alve spring i RS .
i i ST Walve guide
| Free hieight Quiter- _;’r /4998 | 1-.9\6\?'7'}“--" Inner diameter *'d" 8.000 - 8,018 10.3150 - 0.3157)
mrn {in) | 1 [Finished size]
tnner- | '-, 44.‘85 {H.?-GE?J
3 Cylinder head valve 11.985- 11,898 12,185 -12.196
; B . 295/4805 guida hole diameter "a” | 10.4718 - 0.4723) | {0.4797 - 0.4802)
Fressure height {29‘5}49 aQ, 1 161/108.0)
mm /N — Interference fit of valve
mkg,ions) | 24.5/250.1 i 0.027 - 0,049 (6.0011 - 00019}
/ \ | (24.5/25.5,0.965/56.2) o
g e \\ Standard Max. tolerance
Assembled height /| Ut | {40 om 3, 1.675/47.0) 0020 0.083
mm/N e Stem Imake 1 10,0008 - 0.0021)
{mmfkg, infib) {nner- b 35 0/120.6 to guide : 0.1 (0.004)
‘35‘3 0”2 3.1.378/27.1) clearance 0.040 - 0.073
: /. Exhaust
\ / 10.0016 - 0.0029)
l out Df square {"3"] Quter- LY 2.2 {0.087} i
mm{in} Inner- 1.2 {0.047)

EM-18
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Valve soat

Service valve insert dimensions

Finished size of service valve insért cutter.

/ .
\\

Unit: mm {in} \ iiin,il: ___.r'inm {in}
“Intake” — 0.5 mm (0.020 in) oversize “Intake”
D |
I
R—= | i _LH
I L /
D2 i
i EM731
D4 45.597 - 45.613 (1.7952 - 1.7958) ==
D» 39 {1.54}
H 6.7- 6.8 0.264 - 0.268) g SEM134
L 1.0 - 2.0 {0.038 - §.079) o
R 9035 Dy 45.5 (1.791)
“Exhaust™ — 8TD and 0.5 mm (0.020 in) oversize A\ [T/ 43.8 (1.724)
. Da. 41.6 (1.638)
l
" : “Exhaust™]
..\‘ I\\'._ ,-II ,«.."I
D2 ™ /
s D —— s ¥ Y I__.r .;
1 EM33 L/
D4 §TD 37.080 - 37.096 {1.4508 - -:.;hsés} | -
0.5 {0.020) _ . Lo o b AN
oyl 37.580-37.596 114735_:_1,,_5@?2} L c .
D5 30 (118} |
Da 32.6 (1.283),
H 7.4 - 7.5 0.237 ~0.208}_ _
7< S - SEM135
P [ /30 D 34.6 1.362)
L ‘ [\ )| c 1.9 (0.075)
Cylinder head recess diameter | ./ |
T Unit: mm (in)
.- o e "
Intake Y o\ Interference fit
0.5 {0.020) oversize/ | 45.500 - 45.516(1.7913 - 1,7920) Unit: em {in)
sTD 37',?93,_3 5 37_Q1é"'[-i :4537 . 1458711 In1ake 0.081-0.113 {0.0032 - 0.0044)
Exhaust ra . . '
g;irts(:;gzg; | 87.500 - 47.516 (1.4784 - 1.a770) Exhaust 0.0864 - 0.036 {0.0025 - 0.0038)

EM-18
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CAMSHAFT AND CAMSHAFT BEARING CYLINDER- BLOCK
Wnit: mm (in) : N/ Unit mlin
Standard Max. tolerance: 1] 20 (079}
o - (IBLL] .
Camshaft ji_ju_mal"‘.g_t-j_- 0.038: 'Q}.Pﬁ-?- 0.1 (0.064) o CZ--?G] |
bearing clearance | 100015 - 0.0026) R :
Inner diametar of 48,000 -48.016 = o 100 {3.94)
camshaft bearing {(1.8898+ 1.8904) : LA
: | |
Quter diameter of 47.949 - 47.962 | T
‘carnshaft jaurnal {7.8878 - 1.8883) |
“Camshaft bend . Less than | :
[Total indicator raading] 002 (0.4008) 0:96 1009201 I: -
Camshaft end play 0.08 - 0,38 (0.0031 - 0.0150) \
- EM125
Standard Wear limit _
wan '- Su.';fa;.'::e fiatness Lasgaan 0,10 (0,0039) |
A | : Q08 (0.0020) | T T T
‘ N et B 86.000-86.050 | oo
: Inrer-diameter (3.386% » 3.3878) 0.2°10.008}
E-M'B:? 1 E'le indei Qut-otf-round Less than N
bore (XY 0,02 (0.0008}
| intake e : ' G
Carn height | A ey ' e T ~Less'than —
T - 40.30 - 40,35 (1,5866 « 1.5886). Tapér (A-B) 5 16.5668)

Wear [irit of cam heigha

.15 {0,0058)

|Maive timfng

$
ol
W
oy
&
3

60,0

EM120 |

N U'I-'.tit-f .d_e_é_ree

R Y

248 z248

18

14 54

Citference in inner diameter

between-gylinders

Less than
0,08 (0.0020)

0.2:10,008)

Piston-ip cylinder clearance

0.025 -0.045
(0.0010 - 0.0018)

Quter diameter

Ht'!m_ari-:s.

4.0 (0.157)
Undersize

190,00 - 90,05
(3.5433 - 3.5453)

| Interterence fit
eylinder finer

Cylinder
finer far
service.

4.5 (0177
Undersize

9050 - 90,55
3.6630 - 3.5650)

to cylinder
block
0,076 -0.085

5.0.(0.197)
Undarsize

'91.00-91.05
(35827 - 3.5846)

{0.0030 -




Engine Mechanical

PISTON, PISTON RING AND PISTON PIN

Piston

Unit: mm (in}

EM714

.

Piston skirt diamertar

8TD

85.986 - 86.035
{3.3852 - 3.3872)

0.5 {0.0197)
oversize

B6.465 - 86.515
{3.4041 - 3.40861)

1.0 (0.0394)

86.965 - 87.015

CONNECTING ROD

Unit: mm (in)

7

Wm Limit
Connecting rad bend Fﬁ-‘ / _ N \
Lorsion ( A\ Less'thas
N, ™
[per 100 mm (3.94 in) twgs?thﬁ o) | 005 (000200
length| /> N
L
= ~ 7
, B 2.03
B !
ig end play r"/\ \I0.00ﬁ .0.012) 0.6 10.024)
e )

Unit: mm lin}

oversize [3.4238 - 3.4258)
*a' dimension About 20 {0.79)
//.— ! EM737
Piston ring Unit: mm pﬁ} | Jobcnatdiameter A" 54.942 - 54.955 (2.1631 - 2.1636)
Standard l.in?(t \Pin :J'Famelcr g 49.961 - 49.974 (1.9670 - 1.9675)
0.040 - 0.073 \ Fhge) 39.5 (1.555)
T | i fp= M EE
g e (0.0016 - 0.0029) et
ide 0.1 10.004) | Pifot bushing inserring
clearance 2nd 0.030 - 0.0683 istance 4.0 104573
{0.0012 - 0.0025) - >\qu
7 | I
0Oil Combined ;,’ = \ . X Out-of-round A-Y
/ f/’"] | \ '\\I Taper A-B A
Tap - " L) s
(0.0098 - 0.0157) N S &
\ N/
: 0.30 - 0.50 25 / :
R X
wyge |2 (0.0118-0.0197) / | 1“%‘?‘- U
/\_; ,
oit 03-09 / Y ) 4
| (rail ring) (0.012 - 0‘03&\ . Xy EMiran
/»—-—- B '\\# \ Standard Limit
Piston pin /o Units_mymn (in)
7 — v = Taper of journal and pin Less than 0.03 (0.00
Piston pin outer diamerer 20.993 - 20.998 (&‘Bzﬁlﬁ -0.8267} CUA-BT 0.01 (0.0004) ’ o)
21.001\; 21 f‘BZG;IB -0.8271) Out-of-round of journal Less than

Piston pin hole diamerer

and pin “X-¥Y"

clearance

Piston pin to piston

\ 0.008 - 0.6?3/{9\1)4&2 - 0.0008)
\ 7

0.01 (0.0004}

0.03 (0.0012)

Crankshafl bend

Interference fit of pist
pin ta connecting rod/ /|
A

A

\ | ]

\/
0.015 - 0.023 [0.0006 - 0.0013)

Less than
0.05 {0.0020)

0.10 10.0039)

Crankshaft free end play

0.05-0.18
{0.0020 - 0.0071}

0.30 (0.0118)
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Engine Mechanical

BEARING

Bearing clearance

Unitz mi{in

Uit

kg-m

f-lb

Flywheel bolt (M/T)

13.0-150

94 - 148

Standard

Limit

Diiveplate biolt (AFT)

13.0-15.0 |

94108

Mé’iﬁ bearing cledrance

 0020-0066 |
(0,0008 - 0,0026)

0,12 {0.0047)

Connecting rod bearing
‘clearance

0.024-0.066 |
(00008 - 0.0026)

0.12710.0047)

me |

10«18

712

‘Frant cover belt

04-1.0

28712

‘Cylindar: head

VY70-85

51 -’61

Main bearing undersize

Unlt: mm fin}

Crank journal diaméter

STD

54,942 - 54,955 (2

1831 - 2:.'1_'6'3}'3']

0.25 (0.0098) Undersize

54,602 - 64.705 (2,1632 - 2.1837)

0.50:{0:0187) Undarsize

54,847 - 54455 (2.1434 - 2.1430) |

0.75 (0:0298) Undersize

54,192~ 54,2085 (2.1335 - 2.1341)

1.00{0,0384) Undersize:

‘B3.942 - 53955 (2.1237 - 2.1242)

Connecting rod bearing undorsize

Uniz: mm tin

Cylinder haad to flant
‘cover bolt

OB o

58 .10.1

Carnshaft locating plate
bolt '

5.9-9.8

06-1.0

4372

Pivot bushing/golt

78118

8.0~ 12.0

58 -87

Pivat logk nut~”

49 - B9

5.0-8.0

36-43

| Camshutssproaket bolt |

127.-147

13.0 4150

94 - 108

| Chain guide bolft

5.9 -9.8

0.6+1.0

43-72

Q ar.i':'l.;_t___ens;\i'b'ns:r,; balt

o i

5.9-8.8

0.8 -1 Q

4.3-7.2

“Oil pumn bt/

1118

1.1-15

M6

39-98

0i4-1.0

2.9-7.2

'_Wé-tg?p.uaﬁp}bolt
NN M8

1G- 16

5.0.- 1.8

T2

Crank: journal diameter

STD

49.961 - 49974 (1.

9670 - 1.9675)"

10.06 (0.0024) Undersize

49.901 - 49.914 (1.9646 - 119651)"

6,12 (0.0047) Unidersize

49,841 - 49,854 (1.9622 + 1.9628)

0.25 {0.0098) Undarsizg

49.711 - 48,724 (1.

9571 - 1.98786)

0.50 {0.0197) Undersiza

49,461 -49.474 (1

9473 /1.0478) | |

0.75 (Q.0294) Undersize

49.291 -49.224 (1

93174~ 1.9579)

. AB.961-48974 (1.

1,00 {0.0394) Undersize

MISCELLANEOUS COMPONENTS

9276 - 1.9281) /

Units mem)tia}

Camshaft sprockat

Flywheel

Rurolt (Total indicator readingl v, o Ligss than

Runout (Total indisator reading) '.-.._....\-.';.-. L_éjss than

0,110,004}

0:15 {0.0058) |

TIGHTENING TORQUE

Unit

b

Main bearing cap bolt

44 - 54

/4.5-5.5

33.-40

Connecting rod big end
nut

44-54 /

45-55

33-40

.Wu_mr__puai'ﬁp-pu!'lay stud

5.9.9.8

0.6-7.0

43-372

. Watar inlat bait

10- 15

1.0-1.6

.5Cra:!_'i'-_k pulley bolt

137187

14.0-160 |

il straimer boit

10-186

1016 |

_,.-"bil pan bolt

59-88

06-10 |

Qil pan drain piug

20-28

2.0-3.0

Clutgh cover bolt:

20 -28

2.0-3.0

Hocker cover boit

10:- 18

1.0-16

Spark plug

16 20

1.85-2.0

| w8
| Bolt

15 -28

1.5-2.5

M10
Bolt

Manifald |
Boltand: |

34 - 44

3.5-45 ‘

Mut
MB:
Nut

12-16

1218

Water outiet’bolt

10-18

1018 |

| Thermostat housing

12 -20

1.2 2.0

Distributor support balt

3.9.7.8

0.4-0.8

| ©il pressure sending unit

10-18

1.0-18

Alternator brackast

39 - B9

4.0-8.0

Alternator to adjusting
bar bolt

20-28

2.0-8.0

Enging mounting bracket

29 -39

30-40
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Engine Mechanical

TROUBLE DIAGNOSES AND CORRECTIONS

Condition

Probable cause

t‘bn{-:_:ctivc-ﬁc! ion

I.  Noisy engine

Piston and connecting
rod knocking.

Scized piston pin.

Scized piston in cylinder.

Broken piston ring.
Improper connecting rod alignment.

Seized on loose connecting rod bearing,

Rc:pldtc plslnn wn’n pin.
Rewndﬂ‘!oncyhnder and replace piston with

.__pm.

| Replace ri:"ig ahd;‘o‘r recondition eylinder.
':\Rfédi'lbﬁ rcd Dr replace rod.

1/ Rep]a@c

Kuocking of crankshaft
and bearing.

Sized or loose main bearing,
Bent crankshaft,

Uneven wear of journal,

Excessive crankshaft end play.

_Bzepiafce:!

| Repair/or replace.

Correct.

| Replace center bearing,

Timing chain noise, Improper chain tension. . . ‘*@&;um.
Worn andfor damaged chain. j._ :-'.) ( , _._.-"’;'{ep!ace‘
Worn sprocket. _— -_-..x ' - Replace.
Worn andfor broken Limm gmg!e and;‘or | Replace.
tension adjusting m&.hanmn N

Camshalt and valve impwp’er valve clcara"ncb;_\ ~_ | | Adjust.

mechanism knocking. Worn rocker pivot. \ Replace.
Worn rocker lace. ~ 'I Replace.

Loose valve stem in gu&de

Replace guide.

Weakened valve sprmg . | . Replace.
Seized valve, | ] Replace.
Camshalt knocking. Excessive camshaft b}éé&ta:;_}_\g_g.. Replace.

Excessive axial play.~_ ™\

Worn cam geafi

Replace thrust plate.
Replace.

Water pump kiocking.

Improper sh/aft en«d play

Broken smpeﬂer

Replace water pump assembly.

Replace water pump assembly.

|'l

. Other mechanical (roubles

Stuck valve.

Improper vahre clearance

__.-insu}ﬁcwﬂl dcaram.c betwsen valve siem

/ and guide.

Weakened or bm}cen valve spring.
( &med or dam&ge of valve stemn.

Poor Quaiity iuel

Adjust,

Clean stem or ream guide.

Replacs.
Replace or clean.

Use good fuel.

EM-23



Engine Mechanical

¥

Condition Probable cause Correﬂi‘ge.g\gli’dhu.\
Seized valve seat. Improper valve clearance. Adjust. { : :
Weakened valve spring. Replace. s
| Thin vaive head edge. Replace vahrpe.."‘" ‘\\V\‘_--
| Narrow valve seat. Reface, r \ \
Overheating. Repau orF mp!ace 8
Over speeding, Drive/ a*t plop,e{ speed
Stuck valve guide. Reppm
Excessively worn Shortage of engine oil. Adﬁ:] or'rqp_lace/qi-f.
cylinder and piston, Dirty engine oil, ) Clzéan cr;ihkmfée, replace oit and oil filter
Y elgmem
Poor quality of oil. o Use p\qpe,r oil.
Overheating I-" chalr or replace.
Wrong assembly of piston with con.nectmg \Repalr or replace.
rod. / |t st
Improper piston ring clearance/ . N Adjust.
Broken piston ring. \ Replace.
Dirty air cleaner, /| Clean,
Mixture too rich. _ ' | Adjust,
Engine over run, e \ Drive at proper speeds,
Faulty connecting Shortage of engine oil.lf Add oil,
o, Low oil pressure, |/ Correct,
Poor quality engme - Qil Use proper oil.
Rough surfacefof crmkshaft\. Grind and replace bearing.
Clogged oil passage 3 Clean.
Bearing worn or eccentnc Replace.
Bearmgimpmperly 5saem1:led Correct.
Loose béanng 'f| \ Replace.
Incorrq_Ft conneelmlgfl rod alignrment. Repair or replace.
Faulty crankshaft ' I"'i,Shortage\d}-‘jengiﬁ’e/ oil. Add or replace.
bearing. I"Low oil préésul'%e Correct.
Poor quality engine oil, Use specified oil,
Crankshaft journal worn or out-of-round. Repair,
Clogged oil passage in crankshaft. Clean,
"'-.,.‘Bear___iﬁg worn or eccentric. Replace.
hea'}ing improperly assembled. Correct,
Eccentric crankshaft or bearing, Replace.
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Engine Mechanical

SPECIAL SERVICE TOOLS

Kent-Moore No. Keni-Moore No.
Tool number & tool name Reference Tool number & tool name Reference
page M.-“/ ~ \\\ pige
a \\ \,1
\ \\\ Y /
ST19320000  Oil filter wrench 125664 ST10120000 cylindq@ea@mmer\mﬁ J25613
VAN \'\\
Page EM.3 ~ N / Page EM-4
Page EM-16
Y ; e j ,f’fj
ST05340001 Engine attachment 726032 KV10104180  Grankshaft main bearing 125647
g — ) cappuller e
age EM-3 ( Page 1:M-4
@’G” @ 5%’%!&4“0 Crankshaft main bearing
/A Sopuller
@ ST16512001 Adapter
(B)STV6701001 / Adapter
/ X ¢
\\ ., ’
Y fAT =
J o \\\\ \
ST0501S000  Engine stand assembly 126023 ] f-“'
: £ 126023-2 7} //
(DSTOS011000 Engine stand 3 F 126055 e 2
@ ST05012000 : L N S/
PagetM3 |~/
i /f—l] 'l ™~ -
( /] | || \|
\ / ! 1
W/ I /
\, o /
ST16540000 ~ ST13030001  Piston pin press stand 125634
bﬁ%@’%MJ = Page EM.5
Page EM- 14
p;
!_f
KV10105800 / Chain stopper | _ J25660-1 STI12070000  Valve lifter 325631
(ST1?42009,I§ ..-"'/ /Y Page EM-4 Page EM.5
o\ N Page EM-13
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Engine Mechanical

i |Kent-Moore No. Kent-Moore No.
Tool number & tool name Reference Teol number & tool name Reference
page page
KV101039S0  Valve guide reamer set | J25618 KV10105500  Crankshaft rear oil seal | 1236401
(ST11081000 Reamer [12.2 mm éji’;zg:gf (ST15310000)  drift Page EM-15
(0.480 in) dia.] @ 125618-;
@ ST11032000 Reamer [8.0 mm (0.3] i
in) dia.] Page EM-7
@ ST11033000 Drift
EM03470000, . Piston ring compressor .
® A Page EM.15
ST11650001 Valve seat cutter set ST1D640001 Pivot adjuster J25615-1
Page EM-7 S Page FM-17
{47 /
L |
ST16610001  Pilot bushing puller __J.-"';,__...-1:;_\:39‘67;;\--"" KV30100100  Clutch aligning bar =
Pﬂ&f’ EM:_}-"i - Page EM-3
A Page EM-17
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