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1. Cylinder Block

1-1 Construction of cylinder block

The cylinder, crark case and gear case are housed 1 &
monoblock type cylinder block cast ol high-grade casl ran.
O the basis of slress snalysis lests, lhe shape and
thickness of 2ach part have been ootimized, and special
ribs have besn eltectively armangesd tor increasad rigidity
and strength.

1-2 Cylinder block inspectian

1-2.1 Inspecting aach part for cracks

it the engine has been frozen or dropped, visually inapect it
for cracks and olher abnormalities befors disassembling. If
there are any abnormelilies o lhe danger al any
aonormalities occurring, make a color check,

1-2.2 Inspecting the water jackel of the eylinder

far corroslon
ingpact the cooling  water passages and cylinder liner
contact partz for sea waler comasion, scale, and rust.
RAaplace the cylindar body it comosion, scale or rust s
SEverd,
Cylinder body jacket corrosion depth limit: 1.5mm

1-2.3 Cylinder head bolts

Check for loose oylinder head bolts and for cracking
raused by sbnormal tightening, either by visual inspaction
or by a color check,

Replace the cylinder tlock if cracked
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1-2.4 Qil and water passapes
Check the oil and water passages tor clogging and bulld-up
of foreign matles.

1-2.5 Cylinder bore and ledge

Perform a color check on the ledgs al the top of the
cylinder head bore, and replace the eylinder il any cracks
dre detectad.

Loeteger ~

1-2.6 Inspection o oil hole and cooling water hole

Check sach oll hole snd cooling watar hole for continoity.
When disassembling. also check each fitling surface for
impressions, sto

1-2.7 Color check flaw deleclion procedurs
1) Clean the inspection point thoroughly.
& Procure the dye panatration flaw detaction agent, This
agenl comes in spray cans, and consisls ol & cleansr,
panetrant, and developer in one sel,
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3 Pratreal the inspection surface with the cleanar. Spray
the cleaner diractly onto the inspection surface, or
wipe lhe inspeclion surface with a cloth moistenead
with the cleaner,

(4] Spray the red penetration liquid onto the inspection

surface. After cleaning (he inapection surface, spray

the red penetrant (dye penetration flaw detection

agent) onto It and allow the liquid 1o penatrate tar 5-10

rminules.

i the penztrant falis lo penetrate the Inspection

surlsca hecause of the ambienl temperature or obhar

conditions; allow it o dry and respray the inspection
surface,

Spray tha developer onlo the inspection surface. After

penetration processing, remaove the residual penstrant

trom the inspachion surlace with tha cleanar, and than
spray the developar onlo the inspection surlace. If the
inspaction surfaca is flawed, red dots or linas will
appear on the surface within several minutes. When
spraying the developer onto the Inspection surface,
hold the can aboul 30—d40cm from the surface and

sweep the can slowly back and torth 1o obtain a

unitorm film

{8) Reclean the inspection surface wilth tha cleaner.

NOTE: Betore using the dys penstralion flaw detection
agent, read Its usage instructiona thoroughiy.
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2. Cylinder Liner

2-1 Construction of cylinder liner

The cylinder lingris made of a special, highly wearesistant
cazt iron, Its innar syrtaces ara linishad by preclsion hon-
ing, thereby holding lubricaling oil properly znd greatly m-
proving tha waearrasistant properiies ol the piston rnngs
and the cylinder linaritselt, Two grooves for O-rings are cut
inte the outer surtace of the cylinder liner. The lwo Gerings
prevent the delarmation and distortion af the ceylinder linér,
and at the same time, mantain maximuam water ightness
betwaan the cylindsr block and the cooling watar jacket

Gylindaar tiner ratoar peoding -._‘\_\_:

Cylindar [ings -

2-2 Inspection

Sinee the piston and piston rogs constantly shde against
the cylinder liner while the engine is in operation, and side
prassura iz applied to tha cylinder liner by the movemen! of
the crankshafl, eccentric wear occurs easily.

Morecver, It lubrication and cooling are insufficlent, the
inner surface will be damaged or rusted. Ingpect the innar
surface and replace the cylinder liner if the surface Is
noticeahly damaged or rustad

Fpged
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2-3 Cylinder liner bora diameter measurement
Measure the bore diameter of the cylindar liner with a Feplace the cylinder hiner when the measumd value
cylinder gauge at the posltions shown in the figures. excesds the wear limit.
'-___: Bz I RO
/ \-\ Insize dismetar
{; \ Mma3asurameEnt points
[ |
\\ //!
= - mm {in
Mairteranne standard | Maximem allowabla cegrance Wzar limit
- . &5y " #7517
Coplirdr |iner djwatien (2 9528 +::1: DET1Ey i {2 o)
L1116
YSME | Piston culside dismatar nzg?za: sl
Cylind irouiar| DAL = b
Sylinder liner cirouiarity 0.0006) (0 0033
pas 2038 03 &
3 . id Ll I
Cylindzt hoer didrmmele (4065 -é-.‘lﬂﬂ'."r OB (33529
& B i wihs
SMIE | Piston outsica diametor 3 B4BE)
i : i i 0oz 0.1
Cylindar ‘fnar ciroularity 10,0008 - i Do
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2.4 Cylinder liner replacement 5] Push the cylinder liner into tha cylindar liner hola ol
the cylinder block,
(1) Pull the aylinder liner 1o the lop of the eylinder biock as
shown In the figure, using the special cvlinder liner
pallar Tl |

{6 Alter inserling the liner, measure i1s bore diameler,

{7) Measiure the amount of liner projection.

* Determne whelher or not the cylinder liner can
ke lightly Inserted In the cylinder block in the
ansence of the ubber packing lor oylindsg
linr.

2 o not force the cylindar linar into the cylindar
bBlock, 1T there is some resistance when the
liner s Insarted, the cylindar block has not
bean dersied proparly.

3. Always use a brand new rubber packing for the
avlincar tinsar.

{2 Aemove the rust rom the area where the cylice rliner
contacts the cylindar hlock,

(3 Install new Q-rings in the two O-ring grooves of the
cylinder liner.

Mortes

2-5 Measuring cylinder liner projection

(4) Coat the outside of the cylinder limar with walerproof
painl or greasa,

e, |
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If the cylinder liner projects too far from the block, the
forque reaclance will Increasse, causing the comprassion
ratioto drop and the gasket packing 1o be damaged,
Excessive cylindar iner projaction is fraquantly caussd by
Incomplete removal of the rust at the ledge (part A of figura)
of the cylindar block.

Projection

e i

Cylingor e projection Q.06 o014
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Frenped ‘n dogan

FTZ3AO07A o




Chapter 2 Basic Lngine
A. Cylinder Head

SMSVSM

3. Cylinder Head

31 Construclion

The cylinder head ie ol the gas=<er packing type and s [n-
dependent of the valve guids. 11 §s strong and riged, aad s
fastened 10 the cylinder block with lour bolls.

The unigue Yanmar swirl type precombustion chamber ik at
an angle In the cylindsr haad, and farm the combustion
chamber, together with Me intake and exhaus) valves

Large dlameter inlake valves and smoothly shaped intake
and exhausl ports provide high intake efficiency and
superiorcombustion performance.

e ion vnd s
|

{ Precombustion chembar rear!

Special conslderation has also been given 1 the shape ol
tha cocling watar passages so that the combustion surtaca
and precombuston chamber are uniformly cooled by an
ampla water fiow,

In addition, lubrlcation of the exhaust and intake valves is
dore. threugh the forced-circulation  compleigly-sealed
method.

Exhalst valve
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-;1h ,,,-':__,/ o i nka valve
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Exhavstvelvegaca .
MEE} z,.:‘u:::-aurr'::.--as‘::l:::n l=var ¥ . Cvlindas Vi)
LS Vil spring P ; b
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3-2 Cylinder head inspaction and measurement

321 Measureament of carbon build-up at combustion
surface and Intake and exhaust ports

Visually check for carbon build-up around the combustion
surface and the port near the intake and exnaust valve
apats, and remove any buld-up.

When a large amount of carbon has been bullt up, check
the top of the chamber combuztion for oil fow at the inlake
and exhaust vahve guides, and take suitable comeclive
actlan,

3-2.2 Daposit build-up at waler passagas

Check for bulld-up of deposit at the wattr passages, and
ramove any deposit with 2 deposit remover. When a large
amount of deposil nas been built up, check each part of the
coaling system,

3-2.3 Inepection ol corrosion at walar passages

Inapect the state of corrosion of the water passages. and

replace the cylinder head when carraslon 15 severs,
Corrosion pitting lirmit: 2mm (0078 )

3-2.5 Cylinder head valve seat

The valve seats become wider wilh use. If the seals
hacoma wider than the malntenance standard, carbon
build-up al the seats will cause compressien leakage. On
the ather hand, If the seats are 100 narrow, they will wear
guickly snd bsatl tranzmission efficisncy will deleriorata
Clean the carbon and other foreign matter from the valve
seals, and check that the seats are not scored or dented.
Messure the seal width with a vermer calipers, and repair or
replace the seat when the wear limil is excesded.

When tha valves have been lapped and/or ground, measure
{hie gmount of valve recess, and replace the valve whan the
wear limit is exceeded, -

3-2.4 Cracking of combustion surface

The combushion surface |s exposed to high tempersture,
high pressure gas and low pressure air, and i rapaatedly
fiexed during opsration. Moreover, It is used under
axtramaly severe conditions, such as high temperature
gradienl of the combustion surface and cooling waler
passages

Inspact the combustion surface for cracking by The color
check, and replace the cylinder head if any cracking is
detectad. At the same time, check for signs of overlcading
and check the cooling water flow,

S Enal widik
o
mTi fir,]
YEM2 YoM 12
tenbenance standeard Wiear Ll Mamlenance swndard Werr il
Seal wadth 1.47 (LSS 21 08T . 2.2 (00835 .5 TERd)
Soal angle = — | £ AL ==

NOTE. Before adjusting the valve seat part be sure to
theck the intake and exhaust valve guides for wear,
replace them il they are worn oul.
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(1} Lapping the valve saat,
Whan scoring and pitting of the valva seat is shghl,
coal the seat with valve compound mixed oil, and lap
the seat with a lapping tool,
Al this time, be sure that the compound does not flow
to the valva stem and valve guide.

(2) Correcting vaive sesl width,
Whan the valve soat |s heavlly pittad and when the seat
width must be comected, repair with a seal grinder

After correcting the contacl area of the valve seat

using a valve refacer, etg, note the spot where il

comes intg contact with the seat sectan for reference

when applying seat cullers,

2 Apply the seal cutiers according to the sequence
shown In the diagram, Firsl use a 45" -cutter, then 2
15-culler; apply a 75°-cutter lghtly to correct the con-
lact surfaze.

T The positicn al which the [ntake and exhaust valve

comes Into contact with the seal section should e at

ths center ol the contact surface of the vajve

Thersfore, when applying a 15% or 78%cutler, take

carafully note the spol al which the valve cames into

aontact with the seat.

—i
—

Prpslad in Japan
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4y Mix the compound with oll. and lap the valee.
5) Finally, lap with ail,

. X
Specifled seal widih

Saal ‘widih

Bl ciray wrirrads Hon Alter sormection

A Grindwith 287 grinde
1B Grind witha 15 grindar
(G4 o witha G8% = T2 grindiy

NOTE: (1) When the valve seat has been correcied with a
seat grindar, mserl an adjusting shim betwasn
Lhe valve spring and cylindsr head.

(2) When the lowar parl of the valve comes Into
centaet with the seat, correct the contacl pos|-
lion with a 45°. and 75%-cutter, When the upper
part al the valve |5 incontact with the saat, cor-
rect the conlact pesilion using & 1587 and 457-
cuttar.

(Lpper party close

ta lner sreumbereroz o )
Waer poSItian it sontant with seal
b

N
(Lewwer parlh clos: \
te guter sroumilerence -
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J-2.6 Measuring valve recess

When the valve has been lapped many times, tha valve wil|
be recessed and will adversely aflect the combustion
performance. Therefore, meazure lha valve recess, and
replace the valve and cylinder head when the wear limil is
exceeded.

O=ath gauge ——

Wil B =

i iy
YSME Y3z
| Mainterance | | e | Maintenance
Elandand Wear lirmit elandar Whaar lim it
Valve 185 155 115 145
fegesEs (D042, HL.OE100 Pale -ttt 15,0675

3-2.7 Other inspections

{1) Check the Titling hole of tha precombustion chamber
for corroslon, cracks, olc,

2} Check e valve reckeramm titling bolt, Injectlon nozzle
hoider filting boll, and other bolts lor Banding,
|nosandass, ato;

i3 Check the valve rocker arm chamber cover and valve
rockar arm support pin for damage, e,

4] Check the oylinder head drain plug for water leskage
als.

3-3 Dismounting and remounting the cylinder head
When dismounting and remounting the cylinder head, the
mounting bolts must be ramoved and Inslalled gradually
and In the prescribed secuence to pravent damaging tha
gaskst packing and fo prevenl distortion of the cylinder
head. Sincethe tightening lorgue and tightening sequence
of the mounting bolts whan remounting the cylinder head
are espacally impartant from the standpolint of engine
performance, the following Items must be  slrctly
ohzarvad.

Frigbed (o Japan
i AT

3-3.1 Cylinder head stud bolt assembly sequance
1} Cheek for loose cylinder head slud bolls, and ook any
lonsa bolts with lwo nuts and then tighten to the
prescribad Worgue.
Cylindar head stud bolt tightening lorque. 4.5kg-m
(3258011

Crecking the gasket packing mounling lace

Contirm corract alignment ol the front and rear of the
gaskel packing, and inalall 1he packing by coating both
sides with Thres Bond 50,

Installing the eylinder head ass'y.

Position the eylindar head ass'y parallel lo the twop of
the cylinder block, and inslall the ass'y 1o the block,
being careful that the cylinder head ass'y does not
touch the threads of the cylindsr head baolts,

=

)

3-3.2 Tightaning the cylinder head tightening nuis
(1 Cylinder head nut tightening sequence . i1

YEME ' a1

97 (7018

1) Coat the threads of the cylindar head bolts with
lusrlcating oil, and screw the cylinder head nuls
cnlo the bolts.
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21 Flrst, tighten the nuts sequantially to 1/3 of the
prescribed tormua

% Sasond, tighten the nuts secu=ntially o 213 of
the prescrbed orque.

4) Third, tlanten the nuls 1o the prescribad Lorgue.

5 Rechsck that all the nuts have been properly
lighlened.

3-3.3 Cylinder head nut loosaning sequencs
When loasening the cylinder nead nuls, roverse the
thightening sequence.

3-4 Intake and exhaust valves, valve guide and valve

spring

o Walwir lan réla:ner

A Aniake and uxdiaust valve coiter

&
j - _Arbaki and exnaust vake pning retalnas

L -—Tianendexhanst valve

L _alee ARCIE

< - ——Mawa guida

341 Inspecting and measurng the intake and exhaust

valves

{1} Valve seat wear and contact width
inspect valve seats for carbon puild-un and heavy

WEAr,

Also check it mach valve seat contact width [s sultabla.
If the valve seat contacl widlh is narrowsr than the
valve seat width, the seat angle must be checkad and

correctad

Frinted tn feifm
1023A90TE «

&

540

Fakraug! valve

Valvp-RIET
olarmeor

VElvE i Knass

=

Fahaust

- =

b

walve puith:

rdiks

a\az cut

valve guida

Infakia walvd

A

- =3 alra BIAM
dEmetar

e ve seal

1 "'yj'-'u-'-'a saal widlh T L
" »:
"-..‘_ Yalve diemeler } & _'u':lue diamitor
g N ___.-' T = 2
Rost angla Sealangs
el
¥SMa YaM2
Maintenance | : Mainlenanoe
cigrdard Wear limit mtandard | e lirmit
Malve
sl 2R DAL = 34 1,733 —
wirdth
Valva
soat o - 2k -
anghke
ave vowossy | o5 omen | 11 0oey | 0s oo
trickness | 1* G yiae) sl St

{2} Valve stem bending and wesr.
Check tor valve stem wear and stamning, and repair
whan such damage is light. Measure the outsude
diametar and bend, and replace the vale when the
wiear mit is exceaded,

i

YEMS

Yami2

Walve atam bend Hmin

003 (000118}

0,063 (0,001 78)

o Valve seat halriing cracks.
Inspact tha valve seat by the color check, and replaca
lha seat if cracked

3-4.2 Inspecting and measuring valve guides
The valve guide |s difterent for the intaka valve and exhadst
valve In trat the inner face of the axhausl valve has a gas

cut

Be sure that the carrect guide 15 usad when replacing the

guldes

11} Floating of the intzke and exhaust vaive guides.
Check tor intake and exhaust valve guids lcosansss
and floating with a test hammer, and raplace loose or
“loating guides with guides having an oversize aulsida
diameler,
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_alve guide aratrosion
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Valye qulde pratrision

T LATED)

1000 FE3TH
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(2] Measuring the valve guide ineide diameter
Measure  the

velve guide

inside  diametar
clearance, and replace the gulde when wear excesds
the wear lirril.

drna

-\-H--"n_
Velve guide Inside diemater
grkoa miem i)
Mairlerenoe Claarance MEx o Wear limit
standard at assemoly ailowanle clearance W
Valwo guide inside ar ’5 e A
iritigia diamener [after assembly) 02758 ~ 027ad o040~ DR 015 (L27E7)
| T T 7 981 (000186 ~ 0026 [LO05E) 26,00
YEME L D& ~ Ga740) (0.2717)
' Vialwe guide ingide a7 T AT 06
——— _l.‘h_&r!'letur lafter aszembly) (02738 ~ 0.2764) DOdS e B07s 045 | Lm,
. ) qp M (OGS e CD03 (OL005 .00
B 1115
| Stemn culzide diameter (02736 o 0 27401 {0.2717)
| Valve guide insids . \goas AN
o dimmater fater auserrbly) 10,3154 ~ 0,375 0.040 . 0,085 016 a3
: P {00016 ~ 00006 {0,005 e
e oulsice diameler =i ’
_ (03134 o 03138 0311
YaMi2 R T +030
Valwr guldc nshde M8 Thoe IH08
- . diameter (atter aseambhy (03156 o 0.3161) 045 = 0070 016 {0.3181)
B o ' g -ooa (L0018 o 00028 (RIS 700
Slem ouiside diemeter “Roe :
(L3132 o 03138 (31 10y
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FOEIASOTS

2N




Chaprer 2 Basic Engine

A, Cylinder Head

SMSYSM

(3) Replacing tha inlakeizxbaust valve guids
1) Using 2 special tool for extracling and insarting
the valve guide, sxtract Ihe valve guide,

# Using the abova tool, drive the vahse guide inlo
position by starting fram the valve spring side and
linlsh the ingide dizmeter wilh & reamer.

- Malve gulda
Yo

- dylindder ean

1T ey

YSMe | vswz2

T QG+ 00L

dmaunt of interierance ot valve gurda .:n_w N O0aT4)

NOTE: Ingert the valve guide unlil the groove on ils cutar
surface reaches the cylinder head surlace.

Prrouted in apan
FE AL A

3-4.3 Valve spring
(1) Valve spring inclination.

Since inclination of the vake spring |3 a direct cause of
ecoantric contacl of the valve stem, always check it at
disassembly,
Stand the valve upright on a stool, and check it the
entire spring contacls the gauge when a square ganugs
is placed -agalnst the outside diameler of the valve
epring.
If there is a gap belwesen the gaupges and spring,
measurs the gap with a Teelar gauge.
Whan thes valve spring inclination exceads the wear
Hmil, replace the spring.

Binol
i il

Incination limed (gap Bl | 1.4 (D055

{2 Valve spring trea langth.
Measure Lhe free longth of the valve spring, and
replace the spring whan the wear limit is exceeded

212
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Also, measure the tension of the spring with a spring
tester If the tension is below the prescribed limit, replace
he spring.

mim i,
YEME YEM 12
Maintennce . | Maintenarce | ... 3
il e Vil dimit Srarard Wagar lirmir
Viabo
apring 4 mim J9.5mm ADmim 28.5mm
troo {1.G741) 16551 IBT4R) 15157
lemygth d
Length I
vkiBR B o 3 flT-ru .
attankiod [1.2125) [RBcR & iny]
Load
appiied 1E-.4F'cﬁ:I o 16,3k =
whin {36.15 b} (33T 1y
sttachad

3-4.4 Spring retainer and spring cotter pin

Inspact the Inside face of the sprng retainer and the
outside surlsce of the spring cotler pin, and the contact
area ol the spring cotter pin inside surface and the notch in
the head ot the valve stem. Replace the spring retainer and
spring cotler pin when the contact area is less than 70% or
when the spring cotter pin has been recessed because ol
Wadr,

Mo racaERs

3-4.5 Vialve top retainer

Make sure the valve tap retainer surface is in conlact with
the valee racker arm. I it is worn out, replace it with & new
ane,

friated an Japun
FAREEADITE
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3.5 Precombustion chamber and top clearance

3-5.1 Precombustion chamber

Remove the packing and insulation packing st the
precombustion chamber's front and rear chambers, and
inspact.

Check for buming at the front end ol the pracombustion
chamber front chamber, acid corroslon at the pre-
cormbiustion chamber rear chamber, and for burned
packing.
Replace if faulty,

Heat Insulator

Frecomoustion chamner
(raan

Pin. Figoombuation chambar

[Fromds

Packing

3-5.2 Insulation packing

The insulatien packing prevents transmission of haat from
the precombustion chamber to the nozzie valve and serves
le Imprawe the nozzla's dursbility,

Always put in a new Insulalion packing when it has bean
disassembled,

3-5.3 Top clearance

Top clearance is the sizs of the gap betwesn the oyvlinder
head combustion surface and the tap of the piston at top
daad center.

Since top clearance has considerable offect on the
combustion parformance and the slarting characteristic of
the sngine, It must be checked periodically.

Cylinder neac
Y Pregogmoustian chamaar
b {

J L WHankel pacsing

JFiaton

loapy clesarance.
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{1} Top clearance measuremant

1) Chaeck the cylinder head mounting bolts and
tightening torgue.

2) Asmove the fual injeeticn valve and pre
combustion chamber.

3 Lower (ne piston.

4) Inserl guality fusa wire through the nozzle holder
fole, (Be carsful thal the wine does not enter the
iniake and exhausl valve and the groove 0 the
comhbustion surface)

5 Crush the luse wire by maving the piston lo top
dead cenler by slowly cranking the anging by
Fearicd.

6 Lower the plston by hand cranking the engine and
ramove the crushed luse wirg, being carelul nol o
drop it.

7} Maasure the thickness of the crushed part of the
fuse wire with vemier catipers ora micrometar

FEush WirR

i2) Tap clearancs value. i (i
¥EMA YEM 12
0f ~ 0483 (.10~ 1.80
Tap clearancea 00238 0.0686) 04E3 - T OES T
Fuse te @ 0 (DO HAA005

be used

Primten in Manes
Fo2iAROTE
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When the top clearance value is not within the above
range, check for damaged gaskat packing, distortion
of 1 cylinder head combugtion surface, or other
abnormal conditions
i3] How te deal with tou-large top clearance
When the top clearance Is ton large, chack for (he
following:
13 Tha cvlinder nead is clamped wrang.
2 The bearing metal tor the crankpin, ourmal, and
platon pin sections is wormn,
3 Check the connecting rod for bending, etc., and il
any maltunctioning part s feund, replace the con
racting rod

3-8 Intake and exhausi valve rocker arm

Since the |ntake and axhaust valve rocker amm shaft and
bushing clearance and valve head and push rod contacl
wear are directly related to lhe valve timing, and have an
cffect on angine performance, they must be carelully
sarviced,

VElve rogkarem

s Valwe rooker aro supporn
T -r\:a
A B [ =193
. ;! J| | A gﬁ e Valve rockar amm
; ) e o
Bushng {1 ol i Valve clsarancs

adjust acrew

3-6.1Maasuring the valve rocker arm shaft and bushing
clearance

Measure the cutside diamaler al 1he valve rocker amm shaft
and the inside dismeter of the bushing, and replace the
rocker arm o bushing It the measursd valus axcesds the
wear limif,

Replace a |oose vahee rocker arm shaft bushing with a new
Bushing. However, whan thare is no tighlening allowance,

replace lhe valve rockeram.
i
L’f— 4 et
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SMYSM
===, Valwa rocker arm shatl
Walve rocherarm
ﬁf_j(ij i
%
i
) @
i fing
Maintanance standard Claaranda al assambly Mui?{gﬂg"‘mﬂ Wear imt
Irtake and extausl wive rocks) 4 w1 ,r::, 0 - uithe
— arm shafl culside diamestes __E'fm 7o 04724 DOIG ~ D062 015 04685
Intake and exnausl vale rockar am Zia :Eaf; 00063~ 00005 10.005% w2
pushing nskde dizmaoter esembled) (U473 e AT D47 54)
Imiake and axhausl valve rockar A 216 _f e 2159
G arm zhall outside diameter [CLE29E ~ (hF2EE 0616 v 0052 015 ii].ﬂ.?ﬂ(.l_
invake and exhaust valve rocker amm E i 000063 ~ 0.002085 10,0050 161
zuehing Insida diamater (asserrblad) DGADE ~ 0G5 108330

3-B.2 Valva rockar arm and valva hesd contact and waar

Check the valve rocker arm and valve head contact, and

repiace when thare is any sbnormal waar or pasling.

NOTE: Correct a trifle slepped wear in the contact surlace
of e stem and valve rocker arm by using an oil
slone, 8lo.

3-68.2 Valve clearance adjusting screw

Inspect the valve clearance adjusting screw and push rod
contacl, and réplace whan thare is any abnormal weaar ar
pecling.

3-7 Adjusting intake and exhaust valve head
claarance

Adjustment of the inlake and exhaust valie head clearance
govemns the performance of the anging, and musl be
performed accuralely, The Intake and exhaust valve head
clegrance must alwavs be chacked and readjusted, as ra.
guirad, whean the engine s disessambied and reagsembbed,
and after cvery 300 hours of aperation, Adjust the valve
head clearance as describad balow,

Hricded Tm dipan
FRIA%NTR

3-7.1 Adjustmeani
Make this adjustment when the engine is celd.
(1] Hemowes the valve rocker am cover
(12) Crank the engiree and sl the plslon W0 lop dead center
(TOC) on the compression stroke,

NOTE: Sel 1o the position at which the valve rochkar arm
shaft does not move even when the crankshaft is
furmed to the kel and right, cenlered around the TO
mark,




Chapter 2 Basic Frgine
1. Cvlinder Head

i3 Loosan the valve clearance adjusting screw lock nut,
adjust the clearanca to the maintenancs standard with
afeslar gauge, and reflighten the lock nul.

--i-——"_'.iema o

(A

Adustng sorae -

N &,
Lk -|'|||'.
rmm gl
Intake erd exravst p
warve hesard clearsnce {volo snging) LO0TETY

3.7.2 Adjusting without a feeler gauge

Set the head clearance to 2ero by tightening the adjusting
screw, being careful nat to tighten the screw toatight
Then adjust the valve clearance to the maintanance stan
dard by backing off the adjusting screw by the angle glven
belaw,

Lok nut

_,ff—vf- ol one 5 ¢

o

Adjusting sztew H '
Far (.18 mim

mim firg

T valve clearance adjusting screw MB » 1,25
Adjusting sorew backoff anple | Approx 58° hO"

NOTE: Caloulating the backoft angle.
Calculate the 0.2mm advance angle from 1.25mm
advanca st one turn = 360°,
I 0.2/1.25% 3607 = 576 58°%
! One sida (80°) of the hexagonal nut shoud be used
to MeEsUrs.

|
! 3-8 Decomprassion mechanism
The decompression mechanism is used when the starter
l malor fails to rotate sufficiently because the batlery is
' weak, and to facilitate starting In celd wealher,
When the decompression lever is operaled, the valva is
pushed down, the engine |s decompressed, the onging
tums over easily and tha flywheel inertia increasss, thus
| making starting easy.

| Prwded in Japan
P EAMITE

1B

With this enging,
decompression HIL

g

Pazaliel pi s,

i R al

Dhacormpe, 101

thare is no nesad

Lisonm praseion levar

In

SM YA

atlusl
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4. Piston

Thea pisten Iz cast of an Lo Ex alumindm alloy with a small
tharmal expansion coalfician! and axcellant cooling pro-
pertigs. Its ellipsod shape makes for better contact on the
cylinder surface and reduces ol consumption. In addition
the lowly constructed land area betwesn the hord ng and
the oll ring aliows the lubricating oll to stay longer, thareby
providing bettar lubrication of the piston and syiinder and
reducing oll comsumption, A total of four piston rings are
installed. three compression rings and one il fing. to 2n-
sure good compreasion and jubrncalion. To improve the
rlgidity of the piston skirt no ring is Installed an the skirt
=&l 50 thal tha pizlon saldom hecomas detormed and ne-
tains slable contacl.

The pisten pin s of the floating type. Bolh its ends ars
fastened with a circlios,

M YEM

JEralip
o {2 Measure the clearance between the piston ring or il
@ JELOn ph ring and thering groove with a thickness gauge

I"«
Wl oring

"«
*Emonnd oomprezson 1ing

4-2 Piston
4.2.1 Inspeclion
11} Measuring Important dimeansions
Measure each important dimension, and replace the
piston when the wear limil 15 axcesdeo.

Firss nompuession arg groove width
=0 Zesaond CoMmorassion
: tifg groova width
_'I VP 20T PSS
g rihg groove widty
=l rrg graave welk

. 5
o

Frimtie po dmpees

Tl ADGTE

o)

17
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S Y S
T iy
TSME YShMI2

M:Eﬂﬁf ]| WWisar limil M:I';E'Samrdn“ Wl (i
Fiston cutsida olamelsr wps Ay e 285 D113 g4 4
[2xial girection) (29467 29478 (2. 248) (3.2407 333100 {.3386)
Fiston nin hoda Inside
ibsiphobly A2 [0 O0ES) e w3 =
Firsl compression piston 0,050 ~ 0,080 0.2 0,050 " (.005 nz
ring-to-groovs clesrance {00079 - 0.00314) | [0.007ET) {0.007197 ~ D.00374) (OO7ET)
it sin A 0.020 ~: 0.056 0.2 0.020 0068 02
AriG-I0r Gromwe Clearante 000078 ~ 000216 | 007E7) (0L.00078 ~ DO0R1E) {0.00787)
2l rirg-to-groove D030 - D055 015 L) o D055 .15
clearance (0.00076 ~ 0.00218) {00055 {1.00076 = D.00216) 1110050

(% Piston pin outside contacl and ring groowve carbon
Bl gy
Chizck If the piston ring groowves are clogoed wilh car-
oon, it tha rings move freely, and tor abnormal contact
around the oulside of the piston. Repair or replace the
pliston if faully.

4.2.2 Aeplacing a pision
[f the dimension of any parl is worn past the wear limil o
oulside of the plston Is scored, replace the piston,
(1) Raplacemienl
1. Install the piston pin cicclip at one side only.
2. Immerse the plslon in 20°C ol for 10 ~ 15
minutas.

A .Remove the plsten from the hot oil and place it on
g bench with the peston head at thae bottom,

4, Insert the small end of the cennecting rod into the
piston, insert the piston pin with a rotating mo-
tion, and install the other piston pin cirelio.
lIse wooden hammer if necessary

Feinteg in bipar

FE23A9076

& Precautions

1

A
a

4,

. Before inserting, check whether the piston pin is
in the connecting rod.

Coal the piston pin with ol to taciltate inserlion.
Check that the connecting rod and pision move

fraely,

Insert the pin quickly, before the piston cocls.

4-3 Piston pin and piston pin bushing
4-3.1 Piston pin
Measurae the dimensions ol the piston pin, and eplaca tha
gin i1 il s wom past the wear limil or severaly scored.

2148
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4. Piston
SM¥SM
i {Im)
Y5ME | Y5M12
i | Vst | Vo | Wer e

Platar _l.

pin 223 & | Sium 275

mrEide 10:9052 ~ .rng:,.u,';.r] nl 1020 = e

diarmeter 08055 | Wikl

AL LRV TEA
YEME TSM1E2

Pistan pin holg inside diamaler

EELOE < 23008 (09053 ~ (L8050)

e 27 BAG o 0008 (1 1032 < 19087

Pistan pir outside diamstar

PN e 25000 (09052 r (19055

Fin and pin hals tightening allcwance

—o U0 e 007 | DOODE ~ D.00GT)

WET R~ 2000 (11020 - 11024

—Q006 A 0017 (~0.0002 ~ 0.0007)

: F'I_l_-l_ _fi-.-rin_ﬂ._', _Imfr'!m TatLire

50¢ e BU

BAT a0

4-3.2 Piston pin bushing

A coppaer alloy wound bushing I= pressed onto the piston
pin.

Since a metallic sound will be produced if the piston pin
and piston pin bushing wear is excessive, replace the
bushing when the wear limit is exceeded,

The piston pin bushirng can be easlly removed and installed
with a press. Howaver, whan installing the bushing, be
careful that itis not tilked.

L RN
FEME a2
Maintengnee | Viear | Meintenance | Waar
etandssd fimriy sdardarg lirrait
Piston oin

= ©23 w2 e mIEA

buishing insds ; ey
S ﬁr‘ (0B0SE) | ooey | (10 {11063

NOTE: "Fiston pin bushing Inside diameter’ is the dimen-
slon atter prassing onto the connacting rad,

Frenied S

R SAMTE

4-4 Piston rings
4-4.1 Piston ring contiguration

(1) The lirsl compression ring is & barrel face ring that el
tectively prevents abnormal wear caused by sngine
loading and combustion gas blowhy at initial run-in,

o [ ) Firss zamprassion ring

|Barral fane)

r"_:! SECENd COmpreasion ring
(Taper ring)

T [ third somprassion ring

_\\‘\ {Bavel®uadarced riag'

I

CTI0 1y
el expandar nng)

() The second comprassion ring is & tapar ring having a
aliding lace taper of 30 ~ 1°30°, Since the cylinder
lineris slraight, and the contact area at inltial operation
is small, It is easilv seatad to tha cylinder liner,
Moreover, the bottom of the sliding facs Is sharp, and
oll splashis excellent and air-lighlness (s supsi.
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[3) Since the third compression ring has a crosssection

thal cembines the shape ot a bavel ring and undarcut
ring, oil splash s superb and oll upflow contral is ex
cellent,
The land (A in figure) between the third compression
ring and thz ol rng has a small 1 0mm outside
diameter that effectively improves ol collection armg
reduces oil consumotion.

4-4.2 Ingpection

i1) Pision ring contact
Inspect the piston ring contact, and replace the ring
when contact Is faulty. Since the oll ring side contacl
is closaly mlated o ol consumption, it must be chock-
ed with partizular cars,

Az bieag riadl

(&} Thz oll ring Is a chrome-plated coil expander having a
small contacling lece, am: exerts high  pressore
against the cylinder liner wall. QI splash at the botiom
of the sliding face |s excallant, and it nil control atten:
1= high.

(2 Measunng the pision ring gap
Imgert the pizton Into the cylinder liner by pushing the
piston ring at the head of the piston as shown in the
figure, and measure the piston ring gap with a feeler
gauge. Measura tha gap at a point about 120mm from
thi top of the cylinder liner,

_ el hrer o
€ e )
= ——-Pislun idtn i :
& 1 .- Gl —
3 W L
E E__,r Pistan ring
= [T i s
LI _——=Fing gag
= e {ir)
¥ YEMIE
Malntananca s:andard Vmar (it Meintenance standad Wear i
a4 -0 36407
Thick - o - -
Biston ring o N s (01378 011457
.23 i 2O 1.80 Pl 240
ol {00775 ~ D.O7ET) {0074 {0,297 ~ WO (0 084S
=1 . eE:n2 29-02
Thicknass 00846 ~ 0.1102) (01063 ~ 0.1220) B
Qilring = —4 =
N 4p e am 40750 490
i 0,156~ 1115701 (31535} (01562 ~ 0 1670) 0:1538)
: o e M 02w D 15 0~ 05 16
Piston ring gac (1,2.3) (LOO7AT & D.O1574) {053 7) (0.1 18 - DOTET) ‘ 1.0
i D2~ 4 1.5 2 v 0 15
i ring qap ILO07EY e DIANETE) {00597} (020787 ~ NETA) 100501

{3) Piston ring reclacemant precautions
Whean attaching the pislon rings Lo the piston, make
sure they arein the correct sequence and tace the pro-
pear direction

1) Clean the ring greoves carefully when replacing
the rings.

2) When inslalling the rings, assemble the rings so
that the manufdclurer’'s mark near tha gap s fae-
ing the top al the piston.

3} Atwerassembly, check that the rings move freely in
the grooveas.

Hroneed (o doman
FOZAARITA

4) The rings must e nstalled so thal the gaps are
180" apart. At this Tme, be carsful that the ring
gap is not nad up with the pston side pressure

par. A fing 11 ring)
k. '__.a-"-_""-. __."
4

\-\.
it - _ ——TPizicn pir
LK e
L i
P R,

2l ring el rireg

220
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5 Since the ofl ring Is equipped wilhya coil expardsar,
attach il re the piston so that the joint of the ring is
shifted 18C° from that of the col: expander.

Gap
Eopand e Sagean
FOZE AN

18T COIMPEERSIOT 1y
N0 i RS g
——— Ard camarasEIon ring

il ring

AMAYSM
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5. Connecting Rod

5.1 Conneciing rod ass'y construction

Tha connacting rod connects the pislon gin and crank gin
and lransmits the exploswve force ol the piston lo the
crankshaft, It s a stamp forging designed for exlreme
lighiness and ample strength agains! beading. A kelmet
bushing split &t right angles is instailed to the big end of
the rod, and a round copoeralloy is pressed onlo cap,

Hmeall and \
R CTEET (R REVES SR TR

Connecting rod

Hig ere

-::5‘ Crank pir
bushing

‘Connesting rod bob

6.2 Inspecilon
5-2.1 Large and small and twist end parallelity

Faralolity

Frimted o fypug
Fo2ionze

Pass a test bar through the large snd and small and holes
of the connecting red, place the bars on a V-block on a
stool and centar the large and test bar. Than sat the sensor
ol a dial indicator sgainst the small end test bar and
micasure twist and paralielity. When the measurad value ax-
caads the waar bmit, replace the connecting rod. Twisting
and poor parallelity will cause uneven cantacl of the plston
and bushing and shitting of the piston nings, resulting in
compression leakage and sxcessive Gil consumption

IMeesuring twist and paro-lality

Connecting rad twist and parallelity mm {7}
i
T o 003100 or less
Keintenancd standand (.00 tIA5IT
Q000 or ess
Ll o DOAIeSERAT
5-3 Crank pin bushing

Since the crank pin bushing slides while recening (he load
from the piston, an easy-1o-replace kalmet bushing with a
wearrasistant overlay is usad.

(ﬁ \
Dheerlay o .

Belme” busming-

Backing ma:sl

5-3.1 Crank pin bushing inside diameter

Tighten the large end ot the connacting rad 10 1he prescrio-
ed lorgue with the connecting rod bolls, and measure the
Inside diamsater of the crank pin bushing. Replace Lhe
bushing il the insice diameter exceeds the wear limit or
the clegrances at the crank pin part excesds tha waar limii




Chapier 2 Busie

Engine

3. Connecring Rod
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rmim fir)
b= YamMi12
Mainlenancs | Waar Mairlerance | Wesar
srandarnd firmit standard firrit
BaZ K} - A46.000 -
R dzuaz | @421 46042 | @b
Shhenl (VBEES ~ | (18574) | (8110~ | (18140,
fi 16551 1.8126)
_— w0028 n @02y ~
Sapnard | 55 | oy | G50 | oy
et 0oBl1 ~ oonss | ootn - | ;o006e6
by DLCNERR) LR

Connecting rod .
zolt tightening
tarque

Akg-m (289 fr I

5 ke (280 118

NCOTE. The crank pin bushing ingide diametar must always
be measured with the connecting rod bolls tiphten-
ad to the prascribed forque,

5-3.2 Crank pin and bushing clearance (oil clearance)
Sinca the ol clesarance aftects both the durability of the
bushing and lubricating oil pressurea, il must always be the
prescribed value, Replace the bushing when the il
clearancs axcesds tha wesr Lirmil.
1) Maasurement
1) Thoroughly clean the ingide surfacs and crank pin
seclion of the crank pin bushing.
21 Ingtall the connecting rod on the crank pin section
of the crankshall and simultangously (it 8 Plast
gaugs on the Insids surfase of the crank pin bear

ing

Primted ly Jepan
FOAALT S

3 Tighten Ihe conrecling rod Boll o the orescribed
lightening torque.

223

kg s (-0t
) YEMA YEM 12
Connecting rod tighlening lorgue 4 285 55 355

4] Loesen the connecting rod bol and slowly

rermove the connecling rod tig end cap, then
measure the crushed Plast gauge with a gauge.

NOTE Mever adjust by shirms or machine the crank gin

bushing. Always replace the crank pin bushing with
H iy Ond.

E) The crank pin and’ bushing clearance [oil

clegrance) may &lso be measured with a
micrormater, In addition lo measurement with a
Flasti gauge. With this method, the cuiside
diameter of the crankshafl crank pin saction and
the Inside diameter of the connecting rod's big
and bushing, whan the connecting rod balt has
been tighlened to the presoribed lergue. ars




Chapter 2 Ravie Engine
5. Cannecting Roi
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maearnrad, and Ihe difference betweer the large
end bushing meide diameter and crank pin ot
sicle dismetar is gat as the oil clearance,
12) Maasurement precautions

1) Be carelul thal ihe Plast gauge does not enter the
crarh gin oll hdle,

2} Be sure that the crankshatt doss not turn when
tightenng the connecting rod boll.

5-3.3 Crank pin bushing mplacement precautions

(1) Thoroughly clean the crank pin bushing and the rear of

the crank pin bushing

(2) Al=a clean the Lig end cap, ard nstall the crank pin
bushing and check [ the bushing conlacts the g eod
can clogaly
When assembling the connecting rod, match the
numoer of the blg end sactinn and the g end cap,
coat the bolls with enging oll, and akemately tighten
th bolts gradually to the prescrioed tighlening tdrgus.
It a torue wrench (s not svailable, pul matching marks
{torgue indication lines) on the bolt head and big end
cap befors disassambly and tightan the bolts until
thase two lings ane aligned,

[

Blign inErh

) Check thal thers s no sand or metal particles in the
lubricating oil ana that the crankshaft s not pitted
Clean theoil holas with parlicidar pars,

Prondra ou Japan

FIREAROTE

[ ]

Fs

5-4 Connecting rod side clearance

Atter installing the conrecting rmd an the cran<ehall, push
the rod 1o one aice and measure the side cleaance by n
serting a fecler gauge Wito the gap produced al the other
side

The connecling rod bolls must also be tighleneo o the
prescribed lightening torque in this case.

Freedar padge
LR
0.25 101

Connaating rod sida clearanca | {1005 ~ 00137

5-5 Pision bushing and piston pin

The piston bushing s 8 round copeer alloy Lushing driven
orte the small end of the connecting red. During use, the
piston pin bushing and piston pin will wear Il this waar
becomes excessive, a metallic sound will be produced and
the engine wilt become nolsy,

5-5.1
Measure he oll clearance between the plstor pin and the
pistan pin bushing, If o excesds the prascrizsed lmd,
raplace the piston pinand its bushing,

Fislore pin bushirg Fistan oin oulside diamaer

et B (T

Foatan gin bushing
Ingce damels:




Chaprer 2 Basic Fagine
5. Connecting Rod

I ding
=1 M2
Maintenancs | Wasr Malqtanarce | Wear
standand lirmit s tanclard lirrmt
: - SER00G, = RN -
Piston gn gty R
bushing inside in =2 38 ?‘E‘H‘g _ =B.036 ,“EB'.;E
it 0 RGE fieR =) bl (11033~ 1107 1)
(LT 1. 1038}
: Ddeg 0025 wu
PIBGn in:ehd 0047 (1 a04a o1
Gbaﬁ."'h'r:'“ MO0 re | ROOGE | D00098 ~ [ p0.0039)
= CO0TEE) G003

5-5.2 Replacing the piston pin bushing
(1) When the bushing for the connacting rod piston pin is
gither worn oul or damaget. replace 1 By using The
"piston pinextracling waol’ instalied on a press.
NOTE: Force Ihe pistan pin bushing Into position so that
it5 ol hole coincides wilth Lhe hole an the small snd
of the cannecting rod

2y Alter forcing the piston pn bushing inlo position,
finish the Inner surface of the bushing by using a pin
horing macting or reamar sa that It fits the piston pin
to be used.

NOTE: Attach the hushing to the piston pin s that a pin,

coated wilh engime ol can be pushed into position
withyour thumb.

Frinped (o Jitaan

FUZiAmTE 2:35

S Y SM
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6. Crankshaft

6.1 Crankshaft ass’y and bearing construction

The crankshatt is stamp-forged and Lhe crank pin and jour
nal sections are high-frequency Induction hardened and
ground and palshed to a high precision finish, Therefore,
the contact surlace with the bushing 15 exceldsnl and
durability s superb.

The crankshalt is supported oy two lypes of main hearing,
namily, tha main bednng (o the oylinder body and the
man bearing for the mounting flange. Gn one end the

Flywhasal

Flywhiea
anrg it

Primped (5 Japan

FOzaas07s

flywhesl is mountad ang on the other end |s the crankshaft
gear. In ordar o affect the proper balance, a balancing
weight is mounted on cach crank arm by sematicn mat
ching,

The il passage for-the crankshall journal and pin 18 shaped
(sme the diagram) so hal the crankshall can withstand low
and high-speed operations.

Meurting flange

|

i
4

Mzin beasirg

Crank shaf

THrust mata

" Gréank besring

A Crank ghal: g

Balanc ng welght

Balancing weigh: mounting Dol
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6-2 Inspeclion
€-2.1 Crank journal and crank pin
(1) Cracking (2) Crank pin end crank jourral outside diameler measure
If cracking of the crank |ournal or crank pin s ment
suspected, thoroughly clean the crankshall ang When the difference between the maximum wear and
perfarm a color check on the shaft, or run & candle minimum wear ol sach bearing section exceads the
flame over the crankshatt and iook for oll sespage from waar [imit, replace the ¢rankshafl. Also check sach
cracks. Il any oracks are detected, replace the bearing seclion for sconng. It the scorlng is light,
crankshaft repair it with emery cloth,

e o
L-’.- i ':_-; ]
N
[r | i ;‘g]:T
B R ot
-.\'- .f.-'r
7
B
YaME _ ¥EM12
Maintangnce slandard Waar fipnil Marntenance standard Wear limit
. i 243,950 ~ 43,965 44785 1,052~ 51,971 251
Crankshatt journal wosr A A (1,730 - 1. 7300 {"‘T.FE&!‘} ?.EI’HEA w3 0483 .;2.54%:-
o e o . A4 856 ~ £1972 1,87 @S B53 ro 4K A7 @487
Crank pm o wesr E B (1 8518 v 185241 {1 5B 11,8081 o 1,8100] (1 7665)
i gida ’ 0035 w105 0.17 0.087 ~0.088 O
Cmrd;. j-.'-I.|IF|I|,a] and _[D.m14 nmm-m (OO0 10.[2'3_1 | '*ﬂ.fﬂ"fv] L0
cuEning ol elearance D.ME ~ D065 07 0,037 ~ 0.087 08
Flywhisel side (00018 v 0.0037) 0.0067) (0,005 ~ 0.0068) 0007 1)
Crank pin and crank oin bushing oil oleanance m%ﬂ";’? ; gﬁ A (EI%!‘_!I;EH M%gﬁ ﬁm gﬁgﬂ {D%,g..,
" |
6-3 Crankshail side gap
6-3.1 Side gap

The clearancs in the axal direction alter the crankshalt has
been assembled is called the side gap.

it the sida gap Iz loo large, contact with pistons will ba
uneven, the clulch disengagement position will changs,
and other troubles will Sccur, T 0l is oo small the
crankshalt shkding resistance will Increase and Sranking will
bacome sliff,

6-3.2 Measuring slde gap

Move the cransshatt to one side, attach dlal gauge to the
crankshafl tip, and measure the clesrance betwsen the
crankshall ard the thrust bearing metal, Cr, wsing &
Ihickness gauge, measure the clesance betwesn the
thrust bearing metal on the housing side of the main shaft
and the crankskaft |t the clearance excesds the soecilied \
limit, replace the thrust bearing melal. Dyl yauas

Frimtod ik Jamoin
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6.4 Main bearing

6-4.1 Construction

The main shall bearing metal is round, made of a copper
iead seres sintered alloy, ano 18 highly wear mesistant As
for [he gear side main shaft bearing metal. the crank bear
Ing metal and the thrust bearing metal are installed
saparately, With 1he flywheel side main shall baanng
melal. the above two bearing metals are Installed wgather

6-3.3 Side gap mainterance siandard and wear limit. |
YEME YEMIE
I ntenengs: Tt | MEIMCERINCE
Siandard | |Vvear limit [T e | Vdear limil
Crank shaft | OISSOA5 | gas O 5,:;;%2’“ a8
i !‘U.EIDGM- i { DG L g
sicle Yeip Qfdpg | 0T oot | 0NN
6-4.2 Inspecting the erank bearing

i1 Check the crank bearing melal for scaling, depositad
metal anc seizura. Also check the condition of the con-
tact surlace. | defects are found, replace.
If the bearing metal contact is too unsymmelrical,
carefully chack all related componegnl parts which
migh! be responsible, and taks propar measures.

{2) Datermine the cil clearance by measuring the inside
diameter of the crankshall bearing and the cutside
diamatar ol the crankshaft,

NOTE: Measure the crank bearing at The four points shown
in the figura and raplacs the bearing if the wear limit
5 exoecded at any of these points,

A H ¥
' ] ‘_T_-
Fy
b I .
I \ﬁ__ﬁLﬂ
A B x LRI mm fin g
YA vamte:
tamntenance stanvers Wear lim it Maintenanss stansard Viaar limit
24,010 = 44,048 @44 14 52 010 = 52.040 25214
Main Baaring ins:de digmater {1 7337 =+ 734 1) (17378, (20476 ~ 2.0458) {2,0508)
. : i 143 5950 ~ 4306 385 P51 062 . 51074 25135
Flywheel side | Cranxshaf: joumal outside diam#tar s o 1“?‘«&”,;’;' R SR 3 DAt ko
' 0025, 7o 0 L35 017 0.037 ~ 0.088 018
Gl glearrica (01,0018 = (.00 (00067} (D015 == 00038 0.0071)
_ T wAd 000 . A4 056 44,14 =52 00 - 52060 wda 14
M et TS IOe el (1,723 0 1.7344) (17378 (7 0472 . 2. 0496) (1.7378)
Opposite sida ; ) 243,350 - 45065 @43 Rn @51 57 ra 51973 151 85
ol Nyiwhes| Crankshat! journal suskda diametc (1 77900 . 1, 7309) 1,7264f (20847 - 4 0462 20417
; 0.035 ~ 0.108 At 0027 ~ 5108 0.0
O chuarance (C.0014 000a1) 0.0067) (00011 ~ 0.0043) 0.0071)
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G-4.3 Inspecting the thrust metal
Meaasure the thicknoss of the thrust metal anid replace the
melal when wsar exceeds |he wear imit.

i

e

IM.“-fﬂ_l'l'l_\_ﬂf'l]
MWantenance sizndard ] Wiezar il

25 2,30
G (0,008

Thriist matal thickncas

8-4.4 Raplacing the crank bearing
Since the crank bearings al bath ends of tha crankshaft are
pressad to the cylinder block and bearing housing with a
press, a force Gf approximataly, 1.0~ L5 lons (2200 ~ 3300
Ibs}israquired to remove them,
Moreover, zinca the crankshalt will nol rotate smoathly and
other trouble may coour il he bearng 18 distartad, 11 must
lways be installed with the special toal,
(1) Rermoyal
Assembie the spacor and plale & a3 shuwn n the
ligure. place the pullerfextractor zgainst the boaring
from the opposie entd and pull the bearing by tighien-
ing the nut ot tha speclal lodl. Remove the oil sea
before oulling the beanng prasssd 1o the bearing haus:

ing.

-
Irmartion/
exlract-on-oal

Insertion guide
Crérk bearing

{21 Inslallahon
Coat the outside of the tkanng with oll and align the
positionz ot the bearing oll Roles. Thian press in plate A
until it contacts the cylindar block ar bearing housing,
uzing the pullerextracior as a guide, as shoawn n e
tigure.

Printed i Jupn,
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Attar Inserting the bearing, messum 5 oulside
diameter. If The bearing 15 distorled, remove il again
and replace itwith a new beanng.

J ./" I\,

1are b }‘} & Flate B

Crank ozaring

Shacer

[ragrion guoe

(¥ Crank Learing installaticn precautions

1} Pay careful allention to the crank bearing ine
garticn direclion. Insert the bearing so that the
side with the outside fillat |s at the cutside.
Allgn the oil hole of Ihe crank bearing with the oll
huies of the cylinder block and bearing housing
3 Afer inserting the crank bearing, check that the
vrankehaill rotates easily wilh thea throst metal and
bearing houszing installed.
Be carcful thal the Lizarng is net tilted during Ine
Serlic.

)

4)

6:5 Crankshaft oil seal

6-5.1 Oil seal lype and size

llvpe ol seal |5 emoloyed at the llywhesl snd of the
crankahall.

mr
| Siza Part Mo
YSM3 | a4-B0-4 10421 1-02220
YEM'2 | B2- 0y |04511-02220 .

6-5.2 Oil seal insertion precautions
{1} Clean the inside of the housing hole, ascertaining that
thie hole was not dentad when the ssal was removed,
{2) Be sure thal the insertion direction of the oil seal is
correst. Insert 5a that the main lip mounting the =pring
Is ar the inslde (il 2idal

o
!
i

Axsdaritily
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(3) Insert the ol seal with a press. However, whan
unavoidable, the seal may be Installed by lapping the
antire periphery of the seal with a hammer, using a
block. In this case. ba careful that the oll seal |s not
tiltad
Mever tap the nil saal directly,

GOCD
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7. Camshaft

7-1Construction

The camshalt Is mace ol carbon steel. The bearings on the
qear case side are ball bearings and its clutch side |s direct-
Iy bome by the block, The camshait end s provided with a
siit for inserting the lubnealing cil pump. Its gear side s
constructed so that the cam for driving the fue! injection
pump can e mounted on il The cam and (ts bearings have
been frested wilh induction hardening lo give them high
hardriess, setler wear resistance and toughness,

Exhaust cam

Intake cam

r
&

=i

7-2 Valve curve TH

\ (Exheust valve = oag
'y [ 3 = a,
Intaks valve open ‘a.~=-:|: =) %\
A

“an®| 20
P
L, '-]
]

A [
|I W/
|| -
N
At | N R /
el | T
Il valv -':Inﬁ-n'\ = Cxhaat valve cpen
el

205

7.3 Inspection
Since the cam surface |s tempered and ground, thers is
almost no wear, However, measure the height of the intaks
and exhaust cams, and replace the camshaft when the
measurad value exceads the wear limil.

A107 mark
_II

Lift |in

4

Cam heigh
Cam haight

Ivjaike find dEtawsl cam Fraisl Gamy

Frimbed an JSaman
PaziAgints

Since the inlake and exhausl cam profile is a parabolic ao-
celeration cam with a buffaring curve, movemant of the
valve sl high speed 13 smooth, impraving the. durabilily of
the intake and exhaust valve seate,

/
Camn shatl gea Fupl pam

Intaxe and exhausl velvs eee clearanoe m[}.ﬂ‘.ij'[lf?g?rl';”
Itake vaive open b. TDG -
Intake valve diose g BOC a
Exhaust valve open b, BOG a0
Exhaust velve close a TOC o

2.31 " el
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i (i)
YEME VSMIZ
M:Elnﬂdnag,g;a Wazar e M:E‘f’m 5 NEA | \ear limit

Intake ard 08 W5 | 48 TP

. ) axhaual carm 11.2125) 11.2007) {1.2582) { 1.o4E4)

Camshart hoigat !

Fusl cam 15 249 kU G

LT LTETT) (2622) {2.35a2

7+4 Camshatt ball bearing

The camshalt bearing is a single row deep groove ball bear-
ing. The constuciion and matarisl of this ball bearing such
that It can withsland the radial |load, thrusl loads in
botn directions, and a combination of both these loads,
Feplace the main camshall baarng il their components
hiava ha following detects: balis, innar ar outar rece, cage,
oo, have llaws, impressions, ofc; componants thatl will
not rotate smoathily; componants that prodoce Noises; com-
poncnts that loose, components thal have discolored due
o saizure; afc
1. When the bearnngs as rotaled by hand. they shouolid
not rang upanywherns,
2 When they are rotatad rapicly, they should not produce
ary abrcrmal sound,

7-5 Tappels

These mushroom tyoe lappets feature a speclal iron
casting with chill-hardaned contacl surfaces for high wear
resistance. The center of the cam surface width anc the
center al the tappet are offes 1o prevent eccantric wear ol

7-5.1 Tappet disassembly precautions
Intake and exhaust most be clearly indcaled  whan
cisasaambiing the camshatt and fappes

the contact surface. i
T 7-5.2 Tappe! stem wear and contact
~ i_,,‘-:'““‘ Messum the outside diameter of the tappet stem, and
T roplace the lapoet when the wsar limil is exceeded or cone
Camskgl = tact iz uneven,
M 1] a
P
!
NG
Yahid YS5M12
Mainleng~oe slandard | Viear Frmil | Maintenanca standard | Wiaar |mit
o i . 20,940 9995 995 S10980 ~ 10885 | 1088
Quitelds diameter of tappat atem 036591 - 0293600 | 03073 | azeeooasen | esno
Insmce digmeater of tazpet gulde 2000 = 002T — 211000 ~ 11027 =
fieylindher bincky LLEKSF e 050478 (043307 ~ 0.43413)
AO05 ey 11 000 ~ 047 o1
i — (00049 ~ 00018 | OO0 | @0008~000185 (000383

L2} i i &
P el R agen
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7-5.3 Tappel and cam contact suriace

Since the lappel and cam are offeet, the tappel rolates in
an up and down movamsnl doring operation, so there s no
uneven contaat,

Since sccantric wear will occor it cam tappst conlact =5
poor, replace the lappet If there is any uneven contact or
deformation

Abnarmal saatact
ey Mormal contast

NOTE. i the sliding surface of the tappet and the cam is
damaged, chack the camshall dlso,

7-6 Push rods

Tha push rmds are sufficently rigid and slrang to oravanl
tending.

Place the pusn rod on a stool or Hat surface ana measure
the clearance belwean the center of the push rod and the
flat surface, and replace the oush rod If the wear limit (s ex-
cradad.

=oelr gaugs {K L

Check both ends for wear and peeling. and replace the

shorod i faulty.
Pt = rrerafing
Mairtenance standard Wzar lirnir
Fush rod Dend 003 ar less 0.3
000778 o ksl {C.0118)

Feimped dn dlyven

FoZIaxive

7-7 Fuel cam assembly precaulions

Install the fuel cam by aligning It with the key of the cam-
shaft. It tha Installation direction s not corract, tha fuel in-
jection iming will be considerably off and the engline will
not starl.

When assembling the fuel cam, bie sure that the "0" mark
slde of the cam is opposiie the camshatt gear

Stasting gear grivan)
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8. Timing Gear

B-1 Timing gear train construction
The gear casze |& cast with the cylinder body in a
monobleek casting and s fanmed hy the cylinder side
cover. [t s mounted along with the lubricating ofl pumg,
luhricating =il filtter, tuel contral deviee and P.T.O. shah

[which drives the fusl leed pump), the cooling water pump

and allernator. The camshall gear s & stesl forging with a
harcened tooth face that has been precision, ground and

finishacd, 1t 2 driven by the crark gear which 12 mounted an

the crankshaft,

Startng shafl gaar

Crarkshafl gear

i g
Camskalt gear J;’r
-f‘
Starting-gear ¢dr UEﬂL-’"
Biarfing snat gzar L Crankekal gaar
k= //"' s e
E: = i
S / N
CaTgha‘t gear H,‘-’fi; } ‘}.\"“\,_ ‘ A— +
g — N
:_,/' 49 | \\ "/-?(ﬂ'/’—‘- Lo BT el geie
g ! ; - :\;
Siarting gear - '.__,.| = i "-.II i g LAl
[ s ot Gt
) U
\ "~ -
\ \Q A / e
I.\ B /
L " T
\\\‘__‘_ S
= _I_ i
TaME Yah?
Furnar — Cemerio-cantar Mirmba: : v Canter-to-center
Module 2ot Tooth width dietanin Mesule | o e Tooth wiclh distance
o i 25 23 105 42 4134} 25 23 0.5 C.4734)
Cranksnall F T.[:::E-hil hgi;.""a-’ F.T.0. shall g
: - ; 1A o Crankshaft gear ; e ~e Crankshaft gaar
qaar 25 23 T DEEEND .58 (7 288 25 27 11 (DARST ELH [LAB0E)
chah _ Crarnkeshzlt gaar Crankehalt gear
C.aur 25 45 10 (0.3R3T o Carrshal | gesr 25 5 11 {D&33T e Camshal |l e
Joa e -BATH (4154 -2 SARES
Slarting g o . larting gear - Starlg pear
e ey | 2B 5 10 @I | Sfarding shatr gear | 25 2 10 O3837) | 7L St ing shalt gaar
it L4325 41,7074 . B0 (10885
shartil q%ar 25 i 9.7 10,337 26 0 a7 C3Ea

Peinded (o Jopoa
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8-2 Disassembly and reassembly
Timing mark
A lirming mark 15 providad an the crankshall gear and
camehafl gear to adjusl the tirming between apening
and vlosing of the intaks and exhaus! valves sand fual
Injection when the piston is cperated
Always check that these timing marks am aligned
when disassembling and reassembling the timing
fqaEr

f,trﬁrh:!.hf-:ﬂ

Timing mark

Larskals 4

Hetawrming bolt

8.3 Inspeciion

8-3.1 Backlash

Unsuitable backlash will cause excessive wear or damage
at the tooth tep and abnormal neise during operation.
Moraover, in extreme cases, the valve and fusl injection
timing will deviate and the sngine will Aot run smoothly.

When the hacklash exceeds the wear limit, repair or replace
the goars &5 a sel

FPronted {e Jnpan

Fod 3Asn7a

a3

m

mmdln}
Whear limit

Maintanante standard

Crantshal | gesr and
camshall gear hacklash

Crankshall fear and
FT.0shall gea: backlazh

D08 = 0,16
N1 - 00062

001 1E

Measuring backiash

i1 Lock one of the fwo pears 1o b measured and
measure the amount of movernsnt at the olher gear by
placing a dial gauge cn the tacth surface,

(2] Insert a piece of quality solder between the gears Lo bs
measurad-and turn the gears. The backlash can be
measured by measuring the thickness of the crushed
part of the solder.

f 7L S

Soizer wira

4.3.2 inspeciing the gear iooth surface

Check the toolh surfzce for damage caused by pitehing
and check tooth contact, Repair if the damage Is light. Also
inspect Ihe gears for cracking and carrosion.

When gsoar noise becomes nigh because of wear o
damage, replace tha gears as & set,

rfl"”l_ﬂlll'!_;




