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PREFACE

There are vely few books which deal in generat terns with
baintenance of, di"esel ehgine for smal1 fishj-ng boata. One reaaon for
this ls that it is difficult to go into detaileal procethrres f9r' nany
different ttpes and hodelE of engine now availa.bfe dn the rlalkef.
Seconally, a trainee or a begi.nner rrould not unalerstand the explanatlon6
\rithout €:apelience and practice. Most experts anal servlcelcn of aliesel
e.gines have acquireal their ski11s thiough year6 of experlerce.

Ho$ever, every engine has an iistruction book o! a se].vlce
manual. If the engine operator has sorne general or basic knowledge
about engine overhauling, he will be able to disassenble, adjuat and
re-assedble his engine, by folloerjng the instruction in the nanual.
The purpose of this textbook is to hetp you understanal your engine
and its accornpaflying instruction booklet better- I have bas€d this
tertbook on ny lecture notes for Intensive Coulse for D.O.F. Ma.rine
Englneers of Thailanal which lras helal from 1st to 16th october 1984.

May 1985 K. Tobo
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t . GENBRAI.

1.1 l.laintenance

(l) An internal conibustion engine is a conplicateal nachine,
built with a highest degree of pxecision throughout. It has the
capabittty of long depenilable serwice if it is kept 1n good conditiont
and its good conali.tion depends entirely on suitable rnaintenance.

It is considered that there are three types of
naintenance, peliodical naintenance, preventive naibtenance, anal
rnaintenance based on experience. And there is a]so, of course, non-
naintenance. aigule I shows several staqes of wear and the corresponding
fevels of maintenance.

(2) wh e the engine is in good condition and before any
salall r.ear is found, the engine is checked, cleaned, re-adjusted, and
some parts changeal, according to the peliodical check schedule Frescllbed
in the instruction booklet. we call this Periodical Maintenance.

This type of maintenance is baseal on inspection perio(lb
which are tlned according to the past perfornance as observed by the
nanufacturer anal operators. These inspections require partial or
cdtr>lete opening and re-assenbling and cleaning of engine parts, and
the replacement of universal parts.

However, 6uch proceih.rle haB its alisadvantageq, the chief
one being neealless disagseribly of an engine white it ts in good operating
condition. No natter how carefully the lrork is alone, trouble nay be
lnaluced either due to sinply disturbing parts which ha!'e foimd a good
running fit and finish, or by dust getting i.nto the engine during
assenbly in spite of careful cleaning procedures. SorE rEnufactur€rr
clain that 90 per cent of bearing faj.Iures are due to dust, fi€quently
introduced durlng to inspection \rork.

In ordet to insure good operation after a rnajor overhaul,
the engine should have a carefut break-in perioat, silnila! to that
lecolmended for a new engine. This pernits the surfaces to becdne
adjusted to the new conalitionsl

(3) To counteract those bad effects of pexiodicat naintenance
there is another naintenance systen. After nany hours of endine
rhning ln good condition, every engine will have sone sna11 rdearing
in sone parts. If the engineer checks the tenperature, pressute,
anal colour of lubricating oi1, fu€I, cooling systetn, e:(haust systen,
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and so on, and plots the data on section
final flotn snall differences of the data
in good condition that the time has come

paper accurately, he !,rill
conpareal to alata of engine

for a detai led engine check.

This is known as Preventive Maintenance. It should
be conbined with periodical maintenance, lrhich than becones a lighter
duty than doing only periodical naintenance.

There is no substitute for the preventive rnaintenance.
I t  ental ls per iodic inspect ion of specif ic i tens, and an accurate
record systen lrhich presents the tesult in such manner that any
change in operati.ng conditions will be clearly indicateal. Such a
systen is only as good as the records. They nust be kept up to alate
and be accrate. Recorals mrst then be studied and corlect1y
interpreteal by competent personnel.

It is obvious tlat an engine should not be lun to
alestruction befole overhaul. Many engine parts will operate lotrger
and better if they are not frequently disassenbled. ftany engine
builders clain that 90t of all failures are preceded by difinite
conditions, signs or indications of approaching trouble-

For preventive naintenance, it is very inportant to
keep accurate data of engine, starting from the time the engine lras
built. Table I shows an exanple of chief engineer's log book. You
rmrst remenber that the 1o9 book's main pulpose is to be used fo!
Preventive maintenance.

(4) wtlen ther.e is no pelioalial naintenance or periodical
check as preventive naintenancer the engine witl work untif the
engineer finds sohe abnornality of t}le engine by using one on trpre
of his five senses. Thete nay be an unusual sound, sone strong smell,
dark colour exhaust gas, strong vibration or high temperature or, in
some rare cases, he may taste the sal t  in lubr icat ion oi ] .  This
kind of naintenance is possible only if lhe engineer has haal consj.derabfe
erq)elience. This is lrhy we call this Maiitenance by Experience.
I uould not reconmend this n€thod; it is totally subjective difficult
rel ies too nuch on the ski11 of engineer.  I t  is especial ly di f f icul t
for an engineer to final sorne abnornality in an englne which is not
yet fani l iar.

ahele is anothe! season why tiis nethod should be
avoided. When the engineer finds sone abnormatity the trouble may
be serious and the engine night have to be stopped. To stop the
main engine, however, on rough sea far fron shore can be very
dangerous for a snatl fishing boat.



Table 1. Chief engj.neer 's 1og book.
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(5) It mrst be avoialeal at all cost to run a fa|lrlty engine
until it stops by itself. In such a case, the o].j.ginal trouble
nay cause a secondaty danage in anoth€r part of engine syetei.
This is expenslve, takes a Long tine to repair, and thleatenes thE
ahlp and lives of crew.

1.2 cenelal precaution f,or opening and repairing engine

llhen engine tlouble occurs at aea far flom the €hor€, even
an unskilleal engineer riho alces not know his englne se1l, first open
and repair the engine. If the englneer has sohe general or basit
knowledge about engine overhauling, he wllf be able to dlaasEenble
repai!, aaljust and re-assemble his engine, T!r.o siq)Ie but very
inportant points must be remenibered: one is to keep the dlsaEsenbled
parts clean and the othei is to rae-assenble then ln the rev€rEe
oraler frorn alisasse blj"ng. Repairing Eonetirnes, causes anoth€r
engine trouble j.n tbe test lun iltmeallately after. ahle usually
happens because of alirt on the re-assenbleal parts or a wrong
re-assel|bling orale!.

1.2.1 Disassehbl ing

(1) Before disassenbling the following precautlons
shoulal be taken:

1) Vlolk alea should be lratle clean;

2) Have ready kerosene for cleaning, and a cleaning pani

3) Keep the lepLace.nent parts in a place lthere they wlU
not be danaged or soiledt

4) Have the c6rrect tools ready;

5) Do not touch o! nove parts not ilirectly related to the
alisassefiibly plocedule t

6) The engine should be cleaned to relbve afl alitt on
t-he exteliort

7) rf t}|e engine is to be corpletefy alisasseibled, 6.r6t
tliain all fuel oi1. lube oil, and coofing \rater.



This i6 th€ general plocealure fo! disasscnbling
a iliesel engine:

Study calefully the construction of each part, lts action
and fitting situation, anal then keep hanals off thc partg
strich heed not be toucheal, other$ise it nay waste tilp
anal cause alanage. Also keep good recolil of the oligiral
positlon of parts befote dlsagserdbling Bo as to be able
to reaEse[ibfeal cotnpletely.

Prepare a work-table or a durface for th€ lerpved part8.
9lash the parts clean and put theln on tie table iten by
iten accordlnE to the alisassenbling oriler. Be carefull
not to clean the rubbe! parts {rith cleanlng oil. ThosG
are: oil seal ring, rubbe:. packing, rotor of rotary
puap, lip oi1 seal anal so on.

Right tools nust be useal when disassenibllng, othefirlse
parts nay get alarnaged. Do not use the ailjustable
spanner,

Bolts, nuts or aauustlng lj.nels should be kept together
in gloups so as to 6ave time ln looklng for pos6lbl€
nissing parts. If possi-ble, bolt and nuts should be
leturneal to the hofe without fasteninq after the
nain parts have

Check the set marks carefully vrhen disasselibling ;nd
lf no nark is found rrhere deeneal necesBary, place sone
appropriate tnalks by youlself. Usually set marks are
placed on the follolring parts:

Connecting.roal big end and boltsr can gear and crank
gear; shaft joints of thrust shaft and propeLler shaft
(or lnten€aliate shaft) r fuel. adjusting Lever anil control
ring of fuel injection punpr fuel control ring and
plunger of fuel lnjection punp, and levelsing gear boaly
anal crank geart housings of reversing gear body; balanc€r
anal balancer alriving gear, etc.

Careful attention nust be palil to any $€a! o! crack on
each part, anal the cracks and smashed rarps should be
rnendeal.

As to the cornels diffic-ult to clean, such as
the insiale of crankcase, cleaning shoulil be carrleal out
tltoroughly during disassetribling.

l2t

1 )

2 l

4 )

7l
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1.2.2 Re-assedbling

Re-assenbllng of the engine is carried out in th€
levelse olaler of dlsasseribllng $ork. Do not forget to lubllcate
r*lere leqlrireal.

( 3 )

(4 )

11l

( 5 )

(6 )

The re-asaernbly procedure is as followst

(1) Every part mrst be waaheal andl cleaned. The
conter should ba placed colrectly by 6et narka.

(2) Do not vaah tlle oll sea1, o-llng and other
rubber parts irhlch mrst b€ cl€aneal by wtping l|tth
a cloth.

uourting blots anal nuts of a singl€ unlt should
be tightenetl $lth even torque, each belng
tightened a little'at a tirn€. No ahg16 nut
or bolt should be fuuy tlghtened rfien t}le
otherg ale still slack.

Gaskets, cotter pln6 and focking warha!6 shouLtl
be replaced with ne\d ones.

Sub-assenblieg should be aEsellbleal Ln ailvance.

worn or damageal palt€ should be elther replacGal'_or 
colreateil bofore assembly.

Do not atljust the clearance of bearlng by
tightentng the bolt. It stroulal be tiono by
pulling out or. putting in the 1lner, anal the
requlred clearance Ehould be left-

Bentl the enA of the q)lit pln afte Ln8erting.

clean Lubricatlng ,.oil should be f€d by hand
to sllpping partg such aE plston and b6arin96.
Don't uge raags.

(10) check for sDoothn€ss of lrotion of lDvlng pattg
and parts in lubbtng contact as the asBenbly
ProceSa pfoceeals.

(11) Afte! leasseubung the etrglne' check lf there ls
any challng place by revolving trle fll'nheel-

( 8 )

( 9 )
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(12) A€fore Btartlng th6 6ngi.lr€. chectr that tjre
cooling wat€! pipe, fuel oil pipe and lubllcatLng
o11 pipe do not leek.

(13) The set Darks of connecting rotl blg €na,
adjustri€nt of 9ov6!no! and fuel lnJectlon
etutpnent, adjugtrent of fuel lnjectlon tl-ntng
and adjuatnent of valve cl€arance (valve settlng)
mrst be checkeal verv carefullv.

Upon co[q)letion of leaagelibling, lecheck all parta.
Feed lubri.catlng ol1 and fuel, and then llake a tl.ial run of the
engrne.

' Ilhen a cyliniler liner or plston Is replaceal, at
Ieaat 3 hours of tllal run iE requlred fo! Iappl,ng purpose.

During the operatlon of the engine lnclualing trial
Iapping operatlo[, check if there are any irregularities. !f thele
i5 anything r.rong or not $orkiDg {€11, it mrst be repairedl.

2. Periodicaf Checks

In ord6r to naintaln the ongine in the best conditlon, it
is very fuportant to learn hor,ri it i|orks anat to unilelstaltl hos to
hanille the function,il paxts. For this pu4)ose alaily anal perloalical
lnspections are necessary, not only for satisfactory opelation but
also for preventing troublea.

fhe perlodic checks vary accorillng to the englne t |!)e, engLne
nodel, use of engine, operating conditLon, quallty of fuel oil,
lubricatinq oil and hindlLng of engine. It is thus dtfficult to
standardlze then. Table 2 w1It give you a genetal ld€a of p€llodLc
checks for snall lllafine tlies€l engine, of about 10O FS. Iable 3 gtves
It€ns of perioilic check for engine8 of, less than 750 PS.

The checking procealure lE given beloid, as an exaq)Ie of
a snall narine diesel engine. Th€ reference book or the narnual of
each engine should glve you nore aletails.
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Ta.ble 2. Periodical check for smatl engine (100 PS)

check up [ $Fply

FleI tank dralnlng O{prtor to supply)

Fuel 6tralne! cleani.g

check uP ol hb. o11 tD5lde
crankcase & reversing gea! case

Lub.  o I I  s t la lner  d ra in tng

Lub.  o t l  s t ra tner  c l€an ln9

L!b. oI1 r€plenlBhnent

check up ol packlng grind

Chect up of cooltng {ater

covelhor leve! 9reaslng

Fu€1 tnj€ction condltlon (prtninq)

chect up or fuel lnjectlon ttnlnq

Ant i -cor ros lve  z lnc

Fuel strainer cleaning

Need16  va l ve  c l eah lhg

suctlon e exhalst valve
crearahce adjustiient

Conbustlon chaniber tnside

rre-conbustioh chanber cleahtna

suction & exb.ust valve lapping

check up or valve 1ev€r I gulde

Disnant l thg ,  chec*  lng  or  ! tngs
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Table 3. Periodical check for narine aliesel engine (300-750 Ps) '

lerlodlcal lnspectlon (n)

5o 100 300 6oo 1000 2o0o a-5000

FUSL SYSTEM

lnspect ftrel level a
o
o

To bld off qh€n fuel pre88ure fal1a lok!

disa66eibre 6nd clean o
tnspect Injectioh piesstrr
a.d splaying conditlon ol 5'r'*T*'l*',
cleah nozzle stlatne! n
.beck jrjectioh tlning lo o
check dlschard; varve o
Check fialb conponents

lnspect fuel leak llon o
disasse$b1e and inspect o

OIL SYS?EM

l nspec t  o i l  lever o
replace contaninated o or I

c lean o i1  E t ra lne !  i t I
o11

o
16 bloo wh€n oil pressule falts toue! than
O , 5  r s / - x ,  a t  i d l e  r u n  o !  2 . 0  k 9  a t  M a r .

a l i sassenb le  and. lean o
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Table 3. (cont inued)

P.!1oaltc.l lnspectlotr (lt)

5o 100 300 600 1000 2ooo rl-5000

dlsassenble, clean and

dlsas8elible clean and

COOLING IIATER SYSIEX

Inspect packtng gland o
o

inspect nain coq)on€nts o
lnspect rinc bai and
replace tt nece$ary

clean lnslde dttt o
ina*e llttlnq of safety

lnsuect tenpelatule o
ln6pect check valve

lnspect and teplace if o

lnspect Din colt)oh€nts

a
lnspect and adjust o

CYI,INDER 'IEAD

ln3t)€ct and re@ve calbon
l.y€! flon conbustlon o

re t lgh ten  c lahptng  ba l tB )o-600

adjust valve tlhlng

Dke f i t t i .g  o f  va lve  seats a)

lnspect valve sprtngs o



Table 3. (continued)

p..roar..r ro.p".troi-ii

lrPa rrR sysrBtr

rate.ttttlns 
or vrtve-

rn"p."t ,u1u.l?.in9...-.__-

3"'gto"t'" rn"p."t 
".r,. ".I

r""p..t .r, p,"Ji
pt.ctpltat€.t 

d!€ge

t"erya.y ior : tls"tr,* *o _*".rGli

::#":1,.:*T*T:
t"*... nr".""lE
1-'": *'" ".'-I!.pr.cc pfston rr;

llff;;;;;;- *
tr1#i:,::;;;.,;
fn"p""a Orraon;;;

tn"p"". .."nr o,n-i..-i
tn"p..a ...nr ptn uora...-..-..-_-

;1;** i*-.-'.=*"i
fnrp."t ar"torrfon-

i jT::_",l:,,,",",r_-iil_,_=j{
-- : -  * . .  

I  |  , -  
- . rr*  r . tq.nrnern6p.ct bG.rrh;;;

131'.'"*'*-ii
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Table 3. (cont inued)

Peliodtcar hspectlon (E)

Daill too !o0 600 1000 2000 a-5000

IIISCEI,IAfiEoUS

!€ptace paper ftlte! ro feplac. at 1000 honls ruh anil then presela
ililreteDci f!116 beloe 1,3 k9l.6.

clean trlore! .tulbtn blaalE

lnspect u1n cd!)one|!t o
a
a

!€tlgbton bolt6 and nut6 a
a

1.6p.c! leal. of o11, !ueI, a
Elpinq ln@ect leak of o11, fuelr a

6od vard goveho! o
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2,1 Dai ly check

Be sure to carry out t} le dai ly inspect ion, Most of t ie
daily check points are easy and sinple to do. and they naintain the
engine in good condition. Repair any alefects, no natter how smaft.

(1) check up supply of fuel

(a) Open drain cock of fuel tank and alrain out alirt
and water deposited at the botton of the tank.

(b) check and supply fuel lf it is not sufficient.

(2) Check up supply of lubricating oil

Check if lucricating oi1 in the crankcase and
reduction gear sase is sufficient; if not aalal oi1 until it comes up
to the uppe! notch of the oil gauge,

(3) Clean up f\rel and lubricating oil

Move xight anal left the hanalles on the fuet strainer
anal lubricating oil strainer, and clean dirt off strainer nesh,
as shown in Fiq. 2-

F i g .  2
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(4) Ch6ck coollng \.at€! puq)

llate aure that th6 packing gland of coou.lrg Eter la
ttEhtcn6al €nough, a6 stlosl in Fig. 3. If not, letlghten Lt as
loqulr€tl.

F i g .3

(5) LubrlcatloD

Make aule that the vaLv€ lerver guide antl others ar€
Fll lubricated. [ubrLcate startlng chain, starting chain free
geat retal, iack pln and lthk of fuel lnjectior puqr.

(6) Fuel lnjection

Exanln€ the fu6l lnJectlon conilltlon by prlolng putE.
Th6 hjectlon condltb; can be exardnod by prining snoothness and
lnjection 6ounil. You irill leart! hon to do thlE tlEough exp€liencor

2,2 Every 50 hours

Every 50 houra of engine oporatLon, looBen tho drailr cock
of f,ueL Ftrainer and tle lublicating oll stlalner, and rolDve tho
deposlted wate! and dlrt.



After the filst one nonth of runhing a new engine, 1f
poasible. it is recodnend€d to have selivlce engineea look lnto the
rdorking condition of the engine. Aftet 250 hours the functional
parts of the engine should be aaljusteal and for this the engine rmrst
bo disassenibled. It is bette! to have an engine special.ist lnspect
It, so as to keep the engine in the best condition. 9then disasseDbting.
adjustiDg anal re-assembling the engine, you can leal.n a tot ftom
the engine q)ecialist.

(1 ) Clealance of suction and €xhaust valves

To adjust the clearance of valves, first take off
the cylinal€! head cover. Using a thickness gauge, set t}le clearance
bettreen tlle valve and the valve leve! to be as shown in the manual
under the conalitlon of both suction and exhaust valves belng closed.
Renelibe! that checking and adjustment of valves lrust be done r*ren
the engine ls cofd.

The adjustment procedure is as follows:

(a) Loosen the nut of the set bolt and aaljust the
clearance lievolving the adjusting screlr as shown in Fig. 4.

(b) when
adjusti.ng screw with the

F i s .  4

the clearance is aaljusteal, tighten the
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(2) Bolts

Check anal tighten the bolts anal nuts, especlafly those
on the cyllnder head. fight€ning should be alone thoroughly and
uniforhly.

(3) Air-br:eather

Renove air-breather covet and valve attacheal to
crankscase and clean them up.

when the valve doesn't $ot k i,re11, lubricating oil
cones up to the conbuEtion chanber anal burns, leading to high
conslrlPtion of lubricating oif.

(4) Fuel and. tubricating oi1 strainet

Disasserbte the fuel strainer and lubricating oil
strainer. Clean them and wash away alirt stuck on the nesh plates atld
clean up the inside of the straj.ner.

Renove the fuel strainer attached to the fuel injection
valve. If it is difficult to renove, use a sDecial tool Do not
use a nai l .

(5) Cleating of crankcase

Drain conpletely lubricating oil out of the crankcase.
clean up the insiale of the crankcase anal replenish with fr€sh
Iu.br icat ing oi1-

2.4 Every 500 hours

After every 500 hourB of engine opexating, the fol1o\rings
i tens should be done:

(1) clean the cylinaler heaal,

(2) check pre-coBibustion chaniber anal tnjection valve systen,

(3) clean suction and exhaust valves,

(4) inspect anti-corrosive zinc,

(5) atl iterns which nnlst be alone every 250 hours.
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(1 ) cleanlng of the cyllnilet head

Disrantle the cylinaler heaal fron engine. Disassenble
the precodustion chanbe!, injection valve systen, anal suctioD and
exhau6t valve nechanisn. The r,rhole surface of the cylinaler head
should be cleaned. carbon deposited on it nust be scrubbed off.

(2) cleaning of precohbustion charnber

I f  the engine has been oPerated in fair  condit ion,
it is not necessary to disassenible the plecoribustion chardber. sut
if the engine is operated for a long tirn€ nith incotrPlete conbustion
or with 1oe quality fuel, carbon xrill be acculrulateal insiale the
chalibe!. In such a case the preconibustion chadber (Fig. 5) drst
be taken off in the follo\ding way:

Take off t$/o cap nuts of fuel injection val,ve
also fuel injection valve set piece.

and( a )

(b)

( c )

Renove fuel injection valve. ruel ovet-ftord
pipe (vinyl pipe) is taken off at this tine.

Take off pre-combustlon chaniber gland by turning
it counter-clockwise, apptying copper pipe o!
wooi len piece, as shonm in Fig, 6.

(d) vlhen the pr.e-colibustion chanibe! is stuck wj.th
carbon, put a piece of cloth inside tbe charnber,
and turn flywheel sLowly, then the chahb€r will
corne off. Sonetines, the chamber rnay spl.ing out,
so be careful .
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( e )

( f )

Clean up carefufly the inside of
and exanine copper packing which
pressure leakage. Therefore, if
or scars are found on the copPer
nust be reDlaced with a new on€.

tnjeetiob hole
may cause
sone cracks
packing, tt

Remove nozzfe and needle valve of fuel injection
valve and clean them up.

(3) Suct ion and

Take off the
cylinaler head, clean then

aig. 5

exhaust valves

suction and exhaust valves fron the
up and 1ap them in the follovring vray.

( a ) As shown in Fig. 7, use a special tool for
removing the valve spring, and remove valve

F.mvlno r@l lor ncdon.nd
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(b) First fap with rough iapping powder and theo
with fine lapping one and finally ttith lub.
oil so as to obtain even laP on the seat face.
as shorn in Fig. 8.

E  i g .  a

{c) lapping should be done like this: tap softlv
the face of valve turning sIo\tly, rathet than
turn the valve.

(d) Afte! lapping, put sone bf\re Paint on the valve
sgats, anal insert the valves into the respective
holes, suction or exhaust, then check if the
lapping is alone !,te1l.

(e) Before leasseribling. wash away lapping powder
anal put fresh oil onto the valve seat face and
working Part .

( 4 )  A n t i - c o r r o s i v e  7  i n c

The zinc is added to the cylinder' exhaust nanifold,
oi1 cooler, ancl other parts of engine which are cooled by sea nate!.
The anti-corrosive zinc is useal in oldet to protect the engine parts

flon electrolytic corrosion. check and if necesaary rePface it

as shot^tn in Fig. 9. If there remains nore tian 65c of the oriqinal
zlnc bar, the zinc-hydroxide shoutd be clean and it can be used

another 5o0 hours.
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2.5 Every 1000 hours

Afte! every 1O0O hours, the piston should be taken off anal
the finer, piston rings, piston pin, and connecting rod should be
checkeal.

It is strongly advlseal that a chrorne-plated piston ring
shoulal never be used with the chtone-plated liner. The pLston
ring shoulal be replaced with a net' one if lt aloes dot appear
evenly glossy on the travelling face throughout the irhole circufferense,
or if vertical scratches and gas leakage are aliscoeered, if the
cl€arance between the uppe! o! lower facis and piston ring groove
becones hole than G.2 mn (in snall engjne).

3. Overhaul ing of Dieset Engine.

3.1 The purpose of ovelhau1ing.

After nany hours of engine running, there will be sone
uear or tear in valious equipment or frictional parts. Befoae
serious trouble develops, the engine .should be openeal, checked,
neasured, adjusted and parts replaced as required.

After this, the engine is reassernbled, put on a tes!
stahd, 6tarted, and calefully teated. In respect to these engln€s
the $oral overhaufing is sotr6 tines used to alesignate najor maintenanco
r'ork such as the sirultaneous pulling of aU piBtons, cleaning of
scale from cylinder jackets and heatls, and checking of t-}le crankshaft
aligrunent- Marine diesel engines have to be overhauled b€cause
they have to operate continuously for many alays and weeks at
pract ical ly ful l  load wit lout stopping and $i thout a chance for
nuch maintenance &rork while at sea. Therefore, depending. upon the
type of ieolk, general overhauling ol! engihes is done at regular
intervals,  every 12 rnonths (3t000 - 6,000 H) or 24 months (12,000 H).
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3.2 Ti!\€ of overhaul

Cenerafly, the tljne to overhaul the engine ls detefi$i,ned
on the basia of realuceal output of engLne po$€r, realuced coqEession
presaure of coribustion chaniber, increaged blow-by gas, increased
fuel antyor lubrlcation oil consulption incleasing of p!6ssure
tlrop across the lu.brication oil filter, reduced lubricatitrg oil
pressure, hard starting etc. This deternination should not be alone

but on the basis of dlata on section paper.

Figmre I0 shons some exarqrles, which inalicate the tine to
overhaul, about 450 days after a previous overhaul. (A) ig
coqrlession pressule in cohbustion chafiiber. This pressure should be
checked daily by cutting the fuel feed to one cylinale! under the
same ibiving conqttion. Realuced piessure shows that the clealance
betlr€en the pistons piston r.lngs and liner, or between the value
and value aheet ha6 beco@ too large. If the drop of coq)ressLon
presgtrre €xceeals the riepair ltntt, the engine nnrst be overbauled.
The r€pai! lljnit ls set ln the userrs nanual, by the rnanufacturer.
Honever, 80i of corpression pressure in ass€ b1ing stanalard can be
used as a repairing linit.

(B) and (c) in Fig. 10 show the latio betweeD integral
calculus of tine (hours) x horsepo*er anal consln|eal 1ublicatiotr
oi1 or fuel oi1. When the integral calculus of tirne x ho:.sepo\d€! is
difficult to calculate, specific oj-l consr.rnption (the ratio betueen
fuel consu4)tion allal lubricating oil consurption) is easy to use
for aletenrination of overhauling of lubricating sy6tem. Specific
oiL consulq)tion valies wlth englne operating conditions, and the
quality of lublicating oi1 and fuel ol1. Let this specific oil
consurq)tion in a new engine be lo0l. If it has d€creased to about
70t (1t neans oiI consuq)tioh increase€), the engine shoulal be
ovelhau1eil.

(D) in Fiq. 10 showes the lncrease of plessuie drop
bete€en before and after the lublicating oj.l fiLte!. specj.al
attention shoutd be taken to the trarsition of frequency of presaure
rislng. This means sone bearing paltB or sclubbing par.ts rnay 9€t
a.bnolrnal clearance and ploduce netal dust in the lubricatlng
sysEen.

The examples given in Fig. 10 are only sone of many
po-sai}le ones. Larger engines anal heavier iluty of the engj-De
teaia that nore engine data mrst be ieferred to.
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Ps. hrl l i t

PS. hr l1i t

2 .1

l . {

kg/c 2 O.1

Tirne (in days)

r '19. 10

nrel consunption ratio

k€s.sre drop acrcs J&,O- iF,ilter

) ))) / /)llt)
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3.3 Precautions for overhauling

There are several points which should be rigolously observeal
when a tnajor inspection ar|d overhaul works is done. One of the nost
inportant rules is to nake sure that all parts are irell narked anal
identified as engine is dismentled. It is porticularly iq)ortant
to rnark canshaft qear: and valves if hanufactures nark cantrot be
found. center-punch narkings are the nost convenient to use- The
seconal point is to clean thorouqhly evely dismantled pa!t, carefully
exaninj"ng it for cracks or pitting. After that, accurate neasurenent
nust be taken of al1 alinensions subject to wear anal also of adjustment
points of the valious parts as the disnantling progresses. A
corq)lete record should be kept of each and every lneasurenent,
properly €nteled on consecutively nunbered sheets to pr€vent then
fron being overlooked or lost. The naintenance rrork is easie! and
iuch tine is saved if this rule is followed- In oriler to male tbese
lecolils the rnaintenance cren should be vrell equippeal with microneters,
(both inside and outsiale ones),  cyl inder gauge, dial  gauges, scales,
etc. It is irnpossible to obtain acculate readings lrith inaalequate
equipnent. In taking measurements one nLrst be as careful and
accutate as possible. No guess\rork is permitted- Inaccurate
neasurenents tian none.

3.4 Repair  l imit  of  parts anal c learance

After nany days of enqine running, every sliding and bearing
part will suffer wear- Further running will jncrease lrear, and at
Iast i t  l r i l l  reach the repair  l imit .

The repair  I in i ts di f fer for var ious engine nodels and
for various uses or operating conditions, An exarple is shown in
Table 4. This is not the stanalaral  for al l  engines, so you nust
nodify tlis tabre foiio$ring to the nanual book for your engine,
anal according to your operatinq condition (heaw or hight duty) -

The repair linit shot/,,s the naxinun of weat. When you open
up your engine and rneasule the wear, you mrst calculate hon iuch
it lrill increase before the next overhauling. If you consialer that
it is very near to repai! ltmit or be in excess of the lirnit, you
shoulal undertake repair inmediately.
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Tabl€ 4, RePair Limit of Diesel Engine foi Eishjng Boat'

Unit = nm X = arnount of \tear, D = diamete! of cylindert
at = iliatneter of cranksbaft.

Part Description Repair I jlnit Refel.ence

o

o

thtt

D t 2so " ='#', o first plston llng
position at ToP
Deaal Center.

D > 250 xs1.5+ifuo,D

cr-plateal
l iner

until peellng -- < 0.01 ru
" 

= 
r,ooo hr

Boring

I imit
1)1"o

2 0

t. thickness of
llne! at upper
part of chanbe:.

o

wear liinit
of Journal
and pin

Engine
.-rpm < 500 x I  o.rs r  o.oos o

En9ine
rprn < 500 X € o. ro + o.oosd

Benalingl
limit

br Bending

aleflexion
'5roj*" S l piston stroke

dleflexion.

= o

.:.f6* ' u c: netal cfearalce

d  >  150 c  I  0 .15+  o .oo1  i



Table 4. (continued)

Palt Descralption Repair linit Reference

a j r . l

UsiDg tine
ltnit

T I 2o,ooo (hours) T: using tlne.

Permarne[t
elongation

lindt
[ : 1,oo (r.un) 4: per[Bnent

elongation.

Wear. limit x :0 .15  a  T T: thickness

-t T x-

wear limit x5 o . r+  o .ooos x  d1 dt - piston pln
aliatnete:a .

c4
r i O
i r E

Cfearance cao .2o+  0 .001  i  d t dr = piston pin
diameter

o

Ring 9roove
lihit x s  0 .3

depth of ring

Cfearaaflce
between ring
antl groove

c 1 o.3 or
c4 o .2s+ **  

.  
"

.Backlash
clearance c 5 o. r  " M Itt: module
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3.5 Overhaul ing of nain parts.

3.5.1 Cyl inder:  head

when you want to di6r6nt1e the ct'linder heaal, firat
of all allscharge the cooling water by opeiing the atrain valve o!
loosenlng Ure cooling iater pipe. Tho dienantting of cyllnale! h€adl
is calrieil out in the fol1owing way:

(1) Rerbve the cylinilo! head cover, wate! coolLng
outlet plpe, intake and exhaust manifoLd, fuel injection ey6ten,
anal so on.

(2) Loosen the tightenlng nuts for the rocker arlr
systetn. Be careful to loosetr the two bolts ot nuts evenly and
gradually.

(3) Renove the cylinder heaal tightening nuts.
The four nuts fo! cylinder heaal nust be looseneal gra(tuaUy and
closslriBe.

(4) Between the cylinale! anal the cylind€r head,
there ar1€ several layers of packtng for lubricating oil anal cooLlng
wate!. UEually they mrst be replaceal.

(5) llhen re-asselibling the cylinaler head, tlghten
four nutE graalually but in the same \day as deacribed above for-
di dnantl lng .

3.5.2 Piston connect j-ng roi l

nhen disnantfing the pLaton, at first, you mrat taka
off the cyllnder heatl as tlescrlibeal above (3.5.1). But vhen you want
to check the clank-pin tnetaf which i6 set to the big €nd Elde of
the connectlng !od, there is no need to take the cltlj.ndle! headl off,

Disrnantling of the plston assenbly ia carlled out
in the following way:

(1) afust, take off cylinaler side cover and Etretch
the bent spl l t  plns of rod bolts.

(2) Take off rod bolte one after the othe!.as
shown ln Flg. 11 taking care not to alrop the spanner.
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(3) Take out the piston together wlth th€ connecting
rod tordard the cylinde! head.

(4) The connecting rod and bolts should be put
together in orde:. to avoid faulty reassefiibling.

(5) The clank-in beari.ng is made of kelnet netal,
the back j.s of forgeal 6te€1 and the surface is planted wlt}l lead
alloy so aE to inprove the initial fitting. During englne operation,
th€ plateal lead a1loy rnay becone worn, and ye11ow kelnEt steel shorra
out. At thls stage the engine should hot be stopped but shoulal be
opelateal contlnuously. It is afso advisable not to apply any line!
to this bearing for adjustnent, nor carry out lapping of this
bearing.

(6) when le-assenibling t}le piston connecting rod you
should be caleful about. the followinq points:

- 2 9 -

(a) The big end of connecting roal has a cut on a position
inclineal- towaral the center of connecting lod as shown
in Fig. 12, and it nust be nounted to the crankshaft
in the prinary tlirecti.on. (Be car.eful not to nount
the connecting rod in t}le wlong direction.)

F i g .  1 2
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( b )

( c )

Matching the nurdber on loal bolt and nut' tighten
thqn carefully lrith spanner, revol.ve the crankshaft
4-5 tines, anal fastern then alternately 2-3 times
evenly after confirning that the crankshaft revolves
slloothly, so as to get a tightening torque of 9 kg.n.
(Tightening is done a l-ittle strongly by a special
bo( spanner out of accessory too13). then, the rod
bolt nasher is firmty bent. The used washe! nust be
replaced lrith a new one.

Special care nust be paial so that the rod bolt would
not be alanaged or scratched. Even if slightly damaged
or scratchd it shoull be replaced with a nnn one.
The rod bolt  which has been in service fot  4-5,o00 hrs.,
even if it is not danaged or scxatched, should also
be replaced.

3 . 5 . 3  P i s t o n

(I) The piston ring is taken off and put on by
hookinq on wires at its end cut as shown in Fig. 13 (be careful not
to break i t  rr i th excessive force) .

F i q .  t l

(2) The inserting part of piston pin shows tightness
to a certain extent while the piston is at normal tqnperature, so
the piston pin can simply be taken out in this nanner: First, renove
the circlip at both ends, dip the piston in Iight oil for about
10 lrinutes at arounal SOoc anal warn up, and tap the pin softty ove!
a nooden rd, as shoim in Fio. t4 and 15.
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Fig. 15

(ii) Clean up the liner sutface of the cylinder and
the outer sulface of the liner, taking off dirt and paint before
lnserting a new Iiner. put rubber packings in the grooves of liner
and be careful not to tlrist the rubber packings, and paint th€.n.
fnsert the liner and tap h'ith iarooden ha$ner.

when setting the rubber packing it should be
put in the place shom by the arroe. Turn it several tlxles until
it c(nes to the groove.

Fig.  14

3.5.4 Cyl inder l iner

(i) when replacinq the cytinder 1iner, as shonn in
Fig, 16, Ixrt the lound plate (1) of liner r€moving tools at the
bottco of the liner and set piece (2) on cylirder head ti.ghtening
bolt, and slowly fasten the ulDer nut (4).
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(iii) When the liner ls set to cyllnder.
inner aliameter of cytinder by neans of a cylinaler gauge.
digtortion is urtler O.O2 nol, it is all right.

(iv) Put the cyli.nder head on and fa€ten
ev€nly, thus the Liner will be inserted compfelely.

check the
If the

4 nuts

3.5.5 tuel  in ject ion valve

(1) Vlhen you take out the fuel straine! fron the
fuel strainer case, (Fig. 17), use the tool specially provided fo!
this p\r4)ose, as shovn in Fig. 18.

aq-

Fig. 17

F.|wl.crdl

F:- ll
l - I

H.l::i5-* r-';'.or"

Fig. 18

straine! case nith
arlowinarked side

(2)- rihen reassenbling the fuel.
fuef injection valve body, put the fomer to the
of the lat ter,  as shown ln Flg. 19.

F6l lnl.dbn |.lv. Nl

A-**
! t-ru,.t, no a*

db 
ndrd b. .lroud l'.n

pf- cooc' cranr

LJ- xc'r.

Fig. 19



(3) B6fo!6 taking out fuel irjectlon valve frc|!
cylirder h6ail, Lt is r€c€met*leal to loosen tlle nozzle Bprtng but
not taJ.€ lt off cdpletely.

(4) Needle valve and nozzle ar€ prec15€Ly nadrlned.
so sp€cla1 att€ntion nust be paltl to ke€p th6l fr€e frdn ililt,

3.5.6 I'ueI prnp

(I) nrel pump is tllsassernbled in th6 follosing rly
(s6e Flg. 20) |

(a) Reoove the retainer screw of deliverJ'
valve, ana then ilelivery valve spring
anil atelivery valve ale easl.ly taken out.

(b) To take out d€11v6r1' valve gnride, a tool
ap€claILy provLaled for thlE purpose nuat
be us€al.

EFI

(c) Take off plunger guide cLlclip(s), atd
then plunger gutde(6), plunger sprtuq
support(7), plungen sprlng (8) anal
plunger(g) can be taken out aa sinply
downwarilg ag they are.

i Hlh F.rtrrr!.
a'--' --;-a:--

Srlnr 6otdr dl

ol

Flg. 20



(2) Plunge! and plunger barle1 of fuel injectLon
valve are so precisely machined that special ca!€ nust be pald to
hatxlle t.}teo. llhenever plurqer is replaced with a new one, lt nust
be replaced together with the plunger barrel.

(3) Reasselrlbling ls caEied out ln the severBe
orde! of dlsassaibling, taktng, care to natch the eet narks corlectly.
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(a) Plunger Ls lnserted into fuel control
ring by lEtchlrg o-dalks plrt on bour,
as shown ln Fig. 21.

The governor ltnk ts adjusted as follows g

(a) Set governor haDdle in operation posltion,
as shown in Fid. 22.

IA
TT
et

S.r 'rrrl

-.-.,1,p
Ftg. 2l

(b) Adjusting lever is natched with fuel
control !1n9 at the nalka put on boti,
as shown in Fiq. 2I.

3.5.7 Adjustlent of governor llnk

(1) The governo! llnk is equivalent to the nervous
system of the hudan boaly. The goverttor controlg accurately tlE
lncrease alrd alecrease of load on the ebgine and thLs functions to
flve instructions for adjustneDt ot fuel injection punp autonatically.

E I g .  2 2



( b )
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Then, f,oosen tl{o lock nuts
l i n k  ( r i g .  2 3 ) .

(3) of governoi

4ut 13,
Si.rrlnt

qs",r

r i g .  2 3

(c) Adjust the l"ength of governor link (2) by
Pushi.ng starting button so as to have
adjusting Lever control ring ccrne in
close contact lrith punp body.

There ale two cases that the mark on fl]rwheel neeta
wi.th the lndlcator arrow in one cyc1e. The top dead cente! j.n this
case is one when both suction anal exhiiust valves are cornDletelv
closeal in compression sttoke.

(2) T\rrn governor link this slde and adjustirq
Lever \ri1l move toward the right (fLl'whe61 side) anal declease the
amount of fuel injection, while turning governor link the other
siale, governor leve! \ri1l ftove towaral the left (clutch side) and
inclease the anount of fuel injection.

3.5.8 Mjust ing fuel  in ject ion t ih ing

Every engine has i ts opt inal  start ing posit ion of
fuel injection. It is nentioned in operation tnanual by degree fron
the top alead centet. The top dead cente! can be found marked as
rrlDir or nIDCtr on the .f llmheel.

(1) Set the fuel adjusting lever at setting position
which is usually narked on the left hand side of adjusting Leve!,
Ihen ranove the fuel injection pipe and delivery valve.

(2) rurning f1]lwheel slolrly by hand, the oj.1 level
in alelivery valve spring holder cones up. h this way, the starting
point of fuel injection can be found. When the oi1 1evel ccines up,
stop tulning t-lle fl]'whee1, and check whether. the indicator points
the correct alegree frcin the top deaal center.



(3) The injection start is aaljusted by adjust.lng
scren, ehich is found in the adjusttng i.irdow provideal beneath the
fuel injection pump. Tightening o! loosening of adjustlng scres
delaya or quickens lnjection starting, respectively, as shonn in
Flg, 24 (e) and (b).
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3.5.9 Reduction and reversing gear

( b )(a)

letluction and
englne should

ls as fol lowg:

(l) It is difficul.t to expfain how to adjust the
reversing gea! system with clutch. The nanual of each
be foJ.loweal in this respect.

(2) The disnantling procedure for leverslng gea!

( a )

(b)

zut reverslng gear handle on the qahead"

position. Then take off handle bearing
cove! anal hardle.

Remove governor adjustj.ng Link atd regula-
tor handl,e mounting.

Take off reverglng gea! cover bolts and
also take off bracket for ierier6ing gear
lland1e bearing toeard stern. Pu1l up
reversing gear cover sliding tonald stern,
then the cove! is disnantled, Ur|berd
metal !.asher fo! bolts which fadter rever-
sing gear with crank gear flange, as sllor,n
in Fig. 25 then take off bolta. Then put
bolts into the ho!.es plovlded on the circun-
fexence of reversing gear houslng as slrown
in Fig. 26. Holding these boltd, Eide the
reversing qea! asteln then llft the gear
slon1y, You Dust be careful not to break
the ring around t}le ftahge which connects
lrith crankshaft.

( c )



r ig. 25 Eig. 26

(3) The reassernbling of reversing gear is done in
the reverse older of disasEemblong. As the parts to be seC together
are harked, l|ou must set these marks tvben reassembling. Washers and
spltt pins must be the new ones.

(4) when reassedbling a part or ehole of crank ged,
cam gear or balancer gear, each tooth nust be geared in good order,
othen ise the opening anal closing timing of suction and exhaust
valves, fuel injection tining would becone irregular or the vibration
of engine irould increase.


