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1. Fuel Oil and Lubricating Oil

Selection of and proper altention to fuel and lubricating oils
have a substantial elftect on engine performance, and ara
vital factors govemning angine life.

The use of low quality fus| and ubricaling olls will lzad to
various epgine troubles. Yanmar diesel enginss will display
satisfactory performance and ample reliabiliby il 1he Tusl
and lubricating of recommeanced by Yanmar are used cor
rectly, For the engine o have long-term high pertorme-
ance, sutficient knowledge of the propertles of the fuel and
lubricaling ails and thsir selechion management and usage
5 necessary.

1-1 Fuel

1:1.1 Properties of fuel

Numerous kinds of Tusls am usad with diesel engines, and
tha properties and composition ol esch diffar =omewhat
according to the manutacturer.

Moreover, the various national standards are Introduced
hera for reference purposes.

1-1.2 Recommanded luals

Manulaciurer Brand rame
Cailex Callex Dhesal Oi
Shall Shal Diesoling of loca equivalant
[ [t Mabil Digsal t
= ERs Esso Diesel O/
_ British Pelroleun | BP Diegel Ol .

1-1.3 Fued selection precautions
Pay careful attention to the tollowing when selscting the
fual,
(1) Must have & suitable specific gravity
Fuel having a specific gravity of 088 ~ 0.84 at 15°C |s
suilable ss dissel engine fuel. Specific gravity has no
refation to spontanecus combustibility, but doss give
an idea of viscoalty and combustibility or mixing of im-
purities.
Generally, the higher the specific gravity, the higher
Ihe viscosity and the pooter the combustibility,
Must niave a suilable viscosity
When the viscosity is too high, the Tual low will be
pear, oparalion of the purmp and nozzle will be infenor,
atomization will be laulty and fusl combustion will be
Incomplene,
If the viscosily is oo low, tha plunger, nozzle, atc. will
wear rapldly because of insufficienl lubrication,
Generally, howsvar, the higher the viscosity, the lower
the quality of the fuel,
(3) Cetane valus must bs high
The most Importart indealar of lual's combustibility
i5 its cetans valua (alzo represented by cetane indey ar
diese! index), The calsna vaius is particularhy Im:
partant for fusls used in high-speed engines. The rala-
lionship between the cetanc value, starlabilite and fir
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ing delay s shown in the below figure, Firng delay
becomes smaller and starling characteristios better as
the cetane value bacormes higher.
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The use of a luel wilh an unsuitable calana value will cause
the following troubles:

1) Difficult starting

2} Pooroperation.

3} High combustion pressure and dizsa! knock,

4t Lower output and engine damape because of
averheating causad by Knooking.

5 Sticking of nozzles and exhaust valves

6] Severs: smoking, carborn build-up inside the
engine, and il cantamination.

7] Deterlorlation of the il and excessive wasr in the
piston rings. ring grooves, and cylinder liner,

i) The lavel ef impurilies must ba low

1} Sulfur
With propar combustion sulfur in the fuel tums to
nitrous acid gas{S0;) and sulfunc anhydride [50.)
When combustion 8 imperfect, | becomes
sulfuric acid containing water that corodes and
wears the cylinder hners, pislons, exhaust valve
and exhaust ppe.
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Properties and compositions of fuel of various national slandards
T National standard Japan JIS-K-2204-1985 U.5.A ASTM-DS75-74 U.K. BS-2689.70
R"m
. bl
Praperilas e o
1ass Mol Clazss Ma.2 Mo, 20
and compansera “"mm light il fight il Diasal oil Claas A1 Class A2
i |
Spacilic gravity 16470 i e — . _
070 eat 27 urmore 25 of Mo {re 58 {254 {753
Kinetic viscaslty =
STECO0F 23 ormorel (22 0r more) 20nA3 16 7 G0 LE = 60
Raaclion Meutral Meutral = . —
Flash paint & B0 o miora 50 @r more 51,7 ar more 35 O more 5 or mare
Flow paoint “C ~E ar |esE 10 o less —12 ar lass = -
(10% residua! | (10% residual
Aesidual carbon  Waight % il ot} 035 or ks 0.2 or hass 0.2 or lees
015 o less 015 o leas
Molslure Wobume % - - 005 or lass 005 or less
Ash weight % - — 0 o kess 001 o less 2,07 r foss
Sullur Wiight S 1.2 or less 12 or laes 05 ar less 06 or leas 10w less
Cetang valve 50 ar more 45 or mong A0 o Prore S o morg 45 ar more
Siud .
o sa?:lﬁ:mntatiun % — - (.08 oriess 037 o less 0.07 o less
" Distillation i
properties, i e i . ;
St e c 50 or below 350 or halow 28221 . 358 367 or below | 357 O below
90% disliliation
Prawlod .fn.jwr.r
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2} Water content
& high waler content causes sludge, resuiting n
lowear cutoul, imperfect combustion and troukls n
the fuel Injectlon system,

3 Carbon conleni
Il the carbon contenlt is high, carbion will remain ine
glde the combustion chamber, causing ac
celeraied cylinder liner and piston wear and corms-
sion of the pistons and exhaust valves.

&) Resicdusl carbon (coke contenl)
Coke becomes a carblde that sticks to the end of
the nozzle; causing faulty Injection, In addition,
urburned carbon will build up on the pistens and
liners, causing pision ring wear and sticking,

1-1.4 Simple mathods of identilying fuel propertias

1) Fusl lhal is sxtremely odorcus and smoky contains a
large amounl of volatile components and impurities

(2] Fusl that emits little smoke when used in a lamp s of
gewzed nuAlity

(3 Fuzl that emils a crackiing sound when sosked in
paperand ignited contalns a high water content.

(4 I a ransparent fitm ol diesel oil is squessad betwaan
two plecas ol glase, the water content and impurites
can be delermined.

i I the fuel contains resin or carbon black particles and

1-1.6 Relationship belween fuel properties and engine perlormance

impuritics will eppear when [uel and sulfuric acid are
mixad in equal parts.

(6 Discoloralion of litmos
prosence of acids.

lasl papar indicates tha

1-1.5 Troubles caused by bad fusl

(1) Clogging of exhaust valve
Inaddilion 1o taulty compressian, incomplata combue-
tion, and high fuel consumption, a clogged exhaust
valva will cause fual to be mixed in the exhaust,
leading to comosion of the exhaust valve seal.

(2} Clegging of piston ring grooves
Clogged peston ring grooves will cause acceleratad
cylinder liner and piston wear duc to sticking rings,
tyal gas olowback, taulty lubrcation, Incomplete com-
bustion, high  fuel  consumption,  conlamimated
lubricating oll, and combustion gas blowback,

13) Clogged or corroded injection valve hole
This will cause incomplels combustion and piston and
limar wear, fuel injection mechanism wear, carrosion,
and glﬂ{l‘-"ﬂ WHAT and corrosian,

) Sediment inside crankcase
Since sediment in the crankcase |s often mistakenly
judged ss caming frorm the lubrcating o, care mus!
be lakern in detemminiog ils troee orgin.

[
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Ireraasas == | vl
Volatility Relalod — Directly related — Felaled —
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pain s pioor docrogssy decreames
Soine relelion-
Raielec—
X ship— M Ratatad
Inee E
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1-1.7 Fuel handling precautions

(1) Fill the fusl tank aller work (o prevent condensatian ol
waler in the tank.

(2) Always use a tank nlel strainsr, Waler mixed in the
fual can be removed by removing the stralner guickly

[3) Remove the plug at the bottom of the fuel fank and
draln oul the water and sadirmant after every 100 hours
of nperalion, and when servicing the pump and nozzis.

(4) Do not use fuel in the bottom of the fuel tank becauss
it containg largs amounts of dirl and water.

1-2 Lubricalting oil

Selection of the lubricating ol Is extramely imporiant with
a diesel engine. The use of unauitable lubricating oil will
cause sticking of the mston rngs, accelerated wear and
selzing of the piston and cylinder liner, rapid waar of tha
bearings and other moving marls, and reduced engine
durability. Since this enging s a high-spead englne. always
loilow the lubricating ol replacameant intarval.

1-2.1 Action ol the lubricating oil

i1) Lubrzating actlon: Builds a filrm of oil on each moving
parl reduce wear and l1s accampanying damanes,

{2) Cooling action: Remeves heat genarated al moving
parts by carrying it away with the lubricating oil flow.

i%) Sealing action: Maintains the air tightness of the
pistons and cylindars by the ol film cn the piston rings,

14) Cleaning aclion: Garries away carbon produced at the
cylinders as well as dust that has enfared from the oul-
side.

(%) Rusiprooling action: Prevents comosion by coating
metal surtaces with a thin fitm of ol

Various additives are added to the lubrzating oil to assurs
that adequate performance i5 assured under the high-
spead, high-load and other severe operating conditions
met by modemn digsel engines. While these addilives differ
whtr each manufaclurer, commonly used addilives In
clude:

(1) Floww point reduction additive

(2] Viscosily index improvement additive

{3 Owidation prevention additive

4! Cleaning disper=ani

{5} Lubrication additive

B Anticormosion additive

(71 Bubble eliminalion additive

(B Alkali neutralizer

1-2.3 Classification by viscosity

1-2.2 Required lubricating oil conditions
{1} Must ba nt suilable viscosily
If the viscosily |s oo low, the oll Hilm will be tao thin
and the lubricating action insufficient. If (he viscosily
ls 1o high, tha Iriction resislance will be increazed
and starting will become especially difficull
i Viscosity change with tampaerature muost be small,
Wihile the lube oil temperature goes from low at
starting to high during operation, theviscosity change
by temparature should be small. That is, the visoasity
[ndex should be high at all temparaturas,
{3 Must nave good lubricaling capability
Trat is, it must coat metal surfaces as a thin im In
other words, the lubricaling ol musl coal the melal
surfaces =0 lhal melal-lo-metal contact caused by
brealking of the oil film at the top dead centar and bot:
lom dead center piston poaitaan doss nol ocourn, or
thal the ail film is not broken by collision, even at the
bearings.
() Mixanility with water must be low
Since water can mix. with the oil becsuss af the
presence o©f cooling water in the engine 1he
smuigification of water and cil, which causes the oil to
Iase its lubricating properties, must be prevented,
{5} Must ba neutral and difficult to oxidize
Since acids and alkalis corrode metal. the lubricating
oll must e nauiral. Moreover, since even a nautral oll
will be oxidized easily by contact with the combustion
gas. the ofl must be stable with few oxidizing
elemanis.
Musl withstand Rgh heat and must evaporate of com-
bustwith difficulty
Oil must have a high flash poinl. 1t it is evaporated by
heal or 15 not bumead complataly, carbon will be pro-
dured, This carbon is odie.
Must nol contain any water or dirt and must have alow
suifurand coke contant

&
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Since only the 98.9°C viscosity = alipulated tor S.8.F No
20 ~ 50 oll In the table, and only the —17.8%C wiscosily is
slipplated for SAE No. W~ 200W all, they are nal
guaranleed al other lemperatures. On tha other hand,
SAE No loW viscosity Is stipulated and ol having the
viscosity equal o that of SAE Nod0 even at 38.5°C Is
called 8.4.E No10W—30, or mulligrade oil. Mulligrada o
comprises 5AE- Mo, BW—20, 100/ — 30, and 20W—40. In
arctic reglons, oll from S.A.E. No. 20W to 10W—20 can be
used. '

1-2.4 SAE service classification and AP| service classifica:

S YSM

tion

SAE neew oluss hoetion ' AP service classilication
(197 (e
i CA DG
of; Lol | oM
co | oS

(1) DG grade: Used when deposits and engine wear musl
be controlled when the engine iz narmally oparated at
alight lnad using low sulfur fust,

i DM grade: Used when the gensmation of daposits and
waar caused by sulfur In the fuel is pessible under
severe condilions,

i3) 05 grade’ Used under exlemely severe operaling oon-
ditinns or when sxcessive wear or deposits are caused

Light duty diaset angineg service: Mild, moderale vperation dissa’ engine sarvica vith Algh-performance fuel. and
miid gascling engine servica Tha oll deslgned ‘o (hid ssrvice was mainly used n tnz 18408 and B0 This oll is
far high performance fuel wse and fas searng corrosion and Nigh temperature deposit crevention

Muoderale duty diesel anpina sarvice: Mid, moderate operathon digss) engine service Geing law performance fued
fequiring bearing corcaon and high emperature deposlt pravention charzctenstios, includes mid gasoling
engine sorvice, Ol Yesigned for [nis sarvice was intreduced In 1843, The ol = used with Iigh sulfur fuels and

Moderale duly diessl engine service and pasoline engine service, Appliceble (o low supercharged dissel

The ol gesignad for this service was ntrecused in 1967 and s widely usexd in frucks and agricultural equlpmant,
canstruction machinary, larm tractors, sto. The of (calures high deposit prevention characlstistics in low supar
charged diesal enpings. and rist coroson and e lemperature slodge prevention chamctaristics in pagaling

Savers duty dlessl engine service; Applicaide ko high-speed, high-output higs supercharged dlosel engines
which ara s.uhjnr.lerf_ L m_nalrlsral:uh;: wear and deposits, This ol was infrmdacesd in 1855, and s usad as a wide
property-ranga fuel in high supercharged engines, |1 elso las besring carrasion and Rign temperaiure ceposil

by the fueal,
Classification Engine service {API)
CA
characicretics.
cB
et Desring comosicn and nigh lemperatare deposit orovention characierislios,
engines lor modarate to savara duty
CC
anglnes i
cD
prevenlion characiarisiics
1.2.5 Fusl oil

SAE new clagsilication CB grade or ©G grade fuel having
suitable viscosity for the atmospheric temperslure must he
wsed in this epagine.

Mrinten su dupen
PO ARGTS
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1-2.6 Ascommended lubricaling olls
' SAE No. =
Supplier Brand Name Below 10°C 10-420°C 20-35°C Over 35°C
Shell Betela Oil WA, 2020 020N S B0
SHELL Sheil Talona Ol 10w a0 :",; 50
Snall Rirnuta O o Y A i‘g _
BN Dalo Marine il W a1 ﬁ 50
CALTEX
FPM Delo Mull-Service Q0 POCAOA 1D LN a0 Hilr
Detvac Spacial s i 3 —
| Delvar 20W—4D0 20040 2N —A = _
MOBIL Dakas 1100 Sarias A0, 200N 200200 j’;:" 50
Dekear 1200 Serias 10, 20500 00500 i'g 50
Eatar HE Wy 20 f; ol
ESS0 Esst Lube HE - 20 ﬁ 50
Slandard Diesot 2l 1y 20 ::.3 o
(:':ihh £, Encrgol ICMB . o = “
Pelroleum) B.F. Energal DE-3 |

1.2.7 Engine oll replacement and handling
i1) Mecessity of raplacermeant

1-2.8 Feading the lubricating oil
Although Lhe crank chamber is not connected with the

Since the engine ail & exposed 10 high lemperalures
during use and & mixed with air at high tempera-
wires, 1wl exidize and its properties will gradusally
change, In addition, 115 lubricating capabiiities will be
iosl through contamination and dilution by water,

cluteh case, the same lubricating cil is employad for bath,

Remove the aiters on the clulch case and the head
cover, Be sure to add lubricating ¢l to the upper mark
on the dipstick, the amount of oil should not be below

Ihe iower mark on the dipstick, nor should toemuch all

imourifies, and the fusl Emulsilication and sludge beadded.
ars produced by heat and mixdng when the lubncat-
ing oll contains waler and Impuritiss, causing its vis-
cosity to inerease. Moreover, If the carbon In the cyl-
inders enters the crankcase, the oil will turn pure
black and the change in ils properlies can be seen
at a giance. The continued use ol detarlorated il
will not only cause wear and corrosieon el moving
parls, hut will uitimalely cause the bearings and oyl
mders 1o seize, Therefore, deterioraled oil muost ba
replaced

{#) Az=placemenl period
Although the engine cil changs interval differs with the
angine opersling conditions and the quality of the
lubricating il and fuel used, the ail Interval should ba
change as follows whan G grade oll is used in a new

Brgine:
1sttime ... .. ... Atterapproximataly 20 hours of uss
2nd time . Aftar approcimalely 30 hours of use Snging

From Sed time . . . After every 100 hours of use
Drain the oid oil complesely and replace it with new il
white the anging is sl wanm,

CAUTION: Mever mix different brands of lubricating oil

Primtod in Jipan
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Cilalish

(2) Since it 1akes sometims far the cil to tlow completaly
imto the cluleh case and ol pan, wall for 2~ 5 minutas
atter Hilling before checking the ol levels. Moreover,

cheehk the il while tha ship s atiost.

1-2.9 Oil capacity

Lubricating oil capacity al an enging mauriting angla (rake)

Of 8% is given baelow.

b= il
Crankcara Ialalisffective 1,508
Chrich cage  totalfeffectivo 0702

litzr
YoM 12

1.0/1.0
0.74.2

« Check the crankcase cil level by completely inserting the
dipstick. Chack thae clulch case oll level without screwing

in the cap.

The oll levels must be between the upper and lower linit

rmarks on both dipaticks.

Priatea (n Japay
Fo2iAsiia
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2. Engine Operating Instructions

2-1 Preparations before starling

2-1.1 Fueling up
(1) Check the fuel level In the tuel tank and add fusl it
nacessary,
Fual consumpian for 10 hourfday operation is given
_ below,
YEME THPIEO0 1pm Agiprox 18t
¥5h 12 TOHPIH0 rpm Apprcix Sl

12y Aemove water and dirt collecled in the botiom of the
tank using the fusel 1ank drain cock,

(3 Acid claan luel 1o the tank.
Since dirt and water sink to the bottom of the fuel
drum, do not turn tha drum wpside down and do not
purmp the fual from the bottom of the drum

2-1.2 Adding lubricating oil

1] Check the oil level with the dipstick, and add oil, if
recessary, to bring the level up 10 the 1o mark of 1he
dipstick: :
Tha level must neither be too low nor loo Righ.

i2) The crankcase and clutch case are separated,
Check both and add oil separately.

i3 Since tne crankcase ol flows into the crankcase
threugh the camshaft and valve chambers, wait 2 ~ 3
minutes before checking ifs laval,

2-1.3 Lubricaling each part
(1) Lubricate each pin ol the remole control levear,

2-1.4 Checking fuel priming and injaction

(1) Dperate the priming leverof the fuel pump,

(2} Set the regulator handle to the Tl speaa pasition and
check for injection sound by luming the engine over
several limes.

(3 1f thers is no luel injection sound, bleed the air from
the fuel System.

2-1.5 Bleeding the fuel sysiem

Since the presence of air in the fusl aystem anywhere
between the fuel fank and thae Injection valve will cause
faulty fuel injection, always bleed the air from the system
whan the fuel system is disassembled and reassamblec.

Bleading the fusl system

(1) Open the lual tank cotk.

{2} Bleed the air from the fuel filter.
Loasen the zir hleading plug at the top of the Tuel filler
hody and oparate the manual handle of the fuel pumg
until no more bubbles appear in the lusl Howing from
the tilter
Then iristall and tighten the airbleeding plug.

Feamdead v Jopan

FE23 A

{3 Bleading Ihe air from the fusl pump
By lacsening the pips joint boll on he fuel pump side,
blasd the sir from the fuel pump. .

i) Blead the air fram the fugl return pipe.

Logsen the connector bolt of the (uel return pipe In-

etallad on the lusl injection valve, and bieed tha air by

operating 1he priming lever

Blead the air lrom the fusl injection plpe

Loosen the nipple on the fual injection valve side, 521

the regquiator handie o the cperating Dosition and the

decompression lever 1o the decomprassion posilion,

and crank the enging. When ne more bubbliés appear

in the fuel fowing from the end of the injection pipe,

retighten the nipple

B Check injection.
&fler bleeding the alr, set the ragulator bandle o Lthe
operating positian, set the decompression |ever 1o he
cecomprassion position, and crank the engina. When
luel is being Injected from the injeciian valve, an injec-
tion saund will ba heard and you can feal resistance it
you place vour hand on the lusl imection pipe. This
check mustnol be performed more than two or three
timas since overchecking will flood the combuastion

5
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chamber with tual, and taulty combustion will occur at
staning.

2-1.8 Cheching for abnormal sounds by cranking

1) Set the regulator handle to the STOP position, release
the compression of the engineg by selling the decom-
prassion lever, and crank the engine-about 10 times to
check forabnormal sounds,

{2) Crank the engins with the starting handle or starter
motor.
(Always turm the engine in the proper dirgction of rois
1ian.)

2-1.7 Checking the cooling sysiem
1) Open the Kingston cock.
(2 Check for bending and cross-sectional deformalion of
ihe cooling water inlat pipe
(3) Sel all waler drain cocks la the CLOSED position,

2-1.8 Chacking tha ramoie control system
(1) Check that the remote contrel handle operatas corratt
ly
(2) Check thal the engine stop remote contml operates
smoothly.

2-1.9 Checking the electrical sysfem

(1) Check the battery electrolyte level and add distilked
water if low.

(2} Turn the battery swilch o, set the main switch to the
OHM position, and check if the oll pressure lamp and
charge famp ars illuminated and il the alarm buzzer
sounds when the engine is stopped.

(The charge lamp should be on while the engine is
stopped and should be off while the sngins |s mnning.)

2-1.10 Chacking appaarance and exterior
(13 Check for loose or missing bolls and ruls,
i@} Chack for loose or disconnected piping and hoses,
(3} Check thal there are no toals or other articles near
rotating parts or on the engine.

2.2 Starting and warm-up
2-2.1 Electric Starling
1} Starling procedurs
Pull the neutral knob and sal the conlrol lever to The
MEDIUM SPEED position

Full neulsal keok

FOZ3AROTE

i .
Nawairel -
¥ 7 [ ylahing

\T" < \"‘\

(2} Setthe maln switch o the ON position,
The alarm buzzar will sound.
i3) Push the starting bulton lo starl the engine.
Releaze the start button after the erigine has started,
{4 When the engine has started, lhe algrm lamps and
buzzer will go off,
It the lamps or buzzar stay on, immedialely siop the
engine and chack for trouble.

Charge taimp

‘Water lempuratare Jamp

B L Leiezer

Ol pressura lama

Ftarting buticn’

RMain switch

™
-

p||;I:|
|

|||l||.

e
—Taw

Sananr.,
}-Eanmr
Alerralor L o
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{5) Starting In cold weather
1} Pull the neutral knob, and 28t the cantrol lavar 1o
the HIGH SPEED position.

HBR spisod

2y 5el the decompression handle o the DECOM-
PRESSICN position.

J) Set the maln swllch to the ON position and start
the snging by pushing tha starling bubon, After
the engine has started, retum the conlrol lever Lo
the MEDIUM SPEED positian.

"When the conlrol lever is sal 1o the HIGH SPEED
position, Injection timing is automatically delayed Lo
facilitate starting.

CAUTION: When the engine is starled wilh the control
lever In the HIGH SPEED position, the starting
button must be relesssd immadiataly and the
contral lever must be returned to the idling
position atter the apgina has started.

Il the starting bulton is nel released, the starler
motor will overrun, causing it 1o be damaged or
burnt oul.

2-2.2 Manual starting {for YSM&8-Y and YSM 12-Y)

To slart the englne manually, turn the slarting handie by
Rand =z thal the crankshafl rotates aboout 10 lurms, When
the crankshatl has gathered momentum, sat the ds
compression handls to the cparation position,

Although the starting handla momaertarily ofiers some
resistancs, keep going. The engineg will ignile and you will
haarif rotate.

2-23 Aftérstarting
{1} Warm-up oparatian
The engine must not be suddenly operated at full load
immeadiately after starting. Warm up the angine. tor
aboul 5 minutas sfter starting by running the engine al
aboul nalf speed, and begin full load operation only
after the temperature of each part has rsan to A
uniform value. Neglecling o warm up the engine wil
result in;
1) Seizing of the piston and hiner due to sudden neal
expanzion of the piston,
2y Burning of pislon rings and saizing of bear-
inga'bushings because of insufficient lubrication,
3 Faulty Intake and exhaust valve saat contacl and
shortening of the lite of sach part due 10 sudden
heating,
Warm-up lime {no-load oparation)
1,000 = 1 A0 rpm 3 minules
1,600 ~ 1,800 rpm 2 minutes
CAUTION: Do not run the sngine at full speead for 50 hours
after Installation to assure propar break-in

Feaniedd (5 dupon
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2} Chacking aftar starting
Check the following with the cluleh in the NEUTRAL
pasition:
1} Matars and lamps on the instrumant panal
= Check that all alarm lamps are off
1,000 rpm ar higher).
s Alarm buzzar must be off.
2 Cooling waler discharge state
(Check thal the cooling water temparaturs
reaches 45 -~ 55°C betore baginning oparation.)
3 Check for shnermal sounds and heating.
4) Check for oil and water lsakags from piping.

2-3 Operation

It warm-up operation i3 normal, enpgaga the clutch and
begin normal operation. Gheck the following during opera
tior and stop the engine and take sultable corrective action
it there are any abnormalities.

2-3.1 Checks during operation
(1) il preszure
Cheack that the lubricating ofl pressure and operating
oll pressure lamps are off,
Lubricating oil pressure during operaton: 25~ 35
kglom?
{2) Cooling walter
Penodically check whelhar waler is being discharped
from the cooling water outiet plpe.
It the cooling water iz haing discharged intermittently
or it only asmall armount of waler is being discharged
durlng high speed operation, immediately stop the
engine and check itair is haing sucked into the coaling
system, the Impeller ol the water pump is abnormal, or
thewater plpes and Kingsten cock are clogged.
Cooling waler lemperalure during operation; 45 o
55"C.
Check thal the water lemperature alaom lamg s off,
{3y Fuel
Check tha fuel level in tha fuael tank and add fusel before
Ihe tank bacomes too iow, If tha fusl lsval i low, air
will enter lhe [uel injection system and the engine will
stop.
Charging
Check thal the charge lamp Is off.
It the charge lamp Is still on 2ven when the engine s
run &t 1,000 rpm ar abova, the eharging system is faulty
and the battery is not being charged.,
5] Temperature of each part
Al Tull power cperation, the surface temperature of
sach angine part is aboul 50 ~ B4 and hot to the
touch. If engine termperalure is too high, the ofl will Be
used up, the propetler shaft will not be ceniered or
athar troubles may coour,
Leakage and abnormalities
Check for water leakage, oll Imaksgs, gas Isakaps,
lonsa belis, sbnonmal sconds, abonormal heating, and
vibraticn,
(7) Exhaustcolar
Black exhaust smoke Indicates that the angina is be-
ing overloaded and that tha lbves al the intake and ea

4
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hasust valves, piston rings, cylinder [iners, and Infectlan
nozzle will be shortened. Do nat run the sngine tor
lang perods when it s overlouded,

(2 Abnormal saunds, abnermal heating
Whan sbnormal sounds or abnormal heating cocur
during operation, immedialely slop thae sngine and
check tor troubles.

2-3.2 Operating precautions

(1) Always sel the baltery switch and main switch 1o the
OMN position during operation,

i Do nol louch Lhe starting bubtan during oparalion.
Dperation of the starter motor ginion will damage the
(TBArY,

{3) Since the ship will resonate and vibrale at & certain
spaad, depending on the structure of the hull, do not
operale il al that spaail.

(4 Always set the cluteh to the neulial poaition and wait
tor the propelier to stop rotating before raising the pro-
peller shatl (it hoisting type stam gears are installed),

(5 Do not suddenly apply a full lcad to the engine or
oparata it at ol load tor long periods.

2-4 Stopping

2-4.1 Stopping procedure
{1} Belore stopping, put the clutch in NEUTRAL and run
the engine al approximately 1,000 rpm lor about 5
minules
{2} Before slopping, tamporarily raise the speed to the
rated spesd to blow outl residue in the cylinders. Than
stop the engine oy pulling the engine stop lever 1o cut
the fuel,

2-4.2 Slopping precautions

i1}y Doonot stop the engine with the decompression laver.
If the angine 15 stopped with the decompression lover,
fuel will remain in the combuston chamber and sbnor
mal combustion will occur when the engine is started
again, perhaps damaging the angine,

2} If the engine I8 stopped immediately after Tull-load
aparation, the temparatura of each parl wili rlse sud
denly, leading to troubla.

2-4.3 Inspection and procedures after stopping
1) Always close the Kingslon cock after the angine is
stopped.
Waler may entar becauss of a faulty water pump, etc,
t2) In cold weather. the cooling water should always be
drainad after engine use to prevent freezing, There are
water drain cocks on the cylinders and the sxhaust
manitold. {Drain the water after the engine nas cooled.)
(3} Chock tor oll leakage and waler ‘wakage, and repair ag
reqLired,
4} Chack lor locse bolls andd nuts, and repalras required,

2-5 Storage when moored {or an extended period
(1) Securely close sngine roam windows and doors so
that raln and snow cannot enler,
Alsn plug the exhaust outlet since water thal enters

Frinted (o vagoa
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the eylinder from Lhe exhausl pipa will be compressed
when the engine is starled, causing sericus trouble.

[2) Tha ship may aiso sink because of water lgakage at the
stern tube stuffing Lox packing. This can be prevented
by tightening the packing.

(@ Changes the lubricating oll before cranking the englne,

{4) Wipe off each part and coal with oil to pravent rusting
ot the engine extarlor.

5) Coal the regulstar handie stand and each link with a
thin film of lubhe il or greass

) Fun the enging once awesk o lubricate each parl. This
will prevenl rusting of the bearings, pistons, and
cylinder lnera.

2.6 Emergency stop

(1) Leosen the fuel valve high-pressure pipe (o releass the
fuel

(2] Pull the decompression lBver ([decomprassion meach-
anlsm) 5o thal compression is not applisd 1o the com-
Fustion chamber

13) Block the air mtake port 5o that air doss not enter the
cambustion chamber.




Chaprer 13 Operating Insiruction

3. Troubleshiootiviy and Repair SM/ YSM

3. Troubleshooting and Repair

Il trouhla ccocoard in the anging, the anging must be an-
mediately stopped or run at low speed until the cause of
tha trouble s located,

It guvan axtremaly small troubles are nol detescted snd core

recled early, they can lead to sencus rouble and even
disaster. Detecting and comecting troubles quickly is ex
tremealy impoartant,

3-1 Troubles and corrective aclion al starling

Trouble

Cause

Cormreclive action

Engire lzils o starl

(1) Battery not charged

(& Starter molor faulty

(3 Mowving parls ssized

i) Lubricating oil viscosity
oo high

I} Recharge battery

2 Disassemble and repair starter molor

3 Insoect and repair

1) Faplacs with ubricating oil of sullable
visoosily

Starter mofor rotatas,
but engine falls o start

(1) Fuel not injected, or
njection fau'ty

1) Prirme and tlaed air from fusl lines

2 Inect fuel through injection valve and replace
needle if requingd

3 Ciean lual Tilter

4 Chack oparaton of fusl pomp, phunger, plunger
spring, and delivery valve, and replacs
if required

& The remote control system o govemor 15
faully, o check it tusl s cut off, and adjust
if required

8y Adjust fuel Hmiller

o B A

[2) Fuel injection timing
Incomect

1) Check it alignmant mark ot timingg gaar
i z2ligned

13 Compression pressure low

(4] Drop in comprassion ratio

1) Lap valves wher alr tightness of intake and
exhausl valve 15 poor
2y Replace cylindsr head packing il gas is leaking
3 Clean or replace oiston ringjs h.'rhen
sticking occurs '
4) Replace cylimder liner if worn

&) Readjust the valve timing

1) Beplace pizlon gin bearlrrg-and crank pin
bearng il worn

L ¥
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2 Replace plslon rings if warn
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3-2 Troubles and carrective action during operation

Trouble

| Cause

Engine stops suddenly

Correcliva aclion

(1) Overload

(&) Fuzl tank emply

{3 Mo fuel njeeton due 1o air
n fuel systam

id) Pistan, baaring, or other
moving parts saized

Speed decreases
unexpectedly

1 Lightan the load
2) Add Tuel
5) Blead air
Inspect fuel svstem

4) Inspact and repair or replace the parts

(1) Gavernor maladjustod
{2 Cverioad

i) Piston saized

(4] Bearing seized

15) Fusl liiter clogged

5 Fuel Injection pump or
tnjection valve slicking
Dirt i tusl pump delivery
walve

(71 Airin fuel system

(E) Watar in fusl

Exnhaust color is bad

it i

Full load operation

irmpossible

Enging krocks

1) Adjust

2] Lighten the load (Check propeller syslem and
power [ake-off aystarm )

3) Stop the engine, and repalr or replace

4) Stop the enging, and repair of replace

5 Clean tha fual fitar

2 Stop the engine, and repan o replscs

7 Prime ard biced air
2) Dradn the fusl tank and fusl filler
Add tuel ifinsufficient

i1 Load s unsuitable

(2) Fuel injection timing 1= of

(3) Fual is unsuitahle

(4} Injection valve faully

(5} Intake and axhaust valve
adjustmen! faully

(B} Intake and exhaust valves
leaking. }

{7} Injgction kmitter maladjusted

(&) Injection pressure too low

3} Precombuslion chamber
rriaftad

%) Fuel fiter clogged
(2 Fuel pump plunger worm

{1) Bearing clearance too lsrgs

) Connecting rod balt loose

{3y Fiywhee! balt, coupling boit
looge

M) Injectiaon timing faulty

8 Too much foel injected
because of faulty luel pume
ar injechion valve

Privded s i
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1h Adjust the icad (Check propaliar systam and
powar take-oft syslem )

2) Adjust injection timing

3) Change Lhe fusl lypa

4) Tast Injection and replage vaive if reguired

&) Adjus! valve head clemranics

&) Lap or grind valves

71 Adiust

81 Set injeclion pressure ta 160 kglom?® with
afpims

#) Replace the precombustion chamber... Parfarm
item (1) above

1} Check and replace filler alermnant
2) Replace plunger and barmral as a zal

1 Inspect, and repalr or replace parts

2) Check and retightan

3) Chack and ratighten or replace bolt
as required

&) Chech and adjust

5 Chack fuel injection pump and injeclion valhe
and replace it required

13193
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32 Troubles and corrective action during operation

Troubie

Gy

Causa

Correcilve action

Enging oil prassure low

1) Lubricating oll leakage

2} Bearing. crankpin baaring
chearance too large

13 il liher cloggad

4} Qil pump rotar clearance
{oo large

{2y Gl teamperature high; coaling
water flow Insufficient

{6) Lubricating oll viscosity low

{7} Excassiva gas lsaking into
crankcase

Lubricating ol
lemperalure too high

(1) Cooling water flow
naulficiEnt

{2) Exceselve gas leaking in o
crankcase

{4 Crearlosn:

1) Check engine Interior and exterior piping,
replenish oil

A Gheok clearanoa, and eplace baarnng
it necessary

3 Check and replace filter element

4) Check and replace it necossary

5 Check oil pump, and replace il necessary

&) Replace with oil having a high viscosity index
7) Cneck pistans, piston nng, and sylindar linars
ard replace it necessary

1) Check water pump

2y Chieck piston rings and cylinder linars

3 Lighten the lead

Cocling water temparalure
high

(1) Adr sucked in with cooling
waker

2y Cooling water flow
Insutficient

(% Cooling system dirty

14 Thermostal faulty

1) Check water pump Inlst swde pipa connactions

& Chech waler pump

3) Flush cooling system with cleanar
4) Replace thermostat

Fropeller shall rotates
evan when clutth isin
neutral posihon

Anead, neutral, aztern
switching faulfy

Abmorrmal heating

(1] Meutral position ad|justmeant
lawilty

12y Friction plale seized

1) Resal neatral position adjusting boll

2) Check anc repair, & firssn

[ THutch lace saizad

(2 Maving parts, lever system
malfunctioning

{2y Femola control sysiem
mattunciioning

1} Replace |
T TR R S

3 Repair or replace,

(1) Clutch =lipping becausae ol
overtoad oparation

(#) Bearing damagead

(3) Expessive all

4y Ol deteriorated

1) Reduce load

2 Replace.
& Creck oll level and adjust o prescribed level
4) Replace oil

Abnormal sound

(1) Gear backlash excessive
or too small

1) Replace

Note: As for electrical equi:menl refer 10 chapter 11 “Electrical Systermn™
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